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1.0 THEORY OF OPERATION 

The Groundwater Pretreatment System includes extraction wells AT-IA, AT-2, AT-3A, AT-
4, AT-SA and AT-SB, monitoring wells, metering system, air stripper tower, and carbon 
absorption vessel. 

Groundwater is pumped from the extraction wells using submersible vertical turbine pumps. 
Each extraction well is equipped with a pitless adapter which connects the pump to the 
underground piping system. 

The groundwater from the extraction well pumps is piped top the Control House which 
contains the flowmeters, control valves, header piping, static mixer, backflow preventer, 
sample valves and well pump control panels. 

The groundwater is piped underground to the Pretreatment Building to the packed column 
air stripper for the removal of volatile organic compounds (VOC's) contained in the 
groundwater. The air stripper is a forced draft air stripping column, where contaminated 
water is pumped to the top of the stripping column and dispersed over the full diameter of 
the tower through the use of a hub and lateral inlet distributor assembly. The water flows 
downward by gravity through a packing media consisting of many spherical complex 
polypropylene "balls" forming a thin film on the surface of the media which allows a 
maximum amount of surface area for mass transfer to occur. 

Outside ambient air is forced into the base of the lower section of the stripper column 
through the use of a centrifugal industrial blower. The air is forced upward (counter current 
to the water flow) through the packed tower and exits through the top of the tower via 
ducting. 

The water, having been stripped of VOC's, collects in the sump base and exits the air 
stripper through the gravity piping system to the sanitary sewer. 

The VOC-Iaden forced airstream exits the top of the tower and travels downward through 
ducting and is routed through the electric process air heater. The air enters the heater at 
approximately SO°F, and exits at approximately 90°F. The VOC-Iaden airstream is ducted 
to the granulated activated carbon (GAC) adsorption vessel. The VOC's are removed from 
the airstream through a process called adsorption. The air is forced upward through the 
carbon bed and exits the vessel through two weather proof discharge stacks to the 
atmosphere. 
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2.0 START-UP AND OPERATING PROCEDURES 

Procedures for preparation for initial start-up and normal start-up are included in this 

section. 

2.1 Preparation for Initial Start-Up 

2.1.1 Air Stripper Blower 

1. Check the inside of the blower housing. Remove any foreign material which 

could cause damage to the blower. 

2. Be sure the bearings are lubricated. 

3. Check for condensation in the blower housing and drain. If condensation is 

found, check inlet duct to determine if rain or snow is being sucked in. 

NOTE: 

Whenever the blower is not operated for extended periods, 

the shaft must be rotated by hand at least every two weeks 

to redistribute grease on internal bearing parts. 

4. Check inlet duct to outside of building. Remove any foreign material which 

could be sucked into the blower. 

5. Check the direction of blower rotation. 

2.1.2 Blower Damper 

1. Check damper control arm for proper setting. Ensure that it is locked in 

position. 

2.1.3 Process Air Heater 

1. Check the inside and outside of the heater. Remove any foreign material 
which could ignite or cause damage to the heating elements. 

2. Check the heating level switch and set for low or high heat mode as required. 

2.1.4 Air Stripping Column 

1. Check for signs of leaks or cracks in piping and sump section. If leaks or 

cracks are found, repair before starting system. 
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2. Verify that the packing support grating and packing are installed. 
3. Check that all support guy anchors are tight. 

4. Check packing for fouling. When the coating on the packing starts to visibly 

build up or get "gunky" it is time to clean per manufacturer's 
recommendation. 

5. Check level indicator sight glass for scum build-up. IT level cannot be read, 

remove sight glass and clean per manufacturer's recommendation. 

2.1.5 Carbon Adsorber 

1. Check inlet off-gas ducting for leaks. 
2. Check that all sample valves and ports are closed. 
3. Check for any accumulation of condensation at drain connection. 

2.1.6 Bacld10w Preventer Reduced Pressure Principle 

1. Check for leaks in valves and fittings. 

2. Check for trapped air in check valve and relief valve. To check for trapped 

air, open the four test cocks. When liquid appears, close the test cocks. 

3. Check relief valve for leaking seat. IT spitting or intermittent discharge from 
the relief valve occurs, check for water hammer or clogged sensing line. 
Clean line and rubber seats per manufacturer's recommendation. 

2.1.7 InUne Static Mixing Unit 

1. Check for proper installation and flow direction. 

2. Check for leaks at flanged connection. 

2.1.8 Sonic Flow Meters 

1. Check that meter mounting cables and jacking screws are tight. 

2. Verify that sensors are installed in the correct direction and at the correct 
offset distance. IT sensors are removed for maintenance, refer to Badger 

meter Customer Instructions Manual and Series 4100 COMPU-SONIC 

flowmeter datal calculation sheet for sensor separation data and proper 

installation procedure. 

2.1.9 Extraction Well Pump No. AT·lA 

1. Verify main feeder circuit breaker B8-8S/1E-23E is in the "ON" position. 

2. Check combination starter fused disconnect switch is in the "ON" position. 

3. Check and verify that all valves in extraction line are in their full "OPEN" 

position. 
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2.1.10 Extraction Well Pump No. AT-2 

1. Verify main feeder circuit breaker in Panel PI is in the "ON" position. 
2. Check combination starter fused disconnect switch is in the "ON" Position. 
3. Check and verify that all valves in extraction line are in their full "OPEN" 

position. 

2.1.11 Extraction Well Pump No. AT-3A 

1. Verify main feeder circuit breaker in Panel PI is in the "ON" position. 
2. Check combination starter fused disconnect switch is in the "ON" Position. 
3. Check and verify that all valves in extraction line are in their full "OPEN" 

position. 

2.1.12 Extraction Well Pump No. AT-4 

1. Verify main feeder circuit breaker B4-26S/1W-26W is in the "ON" position. 
2. Check combination starter fused disconnect switch is in the "ON" Position. 
3. Check and verify that all valves in extraction line are in their full "OPEN" 

position. 

2.1.13 Extraction Well Pump No. AT-SA 

1. Verify main feeder circuit breaker in Panel P3 is in the "ON" position. 
2. Check combination starter fused disconnect switch is in the "ON" Position. 
3. Check and verify that all valves in extraction line are in their full "OPEN" 

position. 

2.1.14 Extraction Well Pump No. AT-SB 

1. Verify main feeder circuit breaker in Panel P4 is in the "ON" position. 
2. Check combination starter fused disconnect switch is in the "ON" Position. 
3. Check and verify that all valves in extraction line are in their full "OPEN" 

position. 
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2.2 Preparation for Normal Start-Up 

2.2.1 Air Stripper Blower 

1. Open influent and effluent groundwater butterfly valves. 
2. Make sure blower and process air heater switches are "OFF' at air stripper 

control panel. 
3. Turn air stripper control main disconnect switch "ON". Blower low pressure 

alarm indicating light will be "ON". 
4. Tum process air heater main disconnect switch "ON". 
5. Turn blower control switch to "AUTO". Blower should start and blower run 

indicating light (green) will be "ON". Blower low pressure alarm indicating 
light will be "OFF' as soon as the blower pressure comes up. Read blower 
pressure (in inches water column) on gauge at air stripper control panel. 
Reading should be about 5 - 7 inches. The blower outlet damper should be 
about 50% open. 

2.2.2 Process Air Heater 

1. Turn process air heater enable switch to "ON". Heater indicating run light will 
be "ON". Check to see that the keyed heater "HIGH/WW" selector switch in 
the correct position for the chosen GPM rate. (It should be set at "HIGH") 
SEE NOTE 1. Heater run indicating light will be "ON" only when the heater 
elements are on and heating. The light will go off and on with the normal 
cycling of the heater thermostat. 

2. During normal operation, check that the process air heater is cycling on and 
off. To determine proper operation, watch green indicating light on front of 
control panel. Thios light should tum "OFF" and "ON" during cycling. Check 
bulb and replace if required. Check fuses and controller. Service as required. 
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NOTE 1 

IMPORTANT: It should be noted that approximately 68% of the heater elements 
have been disabled by removing three #0 -60A amp fuses from their clips in the 
heater control box. (Fuses are resting in the bottom of the box) This was 
necessary because at the time of installation there was insufficient power to 
available at the process air heater main disconnect. While there are currently 30 
amps, 3 phase available, the heater requires 60 amp, 3 phase service to operate 
at it's full total capacity of 52 kilowatts. The remaining 32% of the heater 
elements will operate together in parallel at 6 kilowatts when the "HIGH/WW" 
switch is in the "WW" position. This same group of elements will operate in 
series at 17 kilowatts when the "HIGH/WW" switch is in the "HIGH" position. 
During set-up and adjusting it was determined that operating the heater at 17 
kilowatts in the "HIGH" setting (68% of the elements disabled) yields more 
efficient heating of the process airstream (flowing at about 500 CFM). For future 
increased demand on the heater to accommodate higher water and air flow rates, 
the service at the process air heater main disconnect must be increased to at least 
60 amps, 3 phase. If the air flow rate increases beyond 800 CFM, the heater 
performance at the current setting would begin to suffer and must be switched to 
the "HIGH" mode (with all fuses installed). Be aware that the "HIGH" heater 
mode is designed for an air flow rate of 3600 CFM and would be overkill for 800 
CFM, and will result in a high rate of thermostat cycling on and off. The original 
design specs called for a heater that could operate at air flow rates of 400 or 
3600 CFM. There is no provision for linear heater operation relative to air flow 
rates between 400 and 3600 CFM. 
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2.2.3 Air Stripping Column 

1. There are two magnehelic gauges mounted on the air stripper off gas ducting 
near the blower. The gauges are connected in parallel to a pitot tube in the 
blower inlet duct. When reading these gauges, refer to the bottom scale on the 
gauge to determine blower inlet duct air velocity. The top gauge, with an air 
velocity range of 300 to 2,000 feet per minute, is intended to register blower 
inlet velocity when the blower is operating in the low cubic feet per minute 
(400 to 500) range. The bottom gauge, with an air velocity range of 500 to 
4,000 feet per minute, is intended to effectively extend the range of the top 
gauge and to register blower inlet velocity when the blower is operating in the 
high cubic feet per minute CFM (3,600) range. When operating the blower in 
the high CFM range, the top gauge will "peg" to beyond maximum scale 
readings. Due to the unique design of these gauges, no damage to the "pegged" 
gauge will occur. 

2. Reading the appropriate gauge, check (adjust if needed) the 12-inch butterfly 
ducting damper so the gauges read the feet per minute (FPM) velocity required 
for the proper actual cubic feet per minute (ACFM). The LOW RANGE 
gauge should read about 500 FPM. With 500 FPM x 1.05 (cross-sectioned area 
of the blower inlet ducting, in square feet) you will get about 525 ACFM. This 
measurement is taken at the center of the inlet ducting and will be slightly 
higher than the true CFM. 

3. The system is now ready to accept water for processing. The extraction pumps 
may now be started. For automatic operation, make sure the pumps are run 
on "AUTO" mode. Failure to do this could result in untreated water being 
released to the drain and/or a flooded air stripper building. 

2.2.4 Extraction Well Start·Up 

1. Check and verify all valves on each extraction line are in the open position 
from each well to the control house. All valves should be in the wide open 
position. 
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2. In the control house, make sure that the butterfly valves for the extraction well 
lines AT-IA to AT-5B are fully open. Do not forget to check the gate valve 
in front and behind the backflow preventer. 

3. Double-check influent and effluent lines and valves for the air stripper in the 
water treatment building including, but not limited to, the direct discharge key 
valve below grade. 

CAUTION: Pumps running against a closed valve (dead head) for any period 
of time can permanently damage the pump and motor. The resulting damage 
is considered "operator error" and is not covered under the warranty. 

4. Once all valves are in their open position check with FMC to ensure the 
cooling lines are closed. 

5. Tum the main circuit breakers for each extraction well feeder to the "ON" 
position. Turn the starter disconnect switch to the "ON" position on each 
starter panel motor. 

2.2.5 Extraction Well Pumps No. AT-lA, AT.2, AT.3A, AT.4, AT·5A and AT·5B 

1. At the well pump control panel, turn the HOA selector switch to "AUTO", not 
"ON". The "ON" position should only be used for testing the pumps. The "ON" 
position by-passes all safety features (Le., the low-level shutdown floats). 

2. After turning the selector switch to "AUTO", go to the well, remove the pitless 
cover, and lower the upper float into the water. This should complete the 
"AUTO" circuit and the pump should start. 

3. After the pump is running, replace the upper float to its original position (out 
of the water) approximately four feet below spool in the pitless unit. DO NOT 
raise the upper float too high because the float may become wedged in the 
spool and break. This would be considered a "Design Flaw" and "Operator 
Error" and would not be warranted. Make certain that each pitless cover is 
replaced and tightened with all the original bolts. 
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2.2.5 System Stabilization 

1. At this point the system should be running. Return to the control house and 
check the pressure of each pump on the pipe riser where the pipe enters the 
control house. The acceptable line pressure should range from 35 psi to 55 psi. 
If the periodic line pressure reading does not fall in this range, further 
investigation should be taken to decide if the air stripper needs maintenance 
of if the entire system requires maintenance. 

2. Check the specified flow rates and begin to throttle the pumps to the desired 
flow rate. The specified flow rates have been established and are recorded on 
the TOTAL DYNAMIC HEAD SPREAD SHEET. See Table A2. 

NOTE 

Since all the pumps are manifolded together in the control house, there will be a 
back pressure on the butterfly valve, making operation difficult. If the flow rates 
are slightly lower than anticipated there is no cause for concern. There have 
been system changes since the TDH requirements were calculated and the pumps 
designed. Also, reduced flow rates usually signal a routine maintenance call. 

If the operator can operate the system with 10 to 20 percent reduction in flow 
rates, the operator can delay his maintenance calls. However, when a pump 
cannot pump enough water to cool the motor, a maintenance call is required. 
For a 6-inch Franklin motor with a flow inducer sleeve, the reduced flow rate at 
which the pump should not be operated below for extended periods of time is 35 
gpm (below 0,5 ft/sec past the motor). For a 4-inch Franklin motor with a flow 
reducer sleeve, the reduced flow rate at which the pump should not be operated 
below is 10 gpm (below 0.25 ft/sec past the motor). 
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2.2.5 System Stabilization 

3. Once the pumps have been started and stabilized, check the water level in the 
air stripper sight glass. This level is 19 inches at a flow rate of about 475 gpm 
(with 4 wells running), and must be determined by observation at a flow of 660 
gpm, (with all 6 wells running), with little variation 

The stable sump level should not fall below 2 inches or rise above 30 inches. 
The air stripper can operate anywhere in this range. If the water level is too 
low, this will allow the blower pressure to escape through the effluent piping, 
thereby affecting air stripper performance. If water level is too high, the sump 
high level switch will shut down the system. 

4. Recheck the air velocity gauges to see if the desired CFM is being forced into 
the air stripper. The current air velocity 480 to 500 feet per minute, as read 
on the low-range gauge of the dual-scale gauges mounted near the blower. As 
long as the water influent flow rate does not increase, the air flow rate will not 
need to be increased. 

5. Once all systems are operating and stabilized, the autodialer should be turned 
"ON" and checked for proper programming. (See autodialer data sheets) The 
autodialer ID number is 1-612-572-2440. Temperature limits should be set at 
100 (high) and 32 (low). The numbers to be called on alarm status are already 
programmed into the autodialer. 

6. Check flow meters to see if they are registering correctly. It will take 
approximately 24 hours for the system to stabilize. The approximate flow rates 
are shown on the Total Dynamic Head Calculation Sheet, Table A2. 
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3.0 SYSTEM SHUTDOWN 

3.1 General 

In general, the groundwater extraction system will not be shut down. IT a short-term 

shutdown is expected in the winter, and the temperature is expected to be less than 0 0 F 

with no heat in the control house or the water treatment building, the total system should 

be drained to prevent freezing. Draining is not necessary if the temperature is expected to 

be above freezing or if all heaters are left on during this shutdown period. 

3.2 Shutdown 

1. Tum off the autodialer. 

2. Tum all extraction well pumps noFF' at the well pump control paneL 

3. Allow the blower and process heater to run after the well pumps have been 

shut down. This will continue to treat the water still left in the tower as it 

drains down to the sump. When the sump level no longer drops, the air 

stripper is through draining and the blower and process heater can be shut 

down. 

4. 

5. 

6. 

7. 

Tum the process heater nOFF at the air stripper control panel. 

Tum the blower "OFF at the air stripper control panel. 

IT at any time the process air heater is turned on while the blower is not 

running, the heater will overheat, causing an internal heater thermal 

shutdown. This is a safety feature built in to the heater. When the heater 

cools down enough the thermal switch will allow the heater to operate. H the 
heater nENABLE" switch at the main panel is not shut off, the heater will 

continue to cycle between overheating and thermal shutdown. This situation 

should be avoided. 

Close all butterfly valves for extraction well influent lines on the main header 

in the control house. 
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4.0 OPERATOR RESPONSE TO ALARMS 

TABLE Al 
- -- - - - -- --- - -- - ---- - --

INDICATION PROBABLE CAUSE SYSTEM RESPONSE OPERATOR ACTION 

External Building Alarm Air Stripper Blower Off. Shutdown of water treatment Check air stripper control panel. Blower 
and Auto Dialer Call Out system extraction wells. run indicator will be "OFF'. Restart 

system. 

Air Stripper Blower Low Shutdown of water treatment Check air stripper control panel. Blower I 

Pressure. system and extraction wells. low pressure indicator will be "ON". I 

Restart system. 

Air Stripper sump high Shutdown of water treatment Check air stripper control panel. Sump 
level. system and extraction wells. high level indicator will be "ON". 

Depress the "RESET' button after 
determining and rectifying the cause of 
sump high level. Restart system. 

Auto Dialer Callout and Power failure longer than 5 Shutdown of water treatment Check cause for power failure. Restart 
Power Failure minutes. system and extraction wells. system. 

Auto Dialer Callout Water Treatment Building Check Building wall exhauster and 
Building Temperature temperature above 110°F. louvers for proper operation. 

Auto Dialer Callout Water Treatment Building Check building heaters that power in on. 
Building Temperature temperature below 32°F. Check thermostat for proper setting. 

Check that building wall louvers are not 
open. 

Autodialer Callout high Blower malfunction, Water Check air stripper blower inspect all 
noise level leaking, Heater fan piping and valves check heater for proper 

malfunction. operation. 
NOTE: To trigger an 
alarm status, the sound 
level must be 10 dB above 
normal, at 1000 Hz, for a 
period of more than 10 
seconds. 
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DISCRIPTION 
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ILBVATIOII (TOC, 
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Fittings 
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.-
TOTAL DYNAMIC HEAD CALCULATIONS 

AT-IA 

65.96ft 

836.10ft 

813.10ft 

75 

800.70ft 

860.00ft 

59.30ft 

6.02ft 
55. 54ft 
2.86ft 

Hinimal 
1.46ft 
3.88ft 

1l.41ft 
1. 94ft 

83.11ft 

142.Uft 

75 

93.75 

70.0ft 

112 

'8 

TSP 16-5 (5HP) 

170.00ft 

11.94 
~ 

AT-2 

66.75ft 

835.90ft 

813.30ft 

125 

799.94ft 

860.00ft 

60.06ft 

4.1lft 
0.00ft 
2.48ft 
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2.49ft 
6.65ft 
2.03ft 
3.33ft 

21. 09fl:. 

81.15ft 
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156.25 

70.0ft 
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114 
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105.00ft 

10.32 

AT-3A 

131.5ft 

835.43ft 

808.43ft 

250 

798.22ft 

860.00ft 
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34.53ft 
0.00ft 
5.07ft 
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4.99ft 

13.31ft 
7.28ft 
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71.83ft 

133.61£t 

250 

312.50 

135.0ft 

.8 
.6 

TSP 45-6 (15HP, 

160.00ft 

11. 42 

AT-4 

48.17ft 

837.8ft 

815.86ft 

125 

812.30ft 

860.00ft 

47.70ft 

8.60ft 
31.78ft 
0.67ft 

Hinimal 
1.46ft 
3.88ft 
4.08ft 
1.94ft 

52.41ft 

108.11ft 

75 

93.75 

56.0ft 
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.6 

TSP 16-4 (15HP) 

140.00ft 

17.31 
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PARTB 

MAINTENANCE MANUAL 



1.0 PERIODIC MAINTENANCE 

1.1 Carbon Replacement 

During operations involving replacement of the spent carbon, increased care will be 

necessary due to contamination of the carbon with trichloroethylene (TCE). Greater 

protection will also be required when contact may be possible with the vapors and odors 

from TCE. Protection of personnel during removal of ductwork and sealing of inlet and 

outlet ports includes: 

• Air purifying respirator with organic vapor cartridges. 

• Chemical resistant suit (polyethylene-coated Tyvek® or equivalent). 

• Rubber boots. 

• Inner gloves (latex or vinyl). 

• Outer gloves (nitrile or equivalent). 

• Eye protection meeting ANSI Z-87 (if not provided by the respirator). 

• Sealed interfaces between suit/boots and gloves/suit using duct tape or 

equivalent. 

Protection needed during hook-up of the new carbon unit will not require any additional or 

special gear other than what is necessary for the site (no suits, gloves, or rubber boots). 

This protection may be changed by an authorized individual with industrial hygiene 

experience based upon air monitoring data and observation of work operations. 

1.2 Stripper Packin2 Cleanin2 

When to acid wash the stripper is a subjective decision based on the condition of the 

packing. Generally, when the coating on the packing starts to visibly build up or get "gunky" 

it is time to acid wash. 

Other indications are the sludge build-up inside the sight glass and a gradual increase in 

blower pressure as shown on the main control panel blower pressure gauge. However, since 

the sight glass is relatively calm compared to the water in the packing and sump, it may 

appear more fouled than the interior of the air stripper. Also, the blower, in its current 

configuration, will not have the pressure to show much of a change on the gauge when 

packing fouls. 

Attempts to calculate the exact time to acid wash the packing are not considered accurate. 

POSTOVTT\3971\MlWt.W..0M\0PMANUN.. B-1 (REV. 5, 3/7~) 



1.3 Acid Washina: 

At times when acid washing of the air stripper will be performed, additional protection will 

be necessary if personnel will be in contact or have the potential for contact with the acid 

wash solution. Additional protection includes: 

• Chemical resistant suit (polyethylene-coated Tyvek® or equivalent). 

• Rubber boots. 
• Inner gloves (latex or vinyl). 

• Outer gloves (nitrile or equivalent). 

• Eye protection (both splash goggles and a splash shield may be necessary if 

splashing may occur). 

• Sealed interfaces between suit/boots and gloves/suit using duct tape or 

equivalent. 

1.4 Spent Acid Solution 

Mter the acid washing of the packing is complete per the manufacturer's recommendation, 

the HCL solution shall be monitored with a pH meter. The solution must be neutralized 

with caustic soda or lime (added manually) until a pH of 7 is achieved. The solution would 

then be run through the bag filters to remove suspended solids and may then be discharged 

to the sanitary sewer. When bag filters are dry, they may be properly disposed of. If fouling 

on the packing is excessive this procedure may need to be repeated. 

1.5 Routine Maintenance 

1. The precise routine maintenance procedures should be established for the 

NIROP System from observation of the system's operation after 12 to 24 

months. However, suggested maintenance will follow along the same lines as 

the southern FMC extraction system E.H. Renner & Sons, Inc. currently 

services. 

2. The major motivation for the routine maintenance is to sustain the flow rates 

of the pumps within acceptable ranges. This is difficult at NIROP because 

the water in the unconfined aquifer is naturally high in iron. Therefore, 

pressure and temperature changes will result in precipitation of iron. Over 

time, these iron deposits will: 

• Collect and reduce the inside diameter of pipe. 

• Collect in the pump bowls and impellers. 
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• Cause incorrect flow meter readings (which are calculated against a 

definite inside diameter value). 

• Clog moving parts in backflow preventers. 

• Plug diffusion nozzles at the top of air strippers. 

These iron deposits increase the system's TDH (total dynamic head), reducing 

the flow rates the pumps can produce. 

3. The wells should not require routine maintenance with the exception of 
bacteria, iron and other deposits accumulating on the well screen and can 

plugging the screen. 

CAUTION: The jetting velocity should be kept under 80 feet per second so 

that filter pack from the screen is not disturbed. 

4. The teflon submersible pumps will need routine maintenance every 6 to 12 

months. The maintenance of the pumps will involve pulling the pumps, 

disassembly, acid bath (phosphoric acid seems to be the most effective and 

safe method), reassembly, hot pressure wash, testing for performance, and 

reinstallation. 

The drop pipe should also be inspected (cracks, iron build-up, threads, 

couplings) when the pumps are pulled. Renner uses a pig-tail on a 3/8-inch 

cable with hot pressure wash to clean the inside of the drop pipe. 

When the pumps are pulled, the floats should also be checked. The primary 

concern should be cleaning the contacts of the floats. Also, the float leads 

should be inspected for cuts and abrasions. 

5. When pulling the pumps, extraordinary care should be taken for the 

following: 

a. Tum off the power and lock-out the panel breaker switch. 

b. When pulling AT-1A and AT-4, make sure the valves on each 

extraction line are closed where they enter the building from the well. 

The reason for closing these valves is that when the spool is pulled, 
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the check valves holding the water in the extraction line are removed. 

Without the check valves in-line, the water in the extraction lines can 

backflush into the well and screen. This backflushing could damage 

the filter pack design and cause a sand problem. 

c. PVC couplings can easily break if improperly handled. The operator 

should always make certain that the clamp holding the drop 

pipe/pump below the coupling that is being unscrewed is securely 
attached so that in the even of a coupling breaking, the operator is not 

fishing the pump out of the well. 

d. The no-splice motor leads have an oil/gas resistant outer sleeve. IT 

this outer sleeve is abraded or cut, wicking can take place and 

eventually short out the motor. In the event of a cut of abrasion, the 

motor lead must be replaced. 

e. The copper air lines are fragile. If the copper air lines are bent, they 

must be replaced. One should expect to replace these lines every time 

the pumps are pulled. 

6. Occasionally, the O-rings in the spool of the pitless adapters will need to be 

replaced. They should be inspected when the pumps are pulled. The check 

valves in the spool should be manually cleaned when the drop pipe and 

pumps are maintenanced. 

7. When doing routine maintenance, use the Checklist Log (Exhibit B-1) to 

record all equipment readings and performance data. 
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NIROP PERIODIC MAINTENANCE 

FREQUENCY TAG NUMBER--SERVICE 

Monthly Blower Assembly 

Monthly Blower Discharge Damper 

Process Air Heater 

.. 
POSTOI!fT\31117\ACMIU4LCW\PER-IoWYT. rxr 

TABLE B2 

PERIODIC MAINTENANCE 

Check V -belts drive for proper alignment and tension. Replace 
belts as a set, if worn. 

Check selscrews and bolts for tightness. 

Grease fan bearings. Use only one or two shots with a 
handgun, maximum handgun rating 40 PSI. 

Check for loose sheaves on shafts. 

Check for vibration. Check for bearing noise. 

Check for accumulation of liquid or dirt in fan housing. 
Remove as required. 

Check that adjusting handle is set at correct fiowrate. Check 
for any wear on linkage and damper vanes. Repair or replace 
as necessary. 

Check that heater selector switch is set at proper heat level 
(low~high) on air stripper control panel. 

Check for accumulation of dust and dirt within the duct and on 
duct heater clean as required. 

Check for loose electric connection to heater elements. Check 
for vibration and noise of heating elements mounting. Repair 
or replace. Check heating elements mounting compression 
fittings for looseness. Tighten as required . 
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NIROP PERIODIC MAINTENANCE 

TABLE B2 (Continued) 

FREQUENCY TAG NUMBER··SERVICE I· PERIODIC MAINTENANCE 

Process Air Heater 
(Continued) 

Air Stripper AS-250 

High-Level Switch 
(Air Stripper AS·250) 

Low Pressure Switch 
(Blower Pressure) 

Pressure Indicator 
(Blower Pressure) 

1'OS7CMT135117\MllMMLOAf\P£R-AWNT. ncr 
I. 

i Check for corrosion of heating elements and clean or replace 
as required. 

Check electric contactor in control panel for pitting of contacts. 
Replace. 

Check the FRP scrubber, duct and stack for signs of cracks, 
especially around the flanges. Check for fouling of packing, 
clear per manufacturer's recommendation. Check for leaks at 
level sight glass connection and visibility of water level. Clean 
as required. Check distributor hub for cracks and loose or 
missing distribution laterals. Repair or replace if necessary. 

Check inlet and outlet piping and valves for leaks. Repair or 
replace. 

Check for loose electrical connection. Tighten or replace as 
necessary. Check for scum or scale accumulation on float and 
stem. Clean as required. Check operation of float for high, 
high-level alarm. 

Check for leaks around diaphragm and impulse lines 
connection. Check that safety wire on adjustment screw is in 
place. Check for loose electrical connection. Tighten as 
necessary. 

Check for leaks in impulse lines and connecting fittings. 
Tighten or replace as necessary. Check that indicator is reading 
correctly. Recalibrate as necessary. 
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FREQUENCY 

Monthly 

NIROP PERIODIC MAINTENANCE 

TABLE B2 (Continued) 

TAG NUMBER--SERVICE PERIODIC MAINTENANCE 

System Alarm (External) 

Temperature Indicator 
(Carbon Adsorber Inlet) 

GAC Adsorption Vessel 

Autodialer 

\ 

Check light (should be on when air stripper system is off). 
Replace bulb. 

Check for leaks around connection to header. Check that 
indicator is reading correctly. Recalibrate or replace as 
necessary. 

Check for leaks at inlet and discharge ducts. Check for loose 
grounding bonding conductor connection. 

Check the telephone connector, making sure it is connected at 
both ends. Check that the AC power transformer is plugged 
into wall outlet. Check that the power "on" light is lit. Check 
the time. Check all dial-out telephone numbers. Check the 
rings until answer feature. Check the temperature limits. 
Check the ID number and check statements and comments for 
the system. 

Check the alarm sound level feature (smoke or burglar alarm). 
Check the call-in status report statement and comment. (This 
feature can only be done from a remote telephone.) 
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2.0 TROUBLESHOOTING 

WARNING 

All maintenance personnel must have hazardous waste site operations and 

emergency response training before working on this site. In addition, 

anyone working on or near exposed, energized circuits requires an OSHA 

safety-related work practices electrical orientation training. 

Before servicing or doing maintenance on pumps, blowers, etc., a 

lockout/tagout procedure shall be in place per OSHA Control of 

Hazardous Energy Source. 

NOTE 

This troubleshooting list provides a quick overview. It is not intended to 

replace vendor-provided information. Please consult vendor data for 

complete instructions. 

2.1 Health. Safety and Environmental Protection 

All questions regarding health, safety or environmental protection are to be directed to the 

FMC Environmental Manager, Doug Hildre, at (216) 572-6983. 

All personnel potentially coming in contact with the contaminants present in the water or 

spent carbon on the NIROP site are to comply with the OSHA regulations stipulated in 29 

CFR 1910 and 1926, notably 1910.120. In addition, the EPA "Superfund Standard Operating 

Safety Guides" Office of Solid Waste and Emergency Response Directive 9285.1-03, June 

1992, can be consulted for further information. 

POSTOVIT\3917\MANUALOM\OPMAN~ B-5 (REV. 5, 3/1B,/a3) 



TAG NUMBER··SERVICE 
TROUBLE INDICATION 

BLOWER 
1. Excessive vibration 

2. Inadequate Performance 

3. Excessive Noise 

4. Premature component failure. 

POSTCMT/31117 ;MWJAL0Af/TR0UBLE 

t. 

NIROP TROUBLE SHOOTING 
TABLE Bl 

la. 
b. 
c. 
d. 
e. 
f. 
g. 

h. 
i. 

2a. 
b. 
c. 
d. 
e. 
f. 

3a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
1. 

4a. 
b. 
c. 

CORRECTIVE ACTION 

Loose mounting bolts, setscrew, bearings or couplings. 
Misalignment or excessive wear of bearings. 
Misaligned or unbalanced motor. 
Bent shaft. 
Accumulation of foreign material on the wheel. 
Excessive wear or erosion of the wheel. 
Excessive system pressure or restriction of airflow due to closed 
dampers. 
Inadequate structural support, mounting procedures, or materials. 
Externally transmitted vibration. 

Fan running too slowly. 
Fan wheel rotating in wrong direction. 
Wheel not properly centered relative to inlet. 
Closed dampers, air leaks, clogged filters or heating coils. 
Obstruction near inlet duct. 
Sharp deflection of airstream at fan outlet. 

Vibration originating elsewhere in system. 
Fan operating near "stall". 
System resonance or pulsation. 
Improper location or orientation of fan intake and discharge. 
Inadequate supporting structures. 
Nearby sound reflecting surfaces. 
Loose accessories or components. 
Loose drive belts. 
Worn bearings. 

Prolonged or major vibration. 
Misalignment or physical damage to rotating components or bearings. 
Bearing failure from incorrect or contaminated lubricant, or grounding 
through the bearing while arc welding. 
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TAG NUMBER--SERVICE 
TROUBLE INDICATION 

5. Fan will not start 

BWWER DISCHARGE DAMPER 
1. Low air flow through system. 

PROCESS AIR HEATER 
1. No heat. 

2. Vibration or excessive noise. 

AIR STRIPPER 
1. High water level in sump 

l 
~-~-
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NIROP TROUBLE SHOOTING 
TABLE Bl (Continued) 

CORRECTIVE ACTION 

d. Excessive fan speed. 
e. Extreme ambient or airstream temperatures. 
f. Improper belt tension 
g. Improper tightening of wheel bushing bolts. 

5a. Fan motor controller disconnect is open. 
b. Fan motor fuses are blown. 
c. Control panel disconnect is open; panel power is off. 
d. Control power fuse is blown. 
e. Overload is tripped. Reset and check for motoramperage. 
f. Check belts, broken or slippage. 

la. Check damper actuator linkage, shafts for free movement. 
b. Check damper for leaks or flow restrictions. Manually open damper; 

if no flow, check for restrictions. Repair or replace. 

la. Heater controller disconnect is open. 
b. Heater fuses are blown. 
c. Control power fuse is blown. 
d. Loose electrical connection to heater elements. 

2a. Check heating elements mounting. 
b. Loose element mounting compression fittings, tighten as required. 

la. Outlet valve not fully open. 
b. High level switch not operating properly, clean or replace. 
c. High level switch set too high. 
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TAG NUMBER--SERVICE 
TROUBLE INDICATION 

2. High pressure indication 

GAC ADSORPTION VESSEL 
1. Excessive accumulation of 

condensation in carbon bed. 

EXTRACTION WELL PUMPS 
1. Pump will not start. 

2. Pump runs but no discharge. 

3. Pump will not shut off. 

l 
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NIROP TROUBLE SHOOTING 
TABLE Bl (Continued) 

CORRECTIVE ACTION 

2a. Discharge butterfly valve improper setting. 
b. Sensing lines may be plugged or leaking. 
c. Check with known accurate pressure indicators. 
d. Packing in stripper is fouled. 

la. Process heater temperature incorrect setting. 

la. Pump motor controller disconnect is open. 
b. Pump motor controller fuses are blown. 
c. High water level in air stripper sump. 
d. Motor starter overloads have tripped out. 
e. Low water level in extraction well. 
f. Low or high water level float has open circuit. 
g. High level float above water level. 
h. Check electrical connection on control circuit. 

2a. Ground water level in well is too low or well is collapsed. 
b. Inlet strainer is clogged. 
c. Check for valves in liner not opened. 
d. Check for piping or valve leaks. 
e. Check for flow restrictions. 

3a. Short in wiring to level float. 
b. Improper wire size between motor controller and float switches. 
c. Low level float not operating properly. 
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Exhibit B-1 
CHECKLIST LOG 

Tune am S S 

Date 

Vandalism/damage to water Weather Bright aear Overcast Rain Snow 
Sun 

Vandalism/damage to wells Temp Below 32 32-50 50-70 7O-8S Over 8S 
Outside 

Check for alarms Temp Below 32 32-50 50-70 7O-8S Over 8S 
Inside 

Maintenance 

WEUNO. AT·" AT·2 AT-3A AT4 

v-belts 

actual indication 

50% 

75% 

100% 

Autodialer: dial out 
W;-·:~;:·.;.:;:'V" v' , ... ,:, ... '.':.'~: ...... :v,-.,:,:::,:.:,:,; 

t~A2l;~tt:::~ .. ~:~~:;::~i ~;~~.: ~ .. :.\ .• ".:~. ~ ;~~~~t.!~~ 
limits i::~~·::::.:.]::~:jJ i=:~~~~:,~:,:,:·:::L:I 

:~'»":'»~Y : ::«.;.:.:-:-:.::.: ..... :--~ r" .:v.~ .. »: .. < :.:-;-::«:::~ .. :=-/:?~.:; 

: ........ '-...... " ......... ~ • " ',' • ... ~ .. N ... :;.;;;, v.. 
maintenance checklist 

------ - ---------

Commeats: 



Exhibit B-2 
CHECKLIST LOG 

TIlDe am S S 

Date 

Vandalism/damage to water Weatber Brigbt Qear Overcast RaiD Snow 
SUD 

Vandalism/damage to wells Temp Below 32 32-50 50-70 7O-&S Over BS 
Outside 

Check for alarma Temp Below 32 32-50 50-70 7O-&S Over BS 
Inside 

Maintenance ftO!!li"n ..... "d 

WEUNO. AT-SA 

F:~"~ ~"''''''''..'V>'"''o' --:;x.'o'f ... ·"';: .......... ...-~...-.-~-", ..... -.-.. . ..-. 

[~~ .. =~;:~~{:.:~~ .... _~~ '0 •••• ~~ ••• ~ ~~.. • 

~ ......... ~~y~ ... x-x ...... x-:: ............ ~ ........ '- ~"v ... 

Sf" " " . 
~ .................... ""..... ....~ ........... YI.~~ .......... ....' ..... ~ ......... " x" .. r« .... -:-~·.·'.· ... J'. ........... ~:::: ................ """v .... -.. ............. 

~ .. 
'X<- ........................ v .... "' ... -..:'" . ........ ............. . 'V "I. ... '-

75% 

100% 
~~, " , ". 

Alltodlaler: dial out 
~ .. v.· .. ···.· ... ~ ......... "-... -" ........ .' " . 
~ <'" ............. .N'-~ ..... .-...-v ... ..-.-.v.""' ... .r.:-:- ......... '<"'"""' .......................... ~ 
:. ......... or ...... ->. 

;': .. : .. .:.' ........... :- •• ~ .. ; .... N ... ~ t'.v.-·.~; .. ) ) .. ) .. ~ ... 
, ...... -;. ..................... ... · ... · .. :::x· a ....... • ... "' ..... ".. ... ... 

... .. .. 



3.0 SPARE PARTS DATA 

This section included all spare parts lists. 
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ITEM BOM QTY 
NO. ITEM 

4 2 

2 5 

3 111 3 

4 21 3 

5 22 3 

CARBONAIR ENVIRONMENTAL SERVICES 
8840 MONTICELLO LANE 
MAPLE GROVE. MN 55389 

AIR HEATER CONTROL PANEL 

SPARE PARTS LIST 

DESCRIPTION MANUFACTURER 

FUSE. 5OOV. 2AMP. ATQ2 BUSSMANN 

FUSE. 251JVAC. 5AMP. MDXS BUSSMANN 

FUSE. eooVAC. CJ-10A LlTTELFUSE 

FUSE. eooVAC.CJ-30A LlTTELFUSE 

FUSE. 8OOVAC. CJ-80A LlTTELFUSE 

SUPPLIERS: 
A. STERLING ELECTRIC CO. 

13415 WATER TOWER CIRCLE 
PLYMOUTH. MN. 55411 
(812) 553-TTT7 

B. ELEC-TROL. INC. 
1313 PLYMOUTH AVE. N. 
MINNEAPOLIS. MN. 55411 
(812) 521-5051 

C. W.W. GRAINGER. INC. 
4444 ROUND LAKE ROAD WEST 
ARDEN HILLS. MN. 55112-3913 
(812) 83&-0090 

CATALOG 
NO. 

FNQ-2 

MDL-5 

JLS-10 

JL8-30 

JL8-80 

PRICE SUPPLIER WHERE USED 

$8.82 A HEATER PANEL 
CONTROL FUSE 

$0.88 A HEATER PANEL 
CONTROL FUSE 

$10.24 A HEATER PANEL 
LO ELEWPARALLEL 

$8.85 A HEATER PANEL 
LO ELEM/SERIES 

$14.14 A HEATER PANEL 
HI ELEMENTS 



ITEM BOM QTY 
NO. ITEM 

12 

2 12B 3 

3 7 3 

4 2 

CARBONAIR ENVIRONMENTAL SERVICES 
8840 MONTICELLO LANE 
MAPLE GROVE, MN 55389 

AIR STRIPPER CONTROL PANEL NIROP 11 #301960 

DESCRIPTION 

FUSE, 25OVAC, 5 AMP 

FUSE, 6OOVAC, 30AMP 

BULB,INCANDESCENT,120VAC,2.5W 
*120MB,BAYONET BASE 

V-BELT, COG-TYPE, 45" OUTSIDE LENGTH, 
.88" TOP WIDTH X .41" THICK 

SUPPLIERS: 
A. STERLING ELECTRIC CO. 

13415 WATER TOWER CIRCLE 
PLYMOUTH, MN. 55411 
(812) 553-7777 

B. ELEC-TROL, INC. 
1313 PLYMOUTH AVE. N. 
MINNEAPOLIS, MN. 55411 
(812) 521-5051 

C. W.W. GRAINGER, INC. 
4444 ROUND LAKE ROAD WEST 
ARDEN HILLS, MN. 55112-3913 
(812) 838-0090 

REV 1 (3-18-93) 

SPARE PARTS LIST 

MANUFACTURER 

BUSSMANN OR 
GOULD SHAWMUT 

BUSSMANN OR 
GOULD SHAWMUT 

SIEMENS 

BROWNING 
GRAINGER 

CATALOG PRICE SUPPLIER 
NO. 

FRN-R5 $3.07 A 
TR-5R 

FRS-R30 $5.57 A 
TR-30R 

35B0A-BL1 $8.00 B 

RMAIBX42 $14.23 C 
8A125-1 

WHERE USED 

MAIN PANEL 
CONTROL FUSE 

MAIN PANEL 
3PHPOWER 

MAIN PANEL 
LIGHTS 

AIRSTRIPPER 
BLOWER 



Fixtures 

Panels 

PI 

P2 

Pa~e 1 of 3 

NAVEL INDUSTRIAL RESERVE ORDNANCE PLANT 

ELECTRICAL EQUIPMENT LIST 

Keystone Lighting - Number *k1240* 
2-Lamp industrial light fixture 
Northland Electric Supply (612) 341-6400 

Light fixture spare parts: 

120 Volt ballast 
F40T12 Fluoresent lamp 

Siemens - Number *BQCH424MB4060STGBGU* 

$65.00 
$2.00 

Three pbase 480 volt 60 amp main circuit breaker 24 
circuit 
Factory Services: (612) 942-8888 
After hours: (800) 241-4453 

Note: No spare parts recommended 

Siemens - Number "BQ21iMBI100SiGbGU* 
One phase three wire 120/240 volt 100 amp main 
circuit breaker 18 circuit 
Factory Service: Same as above 

Note: No spare parts recommended 

Transformer 

Siemens ITE - Number IDIY015ST 
480V three phase to 120/240 volt single phase 15 KVA 
Factory Service - Same as above 

Note: No spare parts recommended 



Page 2 of 3 

NAVEL INDUSTRIAL RESERVE ORDNANCE PLANT 

ELECTRICAL EQUIPMENT LIST 

Motor Starters and Fuseable Disconnects 

Fuses 

Heater 

Siemens - World Series Full Voltage 
Nonreversing 
Class Sc F 
Coil Voltage 110V 
Control Transformer 480/120V 
Factory Service - Same as Above 

Motor Starter Recommended Spare Parts: 

110 Volt Coil 
480/110V Control Transformer 

$98.00 
$54.00 

Gould Shawmut-TRS15R 
TRS25R 

15 amp 600 volt fuse 
25 amp 600 volt fuse 

Berko - H.V.H 524TA-240V 
1500W - Horizontal Down Draft 
Factory Service - Viking Electric, (612) 289-0660 

No spare parts recommended. 



Page 3 of 3 

NAVEL INDUSTRIAL RESERVE ORDNANCE PLANT 

ELECTRICAL EQUIPMENT LIST 

Control Panel 

Control Center, Inc. 
Chris Carlson (612) 559-7177 
UL Number W224402 

Pilot Lite 

Allen Bradley SOOT-P16R 

Selector Switch 

Allen Bradley SOOT-J2A, On/Off Auto 

Four Pole Relay with 110V Coil 

Allen Bradley 700N-SOO 

Allen Bradley Factory Parts and Service 

Viking Blectric (612) 2S9-0660 

General Blectric Control Transforaer 

120-120 Volts 1-KVA 9T5SB2907 
Graybar Electric (612) 721-3545 

FNMI Fuses 
Graybar Blectric (612) 721-3545 

$65.00 

$40.00 

$145.00 

$75.00 

$3.50 



4.0 VENDOR DATA 

Data is included in this section for the following manufacturers and suppliers. 

* 

** 
** 

* 

** 

** 

** 
* 
* 

* 

* 
** 

NIROP/4324/O&M MANUAL 

Allen-Bradley - Selector Switch, Timing Relay and AC Relay 
American Colloid 
Badger Compu-sonic Flow Meter 
Baker Moniter PS - Pitless Well Adaptor 
Brainard Kilman Centralizers 
B/W Controls - Low Voltage Relays 
Carbonair Services, Inc. 
Conbraco Air Cocks 
Drexelbrook - Well Level Moniter 
EPG Companies - Well Float 
Franklin Electric - Pump Motors 
Groudfos - Pumps and Motors 
Industrial Electric 
Komax Motionless Mixer 
Louvers and Dampeners, Inc. 
Madey Electric Heating - Berko Heating Unit 
Northstar PVC Pressure Pipes 
Penn Ventilator Co. 
Piping/PVE Midwest, Inc. 
Siemens Electrical Products 
Spears - Butterfly Valves 
Watts - Ball Valves 
Wilkins Regulator Co. - Backflow Preventor 
Weksler Instruments - Pressure Gauge 

New Component Vendor Data added on 6/30/95 
Additional Vendor Data incorporated on 6/30/95 
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~ BULLETIN BULLETIN 

.., 800H/800T 
SELECTOR SWITCH INSTALLATION AND MOUNTING INSTRUCTIONS 

INSTRUCTIONS DE MONTAGE ET D'INSTALLATION DU SELECTEUR 
WAHLSCHALTER, EINBAU· UNO MONTAGEANLEITUNG 

INSTRUCCIONES DE INSTALACION Y MONTAJE DEL CONMUTADOR SELECTOR 
INSTRUCOES DE INSTALACAO E MONTAGEM DO COMUTADOR SELECTOR 

El.£CTRICAI. Cl£ARAHCE TO IIETAL ENClt6URE 

A DECACEMEHT ElKTRlQUE OE l'ACCES AU COfFI!ET OE IIETAL 
IIINDESTABST AND EJ.fKTR. KlfIIIIEN/IiETAll.GEHAUS£ 
IIJB.CO IIINJIIQ ENTRE lAS BORNAS y U c.UA IlETAUCA 
DlSTiHaA UVRE DES UGACOEs ELfCTRICAS A CAIXA IIETAw 

METAWC 
IIETAWQUE ____ 
IIETALL 
IIETAUCO 

'12" 
(12.7) 

t~ IIfNIIIUIi '/ " 
IIIHlIIQ (1:7) -

TYPE 
TYP 
TIPO 
TIPO 

WARNING: Isolate before servicing:lnstali in suitable enclosure. Keep 
free from contaminants . 

ATTENTION: Toujours couper toutes sources d'alimentabon avant de 
commencer I'entretien. Installer dans une boite appropru~e. Proteger Ie 
relais contre les contaminants. 

WARNUNG: Vor Wartungsarbeiten Anlage abschalten. Die Gerate 
mussen in einem passenden Gehause eingebaut und gegen Ver­
schmutzung geschutzl werden. 

PRECAUCION: Desconectelo antes de servirlo. Instalelo en una caja 
apropiada. Mantengalo libre de contaminantes. 

CUIDADO: Desconectar antes de usar. Instalar em caixa apropriada. 
Manter livre de contaminantes. 

POSIT1ONS 
STELWNGEII 
POSICIOHES 
POSI¢£$ 

01 13/14" 
(30.6) 

_0 01"." 
(38.1) 

1··' .... 
(46.4) ...., r--

[6]Tl .. ' .... 
('11(46.4) 

A B 

lu
' ... • 

(46.4) .., f--

OPTIONAl 
ENOPTlON 
OPTION 
OPQOIW. 

2'/ .... 
-1 (61.9) I-

2" .... 5]' (\ ~1.9) 
2" .... [Dr o ~1.9) 

A B A B 
REIIOYE 
oEPosER 
ENTFERHEN 
RET1AAR 
REII~O rfCin 

@'BOOn ~ (j) 

~(::n ~() 
V 

W 

2"'" 117,u" 
(57.2) (46.8) 

2"'" 127
' .... 

(57.2) (46.8) 

2"'" 2'1." 2'/." 2'/." 
(57.2) (63.5) (63.5) (63.5) 

2'/. 2'1." 2"." 2'/." 
(57.2) (83.5) (63.5) (63.5) 

40061·060-01 (8) 
Printed in U.S.A. 

-+ 
~ 
----+-~ " 

INSERT 
INSERER 
EIHSETZEN 
INSERTAR 
INSERJR 

~'~n 

~ (SOOn 

~ 

V 

W 
~ 

V 

W 
~ 

2'1. 127/ .. " 2"'" 2'1.:. ~~':. ~~." "'".''' ' ...... 8) ,. .., 
2'/." 127/ .. " 2'/." 2'1." 2'/." 2'/." 
(57.2) (46.8) (57.2) (63.5) (63.5) (63.5) 

2"." 127
' .... 2"." 2"," 2"." 2"." 

(57.2) (46.8) (57.2) (63.5) (63.5) (63.5) 

2"," 127
' .... 2"," 2"," 2"," 2"." 

(63.5) (46.8) (63.5) (63.5) (63.5) (63.5) 

3'/." 3" 3'1." 3" 3'/." 3" 
(82.6) (76.2) (82.6) (76.2) (82.8) (76.2) 

3"." 3" 3'/." 3" 3"'" 3" 
(82.6) (76.2) (82.6) (76.2) (82.6) (76.2) 

4" 3" 4" 3" 4" 3" 
(101.6) (76.2) (101.6) (76.2) (101.6) (78.2) 

t!b ALLEN-BRADLEY 
OIIIIIIQIIIIJI' A ROCKWELL INTERNATIONAL COMPANY 



(C\ '---0) 
WIlEN REQUIRED 
L£ CAS ECIIEANT 
IiACil BEDARF 
51 FUERA NECESAJUO 
QUANDO NECESSARIO 

KNOB KEYING OPTION 
OPTION DE DETROMPAGE DU BOUTON 
WAHLWEISE KEILVERBINDUNG 
OPCI6N DE CODIFICACI6N DEL MANDO 
OP~AO DE ENCAIXE DO BOTAO 

PlUG (CUSTOIIER SUPPUED) 
FICIIE (FOURNIE PAR L£ CUENT) 
STECKER (KUND£HSEJTIG£ UEFEAUNG) 
CUVLIA (SUIIIHISTRADA POR EL CUEllTE) 
FICIIA (FORHECIDA PELO CUEllTE) 

~ 

IIUIIIIEJI OF GASIIETS 
IIOII8IIE DE 

PANEL 1IICQISS .IOIITS DtTAIICIIErrE 
EPAISSBII DE PANNaII I® .... ~-t 
$lARIE DB TAm N ::MlTAS GROSOR DEL PANa. 
ESPESSlIIA DO PAINB. JUNTAS YEDANTtS 

1& Gage - '/,," (1.6) 

12 Gage - 7/ .. " (2.8) 
10 Gage - '/64" (3.6) 

~ '/,," (4.8) 

~~'P' > 3/,." (4.8) 

t 

(() ,:: 
~~~" l.~J 

IGOT·W 
IGOT·lAP 
IGOT.xD1P 
IGOT·XD2P 

DEVICE RAlING 

(.! 
,;. ~, '~ "', """,II?!!.F 

PIJISSAHCE NOIIIIIALE 00 DI$POSIT1f 
8EIIESSUNG DER VOIIRICHTl.ING 
IIfGIIwI DEl DISPOSIT1YO 
~DO~O 

ENCLOSURE RAnNG 
VALEUR NOIIIIIAl£ 00 COffRfT 
GEMAUSESCHUTZGRAD 
REGlIlEN DE LA ~ 
CAI'lCIDADE DO COIIPIIIITIIEHTO 

~ -.... 

NE ..... ' 

NEMA4 

800T NUIA 4, ex 
NE ..... 13 

UL LISTED: HEM ... 4. 13 NElIA., 13 

, ... 
IPee 

HEMA4,I'M 

HEM. , 3. IPl5 

HEMAl 

800H NEMA .. 

NEIII.4,4J. 

UL USTED: HEM ... e. eX. 13 NEilIA 11 

NEIIIA.,13 
IPee , ... 

NDlAU,,1PII 

HEYA1S.aPlS 

--

3 ~ 
2 W 
1 ~ 

U (COUNTERBORE) 

BOOT BOOH 
SO-80 LB-IN 25-30 LB-IN 
(5.&-&.8 Nom) (2.8-3.4 Nom) 

FUT. SIIOOlM SURFACI 
SURFACI PlATE fT USSl 
FUQt£, ElENE 0IERFUatE 
SUPERFICIE USA T PlW 
SUPERF1ClE PlW E USA 

I _.- 1 VALEUR IIOIIIIIAl£ DE LA STATION 
STATlOIISLEISTUNG 
IIEGIIIEII DE ESTACION 
c.waoADE DA ESTAcAO 

(. 

.... .f.fi. h [b !- q.1fio I;-' 

NElIA 1 

N ...... 

HEMA4 

NElIA 11 

NOlA., 1) 

, ... 
NOIA",IPM 

HEIllAU,IPeI 

N ..... ' 
N ...... 

NEIIA.,4J. ........ 
NUIA 4,13 

, ... 
MElIA 4X, IPM 

HUlA 13,IHa 



INSTALLATION AND MOUNTING INSTRUCTIONS 
BULLETIN SOOT and SOOH PILOT DEVICES 

Bulletin SOOT Devices are Rated NEMA Type 4 and 13. 
Bulletin SOOH Devices are Rated NEMA Type 4, 4X, and 13. 

Install on a Flat, Smooth Surface of an Enclosure 
Devices maintain their NEMA Type Ratings (4 and/or 4x and/or 13) only when properfy mounted 
in an enclosure with the same rating(s). 

WARNING: To prevent injury. this device must be disconnected from all power sources prior to initiatmg work. I 
CAUTION: When installing the device in a metal enclosure. maintain 1/2" (12.5) minimum clearance between exposed metal 

parts of contact block and enclosure. 

INSTALLATION (see Figs. 1 and 2) 
I Remove the following parts from the unit 

Lens or cap. mountmg ring, thrust washer, and legend plale or trim washer. 
2. Determine the correct number of gaskets to be used per the table in Fig. 1. 
3. Place the unit mto the mounting hole from the rear of the panel 
4. Position legend plate or trlm washer and then thrust washer. With thrust washer tang engaging legend plate or tnm washer and 

panel notches. 
5. Install mounting ring and hghten against thrust washer to the following torque: 

BOOT device with metal mounting ring: 50 to 60 Ib.·ln. (5.6 to 6.B N·m) 
BOOH device with plastic mounting ring: 25 to 30 Ib.·in. (2.B to 3.4 N.m) 

6. Install lens or cap to operator. 

CAUTION: Lens or Cap must be t'ght agalnsl bushing 10 provide a light seal. 
CAUTION: For Ihose Illuminated and pilot light devices raled lor Class I Division 2 Hazardous Locations. the lans must be 

assembled to the deVice. Those devices reted Ctass I Division 2 are merked s cilicali as such on the device . 

..... Ilabl. Mounting "'cc __ : 
• Wrench for Octagonal Mounting Ring. Catalog No. 800T .N245 
• Wrench for 800H Pilot ught Mounting Ring. Catalog No. 8OOH.NI0 
• DeVice Bonding Kil for 800T devices to meet the bonding requirements of CSA Standard C22.2 No. 0.4 • Catalog No. 800T .N300 

GASKETS REQUIRED FOR VARIOUS PANEL THICKNESSES 

FIG. 1 

D When jumbo Legend Plate i. uoed, .paclng i. 
2·1/2" (63.5). 

B When larg. ("'utomotlve) Lagend Plata Ia uoed, 
spacing Is 2·1/2" (63.5). 

Panel Thlckn ... 

16 Gage 1/16" (1.6) 

12 Gage 7/64" (2.8) 
10 Gage 9/64" (3.6) 

3/16" '4.B) 

1/4" (6.4) 

~oi 1116-(1.6)Guk. _ ................. 

Producta willi octagonal 
mounting rlnga 

Panels 1Iidt. than 3/16" '4.8) 
must be coun_ 

3 I I 
2 I I 

1 I I 

3 

PlioIllghta with 
knurled mounting ring. 

Panels _ than 1 "'16.4) 
must be coun_ 

4 I I 
3 I I 
2 I I 
1 I I 

4 

NOTE: DI_1Iona In pa .... l11_ ar. In millImeteR. 
TIghten lana or Cap To 00 ~ 
Provld. For A TIght SUI "U TIghten len. or Cap To 

Provld. For A TIght Seal ~ , 

Trim Waaher or Lagend Plat • 

Gaskets 

Th",at W....... Trim W.aher 

Octagonal Mounting Ring 

Th",atWaaher 
(Tang Enga_ Panel) 

~~ r I) 

=2.~~,~~~~~~~~ 
800T Piiol light . - lOT illuminated Puah _on or Puah·PuU "'nd T_t To Notch 

Puah· To-T_t Pilot Ught R_ Puah _ And 
Mu .... room H •• d Puah buHon 

.. yon ...... Lamp ~ FIG. 2 

LAMP REPLACEMENT (Bayonel Base) 
1. Remove Lens 
2. To remove lamp: Push lamp inward, turn counterclockwise, and remove 
3. To install new lamp: Insert in SOCke~ push inward and turn clockwise (see Figure 3) 
4. Reinstall Lens 

40061-052-01 (D) 
Printed in U.S.A. 

(Continued on other side) 

Incand_t or __ 

N..... -- \ 

~-~LED FtG.3 

~ ALLEN·BRADLEY 
...". A ROCKWELL I"'TER .... A.TIOfl.lAL COMPANY 



AVAILABLE ACCESSORIES FOR BOOT AND BOOH ILLUMINATED DEVICES 
• Dual Input Module Kils: 8OOT·N290 (120 Vac Full Voltage) Power module and lamp 

BOOT·N29' ( 24 Vee Full Voltage) Power module and lamp 

8OOT·N296 (120 Vac Translonmer Type) Relay module. 
CAUTION: 8OOT·N296 is not rated lor Class 1 Division 2 Hazardous location. 

• Flashing Lamp (6 V): lOOT-HZ12 Available for any illuminated device which uses the ANSI No. 155 or No. 1866 lamp. 
• Lamp Installer: 800T -NeZ Uselullor installation or replacement 01 incandescent lamps 
• LED Lamps and Power MOdules 'or extended lamp life: 

(Consul! A- B Catalog lor orderiftg information) 

CONTACT BLOCKS FOR BOOT AND BOOH PUSHBUTTONS 
CAUTION: QnlX Sealed Switch and logic Reed Blocks may be used on devices rated lor Class I. Division 2 Hazardous locations. 

The contact blocks listed below may be mounted in vanous combinations on an operator. 
Two TI.,. High Maximum ('or mounting instructions see contact block instruction sheet) 

: ~~~i~I~:?n:~h~~~~bu~~r~g~:;~~:~~~~~t \Yn~r(I);~ ~6~(~~t6~~~lk~IOCkS 
Standard Block Mlnl·BIock Saaled Swltcll Block I.ogIc-R_ Block 
Cat. No. BOOT· Cat. No. 800T· Cal. No. 800T· CaL No. lOOT. 

XA - XAP II XAR 
XA1 - - -
XA2 D - - XA2R 
XA4 - - XA4R 
XA7 - - -
XD1 XD5 I XD1P R XD1R 
XD2 XD6 XD2P XD2R 
XD3 - - -
XD4 - - -

SarlaeCorlaler Sert .. B or laler SarlaeEorialer ·SarlaeAortatar 

N.O. = Nonnally 0_ N.C. = NormaUy CIoMcI 

1800T.XA2 contact blocko muol be u_ only on III. INCond level H otacked. 
Mini-block. may be uNCI on the MCond "vel only. 
s..~ Switch block •• r. not .a..ck.bIe and may be ulMd one tier high maximum. 

FIG. 4 

CONTACT TARGET TABLE 

N_aI 
Contac1a 

1 N.O.·1 N.C. 
1 N.O.· 1 N.C. (Late Break) 
2 N.O. 
2 N.C. 
1 N.C.· 1 N.C. (Late Break) 
1 N.O. 
1 N.C. 
, N.O. (Early Make) 
1 N.C. (Late Break) 

To determine the contact targets of Allen-Bradley 800T and 800H Momentary Pushbutton •• 2 and 3 position Push-Pull Pushbutton •. 
and 2 position Twist-releaae Pushbutton •• proceed as follows: 
1. Identity the CONTACT BLOCK usad by looking at the con teet block cover plate and finding a catalog NO. such as BOOT ·XA. 
2. ~~nhtiZS ~: .. ~.~:~~~ ~~e~~iCh the contact \arget IS desired by looking again at the contact block cover plate lor a wlnng symbol 

3. Refer to Fig. 5 and find the conlact block and wiring symbOl. 
Read across the top to find the Lens or cap poSItion. (IN, CENTER, or oun 
The contact ta!9!'t is at the intersection 0' the contact block row and position column. 

2 CircuH Slnllle ClrcuH Normal Wiring OUT 
CENTER 

IN 
Contact Block Cont.oct Block ClrcuH P-
Gal. No. 800T· Gal. No. BOOT· O_a_ Symbol p- II Poaltlon 

XD2.XD6 NC B X 0 0 XD2R. XD2P 
XA. XAR. XAP 

XDI. XD5 
NO A 0 0 X XDIR XD1P 

XD4 NClB EJ BZ1 X X 0 
XA1 

XD1. XD5 
XD1R. XD1P NO A2 0 0 X 

XD'. XD5 NO Al 0 0 X XDIR. XD1P 
D XA2. XA2R 

XD,. XD5 
XD1R. XDIP NO A2 0 0 X 

X02, XD6 NC B1 X 0 0 XD2R. XD2P 
XA4. XA4R 

XD2. XD6 
NC B2 X 0 0 XD2R. XD2P 

XD4 NClB EJ BZ1 X X 0 
XA7 

XD2. XD6 
XD2R. XD2P NC B2 X 0 0 

- XD3 NOEM AZ. 0 X X 
- XD4 NClB EJ BZ X X 0 

II 3 poalUon Pu ... ·Pull Only 
II USing the NelS Contact function on 2 posilion Push-Pull and 2 position Twist-Release causes the 'ollowing: 

• When the button IS pushed from the "our' to the "IN" poaition, the mechanical detent action of the operator occurs before the 
contacts change state 

• When the bunon IS pulled from the "IN" to the "our' pOsition, the contacts change state before the mechanical detent action 
01 the operator OCcurs. 

AbbreWIUona and Symbola 
NO = Normally Open NC = Normally Closed EM = Early Make lB = Late Break 0 = Open X = Closed 

FIG.S 





1.-. 

INSTRUCTIONS BULLETIN 

700 
TYPE HR 

Timing Relay 
Relais Temporise Zeitrelais 

Rele Temporizador Rele De Tempo 
., .- HR' .";;\; _ ...... L.t.- U·:6 ::t.~:, HRM HRC -"-- ~ 

SADPOT '-'~~I»u·I!.t-!'9'!_· '~' ..... "'/f"'SA SPO+Ii6iI<':l"' 
' ;zAvDC:'~; z.v",c~ ~100~ACt J.vOC z.vA( , ... _A( ..... '24!fDC"""oo'a_'AC" 

(SIGNAL) ON O£LA Y . ~OffDCW~ 

EJ SIGNAL DE DEBUT DE TEMPOPJUTlDN o SIGNAl D· AMfT Il( T(MPORISA TlDN 
(SIGNAL) EINSOiAL TVERZOGERUNG SF ~NAlI AU'iSCHAL TV[RZOGERUNG ON DELAY 
RETARDO Al CONfer .l.R~E (SENAl) Rf. rAAOO Al Dt C,(ONE{T.l.R~E (SENAL) D£BUT DE TEMPoiliSATION 
(SINAL) COM RE T ARQAMENTO (SmAl) HM R.( T AJtOAME NTO EINSCHAL TVERZOGERUNG 

RETAROO AL CONECTARSE 
OHESHOT FUCKE~ (REPEAT CYCLf) COM RETAROAMENTO 

0 
CLlNGDTfMENT(R£P£r£R CYCLE) B-UNCOLiP 
FLACKER (WEIDEHOLZYKLUS) OS EINZELSCHRITT 
CENTELLEO (REPETIR EL CICLO)) ETAPA UNICA 
PISCA·PISCA (REPETIR OCLO) ETAPA UNICA :' ! 

II PIN SOUfTS - TRACM'A"lEL MOUNT 
~(" II IROCHH_MONTAGE PANNEAU/RAll 

\HCK'.'WNG'va "UHOKONTAKT 11 POLIG -
).(HI(I'IlN..,,-s.(HALnAfIUI ...... U 

1O<.A"O 11 P'I~ 1U.000OO _ "'O~TAJllf1l P":'''lL RIll 

s.ooU£TE DE 11 PlNOS_MOHtAGIM Of TRJlt+C)OPAIHfl 

MODE SELECTION 
SeLECTION DE MODE 

AUC;WAHL OER BETRIEBSART 

~ELE CCION DE MOOAUDAO 
SElECAO DE DIIPOSITIVO 

. MODE DtSPLAY" 
AlIiCHAGE DU MODE 

DARUULUNG DER 8ETRIE8SART 
MOOAUOAO DE VISUALIZACION 

DISPOWJlVO DE VI'lUAUlA~Q 

RANGE SELECTION 
SELECTION DE GAMME 

AUSWAHL DES BEREICHES 
'lELEC(ION OEL RANGO 

SELE~AO DE DPCAO 

UNIT RANGE 

EJ 001·051 o 1 . I o~ OS 501 

8 0.05 - 0 5m 01· 10m 05·5 am 

B 005·05h 0.1· 1 Oh ass OM 

EJ O.I·I.Oh 1.0·101'1 10· SOh 

40063-057·01 (0) 

700-HN126 . 

0< 

700·HN10l 

.-.~ .... 

" 

• -,... SOcKfTS"$RACM'ANEl MOUNT 
\OCt! A 8 BROCHEI - MONTAGE PANNEAUIRAIL 700'HN125 -

HECKfASIUNG FOR RUNDKONTAKT. 8·POllG- or 
SCHIENEN·/SCHAL TT AFELEINBAU 700·HN'OO 

lOCALO 8 PIN REDONDO - MONTAJE EN PANEURIEL 
SOQUETE DE 8 PINOS _ MONTAGIM DE TRILHO 0 PAINEL 

TIMED OUT 

nMED our INDICATOR (RED) 
INOICATEUR DE O£PASSEMENT (ROuGE) 

ZElTABlAUf-ANZEIGE (ROn 
INOICAOOR Of TERMINAOON DEL PERIODO DE TEMPORIZACION (ROJO) 

INDICAOOR DO T£RMINO OA TEMPORIZA~Ao (VERMELHO) 

~!!'"~JNQlCI\TOR{IiM~NJ .. 
INDICATEUR DU TEMPOPJUTEUR DE PUISSANCE (VERn 

STROMIZEITREGElUNGS-ANZEIGE (GRON) 
INDICADOR OE TEMPORIZACION (VERDE) 

INDICADOR DA POTENOA (VERDE) 

RANGE Dt~LA YS . UIIII' 'EUcnON . 
SELECTION O· UNitE 

AUSWAHl DER EINHEIT 
SELECCION DE UNlOAD 
SELEy\O DE UNIDAOE 

.lifll! DISI'lA ~f 
AffiCHAGE UNiTt 

DAASTELLUNG DER EINHEIT 
VISUALIZACION DE LA UNlOAD 
VISUALlZAy\O DA UNIDAOE 

BBBB AFFICHAGE GAM ME 
DAR5TELLUNG DES BE REtCHES 

VISUALIZACION DEL RANGO 

JISt.;ALllACAO DA OPCAQ 

10 :o~ 

\ O· ;Om 

, 0 . 'On 

10·100" 

lj,.,.. ..... __ .A 

WA~IHG: To prevent el~cal shock. disconnect from power source before 
installing or servICmg.. . . "" ,';' , 

AVERTISSEMENT: Prealablement a I'installatlon et aux operations de serVice, 
coup~r I'alimentation secteur pour emp~cher tous chocs electrlques. 

WARNUNG: Vor )nstallatlon oder Servlcearbeiten Stromversorgung zur 
Vermeldung von elektrlschem Schlag unterbrechen_ 

AOVERTENCIA: Desconecte la cornente electrica antes de la Instalaclon 0 
servlClO para eVltar descargas electricas_ 

ADVERTtNOA: Para eVltar choques, desligar a corrente eletrica antes de 
,"",ar a instalacao. 

Publication 700· 5.0E - November, 1991 
Supersedes Publication 700· 5.0E Dated July. 1991 



HR 
R i 

s 
G ~ '," ',,:~(\';:;\.: , 6 '\ .... " I ~ 

I ~ .... ' I. 
, 

(J)~'L(terminalsCD a'iidO) •. Entr'e. Einga"9. Entrada, Entrada 
-, PowertO,t!'~l!'Iinals (!) and 8,~"!Ust be appl!~.cpfltinuously: The tim.e delay and output contacts reset Immediately upon removal of power. 
,For a DC powu,sj,Ipply the positive (+) mu5t'betdnnected toterminal·8. 

(5) Start Signal (term'inals (!) and ®), Signal De oemarrage, Startsignal;SeftafoeA';,inque. SIMI oe iniciO' .. - - . . 
• A signal must be applied acrau terminals Q) and <i> to start the timing interval. This sign.l,cu.~et I1IQmemary or maintained. 

(R) Reset Slg~1 (terminals <i> and <!lJ.' Sl9nal De R'.rmemerit. ROCksetzsignal, Seilal De Reposici~n: Sinal De Rearmamerito' 
• The reset signal is not required tOt normal operatIOn. Reset can be aCCOmplished by removing powe[.from terminals ® and 8;.,:, I-'--~' 
e To reset the timer Without reIIIOYing power, a sigMi must beappliecl auoss terminals CD and<D which'resets the timing,cycle and returns the;, 

outputcontacts to theil shelhute. . I . , 
e The reset signal Will ov.rnde both the start signal and g.te SIgnal. 
e The reset Signal can be erther momentary or maintained. i ' 

(G) Gate Signal (terminals ~ and ®J, Signal Gate (Pause). Gate Signal (Pause), Seilal De Compuerta (Pausa). Sinal De Comporta (Pausa) 
• The gate signal is not required for normal operation. 
• The gate signal provides a pause or retentive timing function. When a si9nal is applied auoss.terminals..<i> and,(i) the timing qdejt,w i.--.! 

momentarily interrupted. When the signal is removed the timing cycle resumes timing at ttMt point the cycle was intIIrru~wtIkontinu. 
timing until the time clelay iscompl.ted or the gate signal isr~pplled· ___ .. __ ._ _ - ".:-.-.;~ ,', '.. . "".; ", e . I 

CAunON: The internal circuitry of the timer can be damaged if the input signal terminals ®, ®Ore» are connected ~ ~ec ~ds, 1 r~iOf';"'i" : 

1 

CONTACT INPUTS (II. s. G): For OJ)iii.ium.rellAb.lity use external. 
switches that are designed tOl Jow.level switching, (700-HC54-). 
ENTREES CONTACTS (R, 5, G): Pour une fiabillte maXimum, utllisez 
des commutateurs externes prevus pour un bas nlveau 
de commutation. (700·HC54-) 
KONTAKT·EINGANGE (R, S. G): Fur optlmale zuverl3sslgkelt wird die 
benutzung von externen schaltern die fOr schwachstromschaltungen 
konstrulert wurden emptohlen. (700·HC54-) 
ENTRADAS DE CONTATO (R. 5, G): Para una optima confiabilidad 
use conmutadores externos que esten diseflados para un balo nlvel 
de conmutacion, (700·HC54-) 
ENTRADAS DE CONTATO (R, S. G): Para perfeita confiabilidade use 
tomadas externas que sao concebidas para baixas altera~Oes. (700·HC54 .. ) 

.... _ .... ___ .. ~/WLeakage~.nt 
I : ..,,;~JCIO,. 25uA, '1;, 

TI 
7 TO JO : 
YOC In 

I , 
11 

~O.'mA 

~ ____________ .J 

saUD STATE SIGNAL INPuTS (II. S. G): Proximity switdl. pb~lectric 
switch. etc. r- ~ rr .... " j 1 .... ~.:.~~ ~ •. -. ~ ... ,', .:' ~:f.1~:j.l'nA 
ENTRtES DE SIGNAUX A SEMI-CONDUCTEURS (R. 5, G): Commutatuer 
de proxlmlte commutatuer photoelectnque etc. 
FESTKORPER-SIGNAL-EINGANGE (R, 5, G): N3herungsschalter, 
photoelektrischer schalter, etl 
ENTRADAS DE SENAL TRANSISTORIZADAS (R, S, G): Conmutador de 
proxlmldad, conmutador totoelectnco, etc. 
ENTRADAS DE SINAL TRANSISTORIZADOS (R, S, G): Tomada de 
proxlmldade, tomada totoelectnca, etc. 

HRM HRC 

A, 12 14 22 2. 
12 14 22 :M , . , . 
'\ \ 

cp ..... \~<~ 0 

'. •• " 21 

(I)JnputPower (terminals.<i> and.(i), Entree. Eingang. Entrada, Entrada 
• Power toterminals ill and (i) must be applied continuously. The time delay and output contacts reset Immediately upon removal of power: 
eForaDC power supply the positive (+)mustbeconnectedtotermonal(i). . , , ,,:: ", ! .,r,' : ' 

IC -Instantaneous Contacts, Contacts In$tantanes, Sofort Amprechende Kontakte, ContactO$lnstantanem, ContactO$lnstanUneos 
TC. Timed Contacts, Contacts Tempon,e,. Ze,tgeneuerte Konta'te, Contactos TemponzadO$. Contactm Temponzados 

2 



I SF I ~ ~:~ ~---+--,l"H~--+~+-+­R0-G5 
G 0-0) -t-1--t--+--++-t~-t-+-+~---

rc{ Ne } ~: @ "'-t------1'""'\-t--/""I-+-----,w~+__+_-­
, NOl~_~ 

-T-

:-T-T-T-I -T-liX,T·I-T-

TYPE HRM: Eb=­
I 'J) CD 

. Ne ~ ~ 'Il ~ 
Te rA'5 1 I -

1 3 
NO ~i1\.6, ~. __ 

TYPE HRC: t T
- 1 

I 0-0 I 

{ Ne @-@ 
I Te 

@-@ 'I NO 

i 
Ne (1)-0 ~ 

Ie 
(i)0)! C NO 

(T) IS the set time delay, 

On-Delay (PO): Input power must be applied continuously. When a 
start sIgnal is applied the timing cycle begins. The output contaCU 
change state after the time delay IS completed. The contaCU will return 
to their shelf state when a reset signal is applied or power is removed. 

• The start signal can be either momentary or maontaoned. 
• RlHlpplying a start signal during the timing cycle will have no 

effect on the time delay. 
• The start signal can be eliminated by jumpering terminals (l) and 

®. The timing cycle will now begin upon application of power to 
terminals (l) and @). 

Off·Delay (SF): Input power must be applied continuously. When a start 
'. slg~1 iupplied t ... .outpUt.con~utlIte.linmediatel' ... When~_ 

the start signal is removed the timl~ cycle begins. The output contacts 
will return to their shelf state once the time delay is completed. Re~ec. 
will occur when a reset signal is applied or power is removed.', . ·,:;.ii:", 

• The start signal must be maintained until the timing cycle is to 
begin. . 

.If the start signal is re-applied afterthetiming cycle has begun. the 
time delay resets and will not begin again until the start signal is 
removed. - -", .1. , .'~tt t"'ri,.n;B"! t,'" . ~.:-c·:;fL:~·3 

" ..t;,:,:,,~ If' .';; .; . .-1'.: ·'J.':-W i1""1'~ ~ ... ~-.~r"':'~i"~ 

· One Shot (OS):lnpirt'power'rriust1:i8ipPl~ continuously. When a 
· start signal is applied theoutpUtconucts diarige-mte immediately and 

the timing cycle begins.'The'outputcdntlctt'retum'to their shelf state 
once the time delay is completed. Reset will OCcur when a reset signal is 
applied or power is removed.·· ; c'!)f(';""~ dflt-:· . 

• The start signal can be either momentary _or.maintained. 
• Re-applying ~ start Jigna! duri!'IH~YJ1:1il\g cycle will have no 

effect on the time delay. ,." , .. ; 
• Reapplying a start signal after. the .time delay is com pleted will-start' 

. a n_ timing cycle (no reset is required) •• i c ,_, ,. 
• The start signal can be eliminated by jump,ring terminals (l) and 

®. The time delay will now begin when power is applied to 
,term!n.a~ ~.s.,~:.sf.!!lll~! ~J~tt~~~e.I\.: _timing mode. 

Re;;~t Cydij(Ft)rrhp~tpO~er in~1i .. fpttedcO';tiriuoUSly. When a 
start signal is applied tbe "offtimirig~ cYCle- begins. butthe output 
contacts remain in the sh'elf state: Wben th.-timedelay is completed the 

· output contacts change state and the next~On'timing cycle" begins. 
When this time delay is completed the OUtP'rt.,c;O(Itacts return,to~!m~ 
shelf state. This sequence will repeat un1i~sigl)al is applied or 

"'power is removed;' '.'> "- ')"" - '., " .... J·t· ,' ..... '" • 

~.o , eThe start signal can be either momentarY Or maintained. 
- • Re-applying a start signal during the timing-cycle will have no 
,'effectonthetimedelay: ·'J.r":".)I'<t:!:ol"~T:.'·' 

• The start signal can be eliminated by jumpering terminals (l) and 
®. The time delay will now,begin.when power is applied to' 
terminals (l) and ®. , , .. ~ (,;!,b1:.< •• ,: 

• This isa symmetrical timing reIaXiw~~ off cycle" and" on 
- ·cyd.- are of equal value. " .... ' .. ' - , ' 

... :.. :..·tt.;.!i"'·/~ c.:.: ... "._ --':-"'~.~Ja~ .. ,. !~ 
~ ~-...,r.,_. "':.'r'"'3f,~J:c...:. 1-,:':::. '. J'~';·'lf.&~..a.~· 

TYPE HRM ';' .... ;-" ... f .'i:'~,-. " . 
On Delay: When power is applied to terminals IDand 0 the timing 
cycle begins. The output contacts change state after the tIme delay IS 

comple!ed-l!!.e£9.2q~)NJ.lh':!t~u9! ~~ {heir shelf ~te when power IS 
removed. --, ", 

-.... y .. " "'" ""i'-IJt.!. . 
,,',': ,-: .••• _ ~.)I~ ... ,.:. """",, 6·.~ ... ~~'A-.,1:d~(' 

TYPE HRC :,~,~:;:.~:~:~~~.:~. :'.Q':=:~f>"~:::~""· .~ 
9nDelay: When powe~ lS~pplied to terminals ® and 0 the 
instantaneous output contaCU (lC) change,rtate and the timing cycle 
begins, The timed output contacts (TO change state after the time delay 
is completed. All contaCU will return to their shelf state when power IS 
removed. " , 

,",,: ',', ". C,: .' ::~~""~K'_-:/' 

(t) IS a timing cycle less than the set time delay. (t) can reflect that a reset SIgnal has been applied or power has been removed prior to 
completion of the time delay. (t) can also indicate that prior to completion of the time delay a gate signal has been applied which' 
momentarily Interrupu the timing cycle. 

.;.",-.~ 

.:. 

.±.!:: 

(T·t) IS the completIon of the time delay after the gate Signal is removed 
(X) IS the duration of the gate Signal 3 



700-HN130 

1-1.38 (35)-1 

\ PANEL 
PANNEAU 
SCHALTIAFEL 
PANEL 
PAiNEL 

/ 
70O-HNl29 ·11 r,ln 
70<HiNl08·8 P n 700-HR • 11 pin 

700-HRIoI • 8 pin 
700-HRC • 8 pin 

aDIDtI: • Do IICII_ *'* from hcuIng. lhls wIIIlnvaIdaII procb:I watra1Iy. 
• FIemr:MI pIMa" beIoIa dlIrIging lining 1W1g8, unlt or made seiIcIIan. 
• Thl1DHfi 1Imer lAizasa 1I7II1SIormadess power awt. Do 1lCll1auCtI1he i1lUI terminals when power Is appied. 
• v.t.I2 or _1iDarS ~ amoDed by 1he same ~ c:on1act or tnnIstor, connect the t2 tamiIaIs all18 timers 1pg8IIw. . i'~ .' 

• ~1IiiIIiuI.laraxiamalquslgnalliles:· . '~"" '~"~:'':'''; . .... £R< ;-'."I.f~'. .. ;~'.' 
.lIIIlIiaIded .... -.. i ,... ,-"H. 

• Keep will as Sheet as possilIe. 

· s.r- q,ut signal .res fn:rn power awt for lie timer and fmm other'lOltage or power lines. ::... 
• loll II; Imer ~ by II low wIIagIt msisIcr drcul, should be SIq)Iied by an isolation transtxmer wif11he t21Bnnina1 althe liner groundIId. 

M'IINIIn: • He pas rein" Ie ~ de son ~t SOlIS peine d'annuler la garantie. 
• ~ Ie cur.n avant de cIlanger Ia g;mne de ~tion, Ia s8Iection de I' unite ou Ie mode. 
• La ~ 7OO-HR utIise l.I18 aIimenta1ion ~ snas transformateur. Ne pas lDueller las bornes d'entrlie pendant Ia mise sous tension. 

1 
1.89 
(48) 

• Las appareiIs den1r6e extemes utiflS6s poll' cont6ler Ie temporisateU' doivent ~tre oiquipes d'un transforrnateur d'isolabon et d'une sortie non mise a Ia masse. 

VIBSEIIJ: 

PIIr.MDI\I : 

~: 

• Lorsque 2 terTljXiiiSateurs DU plus srint cOntrOIeS par~ -m~me contact au tr.nsisIof d'emree, comed8t' las bome5 t2 des ~ enserrbIe. 
• Recommandations au sujet des ugnes de signaux d'entrlie eXllmeS: 

· Utiliser un ~Ie bInd8. 
• La cable doit Atre Ie plus COUIt posstiIe. 
• $eparer las ~ des signaux d'en1rIie de raJimentation electrique pour Ie temporisateur mals aussi des autres tensions ou lignes~. 

• Das Zeitrelais nicht aL6 dam GeMuse entfemen. Die Garantie fUr das ProeM! wird dadurcl1 ungultig gemacl1t 
• Vor Ver3ndlerungen in Zeitregelungsbereich, Auswah) einer Einheil oder Betriebsart, die Strornzufuhr unterbrecl1en. 
• Das 700-HR ZaitreIaIs nutzt transformatDr1ose Strornversorgung. Die EingangsJdemmen nidrt berUhren, wenn Strom zugeliihrt wird. 
• Die extemen ~, cia zur Kontrolie des ZeinIais benutzt werden, solItan mit einern Trenntrato und einem nichtgeerdelen Ausgang ausgestall8t sein. 
, Wenn zwei oder rneIvere Zeitrelais dJrth dieseben EingangskontaJde oder den Transistor kontrolliert werden. Klemmen Nr. 2 d8t' ZeitreIaIs wrOOden. 
• Empfehlungen fUr cia extemen Eingangssignal-Laitungen: 

• Abgescl1lmten Draht benutzen. 
• Den Draht so Iwrz wie rOOgucl1 halIen. 
• EingangssignaH..eitungen wm Netzanschluss liir das Zietrelais und von anderen Spannungs- oder Stromieitungen getrennt haIIen. 

• No saque el ttlf1'4lOrizador de su recinlD. Esto invalidara Ia garantia del producto. 
• Desoonecte Ia energia antes de cambiar el range de temporizaci6n, Ia selecci6n de modalidad 0 de Ia unldad. 
, EI temporizador 700-HR usa un suministro electrloo sin transfonnador. No toque los bomes de entrada ClJatldo Ia energia est8 conedada. 
, Los dlspositivos de entrada extemos usados para controlar ellBmporizador deben estar equipados con un Iransfonnador aisIador Y una salida sin conexi6n a tierra. 
• Cuando 2 0 mas temporizadores asian contralados per el mismo transIstJr 0 contacto de salida. conecte los boones t2 de los temp0rizad0r8s juntos. 
• Recomendaciones para lineas extemas de seilaI de entrada: 

· Use Cable DiIndado. 
· Mantega eI cable tan cor'D como sea posible. 
· Separe los cables de se~aJ de entrada de ~ del suminstro el8dric:o para eI ternporizador Y los de otros voI!ajes 0 Iineas eI9dric:as. 

• Nao rernova lemporizador da embaJagem. Islo invalidarA a garantia do produto. 
, DesIigar energia antes de alterar a temporiza9iio. a seteo;ao de modafldade e da unidade. 
, 0 temporizador 700-HR utiliza um transfonnador para a energia Nao toque os tenninals da entrada quando energia a ativada. 
• Os Iispositivos de entrada extema devem ser eqJipados com transfonnador isolante e saJda sam conexflo terra 
• Quando 2 ou mais temporizadores sao controtados palo mesmo contaID de entrada ou transistor, conectar. juntos, os terrnilais #2 dos temp0rizad0r8s. 
• Recomenda9iio para linhas extemas de silaJ de entrad3: 

· Use fio encapado. 
· Mantenha 0 fie tao curto 0 quanto for passive!. 
· Separe os fios de sinal de entrada <loS eletricos do temporizador e <loS outros el9tricos ou de voltagem diferentes. 

t!b ALLEN-BRADLEY 
~ ARO(KWELl II\:TFR"~TlO'AL [O"P·\'\.'t 

Indultrl.1 Control Group 
Mitwaukee. WIsconsin 53204 





- Instructions -

Bulletin 700· Type N • AC Relays 

3-111" 
( ... ., 

NOTE: Save this sheet for future use. 

r-------- CAUTION --------, 

Disconnect power before servicing. 

2. Retighten screws securely to specified torque. 

3. Check for proper reassembly. Red bar is flush w,th cOYer 
when de-energIZed. Red bar or metal push-to-test tab on 
time delay unit must move freely through 9/64- (3.6) 
stroke when manually operated. 

4 Use sUitable enclosure to protect the contacts and mag­
net pole faces from dust, dirt, lint, all mists. water or 
other contaminants. Do not spray solvent type contact 
cleaners Into Installed cartridges. 

5. Do not apply oil. grease. rust inhibitors. or any sp'ay to 
the magnet pole faces. Resulting films or residues could 
cause magnet stickIng 

2""'"0(11&.1111) --

Installation 

NOTE: Dimensions shown In parentheSIS are in millimeters 

Type N relays are designed for two-point mounting on a ver­
t.cal panel with coil terminals upward. 

Self-lifting Terminal Clamps accept the following: 

• Two *' 12 AWG (4.0 mm 1) solid or stranded copper wire max. 

Contact cartridges 

Accessory contact cartridges are individually ~tamped on the 
side for Identificatfon. Factory-in~talled unlB. when not 
stamped, can be identified by the colors of component parh. 
See Table,. 

Table 1 

Accenory ContKt onridgeos 0 
Type of CUI~No. c_ C_of Platin9 
ContKt "H. ,,_ of .... nn .. 

Ca",rid91 De<. 0,,,. HousifM) Guide TermiNiI 

Standard 7OO-C1 700-(1 Lt. Gr-v WhIte S,IYe'I' 

Gold Plal@'d 7oo·Cl)( 700·(2)( Lt Gray Wh'I~ Gold 

B,furc.tlKl 7OO·C18 100·(2B Dil. Gray VVl''Ut~ Sli~ 

"-'00 700-C11Z 700-022 Lt Gray Black S,I~ 

,-- ....., .. Wh,t~ Whlt~ Gold 
,~ ,~ Tan WI'ut~ S,lvef 

• Gold plated contact cartridges. Tab and contact symbol one 
end only. Resist tarnl~h films In absence of environmental 
dirt they provide higher reliability than standard cartridge 
below 24 volt~. 

• Bifurcated contact cartridge. lightweight movable contact 
prOVides better shock and Vibration resistance. 

• Overlap contact cartndge\. Sold in pairs. Tab and contact sym­
bol one end only. Convertlbk! to Early Make N.O. or late 
Break N.C. Use together for overlap. DC rating" '25 volts 
maximum. 

• logic reed contact cartridge. Hermetically ~ealed contact for 
greater reliability in low energy switching. Rear deck only. 
Resistive rating: 

AC 'SOV Ma •.. '50 mA M.u. 8 VA Max. 
DC 30V Max. &0 mA Max 

Converting Contacts 

To convert contacts (N.O. ~ N.C.): 

___ to one "8 AWG (0 75 mm2) ~e...a5truLL.en!ilth of 5/16'" ___ _ o NO lie 0 r 0' ~~ .. -l· (7.9) 

• Two ring terminals - 21/64" max. tongue width or ~maller 
(8.3 ma •. ). Hole for a #6 Screw. 

• Three ring terminals - long tongue type (AMP #33173 or 
equivalent) 

Mounting Strip 

Acce~~ory mounting stripS accomodate 4, 8, 12 or 16 relays and 
can be ~awed to Intermediate lengths. 

{ 

<-t- (221.1, 
""'·1417.1) . ..,.. f- Col. No. ....... 12->7· .... ., ----j 

{34 . ., I , .... ·(lU .• } ---,..::---,1 

(~.~~: ~C, • 
I I 11" I I I nacr-

~r-{12,T) ,! t I I I (~I 
1·111' '·"4' '·114' 
('1.1) (57.1) (57.1) '-' 

1.1 Mount strips horizontally with #8 scrows. with at least one 
~crew at each end and in an alternating upper and lower 
horizontal pattern with 2-114" (57.1) or 4-1/2" (114.2) 
spacing. If #10 screws are used. spacing may be increa,~ 
to 6-3/4" (170.6). 

1.2 Tighten #8 staked mount!ng 'trip screws securely 14-20 
Ib-in. (1.6-2.3 N·m). 

1.3 Tighten unused screws in vacant positionsto 7-141b-in. (.8-
1.6 N·m) to resist loosening and falling out due to 
vibration. 

D NOTE: Relays field modified with any accessories described 
retains U.l. list.ng and CSA Certification. See Tables 1 & 2. 

U NOTE: See Catalog for Range Designation & Options. 

40061-022-01 (8) 
Printed in U_S.A. 

CIOt8IIn~ftIOdII 0 

o _. 
2.1 Remove cover (or front mounted accessory) With ItS t'NO 

captive screws. 

2.2 Remove terminal screW1 of cartridge. 

2.3 Remove. Invert and reinstall cartndge and terminal scre~ 
Figure 2. 

2.4 Replace cover (or acces\ory) and tighten screwS securely 

,-------- IMPORTANT -------, 

• Front cartridges, Rear cartridges. and Pneu. Timer car 4 

tridges are not interchangNble. 

• vacant positions in rear c;.ck must contain a white dummy 
plunger (Renewal part F27'85) to maintain design pick·up 
voltage. 

Adding A Time-Delay Unit 

Time delay units include separate instructions. ..-.----.. 

o;~=~s 
Co __ 

""-
.. Pneumat,c: Cat. No. 700-NT 

Solid State: Cat No. 852SfJ 

1lIble2 

Other Accessory Kits II 
Jumper for Middle Pole to Outer Pole 
Jumper for Middle Poles 
Surge Suppressor (Terminal Mounted) 
Surge Suppres,or (Mount~ under relay) 
Check-Out Tool 

'-
0.0.., 

u"'" 

Cat-No. 

700-N3 
700-N4 
700-N24 
700-N5 
700-N2' 

Adding A Front Deck 

-, 

Tlghten.IIKfWW'IIPIF'I.l 
T·U Ib-In. (1) .... ' .• NfftI 

3.1 Ren"IOYe COYer and two (aptlY'(! scr~ A 

3.2 Convt"ft any R~ar deck cartridges to N C 

3.3 POSition front deck on relay Note H\cJt a keying prOVide.,; 
orientation Tightfn the captive mounting screws B 
securely 

3.4 Convert any Front deck cartndges to N C 

3.5 Reinstall Cc:Nef (note keying) and tighten the two (dotlve 

cOYet' screw A se<urefy 

Coil Or Yoke And 
Armature Replacement 

4.1 Pry COil outward With 
screwdriver In slot 
between COil terminals 
F'g.4 

4.2 Grasp magnet assembly as 
coil i~ removed so that 
loose parts do not sepa­
rate and fall. 

• 1 ~~ rt'oLK~t cod 
dndlor yoke and armature 
assembly. See Renewal 
Parts Publicat,on 700-6." 

""'. 

4.4 Reassemble replacement parts Figure 5 
- Be sure spnng IS seated between armature and COil 
- Ortent yoke so that ear on sldeplate nests In recess In bot-

tom of coil. 
- Orient armature with step adjacent to coil terminal~. 

4.5 Whilo! holding pam together. slide tM assembly into the 
mounting base until the unIt locks Into place 

4.6 Manually check for proper operatIon by depressmg red 
center bar With screwdrIver through 9/64" (3.6) ~troke 

r--------------IMPORTANT--------------, 

If the cod is inserted in the base without the armature and 
yoke in place. it cannot be withdrawn without damaging 
1M cartndge tips. Remove rear deck with its four captive 
s(rows C. Figur~ 3. to fre~ the co,l Upon reassembly. tighten 
screws s~urety 

~ ALLEN-BRADLEY 
...,. A RO[KWELL INTERNATIONAL COMPANY 



CONTACT SINGLE CAM CODE AND KNOB POSITIONS 
ACTUATOR CIRCUIT NORMAL WIRING E7 fJ I 01 BLOCK CIRCUIT Al .0.7 B7 Cl C7 07 07 Rl fJ R7 fJ TlfJ 

COLOR BOOT- OR OPERATION SYMBOL 
[\tl l\tJ I\tl I\tl l\tI l\tI I\t/l\tl I\tl I\tl I\t/ l\tJ OPTIONAL 

XD2 or XD6 NC B OXO OXO OOX OXO OXO OXO OXX OXO OXO OXO OXO XOO 
XA. XAR. XD2R.XD2P 

XAP XDI or XDS NO XD1R.XD1P A XOO OOX XOO OOX XOO OOX XOO XOX XOX XOX XOX OOX 

XD4 NClB Bll OXX XXO OXX XXO OXX XXO OXX OXO OXO OXO OXO XXO 
W XAI XDI or XDS 

XD1R. XD1P NO A2 XOO OOX XOO OOX XOO OOX XOO XOX XOX XOX XOX OOX 
H 

II XDI or XDS 
XD1R. XD1P NO Al XOO OOX XOO OOX XOO OOX XOO XOX XOX XOX XOX OOX 

I XA2. XA2R 
XDI or XDS NO A2 XOO OOX XOO OOX XOO OOX XOO XOX XOX XOX XOX OOX T XD1R.XD1P 

E XD2 or XD6 NC Bl OXO OXO OOX OXO OXO OXO OXX OXO OXO OXO OXO XOO 
XA4. XA4R XD2R.XD2P 

XD2 or XD6 NC B2 OXO OXO OOX OXO OXO OXO OXX OXO OXO OXO DXO XOO XD2R.XD2P 
XD4 NClB Bll OXX XXO OXX XXO OXX XXO OXX OXO OXO OXO OXO XXO 

XA7 XD2 or XD6 
XD2R. XD2P NC B2 OXO OXO OOX OXO OXO OXO OXX OXO OXO OXO OXO XOO 

XD3 NOEM AZ XOX XOX xxO XOX XOX XOX fJ XOX XOX fJ fJ fJ 
XD4 NClS Bl OXX XXO OXX XXO OXX XXO OXX OXO OXO OXO OXO XXO 

XD2 or XD6 NC B OXO OXO OOX XOO OOX OXO XXO OXO OXO XXO OXX XXO XA.XAR. XD2R. XD2P 
XAP XDI or XDS 

XD1R.XD1P NO A XOO OOX XOO OOX XOO XOO OOX OOX XOO OOX XOO OOX 

XD4 NClB Bll OXX XXO OXX XXO OXX OXX XXO XXO OXX XXO OXX XXO 
XAI XDI or XDS 

B XD1R.XD1P NO A2 XOO OOX XOO OOX XOO XOO OOX OOX XOO OOX XOO OOX 

l D XDI or XDS NO Al XOO OOX XOO OOX XOO XOO OOX OOX XOO OOX XOO OOX XD1R. XD1P 
XA2.XA2R 

XDI or XDS A NO A2 XOO OOX XOO OOX XOO XOO OOX OOX XOO OOX XOO OOX XD1R.XD1P 
C XD2 or XD6 

XD2R. XD2P NC Bl OXO OXO OOX XOO OOX OXO XXO OXO OXO XXO OXX XXO 
K XA4. XA4R 

XD2 or XD6 
XD2R.XD2P NC B2 OXO OXO OOX XOO OOX OXO XXO OXO OXO XXO OXX XXO 

XD4 NClB Bll OXX XXO OXX XXO OXX OXX XXO XXO OXX XXO OXX XXO 
XA7 XD2 or XD6 NC XD2R.XD2P B2 OXO OXO OOX XOO OOX OXO XXO OXO OXO XXO OXX XXO 

XD3 NOEM AZ XOX XOX XXO OXX XXO XOX fJ XOX XOX fJ fJ fJ 
XD4 NClB Bl OXX XXO OXX XXO OXX OXX XXO XXO OXX XXO OXX XXO 

o - The slanted lines represent the knob poSitions 

f) - Noted cams cannot be used with metal wing lever operators or XD3 contact blocks because Inertia upon spring relurn may cause unlntended contact action. 

D XA2 (Qnl,Ht blo( .. ., mU'lot be u.,€,d Only on the 2. NO le .... el If \tdcked 

0 
T7fJ U7 fJ WI 

[\tj l\tJ I\tl 
OOX OXO OXO 

XOO XOO XOX 

OXX OXX OXO 

XOO XOO XOX 

XOO XOO XOX 

XOO XOO XOX 

OOX OXO OXO 

OOX OXO OXO 

OXX OXX OXO 

OOX OXO OXO 

fJ fJ XOX 
OXX OXX OXO 

OXX XXO OOX 

XOO OOX XOO 

OXX XXO OXX 

XOO OOX XOO 

XOO OOX XOO 

XOO OOX XOO 

OXX XXO OOX 

OXX XXO OOX 

OXX XXO OXX 

OXX XXO OOX 

fJ fJ XXO 
OXX XXO OXX 

Abbreviations and Symbol. 
NO Normally Open 
NC Normally Closad 
lB lale Break 
EM Early Make 
X Closad 
o Open 
NI A NOI Available 



CONTACT TARGET TABLE FOR 3 POSITION SELECTOR SWITCHES 

To determine the contact targets of Allen-Bradley three 
position selector switches, proceed as follows: 

1. Determine on which SIDE of the selector switch the 
contact block is mounted: WHITE or BLACK. On the 
back of the selector switch is a molded plastic cover. On 
this cover is a nameplate indicating Catalog No. of the 
operator and location of side 1 (white actuator). Side 2 
(black actuator) is the opposite side. 

2. Identify the CONTACT BLOCK used by looking at the 
contact block cover plate and finding a Catalog No., 
such as 800T-XA. 

3. Identify the CIRCUIT for which the contact target is 
desired by looking again at the contact block cover plate 
for a wiring symbol such as "A", "B", "A 1 ", etc. 

4. Identify the CAM used by looking again at the name­
plate on the molded plastic cover on the back of the 

40060-259-03 (F) 
Printed in U.S.A. 

selector switch operator. The Catalog No., with excep­
tions listed below, contains the cam identification follow­
ing the flag letter "K". 

Example Catalog Nos.: 800T-J2KA1 or 800H-JR2KA1 

The A 1 is the cam identification (there may be digits 
following). 

Exceptions: Selector switches where a special cam 
was not specified. On standard maintained and spring 
return three position, a B7 cam is used. 

Example Catalog Nos. of standard selector switches: 
800T-J2A, 800T-J17C, 800T-J2B, 800T-J42B. 

5. Refer to the table on the reverse side and find the actua­
tor color, contact block, and wiring symbol. Read across 
the top to find the cam and knob position. Where these 
two columns intersect will be the contact target. 

~ ALLEN-BRA[]LEY 
~ A RO[KWELL INTERNATIONAL COMPANY 
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Volelay Tablets 
APPROVED SUBJECT TO CORRECTIONS 

NOTED & TO THE PROVISIONS OF 
THE SPEC4.CATIONS. 

DEC 281990 Drill Hole Seal-1/4" and 1/2" dia. sizes 
Product Information 
OgNERAL DESCRIPTION 
;\ jjrl'-Ji,rJ1wd (:')mpJ'(!~i-;ed \.able\. mmle (1[' higll 
~~w('l1jll~ !-lllcliUlll Iwnlonitl!. FOl'J11!o1 a flexible, 
PI'I'Ul:HH'l1L, IIlHl-t.llxic senl when! w:d.er flows 

:Ind hycj,·o:-:!.aLic pl·I!S~:·lIr('l-: al'(~ invlllvl~d. Thl! 
,.'~~ .. di .. l. I.ablds ;In: lIsed rill' gcn('r:d pl.1.1·pO:'iI! 

sl!t'liing while t.hl~ 'i~" t.(Ihlets an! sized ror Light. 
nnIJu IUH SI)(\(~PS-

PACKAGING 
Villday tnbl(!!.s al'O ;-;hil'ped in :>0 lb. plastic 
j):,il,~ 1".11' l,asy hundling und ('il)(l Ib./5':)· gnllon 
fil,i')' dl'urn:; 

PROPERTIES OF VOLCLAY TABLETS 
• lncrensod hardness and density provides 

better settiing characteristics. Cun be pJllced 
in ii dry or wet borehole with the sume elise 
as pea grovel. 

• Volclny Tablets swell 10 tli 15 times 
their dry volume when hydrnted with fnl~h 
woter. The performnnce CnD be affect.ed 
by water qunlity. 

• Will prrJvide nn in place Qxpansive seal. 
• Will not shrink or craclt with time. 

PUNCTIONS OF VOLCLAY TABLETS 
• Seal nil tyj)es of pier-ometcr13. 
• Selll surface casing fol' water wells and wull 

pits. 
• Provide nn intermediate seal preventing 

intoraquifer trlllls{er. 
• S(!lll at theuPl;er most aquifer and prevent. 

entrance of surface wat.er into aquifer. 
• Senl nbandoned wells mninlnining ttquifer 

yield and artesian hend. 

U.S. ARMY ENGINEER DISTRICT· ST. 

By 

PHYSICAL PROPERTIES 
• 1//' SP.G. ;:: 1.269. 1/:!" SF.G ... l.H)IIB 

• Compl)~ition: Bentonite-a hydrolls 6i1icuL~ 
of alumina comprised essentially of the clay 
minc~ral montmorilloniLe. 

• P\lrity: Montmorillonite content about 90% 
minimum. Contuins small portions of 
feldspar. biotite. se.lenite. et.c. 

• Ilfi: 8.5 to 10.5 
• Dl'Y Bulk Den:;ity: 80 Ib.l('t:i 1'01' I/J " dil'. 

lablets; 75 lb.lrt:J for \,1:1" tablel!-l. 

Volcluy Table~ Reference Table 
''''eight of Volclay 'I'.lblets required for a 
borehoh~ seal with a dopth of 1 ft. 

1/4" 
't' 3" ,'" u- B" 7" K" .. tiff 

1.OR 3.7(\ IloilO 10.11 II> 211.4 26.IJ :13.73 

L'2" 
z· 3" .,~ lj" 6" T' 8" It· 

1.77 ·1 ;.11 lUi. 16 21.77 2lM" 36 

10" 
41.06 

10" 
44."" 

1500 W. Shure Drivo • Arlington HeightG. Illinois 60004-1434 • (312) 392-4600 
-------. "--------------

I r. nlll11no hl'lrtlln AI" holiDvnrl 10 1)1) 1l(;(~lIilllc I)rld mllnbl!!. flmorlelln CI'>"old COlTIl'Il'lny mako8 no warranly 01 Bny 
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.Drilling Fluid & 
Grout Products 

AMERICA~~~~~~rm~~ijM NY 
12/09/BB Wate Minerat Division A 

DEC 28 199J 
~ 

mm::tn'm IDIE SEAI.JN; TABIErS u.s. j:,i1i.1Y ENG!NEER DISTRICT· St 

Jlf 1/4", 3/0" lIND 1/2" IlIlIIIImlt 9I2B r.'!I0/~ e.. {{"iiz I 

SEE ATTACHED COM~ fl'S 
J:e3OUPl'ICE: Volclay tablets are organic free, high-swalling 100% pure .J 

sodium bentonite. lhe tablets arc callPressed. into 1/211
, 3/8" 

USE: 

ani 1/4 11 in diattaters. 

Volclay tablets are designed for use in the ~ter 
II'Onitorin;J .in::1u.sb:y. '!hey fonn a chemically resilient, low 
per.meable, flexible seal. '!he tablet will isolate screened 
iItt:ervals of II'Onitorin] wells an:t pzovide an excellent seal 
for abando:ne::l boreholes. '!he 1/ 411 tablets are ideal for 
providi.n;J ~s in tight annular spaces Wile the 3/8" and 
1/211 tablets are uset"Ul for larger borehole sealing. 

aIARAClERISl'ICS : 

APPLIc:nTICN: 

P.ACKl\GlN;: 

o Chemically stable, results from EP Toxicity Metals 
Analysis are below RCRA limits for hazardous 
constituents 

o Pel:meability range of 1 x 10-7 to 1 x 10-9 cn,Isec 

o High ~.ll capacity, tablets swell 10 to 15 times their 
dry vol\ll'\'e when hydrdt.ed with fresh water 

.' 

o self sealing, renains flexible when saturated and will 
rehydrate 

For shallow applications Volclay tablets should be. addErl 
slowly am steadily to prevent blocJdn:J and bridgin;r. For 
deep applications tablets may be trelnied into place. Tablets 
are added am water is p.nnped down the tremie pipe deli verirq 
the tablets to the desired depth quickly and aco.rrately. 

Volclay tablets are shipped in 50 lb. plastic pails, 36 palls 
per pallet am stretch-wrapped. Tablets may· also be 
p.ll:'Chased in 600 lb./55 gallon fiber clrum=l. 

Wil-7 

1500 W. Shure Drive • Arlington Heights, IllinOIS 60004·1434 • (312) 392·4600 _ ..... _._----_._---_._-----:-------_ .. _-_ ..... , ---_ .. __ .-
--------- --_._._--.------------- ---
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r ' \-:cno COnRECiIONS 

. : J ,;, -, 01HE PROVISIONS OF 
,.- · ... T·: r'c~G,rIC"110NS, .. ~". A 

OEC 28 199Q AMERICAN COLlOID COMPANY 

Ono North Arlington • 1500 Wa" Shula Drive 
Arlington Halghtu, IIl1noiu 110004·1434 • USA 
(3121392·4600 • TeLex In 4330321 
F'~(3121608·6'99 . 51401 

5141 

U.S. i~Fi\N( ENGINEER mS1R1C1- Sl. ~AUL 
,I 7If=/-- t:;; If.. ' 7Jd 

MATERIAL SAFI!TY DATA snEET - May b. uned to comply with OSIlA'1 !lnerd Communication Standard, 
29 eFR 1910.120U. Standard Muat be conlulted for aplclflc 
roquirement •• 

PRODUCT NAME: 1/211 VOLCLAY TABLETS 

SectioD 1: 

Manufacturer'l Nama' Addre •• : 

Amarican Colloid Compony 
1500 ~I.t Shura Drive 
One North Arlington 
Arlln~ton Haloht., Illinoie 60004 

I ' 

P.o. 1 of 3 

E~roency T.lephQne IUlber: l12-l9Z-4600 
Telephone Number for Informltton: 312-39Z-4600 
Dati Pr.pa~ld: AUgust 31, 1988 

SectioD :Il: HAZARDOUS IBQRBDI~S/IDBJI'l!ITY 1:JtI'OlUlATIOB 

He,ardou. Compo~ant. 
(Specific Chemical Identity: Common ~lme(Q» 

Cry,tllllni QUartl CAS# 14808 M 60·7 

Total DUlt (Qulrtz) 

Respirable CrYltoLllne Quart' 

Reaplrable Nullance DUlt 

* "ARIIIGs 

preunt (filA) 

proposed (TUA) 

OSHA PEL 

( 1 
0.11119/111 

15mo/\U3 

5mO/ln3 

Other Limttl X 
Ace I H TL V . Recomendad (opt I onal ) 

-' 

0.1110/",3 T\lft 

50UQ/1I13 TWA 

1011111/",3 

51111J/",3 

* 

NIOS" 
50uo/m3 TUA <2" 

Thia clay product contains I Imall a.ount of cryttalllni Illlca which mly caule dellved r.aplratory 
dillile If Inhaled over a prolonged period of timo. AvoId brlathlnll dUlt. Ua, 110SII/MIKA Ipprovld 
re.plr.tor where TLV for cry.talllni .fllca may ba e~celded. IARC Monograph. on the IVllultion of 
the carclnooenlc Rlek of Chemlcall to Hu",an. (volume 42, 19a7) concludel that therl I, "ltmlted 
evidence" of the carcinogenicity of cryoul\In •• llIee to hUliln •• IARC cluattlcltlon ZA, 

~OOUCT IDENTIFICAtION 

Chemical Ha"ll Bentonite Clay 
Chelllical Flmily: Natural Minerll, Montmorillonite 
CAS No.: 1302-78-9 
FORMULA, Naturally. occurring hydratld alumlno.lllcito of lodlulI, calclUII, III,n.alulI, and tron 
~FPA/KM1S: Ht.lth· 0, Fire - 0, Reactivity - 0, specific H.lard - S •• Section VI 
Dot Cle.,: Hot Regulated 

Xd 
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r;~CTTO COilRECTIONS 
! _ ,-~; :, 0 THE PROVISIONS OF 

7: ,: ~i:CiFiCATIONS, 

A 
DEC 2 8 199~ 

u.s, ;"r,iy\Y ENGINEER DISTRICT -ST. PAUL 

"¥l. ~. 
SEE ATIACHED CCMMEt-Jf8 J 

pnODOC'r Nl\Ml!lz 1/211 V'OLCLAY TADLE'rS 

seotion XXX 

AMERICAN COLLOID COMPANY 

Ona North Arlington. 1500 Weat Shur. Drive 
Arlington HOights. 11111'10116000.-1434 • USA 
1312) 392-4600 • TaiaN ITT 4330321 
FalCI312) 506-6199 51401 

5141 
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BollinO Point 
Vapor Pratllura (111m IIg.) 
Vapor Density (AIR s 1) 
Solubility In ~ater 
Appear.nce .nd Odor 

• Hot Applicable 
• Nut Applicable 

Specific Gravity (H20 • 1, 
Mel t i no Po I nt 

• 2.5 
- Not Applicable 

• Not Appllcablo EVlporation Rate (Dutyl Acetate. l' 
• Negligible 
• Pala grGY to buff tableta, odorl ••• 

section :tV lI':IRB AND KDLOSIOB IlAZlUlD DATi 

Fla,h PoInt (Mlthod Uled) - Not Applicable 
FlaMmable LimIt. • Not ApplIcable LEL- • UEL· -
EKtlngullhlng Medl. • Not App~lcable 
Splcial Fire fightIng Procedurl' - Inorglnlc Hinerll/Non-Flammable 
unusual Fire Ind Exploeion "azardo - Not Applicable 

section V 

Stabi \ Ity Unttable • 
Stable • X 

lUlAC'l'XVlTY DATA 

Conditlonl to AvoId· Non. Known 

Incompatibility (Materials to AvOId) - ~one Known 
KIEardoul Decomposition or oy·productD • None Known 

- Not Applicable 

Klllrdoul polymerization May occur Condition. to Avoid· None Known 
~Ill Not Occur' X 

SectioD VX HEALD JlAZl\1U) DJ\.TA 

Route(A) of Entry: Inhalatlnn? Yes SkIn? No IngestIon? No 

Health Malards (Acute and Chronic) • "IY CIU&O delayed rloplratory dlae.lo If dust Inhaled oVlr a 
prolonged period of tIme. 

Carcinoglniclty: HTP? No IARC Monograph01 Yoe O&HA ~.gul.ted1 No 

IARC Monograph, on the eVQluatlon of the Carcinogenic Rllk of Chemicall to Humens 
(VOIUM. 42, 1987) concludeo thut there il "limited evldlnc.'1 of the carcinogenicIty 
of crYltalline lilici to huma~o. IARC cla,.Iflcetlon ZA. 

~Ignl and Symptom. of Exposure· Exce"ive inhalation of dUlt may rllult In thortnGss of breath and 
reducld pullnonary funct Ion. 

Medical conditIons Generally ~g\lrlvated by Expolurl - Individual, With pulmonary and/or ralplratory 
dls.a •• including but not Il~Itld to •• thMe 
and bronchi til .hould be precluded from 
e~polura to dUlt. 

I" Emergency and Firat Aid Procedurea • Evaa - Flullh with water. 
, __ , • GrOll inhalation of duet· Ramove to frash elr: glvI o~Y\len or 

artificial relplration If nece.,ary; 
get medical attention. 
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PRODUCT NAME: 1/2" VOLCLAY TABLETS 

AMERICAN COLLOID COMPANY 

One North Arllnglon • I &DO Well Shure Drive 
Arll"O\On Helghla, IIIlnOI& 60004·1434 • USA 
(312) 392-4000 • Telex ITT 4330321 
Fax(312) 606-6190 51401 
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seotion VIZ PltllCA1J'J!l:OJlS )lOD. SUB DBDI,ZBG AJ1D UdR 

Step, to b, Taken In CaGe Hat.rial il Relealed or Spillod • VaCUUM If poa,lbla to Ivald'gen.rating 
.irborne duet. Avoid br •• thlng dust. 
wear In approved r.lplr.tor. Avoid .ddlna 
wat.r, the product will blcom. sllpPlry, 
whan wet. 

Weate Dlapoaal Method· follow flderal, state and loc.l regulatlona for lolld Wisti. 

Precautions to Bt liken in Handling and Storing - AvoId br.athlng dUlt, use NIOSH/MSNA approved 
ra.plrator wh.rl TLV 11~ltl for Cry.t.llln. SlIfe. 
lIay bt IXCI.d.d. 

Other Precaution •• Slippery whon wot. 

SeotioD VIXI COHTDOL JlBMmms 

Resp;ratory Protection (Specify Typo) - OSHA standlrd 1910.134 or ANSI Z8a.2·1980 ,plclflcltlon. 

Ventilation - Local Exhau,t • AI appropriote 
• Mechanical (General) • AI appropriate 

Protective Olovea· Not Raqulred 
Other Protective Clothing or Equipment· None Required 
~ork/"ygl.nlc Practlcts • U.e good hou.ekeepin~ practlca,. 

Special • Non. Rlquirld 
Other • Nont Requlrad 
eye ~rot.ctlon • Recommended 

'-- I ' .:~CTTO COilRECTIONS 
I. - I ':'.:., :' _ :. ~ !~~ PROVISIONS OF 

j,,-~, ,:vIFiCATlONS. 
,4-

DEC 28 193J 

U.S, iliii~Y ENGINEER DISTRICT -ST. PAUL 

r'/Jr~~ 

I SEE ATTACHED COM~ 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
The Information herein h •• been compiled fro~ sourc.s b.lieved to be rellablt end II accurate to 
the bllt of our knowledge. However, Amerlc.~ COlloid company cannot glv. Iny guar.nt ••• regarding 
'Informatfon from other Bouroe., and expre •• ly dOl. not make any w.rrantf •• , nor •• Ium., any 
liabILity, for Its use. 

IlIlIIillllllllllllllllllllllllllllllllllllllllllllllllllllll11111111111111111111111111111111111111111 



Form C~EM 4· 12 

~f=1': ATT'ACHEO COMMENTS 

~EHIG~ 
. LABORATORY TEST REPORT 

LEHIGH 

LEHIGH PORTLAND CEMENT COMPANY AP~;~D&STOTHEPROVISIONr6~NS 
THE SPECIFICATIONS. 

A 
Consignee ....... '. !: 

,'. i . .. : ............. ; .': ;:~; .'.':: : ..... ~.;.;. DEC 28 1990 Address ........ ; ...•............................... 

Date ...... , ...... :. :' .. ' .. :' .................. ; ........ . 
Ma son City, . ARMY ENGINEER DISTRICT· ST. PAU 

Plant .................. , S ..... ~ ....... , \ ....... . 

Cement Type ......... ~ ... ~)-:\P....... Car/Truck.· ... ~~.q~. :r.~~~......... Bin No .... ~~:-.2?~ .......... ': ... . 

~i/o Jr- I 
RESULTS OF TESTS 

CHEMICAL 

SIOz .................................... ?~.'.~ ...... . 

Alz0 3 ••••••••••••••••••••••••••••••••••..• ~.'.~ .•••••. 

FeZ03' ............... ' .. ' ..... : ............. ?:.~ ...... . 

~~O .................................... ?~.'.~ ...... . 
. 2 1 

I\'1g0 ........................................ • ........ . 

503 ..........................•........... ~.·.9 ...... . 
Ignition Loss ............................. ~:. ~~ ..... . 

Insoluble Residue ........................ ~:. ~~ .... .. 

Potential Compounds: 

C3S ................................. ?~ ......... . 

CzS ............................................ . 

/j:: ~) ·,'rj if>.... 9 
C3A ............. /.~. ~~' .. : ....... !~ ~ ;:::; '.' •••••••••••• 

. /. I :" A. .. : ,.' 
/,', ~ ", 

C4AF .•...... li·1 :. : •••• AUG' i990' .... ';'. ; ......... . 
Alkalies, Na20 Equlv, ....... rn~ ..... ' ...... q: ~~ ..... . 
. " .' \'.. RECEIVED . ................ \; ......................... . 

PHYSICAL 

Fineness, Specific Surface - m2/kg .................. . 

Wagner ........................................ . 

Blaine ................... ~.~ ~ ................... . 

Autoclave Exp. % .............. ~: .q~ ............... . 
Time of Set: 0 Vic at, tJ Gillmore 

. 2' 50 Initial (Hr: Min) ................ '" .... '" ......... . 

Final (Hr: Min) ........ " . ~.:.~? ................. . 
Air Con;ent % ..... _ ......... ? '.~ ................... . 
Compressive Strength, psi: 

1-Day ......................................... . 

3-Day .................. ~.~~9 .................. . 

4600 7-Day ....................•................... · . 

28-Day ...................•...................... 

1~~ .~~\e.ria.l. ~~r.ejrJ .~~s.cTi.b.e.d .. h.a~. b~eo .$~~p!e.d .. & .t!!ste.d. as .. 
prescribed by the Hw} Dlv. 01 Ihe IA & Minn. D.OJ. & complies 
\!i!h. Ih.e. ~pp!il;a.bl.e. ~PJ!I;· .r~Qljl~e'I1J!Qts .for. TYP!!. I. 
Cement Bin no. :33 - Z 7 F . 

We certify that the above-described cement, at the time of shipment. meets the chemical and physical require­
ments 01 the current applicable specillcation ASTM C-1S0, Fedoral SS-C-1960/3, AASHTO M·BS. Wo Dro 
not responsible for improper use or workmanship. 

Dale .. , ............ Qe/ P.~1. 9~ , ................. . Cho .. lst. .....•.•. • f.1/t .... : ................ . 
----~- - - -- - -----.~ 



BADGER 



Simple to Install, Simple to Operate, Highly Reliable 

NEMA 4X corrosion-resistant, high 
density plastic housing with 
Cobaloy interior coaling for RFI 
shielding. Small and lightweight, yet 

LCD DISPLAY with large, clear 
alphanumeric characters makes it 
easy to monitor flow rate and flow 
totals, to check meter performance 
and signal quality and to insert 
specific inquiries. Menu-driven, 
using conversational 

strong and durable. English. 

Series 45000S ·1 
Trw.It-Tme ~ ~ 

Installation 

• Externally mounted sensors 
avoid the need for process 
shutdowns. 

• Small NEMA 4X enclosure 
conserves panel space. 

ILT-IN SERIAL PORT allows 
direct communication with meter 
programming and stored constants 
via hand-held computer, computer 
loop or modem. On-site, in-depth 
meter evaluation is readily 
achieved; and meter sizing, to 
adapt to alternative applications, is 
quickly accomplished by simple 
conversational commands. 

Operation 

• Interactive display provides 
operational "health" and flow 
data. 

• Template mounting guides 
assure proper sensor location. 

• Serial communication port 
permits de-bugging by means 
of hand-held minicomputer. 

• Microprocessor controls 
eliminate mechanical settings. 

.-,m<;,'Ou KEY allows the user to select 
meter status or calibration modes. 
The status saeens check the meter's 
operating status. The calibration 
saeens allow adjustments and cali­
bration of various parameters such as; 
rescaling of full scale, 4-20 rnA, zero and 
span calibration, etc. 

Maintenance 

• Non-doppler operation works 
on clean or dirty fluids. 

• Interchangeable design 
minimizes spare parts inventory. 

• Obstruction-free sensor design, 
nothing to wear or erode. 



System Description 

General 
The Series 4500 Compu-Sonic is a transit-time 
ultrasonic flowmeter designed for accurate and 
reliable measurement of process water, 
influent/effluent, and industrial flows in full pipe 
applications. 

The Series 4500 can be supplied for measuring flow 
rates in 3-inch and larger pipes. Three styles of 
transducer configurations are available to suit the 
application: strap-on transducers for metal and plastic 
pipes which can support ultrasonic transmission; 
insertion transducers, which penetrate pipe walls; and 
internally mounted transducers for large pipes. It is also 
capable of measuring both forward and reverse flow. 

The microprocessor-based meter is supplied with a 
24-character, 2-line alphanumeric LCD display for rate 
of flow and totalized flow information. Front panel 
switches activate commands which allow functions 
such as zero/span, self-test and rescaling to be 
selected. 

Piping Requirements 
Model 4500 flowmeters may be either horizontally or 
vertically mounted. A well-developed velocity profile is 
needed. General practice requires the pipe to be full 
and the upstream piping run to be sufficient to assure 
predictable fluid velocity distribution. 

Operation 
The Model 4500 Compu-Sonic flowmeter operates as a 
transit-time flowmeter using Badger Meter's phase 
shift time detection system. This technique, exclusive 
to Badger Meter, improves time difference detectability 
to enhance accuracy and stable operation while 
substantially reducing noise effects. 

METALLIC CONDUIT 

TRIAX 

CABLES ......... 
(M ••. 1000" 
•• p.rate 
from 
electroniCS) 

SYSTEM 
DIAGRAM 

r---J.J5 ---

5.75 

II ~2omADc ~- SIGNAL 
FORMAT 

117/230 VAC 
50160 Hz 
12VDC 

4 
PROGRAMABLE 
RELAYS 

Ultrasonic energy "bursts" are transmitted and 
received via well-defined paths across the flow stream. 
The velocity of the flow is accurately measured by the 
difference in the arrival times of signals from the 
upstream and downstream transducers. The overall 
"time of flight" is measured to accurately compensate 
for changes in the sonic velocity of the fluid. Sonic 
velocity variations in the fluid may result from changes 
in the amount of suspended and dissolved solids as 
well as temperature variations. The Model 4500 
flowmeter also accounts for acoustic beam changes 
due to refraction and diffraction. 

The electronics are microprocessor-controlled, and 
signals are digitized for processing before any analog 
modifications are able to distort data or cause drift 
which can contaminate the signals. This technique 
allows more preCise and accurate measurement of the 
flow, improves meter reliability and minimizes meter 
drift normally associated with component instabilities. 
Early digitization also enhances interchangeability 
during maintenance. Digitized data is confirmed, 
stored and filtered by sophisticated mathematical 
algorithms to correct for signal distortions. 

System Features 
NO HEAD LOSS 

The Series 4500 flowmeter, with its externally 
mounted sensors, has no moving parts in the 
flow stream to create an energy loss. 

EASILY INSTALLED 
Simple, yet reliable, sensor technology allows 
customer start-up with minimal mechanical 
effort. New or retrofit applications have the 
same high degree of accuracy. 

HIGH ACCURACY 
Transit-time operation assures dependable 
operation and system accuracy. Accuracies of 
+ / - 1 % over the flow range are common for 
calibrated units. 

BI-DIRECTIONAL 
Standard with each unit is the ability to 
measure fluid velocity in either direction with 
the same degree of exactness. 

ZERO STABILITY 
The microprocessor-based electronics provide 
zero stability, reducing low end drift. 

REPEATABILITY 
The ultrasonic flowmeter provides exceptional 
repeatability results of + /- 0.25% over the flow 
range within the predictable profile and 
Reynolds' regime. 

REMOTE MOUNTING OF THE ELECTRONICS 
The sophisticated signal processing technique 
allows locating the electronics up to 1000 feet 
from the sensors. 



) 

Application Guide 

Design Consideration 
The Badger Compu-Sonic flowmeters are precisely set 
up and calibrated to the conditions set forth by the 
customer. These meters are assigned a meter factor 
based on known transducer spacing to yield an absolute 
accuracy to within + /- 1 % on calibrated spool sections 
and to + /- 2-4% for field installed meters. As with many 
other types of flowmeters, the ultrasonic must be installed 
in a piping run of sufficient length to establish a 
predictable velocity profile. Table 1 presents this data. 
These numbers apply only to Newtonian fluids at flow 
rates generally above one foot a second and Reynolds' 
numbers over 75,000. 

Table 2 suggests an acceptable level of solids carried in 
suspension for transit-time operation. The data is based 
on the assumption that the attenuation loss of the fluid is 
equal to that of water. The magnitude of acoustic losses 
is dependent upon the viscous forces between 
neighboring particles, thermal conduction, and the 
physical nature of the solids. Consultation with the factory 
is suggested when applications deal with viscous fluids 
and solids. 

The effect of aeration on ultrasonic measurements must 
be considered for any application. The problem can be 
classified into two regimes, large and small bubbles. 
Large bubbles (classified by size in relation to the 
transmitted wave length) normally block the signal for a 
brief period; this is taken care of electronically. Small 
bubbles, on the other hand, exhibit the phenomenon 
called "Rayleigh scattering" in which the medium tends 
to behave like a diffuse reflector which gives rise to weak 
waves scattered in many directions. This upper limit 
varies depending upon the application, but is directly 
related to the square of the transmitted frequency and is 
proportional to the volume of the scattering object. Air 
bubbles are easily compressed, thus the reflected 
intensity ratio is very large. 

Transit-time ultrasonic flowmeters require acceptable 
levels of acoustic energy to operate. Known areas of 
concern generally center around small bubble air 
entrainment. This can be avoided by not locating the 
meter near the following: 

-Cascading water - fall in excess of pipe IDx1.5 
-Pump cavitation and/or leaking seals 
-Air-entrained fluids such as 

Nitrified sludge 
Aerobically digested sludge 
Anaerobically digested sludge 
DAF sludge 

TABLE 1 

Suggested straight run of pipe diameters 
required upstream of the meter 

REQUIRED 
ITEM PIPE DIAMETERS 

IN A SINGLE PLANE 

1. Pumps 
centrifugal 40 
positive 30 

2. Valves 
throttling 20-40 
globe 10-20 
check 10-20 

3. Reducer 10 

4. Increaser 25 

5. Long Radius Ells 15 

6. Tees 10-20 

7. Straightening Vanes 5 

8. Downstream 
Clearance 2-5 

TABLE 2 
SOLIDS CONCENTRATION 

Percent by Volume 

Sonic Velocity 

Line Size 
3 inches 

4 
6 
8 

10 
12 
14 
16 
18 
20 
36 

% Solids 
12.0 
8.0 
7.0 
4.5 
3.7 
3.0 
2.75 
2.5 
2.25 
2.0 
1.0 

The accuracy of the Badger Meter transit-time ultrasonic 
meter depends upon knowing the sonic velocity in a 
relative manner. Exact knowledge is not required but an 
estimate within 10-20% should be made. The following 
table illustrates the difference with several common 
fluids. 

SONIC 
FLUID VELOCITY ATTENUATION 

Water 1488 m/s O.22dB/um. 
Alcohol 1200 0.302 
Gasoline 

R grade 1208 0.18 
Ethylene 
glycol 1658 1.20 
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Application Guide 

Hydraulic Considerations 
Transit-time single chord ultrasonic flowmeters do not 
measure the average velocity of the flow in the pipe but 
rather the average velocity of flow in the chord of the flow 
stream traversed by the acoustic beam. The relation 
between this measured chordal velocity and the true 
average flow velocity is a correction factor that is 
dependent upon Reynolds' number. For single chord 
transit-time ultrasonics, the correction factor K, (the ratio 

+2 
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of chordal to average velocity), is expressed as: 

K = 1 + .01\1 6.25 + 435Re -0.23 

This relationship is valid when the Reynolds' numbers 
indicate that the flow regime is in the turbulent zone. For 
those applications that operate in the laminar regime but 
with well-established and predictable profiles, the unit 
must be programmed for a different correction factor. 
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BADGER METER 
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PIPE SIZE 

Cost-effective nature of the ultra­
sonic as compared to alternate 
technologies. 

The following flow rates are based on nominal pipe sizes and are approximate due to variations in pipe diameter and 
wall thickness as well as the type of pipe material. The maximum flow rates are for single direction flow. For bi­
directional flow, the maximum flow will be half this value. The minimum detectable values represent the lowest velocity 
the meter will sense. This value is below the predictable accuracy range of the meter. For flows over this rate, please 
consult the factory. 

PIPE SIZE MIN. DET. FLOW MAX. FLOW RATE 
(inches) (gpm) (gpm) 

3 12 2000 
4 16 2700 
6 24 7988 
8 32 10650 'T1 

10 40 13312 0" 
12 48 16000 ~ 
14 56 37280 < 
16 65 42612 

(l) 

0" 
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20 78 53268 ~ 10 

24 96 63900 
30 123 79840 'T1 
36 140 100154 -0 
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Technical Specifications 

1 Display Function 
The front panel of the Series 4500 contains a 
24-character alphanumeric LCD display and five 
individual switches for selection of operating modes. 
The function switches are: 

Menu- This key allows the user to select meter status 
or calibration modes. The status screens 
check the meter's operating status. The 
calibration screens allow adjustments and 
calibration of various parameters such as; 
rescaling of full scale, 4-20 zero and span 
calibration, etc. Each depression advances 
the menu and prompts the user. Among the 
menu items are span, zero, scale and 
self-test. 

Enter- This key steps through the various screens in 
the status and calibration modes. 

t ~ ~ These switches are used to raise or lower 
display items such as full scale flow rate, 4-20 
mA signal levels, etc. 

External Communications 
The Series 4500 is equipped with a bi-directional serial 
port which supports interactive communication with 
hand-held microcomputers as well as mainframe 
machines. The port is accessed by a plug mounted on 
the electronics unit. Versatile communication protocols 
have been established to ensure reliability. Serial port 
communications can be used to change the meter 
applications, to change the engineering units used for 
flow calculations, to ascertain signaling and operation 
quality of the meter, and to transmit data such as flow 
rate and flow totals. 

Mechanical Description 
Electronics Unit: The standard unit is housed in a 
foam-molded polycarbonate enclosure suitable for wall 
or panel mounting. The enclosure is rated NEMA 4X 
for complete corrosion resistance and watertight 
integrity. Optional enclosure with heater and 
thermostat available for environments below 32° F. 

Transducers: The transducers are constructed of 
corrosion-resistant material and sealed to provide 
sufficient protection from the environmental elements. 
Triax cable is used to provide shielding from external 
signal interference. The mounting hardware is 
designed to make the installation simple and easy. 
Three styles of transducers and mounting 
arrangements are available to meet the needs of the 
application. 

PROGRAMMABLE RELAY OUTPUTS 
The Series 4500 is supplied with 4 relay outputs. 
These relays are programmable for functions such as; 
High and Low alarms, Loss of Signal, Flow Direction, 
etc. These relays are SPDT,.5 A at 120 VAC or 1.0 A at 
12 VDC. 

r--~-..... - .... - ... -1.15 --t ---t-I
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General Specifications 
Electronics 

I b~20mA 
~ 117I23OVAC 

50110 Hz.. 12 we 
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Microprocessor-based: Advanced single-chip 
microcomputer with 8K bytes of ROM, 512 bytes of 
EEROM and 256 bytes of RAM. 

Linearity: + 1- 0.5% 
Repeatability: 0.25% 
Sensitivity: + 1- 0.005 ft./sec. 
Accuracy: + 1- 1 to 3% above 1 fps 

Output signals: 

Operating temperature: 
Operating humidity: 
Power requirements: 

Transducers 

velocity 
LCD display, 
4-20 mADC isolated 
RS-232 serial port 
4 programmable relays 
32° to 140° F 
5 to 95% Relative 
117/230 VAC 50160 Hz 
maximum 5 watts 
12VDC 

Operating temperature: -300 to 1500 F 
(Optional strap-on to 3000 F.) 
Encapsulation: Able to withstand prolonged 
submergence or direct burial. 

Interchangeability: Replacement without affecting 
meter accuracy. 

Three mounting styles: 
Strap-on for metal or plastic pipes which can 

support ultrasonic transmission. 
Insertion for pipe walls that will not support 

ultrasonic transmission. 
Internal for large pipes to eliminate costly 

meter vaults. 



Technical Specifications 

Ultrasonic Velocity Sensors 
General 
The transit-time flowmeters from Badger utilize 
acoustic signals transmitted from pipe-mounted 
sensors to accurately measure fluid velocities in both 
open channel and closed pipe conduits. Because of 
the diverse applications in fluid monitoring, as well as 
different pipe materials available, several versions of 
the acoustic velocity sensor can be provided. Shown 
below are the most common. 

Description 
Each sensor manufactured by Badger can both 
remotely transmit and receive acoustic pulses. These 
sensors can be mounted externally, clamp-on or 
welded; with "hot shot" wetted insert probes; mounted 
on the inside of the conduit, fully submerged; or 
premounted on a factory made spool, windowed or 
external. This flexibility in sensor design provides 
custom tailoring to fit the user's application. Also, 
these sensors can be isolated from the electronic 
processor up to 1000 feet (250 ft. windowed sensors), 
requiring only signal cable to be run from the power 
source to the meter site. 

Mounting Hardware 
The acoustic sensors and the associated mounting 
hardware manufactured by Badger Meter, Inc., are 
constructed from materials that are resistant to 
corrosive environments. 

The hardware can be welded on for those applications 
where factory spool fabrication is 

ASSY., SENSOR HOLDER 

SENSOR 
HOlDER 

21/16·· 

required or can be strapped on using stainless steel 
cables for the field-installed unit. 

Standard Externally Mounted Velocity Sensor The 
externally mounted sensor is the preferred design 
when acoustic signals can be transmitted through the 
pipe or conduit material. These sensors are fully 
potted, incorporating an intrinsic safety design 
concept; they can be directly buried and operate under 
water. The sensor holders are stainless steel. These 
sensors can operate over a temperature range from 
-30 0 to 1500 F (-30 0 to 300 0 F optional) They can be 
placed on all metallic and plastic piping, with the 
exception of pit cast iron and fiberglass pipe, and 
maintain pipe or conduit integrity. 

Instream Velocity Sensor 
In open conduits over 24 inches in width or in large 
concrete pipes where the outside of the pipe is not 
accessible, the instream sensor is recommended for 
accurate fluid velocity measurement. 

The unique design of the sensor facilitates simple 
installation. This sensor configuration allows flush 
mounting against the sidewall. After mechanical 
installation, the housing may be grouted to the 
sidewall, producing a streamlined profile in the conduit. 
The sensor construction is of a hydraulic efficient 
design, watertight, and is intended for continuous 
submergence. 

UNDERWATER SENSOR HOUSING 
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Technical Specifications 

Also available is a unique internal hoop design that 
comes with the in-stream sensor accurately positioned 
and mounted. This mounting arrangement makes 
installation fast and precise. 

These sensors are constructed of PVC, are fully 
potted, and incorporate the same unique technology 
associated with the standard externally mounted 
sensor. 

"Hot Shot" Wetted Sensor 
Badger's "Hot Shot" sensors are used where the pipe 
or conduit material will not allow transmission of 
acoustic energy. A standard concrete saddle tap is 
utilized for penetration through the pipe wall. 

HOT SHOT WETTED SENSOR 

NPTTAPPING 

, 
• '_CONCRETE ... ~.3:~=~t~~~j;~~~' t CYUNDER 

PIPE 
SHOWN 

SAFETY CABLE / LENGTH = 1.31" + WALL THICKNESS 
FURNISHED BY --" 

BADGER (2 PER SADDLE, 

NOTE: VALVE PROVIDED 10 ASSURE WATERTIGHT CONNECTION 
DURING PROBE REMOVAL. 

The sensor design allows for flush mounting with the 
conduit inside diameter, thereby eliminating solids 
buildup or turbulence around the measuring point. The 
sensors are used with an integral valve to allow sensor 
removal without process shutdown. Hot shot wetted 
sensors are recommended for concrete, asbestos 
cement, wood stave, fiberglass, and heavy 
mortar-lined pipe. They are constructed of PVC, fully 
potted, and incorporate the same unique technology 
associated with the standard externally mounted 
sensor. Maximum pressure rating is 150 PSI. 

WINDOWED SPOOL 

I 

Fabricated Spool 
Fabricated spool pieces are available in windowed 
sensor designs, with a choice of end 
connections and materials of construction. Spool 
pieces come with the sensors mounted and calibrated 
with the electronics. 

Windowed sensors transmit and receive the ultrasonic 
pulse through an acoustic window which is in contact 
with the flow stream. The design allows sensor removal 
without de-watering the line. The sensors and 
windows are constructed of Ultem® (a registered 
trademark of General Electric) thermoplastic and have 
temperature ratings of 150°F. with a pressure rating to 
150 psi. 

The windowed spool pieces are available in sizes 3" to 
48 " with stainless or carbon steel construction, with 
ANSI, AWWA and plain end connections being 
standard. 

DIMENSIONS 

Nominal Pipe Nominal Pipe Nominal Pipe 
Size (Inches) L Size (Inches) L Size (Inches) L 

3" 12" 12" 18" 24" 30" 
4" 12" 14" 21" 30" 30" 
6" 12" 16" 24" 36" 36" 
8" 14" 18" 27" 42" 42" 

10" 15" 20" 30" 48" 48" 

I 
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Mounting Configurations 

Series 4500 
Applied to existing piping systems with either externally mounted or wetted sensor design. 

·:·0> ~ .•. 
. . 

Externally Mounted Sensors 
• Plastic pipe 

Internally Mounted Sensors 
• Large diameter pipe 

Wetted Mounted Sensors 
("Hot Shot" Construction) 

• Metallic pipe 
• Asbestos Cement pipe 
• Ductile/Cast Iron pipe 

Pressure vessel integrity 
Non-Intrusive 
Can be buried or completely submerged 

• Pipe or conduit not 
accessible from the 
outside 

• Concrete pipe 
• Wood Stave pipe 
• Fiberglass 

Field Installed Velocity Sensors 

PIPE CAST IRON DUCTILE IRON 
MATERIAL PHCasl Cenlrifugal Unlined Uned Carbon Steel 

Standard 

Externally No ~ ~ ~ ~ 

3" 3" 6" 3" 
Mounted 

Instream 

Velocity ~ ~ ~ ~ ~ 

24" 24" 24" 24" 24" 
Sensors 

Hot Shot 

Wetted ~ ~ ~ ~ ~ 

12" 12" 12" 12" 6" 
Sensors 

Externally Mounted Sensors 
• Non-Intrusive 
• Stainless Steel Spools 
• High Pressure Application 
• Any Standard End Connections 

METAWC 

Stainless 

~ 

3" 

~ 

24" 

~ 

6" 

PLASTICS CONCRETE 

Exotic Metals ASS PVC RCP Asbestos 
Cement 

~ ~ ~ No ~ 

3" 3" 3" 3" 

~ ~ ~ ~ ~ 

24" 24" 24" 24" 24" 

~ ~ ~ ~ ~ 

6" 12" 12" 12" 12" 

Windowed Sensors 
• Sizes 3" through 48" 
• ANSI/AWWA/Plain End 

Flanges Available 
• Carbon/SS construction 

OPEN 
CHANNEL 
CONDUIT 

No 

~ 

12" 

~ 

12" 

NON·FULL 
PIPE 

CONDITIONS 

No 

~ 

24" 

~ 

12" 



Sample Specifications 

General 
A transit-time ultrasonic flowmeter shall be installed on 
the piping system as shown in the plans and shall 
be in accordance with the manufacturer's 
recommendations. The meter shall consist of a set of 
acoustic transducers, interconnecting cable, remote 
microprocessor-based electronic transmitter and 
accessories as required for the installation. The meter 
shall be a Badger Meter Model 4500 Compu-Sonic. 

Acoustic Sensors and Mounting Requirements 
Two flow sensors shall be permanently mounted to the 
pipe to ensure accurate and stable measurement of 
flow. The sensors shall be positioned in accordance 
with the manufacturer's specifications and factory 
approved methods. Mounting templates and/or fixtures 
for sensor attachments shall be provided by the 
manufacturer. 

The mounting hardware and transducers shall have 
sufficient integrity to maintain accurate sensor 
placement withstanding normal pipe vibration and 
shall be capable of operating over a temperature range 
of (-30 0 to 70 0 C) or (-30 0 to 1500 F). In addition, the 
sensors shall be so designed as to operate under 
submerged conditions indefinitely. 

The acoustic sensors shall alternately transmit and 
receive acoustic energy pulses propagated along the 
centerline of the fluid. Only transit-time method of 
operation will be accepted. 

Four designs are available depending upon the 
application. 

(1.) For External Sensors (3" Dia. Meters and Larger): 
The integrity of the pipe shall be maintained during 
installation and operation. Cutting into the pipe to 
install the sensors or holders shall not be allowed. 
Stainless steel mounting bands shall be placed 
about the pipe circumference to secure the sensor 
brackets; the mounting bands shall have sufficient 
strength to maintain accurate sensor position. 
Positioning of the sensor mounting brackets shall 
be in accordance with the manufacturer's 
specifications. 

The acoustic sensors shall be securely held in the 
sensor brackets and shall transmit acoustic energy 
through the (steel, cast iron, plastic) pipe wall for 
measurement of flow. 

These sensors shall be so designed as to be 
operated directly buried (in accordance with the 
manufacturer's recommendations) or underwater. 

(2.) For "Hot Shot" Sensors (12" Dia. Meters and 
Larger): 
Two acoustic sensors of the "hot shot" style shall 
be mounted on the piping at the positions shown 
on plans. Valve assemblies shall be supplied to 
allow the insertion or withdrawal of the sensors 
without dewatering the conduit. 

(3.) For Instream Wetted Sensors (24" Dia. Meters and 
Larger): 
The sensor design and mounting hardware shall 
be such as to allow mounting against the inside of 
the pipewall. Installation shall be in accordance 
with the manufacturer's specifications. 

(or) 
The manufacturer shall supply an internal strap 
design that will be installed on the inside diameter 
of the conduit. This design will have the instream 
sensors accurately pOSitioned and mounted on the 
field installed "hoop". The manufacturer shall 
supply all the necessary hardware to ensure 
proper installation. 

(4.) For Fabricated Spool Design: 
The meter body installed in the piping shall be 
__ " internal diameter with a laying length of 
__ . It shall be constructed from ___ _ 
material with (ANSI, 150, or 300#), (AWWA. Class 
D. 150#). carbon steel or plain end connections. 
The design shall incorporate externally mounted 
sensors that are field replaceable. factory mounted 
on the meter body. This deSign will be in 
accordance with ASME pressure vessel code 

(or) 
A windowed sensor design shall be supplied by the 
manufacturer that allows sensor removal without 
dewatering of the line. The sensors and windows 
shall be constructed of Ultem' thermoplastic and 
shall have a temperature rating of 1500 F. The 
sensor shall be replaceable without dewatering the 
pipe. 

, 



Sample Specifications 

Transmitter Requirements 
The transmitter shall contain all the circuitry 
necessary to produce a 4-20 mA DC signal linear 
with the flow rate. The transmitter shall be capable 
of measuring and totalizing forward and reverse 
flow. It shall be microprocessor-controlled. The 
microprocessor shall be of a single chip design 
using at least 8K bytes of ROM, 512 bytes of 
EEROM, and 512 bytes of RAM. The transmitter 
shall be housed in a foam-moulded polycarbonate 
enclosure suitable for wall/panel mounting, rated 
NEMA 4X. The display on the enclosure will be a 
24-character, 2-line alphanumeric LCD clearly 
indicating instantaneous flow rate and totalized flow 
information with the engineering units and multiplier 
as specified. The transmitter shall utilize 
menu-driven sequencing of the internal meter 
functions via five front panel switches. The meter 
shall be capable of performing the following 
functions from the front panel switches without the 
need or use of special external test equipment. 

-RATE INDICATION 
-TOTALIZATION 
-ON-LINE METER STATUS 
-SELF-TEST 
·METER IDENTIFICATION AND TAG NUMBER 
·SPAN ADJUSTMENT 
·ZERO ADJUSTMENT 
·FLOW DAMPING 
-METER RESCALE 
·METER RECALIBRATION 

Meter output shall be an isolated 4-20mA DC signal 
linearly proportional to flow rate operating into a 
maximum of 1000 ohms. The power requirements 

~ BadgerMeter 

for the meter shall be a maximum of 5 watts 
operating on 117 VAC 50/60 Hz. It shall be capable 
of operating off 12 VDC continuous or battery back 
up. The temperature range for the transmitter shall 
be from (32 0 to 1400 F) or (0 0 to 60 0 C). 

The transmitter shall be equipped with a serial 
communication port capable of interactive 
communication with hand-held microcomputers or 
mainframe machines. 

Performance Specifications 
The flowmeter shall measure, indicate and totalize 
the flow to within the following parameters: 

Accuracy equal to or better than + /- 3% of actual 
flow above 1 fps velocity for field mounted 
sensors. 
Accuracy + 1-1 % of actual flow above 1 fps 
velocity for spool piece mounted sensors. 
Linearity of the units shall be + /- 0.5%. 
Repeatability to within + /- 0.25%. 
Sensitivity of + /- 0.005 fUsec. 

Flowmeter Maintenance 
The flowmeter manufacturer shall incorporate 
troubleshooting guides with the instruction 
manuals. In addition, the meter shall be so 
designed as to provide a continuous on-line 
indication of meter status via the LCD display. 
Through the front panel menu, a user operated, 
self-test program can be activated that assesses 
the health of the meter by checking the EEROM, 
signal strength, transmission status, as well as 
the electronic circuitry to assure reliable 
operation of the meter. 

Q 
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HYDRO SUPPLY CO. 
12231 Wood Lake Dr. 
Burnsville, MN 55337 

FLOW DATA: 

(612) 890-3811 

DATE 09-21-92 

SERIES 4100 COMPU-SONIC FLOWMETER 
DATA/CALCULATION SHEET 

BADGER S.O. NO. 
CUSTOMER 
CUSTOMER P.O. NO. 
USER 
CONSULTING ENG. 
TAG NUMBER 

969906 
HYDRO SUPPLY 
451 
SAME 

3" PIPE UNIT 1 

FLOW UNITS 
MAXIMUM FLOW 
MAXIMUM VELOCITY 

GPM FLUID TYPE WATER 
AMBIENT 2231 GPM 

4.1 FPS 

METERING SECTION DATA: 

TYPE OF INSTALLATION 
FLANGE MATERIAL 
NOMINAL PIPE SIZE 
PIPE I.D. 
LINER MATERIAL 
SENSOR STYLE 
4110 MANUAL SECTION 

STRAP-ON 

3 IN 
3.155 IN 
MORTAR 
NEW STANDARD 
3 

ELECTRONICS SECTION DATA: 

SERIAL NUMBER 
ENCLOSURE TYPE 
POWER REQUIRED 
ACCESSORIES 

REMARKS: 

101225 
NEMA4X 
117VAC 

FLUID TEMPERATURE 

3'4" 

DUCTILE IRON 
.32 IN 
.0925 

SPOOL LENGTH 
FLANGE RATING 
PIPE MATERIAL 
WALL THICKNESS 
LINER THICKNESS 
SENSOR SEPARATION 
MOUNTING CONFIG. 
SONIC VEL "c" 
VISCOSITY CP 
SP. GR. 

.86 IN 
CASE A 

FLOW RATE UNITS GPM X 1 
TOTALIZER UNITS GALLONS XI00 
SIGNAL OUTPUT(S) 4-20 MADC 



HYDRO SUPPLY CO. 
12231 Wood Lake Dr. 
Burnsville, MN 55337 

BADGER METER INC. 
INDUSTRIAL PRODUCTS DIVISION 

TULSA, OK 

***COMPU-SONIC Model 4100 Data Sheet*** 
08-26-1992 

CS4100PC v1.21A Equipment Serial No. 
Pipe O.D. 3.960 IN Pipe Wall Thickness 
Pipe I.D. 3.155 IN Liner Thickness 
Pipe Material Ductile Iron Flow Direction 
Liner Material Mortar Selected Full Scale 
Maximum Flow Rate 2231 Minimum Flow Rate 
Flow Rate Units GPM Display Rate Multiplier 
Flow Total Units Gallons Flow Total Multiplier 
Full Scale Velocity 4.1 FPS Reference Reynolds No. 
Sensor Style New Standard Case -A- Offset IN 
Fluid Viscosity 1.00 CP Fluid Specific Gravity 
Fluid Sonic Velocity 4800 FPS (Nom.) 

UNSAVED 
Site ID 
Scale 
Delay 
Span 
Tl2 max 
T12 min 
Totcon 
Display 
Totmul 
Ratemul 
Display max 
Display min 
Display inc 
K Display 
Rate Units 
Tot Units 
Serial No. 
Direction flag 
Tot on/off 

FILE DATA 
04 
11C360EO 
182E 
205 
6F 
52 
5DC1D38 
C8 
06 
04 
AFO 
57 
OA 
63 
01 
01 
18B6E 
01 
01 

(612) 890-3811 

101225 
.31 IN 
.0925 IN 
Uni 
125 
o 
1 
100 
84773 
.86 IN 
1. 00 

Fluid Transit Time 
Full Scale Phase 
Cable Length 

72.62 uS 
23.66 Deg 

System delay time 24.18 uS 
K Factor Correction 1.052 

a 

Installed 20 Ft. 



HYDRO SUPPLY CO. 
12231 Wood Lake Dr. 
Burnsville, MN 55337 

FLOW DATA: 

(612) 890-3811 

DATE 09-21-92 

SERIES 4100 COMPU-SONIC FLOWMETER 
DATA/CALCULATION SHEET 

BADGER S.O. NO. 
CUSTOMER 
CUSTOMER P.O. NO. 
USER 
CONSULTING ENG. 
TAG NUMBER 

969906 
HYDRO SUPPLY 
451 
SAME 

3" PIPE UNIT 2 

FLOW UNITS 
MAXIMUM FLOW 
MAXIMUM VELOCITY 

GPM FLUID TYPE WATER 
AMBIENT 2231 GPM 

4.1 FPS 

METERING SECTION DATA: 

TYPE OF INSTALLATION 
FLANGE MATERIAL 
NOMINAL PIPE SIZE 
PIPE I.D. 
LINER MATERIAL 
SENSOR STYLE 
4110 MANUAL SECTION 

STRAP-ON 

3 IN 
3.155 IN 
MORTAR 
NEW STANDARD 
3 

ELECTRONICS SECTION DATA: 

SERIAL NUMBER 
ENCLOSURE TYPE 

101224 
NEMA4X 

FLUID TEMPERATURE 

3 '4" 

DUCTILE IRON 
.32 IN 

SPOOL LENGTH 
FLANGE RATING 
PIPE MATERIAL 
WALL THICKNESS 
LINER THICKNESS 
SENSOR SEPARATION 
MOUNTING CONFIG. 
SONIC VEL "C" 
VISCOSITY CP 
SP. GR. 

. 0 925 

.86 IN 
CASE A 

FLOW RATE UNITS GPM X 1 
TOTALIZER UNITS GALLONS X100 

POWER REQUIRED 
ACCESSORIES 

117VAC SIGNAL OUTPUT(S) 4-20 MADC 

REMARKS: 



HYDRO SUPPLY CO. 
12231 Wood Lake Dr. 
Burnsville, MN 55337 

BADGER METER INC. 
INDUSTRIAL PRODUCTS DIVISION 

TULSA, OK 

***COMPU-SONIC Model 4100 Data Sheet*** 
08-26-1992 

CS4100PC v1.21A Equipment Serial No. 
Pipe O.D. 3.960 IN Pipe Wall Thickness 
Pipe I.D. 3.155 IN Liner Thickness 
Pipe Material Ductile Iron Flow Direction 
Liner Material Mortar Selected Full Scale 
Maximum Flow Rate 2231 Minimum Flow Rate 

(612) 890-3811 

101224 
.31 IN 
.0925 IN 
Uni 
125 
o 

Flow Rate Units GPM Display Rate Multiplier 1 
Flow Total Units Gallons Flow Total Multiplier 
Full Scale Velocity 4.1 FPS Reference Reynolds No. 
Sensor Style New Standard Case -A- Offset IN 
Fluid Viscosity 1.00 CP Fluid Specific Gravity 
Fluid Sonic Velocity 4800 FPS (Nom.) 

UNSAVED 
Site ID 
Scale 
Delay 
Span 
T12 max 
T12 min 
Totcon 
Display 
Totmul 
Ratemul 
Display max 
Display min 
Display inc 
K Display 
Rate Units 
Tot Units 
Serial No. 
Direction flag 
Tot on/off 

FILE DATA 
04 
11C360EO 
182E 
205 
6F 
52 
5DC1D38 
C8 
06 
04 
AFO 
57 
OA 
63 
01 
01 
18B6E 
01 
01 

100 
84773 
.86 IN 
1. 00 

Fluid Transit Time 
Full Scale Phase 
Cable Length 
Installed 

72.62 uS 
23.66 Deg 

System delay time 24.18 uS 
K Factor Correction 1.052 

o 
20 Ft. 



Hydro Supply Company 
12231 Wood Lake Dr 
Burnsville, Mn 55337 
(612) 890-3811 

DATE 09-21-92 

SERIES 4100 COMPU-SONIC FLOWMETER 
DATA/CALCULATION SHEET 

BADGER S.O. NO. 
CUSTOMER 
CUSTOMER P.O. NO. 
USER 

969906 
HYDRO SUPPLY 
451 
SAME 

FLOW DATA: 

CONSULTING ENG. 
TAG NUMBER 

FLOW UNITS 
MAXIMUM FLOW 
MAXIMUM VELOCITY 

GPM 
2811 GPM 
5.17 FPS 

METERING SECTION DATA: 

TYPE OF INSTALLATION 
FLANGE MATERIAL 
NOMINAL PIPE SIZE 
PIPE 1.0. 
LINER MATERIAL 
SENSOR STYLE 
4110 MANUAL SECTION 

STRAP-ON 

4 IN 
4. 16 IN 
MORTAR 
NEW STANDARD 
3 

ELECTRONICS SECTION DATA: 

SERIAL NUMBER 
ENCLOSURE TYPE 
POWER REQUIRED 
ACCESSORIES 

REMARKS: 

101230 
NEMA4X 
117VAC 

4" PIPE UNIT 3 

FLUID TYPE 
FLUID TEMPERATURE 

3 ' 

WATER 
AMBIENT 

3 1/2" 

DUCTILE IRON 
.32 IN 
.0925 

SPOOL LENGTH 
FLANGE RATING 
PIPE MATERIAL 
WALL THICKNESS 
LINER THICKNESS 
SENSOR SEPARATION 
MOUNTING CONFIG. 
SONIC VEL tIC" 
VISCOSITY CP 
SP. GR. 

1. 142 IN 
CASE A 

FLOW RATE UNITS GPM X 1 
TOTALIZER UNITS GALLONS X100 
SIGNAL OUTPUTCS) 4-20 MADC 



BADGER METER INC. 
INDUSTRIAL PRODUCTS DIVISION 

TULSA, OK 

*--COMPU-SONIC Model 4100 Data Sheet-·· 
08-26-1992 

CS4100PC v1.21A 
Pipe O.D. 4.80 IN 
Pipe I.D. 4.16 IN 
Pipe Material Ductile Iron 
Flow Media Water 
Maximum Flow Rate 2811 
Flow Rate Units GPM 
Flow Total Units Gallons 
Full Scale Velocity 5.17 FPS 
Sensor Style New Standard 

Equipment Serial No. 
Pipe Wall Thickness 
Liner Thickness 
Flow Direction 
Selected Full Scale 
Minimum Flow Rate 
Display Rate Multiplier 
Flow Total Multiplier 
Reference Reynolds No. 
Case -A- Offset IN 

101230 
.32 IN 
.0925 IN 
Uni 
300 
o 
1 
100 
114110 
1.142 IN 

Fluid Viscosity 1.00 CP Fluid Specific Gravity 1.00 
Fluid Sonic Velocity 4800 FPS (Nom.) 

UNSAVED 
Site ID 

FILE DATA 

Scale 
Delay 
Span 
T12 max 
T12 min 
Totcon 
Display 
Totmul 
Ratemul 
Display max 
Display min 
Display inc 
K Display 
Rate Units 
Tot Units 
Serial No. 
Direction flag 
Tot on/off 

Fluid Transit Time 
Full Scale Phase 
Cable Length 
Installed 

72.62 uS 
23.66 Deq 

20 Ft. 

04 
11C360EO 
182E 
205 
6F 
52 
5DC1D38 
C8 
06 
04 
AFO 
57 
OA 
63 
01 
01 
18B6E 
01 
01 

System delay time 24.18 uS 
K Factor Correction 1.052 

o 



Hydro Supply Company 
12231 Wood Lake Dr 
Burnsville, Mn 55337 
(612) 890-3811 

DATE 09-21-92 

SERIES 4100 COMPU-SONIC FLOWMETER 
DATA/CALCULATION SHEET 

BADGER S.O. NO. 
CUSTOMER 
CUSTOMER P.O. NO. 
USER 

969906 
HYDRO SUPPLY 
451 
SAME 

FLOW DATA: 

CONSULTING ENG. 
TAG NUMBER 

FLOW UNITS 
MAXIMUM FLOW 
MAXIMUM VELOCITY 

GPM 
2811 GPM 
5.17 FPS 

METERING SECTION DATA: 

TYPE OF INSTALLATION 
FLANGE MATERIAL 
NOMINAL PIPE SIZE 
PIPE 1.D. 
LINER MATERIAL 
SENSOR STYLE 
4110 MANUAL SECTION 

STRAP-ON 

4 IN 
4.16 IN 
MORTAR 
NEW STANDARD 
3 

ELECTRONICS SECTION DATA: 

SERIAL NUMBER 
ENCLOSURE TYPE 
POWER REQUIRED 
ACCESSORIES 

REMARKS: 

101227 
NEMA4X 
117VAC 

4" PIPE UNIT 4 

FLUID TYPE 
FLUID TEMPERATURE 

3 ' 

WATER 
AMBIENT 

3 1/2" 

DUCTILE IRON 

SPOOL LENGTH 
FLANGE RATING 
PIPE MATERIAL 
WALL THICKNESS 
LINER THICKNESS 
SENSOR SEPARATION 
MOUNTING CONFIG. 
SONIC VEL "COl 
VISCOSITY CP 
SP. GR. 

.32 IN 

.0925 
1. 142 
CASE A 

FLOW RATE UNITS GPM X 1 
TOTALIZER UNITS GALLONS XIOO 
SIGNAL OUTPUT(S) 4-20 MADC 



BADGER METER INC. 
INDUSTRIAL PRODUCTS DIVISION 

TULSA, OK 

***COMPU-SONIC Model 4100 Data Sheet*** 
OB-26-1992 

CS4100PC v1.21A 
Pipe O.D. 4.BO IN 
Pipe I.D. 4.16 IN 
Pipe Material Ductile Iron 
Flow Media Water 
Maximum Flow Rate 2Bll 
Flow Rate Units GPM 
Flow Total Units Gallons 
Full Scale Velocity 5.17 FPS 
Sensor Style New Standard 

Equipment Serial No. 
Pipe Wall Thickness 
Liner Thickness 
Flow Direction 
Selected Full Scale 
Minimum Flow Rate 
Display Rate Multiplier 
Flow Total Multiplier 
Reference Reynolds No. 
Case -A- Offset IN 

101227 
.32 IN 
.0925 IN 
Uni 
300 
o 
1 
100 
114110 
1.142 

Fluid Viscosity 1.00 CP Fluid Specific Gravity 1.00 
Fluid Sonic Velocity 4BOO FPS (Nom.) 

UNSAVED 
Site ID 

FILE DATA 

Scale 
Delay 
Span 
T12 max 
T12 min 
Totcon 
Display 
Totmul 
Ratemul 
Display max 
Display min 
Display inc 
K Display 
Rate Units 
Tot Units 
Serial No. 
Direction flag 
Tot on/off 

Fluid Transit Time 
Full Scale Phase 
Cable Length 
Installed 

72.62 uS 
23.66 Deq 

20 Ft. 

04 
l1C360EO 
182E 
205 
6F 
52 
5DC1D3B 
CB 
06 
04 
AFO 
57 
OA 
63 
01 
01 
lBB6B 
01 
01 

System delay time 24.lB uS 
K Factor Correction 1.052 

o 



o ULTRASONICS 
o INSTRUMENTATION 

Badger Meter 

CUSTOMER INSTRUCTION MANUAL 

SERIAL NUMBER __ 9_~9..:......;...'lO~Co_4.l....-t._ 

Badger Meter, Inc. 
P.O. Box 581390 
Tulsa, Oklahoma 74158 
(91 8) 836-8411 
Telex: RCA 203605 
Fax: (918) 832-9962 



SCOPE OF MANUAL 
This manual contains information concerning the 

installation, operation and maintenance of the Series 
4100 Compu-Sonic ultrasonic flowmeter. To ensure 
proper performance of the meter, the instructions 
given in this manual should be thoroughly under­
stood and followed. 

Keep the manual In a readily accessible 
location for future reference. 

Changes and additions to the original edition of 
this manual will be covered by a "CHANGE NOTICE" 
supplied with the manual. The change notice will ex­
plain any differences between the product de­
scribed in this manual. 

SERIES 4100 COMPU-SONIC 
TABLE OF CONTENTS 

Section/Page Section 
Unpacking and Inspection- - - - - - - - - - - - - - - - - -1-1 

INSTALLATION PROCEDURE 
Electronics 

Enclosure mounting and wiring- - - - - - - 2-1 to 2-6 
Outdoor E~losure- - - - - - - - - - - - - - - - - - - - - - - 2-6 
41 OOR+ (with Recorder)- - - - - - - - - - - - - - - - - - 2-6 
Splice Proced.Jre- - - - - - - - - - - - - - - - - - - - - - - - -2-7 

Sensors 
Sensor & mounting hardware- - - - - - - 3-0 to 3E-2 
Universal strap-on - - - - - - - - - - - - - - 3A-1 to 3A-14 
Window spool- - - - - - - - - - - - - - - - - - - 3B-1 to 3B-2 
HS3 "Hotshot" sensor - - - - - - - - - - - -3C-1 to 3C-4 
Instream refracting sensor- - - - - - - - - - - - - - - -3D-1 
Wetted sensor with Hoop- - - - - - - - - -3E-1 to 3E-2 

---- UNPACKING & 
INSPECTION 

To avoid damage in transit, Badger products are 
shipped to the customer in speCial shipping contain­
ers. Upon receipt of the product, perform the follow­
ing unpacking and inspection procedures: 

Note: If damage to the shipping container 
Is evident upon receipt, request the carrier 
to be present when the product Is un­
packed. 

a. Carefully open the shipping container following 
any instructions that may be marked on the box. Re­
move all cushioning material surrounding the prod­
uct and carefully lift the product from the container. 

, -, 

OPERATION 

MellJ furdions - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 4 
Theory of operation- - - - - - - - - - - - - - - - - - - - - - - - - - 5 
Troubleshooting guide - - - - - - - - - - - - - - - - - - - - - - -6 
lIustrated parts list - - - - - - - - - - - - - - - - - - - - - - - - - - -7 

Retain the container and all packing mate­
rial for possible use In reshipment or stor­
age. 

b. Visually inspect the product and applicable ac­
cessories for any physical damage such as scratch­
es, loose or broken parts or any other sign of dam­
age that may have occurred during shipment. 

Note: If damage Is found, request an in­
spection by the carrier's agent within 48 
hours of delivery and file a claim with the 
carrier. A claim for equipment damage In 
transit Is the sole responsibility of the cus­
tomer. 

10/91 
940891 



~~1. INSTALLATION 

ELECTRONIC ENCLOSURE 

The Series 4100 electronics is housed in a 
rugged, NEMA 4X rated, polycarbonate enclosure 
which can be wall mounted. Supplied with each 
unit are two 1/4-20x3/4 inch mounting screws for 
use with lead inserts, two 1/4-20x3/4 inch sheet 
metal screws for other wall materials and two "0" 
rings necessary to maintain the NEMA 4X rating of 
the enclosure. 

When mounting the Series 4100 electronics, se­
lect a location that has good ventilation, temperature 
within the meter's specification, not subject to flood­
ing, protection from accidental shock, and provides 
for accessibility to operate the meter and for future 
service. 

ENCLOSURE MOUNTING 

To mount the enclosure use the 5/32 inch Allen 
wrench, supplied in the mounting hardware pack­
age, to loosen and remove all four hex bolts in the 
front of the housing (see Figure 2-1). Separate the 
front and back housings. CAUTION: THERE 
ARE TWO SIGNAL WIRES ON THE FRONT 
HOUSING AND A RIBBON CABLE ON THE 
POWER SUPPLY BOARD THAT WILL NEED 
TO BE DISCONNECTED WHEN REMOVING 
THE FRONT HOUSING (SEE FIGURE 2-2). 
Place the front housing in a protected area so it will 
not be damaged while mounting the back housing. 

To mount the back housing, two holes will need to 
be drilled in the wall 4.5 inches apart (center line to 
center line, see Figure 2-3). The size of the holes will 
depend on whether lead inserts are used or the 
mounting screws are screwed directly in the wall. Se­
lect the appropriate screws and place the "0" rings 
on the screws. With a 3/8 inch hex head driver, se­
cure the back housing to the wall. Since the pow­
er supply board Is In the back housing, 
care should be taken to prevent damaging 
any components on the board. 

GASKET --~"'.-1111111"---~ 

2-1 

Rln 1234 GPI1 
TDTRL1234~. GRLXIDD 

FIGURE 2-2 

FIGURE 2-1 

RlnDH tRILE 
tDHH. 

+-- 4.5" ~ 
CL-CL 

FIGURE 2-3 



WIRING CONNECTIONS 

The Series 4100 electronics enclosure is provided 
with three holes for 112 inch NPT conduit fittings. 
These holes are on the bottom of the back housing 
of the enclosure and allow entry for the 115 VAC 
power wires, sensor cables and 4 to 20 mADC sig­
nal output wires. These three lines must be In 
separate conduits or the operation of the meter 
could be affected. 

The terminals on the power supply board will ac­
cept 14 to 22 gauge wire. A small common screw 
driver will be required to loosen and tighten the 
screws. There are two different power supplies that 
can be supplied with the Series 4100 flowmeters. 
The standard power supply is shown in Figure 2-4 
and the accessory power supply is shown in Figure 
2-5. 

Standard power supply connections (Figure 2-
4). The terminals marked TB1 are for the 115 VAC 
connections. Terminal 1 is the high side (black wire) 
connection. Terminal 2 is the low or neutral side 
(white wire) connection. Terminal 3 is the 

MAGNETIC 
SWITCH 

earth ground (green wire) connection. A magnetic 
switch (located on the left side of the back housing) 
removes power from the power supply board when 
the front housing is separated from the back hous-
ing" 

The terminals marked TB3 are for the 4 to 20 
mADC output signal. Terminal 1 is the positive (+) 
connection and terminal 2 is the negative (-) connec­
tion. 

Two test pOints are provided on the bottom of the 
back housing to allow adjustment of the 4 to 20 
mADe Signal. Refer to the Operation section for use 
when adjusting Zero and Span. 

The terminals marked DIR are for use when the 
Series 4100 flow meters are programmed for bi­
directional operation. This is an optically coupled 
open co "ector switch output. It is rated for 50VDC at 
100 mA. When the flow is in the forward direction 
the switch wi" be open, and in the reverse direction 
the switch wi" be closed. Terminal 1 is the positive 
(+) connection and terminal 2 is the negative (-) con­
nection. 

.- .-
DIA.4-20 
OUT made e 

FIGURE 2-4 

12 YDC 

NOT USED 

BACK HOUSING WITH STANDARD POWER SUPPLY 

2-2 



Accessory power supply connections (Figure 
2-5). The terminals marked TB1 are for the 115 VAC 
connections. Terminal 1 is the high side (black wire) 
connection. Terminal 2 is the low or neutral side 
(wh~e wire) connection. Terminal 3 is the earth 
ground (green wire) connection. A magnetic switch 
(located on the left side of the back housing) re­
moves power from the power supply board when the 
front housing is separated from the back housing. 

The terminals marked TB2 are for the accessory 
output and 4-20 mA output connections. The acces­
sory outputs are optically coupled open collector out­
puts rated at a maximum of 50 VDC at 100 mA. The 
following defines these accessories: 

Terminals 1 and 2 are the connections for the Low 
alarm output. Terminal 1 is the negative (-) connec­
tion and terminal 2 is the positive (+) connection. 

Terminals 3 and 4 are the connections for the 
High alarm output. Terminal 3 is the negative (-) 
connec-tion and terminal 4 is the positive (+) con­
nection. 

Terminals 5, 6, 7 and 8 are for future accessory 
out-puts. 

Terminals 9 and 10 are the connections for the 
flow direction output when operating the flowmeter in 
the bi-directional mode. Terminal 9 is the negative (­
) 

MAGNETIC 
SWITCH 

connection and terminal 10 is the positive (+) con­
nection. 

Terminals 11 and 12 are the connections for the 
lost signal output. The switch output will be closed 
when the meter has detected a loss of signal and 
has defaulted to a zero output (no flow) condition. 
Terminal 11 is the negative (-) connection and termi­
nal12 is the positive (+) connection. 

Terminals 13 and 14 are the connections for the 0 
- 20 pulses per second output. This is a scalable 
output which can be factory set from 0-2 to 0-20 pps. 
If this has been activated then the 0-1000 can not 

be used. Terminal 13 is the negative (-) connection 
and terminal 14 is the positive (+) connection. 

Terminals 15 and 16 are the connections for the 0 
- 1000 pulses per second output. This is a non­
scalable output. If this has been activated, then the 
0-20 pps cannot be used. Terminal 15 is the nega­
tive (-) connection and terminal 16 is the positive (+) 
connection. 

Terminals 17 and 18 are for the 4 to 20 mADC 
output signal. Terminal 17 is the positive (+) con­
nection and terminal 18 is the negative (-) connec­
tion. 

Two test pOints are provided on the bottom of the 
back housing to allow adjustment of the 4 to 20 
mADC signal. Refer to the Operation section for use 
when adjusting Zero and Span. 

• 
DDI-IN .. ~~"5TREAM 

SENSDR 

FIGURE 2-5 
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12 VDC 
NOT USED 

BACK HOUSING WITH ACCESSORY POWER SUPPLY 
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FIGURE 2-6 
SENSOR CABLE PREPARATION 

Sensor cable connections. Before pulling 
the sensor cables through the conduit, mark the 
ends of the cables to indicate which is the upstream 
and downstream sensor cable. Leave approximately 
8 inches of cable extending from the conduit in the 
enclosure. Refer to Figure 2-6 and prepare the 
cable ends in the following manner. 

1. Remove outer cable coyer. Measure 1-7/8-
from the end of the cable. With a cutting tool, care­
fully cut through the outer covering competely 
around the cable making sure not to cut into the out­
er shield. Make another cut from the first cut to the 
end of the cable and remove the outer cover. 

2. Remove outer shield. Measure 1-3/8- from the 
end of the cable. With a pair of small cutters, cut the 
shield around the cable at the measured point and 
remove the cut off shield. 

3. Remove middle cover, Measure 1-1/8" from the 
end of the cable. With a cutting tool, carefully cut 
through the middle covering completely around the 
cable making sure not to cut into the middle shield. 
Make another cut from the first cut to the end of the 
cable and remove the middle cover. 

4. Remoye middle shield. Measure 3/4" from the 
end of the cable. With a pair of small cutters, cut the 

2-4 

shield around the cable at the measured point and 
remove the cut off shield. 

5. Remoye inner coyer, Measure 1/2- from the 
end of the cable. With a cutting tool or pair of wire 
strippers, carefully cut the inner covering competely 
around the cable. making sure not to cut into the 
center conductor and remove the inner cover. 

After the ends of the cables have been prepared 
loosen the screws on terminals 1 and 2 of TB2 on 
the standard power supply (TB3 on the accessory 
power supply) and remove the two pairs of clamps 
below TB2 (TB3). Take the upstream cable and in­
sert the center conductor into terminal 1 of TB2 
(TB3) and tighten the screw. Slightly pull on the 
cable to ensure the wire is secured to the terminal. 
Take the downstream cable and insert the center 
conductor into terminal 2 of TB2 (TB3) and tighten 
the screw. Slightly pull on the cable to ensure the 
wire is secured to the terminal. 

Place the two pair of clamps over the middle and 
outer shields and secure them into place. Verify that 
the clamps are making good contact with the shields 
and that no wires of the shields are extending be­
yond their own clamp down area. 
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Front housing Installation. After the wiring of 
the back housing is completed, the front housing 
can be reinstalled. The gasket is attached to the 
front housing to ensure proper alignment for main­
taining a good seal. 

Refer to Figure 2-7. On the front housing there is a 
protective cover for the electronic boards that also 
has the drawing for the wiring connections of the 
unit. Connect the ribbon cable plug S1 coming from 
the front housing into the socket connector P1 on 
the power supply in the back housing. 

117'1 AC FROM CUSTOMER TERMINAL TO 41 00 
AND RECORDER TERMINALS AND 4020MADC 
SIGNAL FROM 4100 TO RECORDER ARE PRE-WIRED 
AT THE FACTORY 

UPSTREAM & 
DOWNSTREAM 
SENSOR TERMINATION 
(SEE MANUAL SECT. 2, 
PG.4&5)~ 

, 
\ 

M~~·.'IIIVI--III" 
II~ .J 

~~~~~~~r---~' 'Si 

Insert the two signal wires coming from the power 
supply board in the back housing into the connec­
tors on the electronic board in the front housing. 
One of the signal wires has a white dot marked on it 
and should be inserted into the connector next to 
the dot indicated on the protective cover drawing. 

Secure the front housing to the back housing with 
the four hex bolts. This completes the enclosure in­
stallation procedure. 

4100R+ WIRING DIAGRAM 

RECORDER ACCESSORY OUTPUTS 
,SEE RECORDER MANUAL PG. 4 

® r~ ~ 

-~: 1ft 
OTB2 ~ o TB1 /~ 

~ ~ __ ) ~ ~--4J;!11' 'V 
'!l '7 • 

~~~~~9~~~~/'~'ir~®~~~==========~/~ • or, I , 

QUTIXX)R ENa.... 
DlfvENSIONS 

A= S.OO" 
B= 10.75" 
C= 12.75" 
0= 13.50" 
E= 5.62" 

HI LO GND 
117 VAC 
CUSTOMER INPUT 

4100 OUTDOOR ENCLOSURE WIRING & DIM. 
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HI LO GND 
117 VAC 
CUSTOMER INPUT 

UPSTREAM & 
DOWNSTREAM 
SENSOR TERMINATION 
(SEE MANUAL SECT. 2, 
PG. 4 & 5) 

117VACFROM 
CUSTOMER 
TERMINAL TO 4100 
ARE PRE-WIRED 
ATlHE FACTORY 



TRIAX CABLE SPLICE PROCEDURE 
Materials Required 
• 4 pigtail cap crimps (Wire size 18-12) 
• 2 center conductor cap crimps (Wire size 22-14) 
• 1 roll of electrical tape 
• 2 epoxy resin envelopes 
Crimp tool (customer supplied) 
Knife (customer supplied) 
Pointed tool (customer supplied) 
Junction Box (customer supplied) 
A cable connection kit may be purchased through 

Badger Meter that will include the • items 
above(part # 541874). 
Trim each of the four cables at the junction box to 

nine inches in length. Each of the four cables can 
now be prepared as described in the sequence 
following: 

A B C 0 E F G 
USing a knife, trim two inches for outer jacket from 
each cable. The wire braid beneath the outer jacket 
must not be cut . See" A" 
USing a pointed tool, carefully comb out the outer 
braid of each cable as shown in "B". Form the 
combed braid into a pigtail dressed to the side of 
the cable as shown in "CR. 
Trim one inch of the inner jacket from each of the 
cables as shown in "0". Again, use care to not cut 
the inner braid beneath the inner jacket. 
Using a poinied tool, carefully comb out the inner 

braid "E" into a pigtail dressed to the same side of 
the cable as outer pigtail as in "F". 
Remove 1/2 inch of insulation from the inner 

conductor of each cable. Cut the outer pigtail to the 
same length as the inner pigtail on each cable. "G" 
depicts the completed cable preparation. 

Cable Termination 
Pull cables approximately 18 inches outside of 

junction box. Select one sensor cable and one 
cable from the electronic enclosure and place 
them side by side as shown in Fig. 1. Twist each 
cable's outer pigtails together, then the inner 
pigtails together and finally the center conductors 
together to form the cable splice. In similar 
fashion, connect the remaining sensor cable and 
the cable from the electronic enclosure. 

2-7 

Identification of upstream and downstream 
sensor cables rrust now be made. Connect a 
short wire from the center conductor splice to the 
inner shield pigtail splice on the upstream sensor 
cable. Using a rruHimeter determine the 
upstream sensor cable at the electronic 
enclosure end by continuity measurement. 
Identify the upstream cable for later termination. 
Remove the shorting wire and using the cap 

crimps supplied, crimp the larger caps on each 
spliced pigtail and the small cap on the center 
conductor splice as shown in Fig. 2. Repeat this 
procedure for the second cable. 
At this point tum power on at the electronics and 
verify that an OK signal condition appears on the 
display. 
Turn power "OFF", 
1. Read caution statement at bottom. 
2. Remove guard bag, using caution not to damage 

inner bag. 
3. Grip both edges of bag at the center barrier (fig.3) 

and wrinkle and flex the bag across the barrier. 
This will weaken the barrier. 

4. Squeeze the clear side of the resin, forcing the 
resin through the center barrier. 

5. Mix thoroughly to a uniform color by squeezing 
contents back and forth 25-30 times. 

6. Squeeze resin to one end of bag, and cut off 
the other end (fig. 4). 

7. Slowly insert connection into sealing pack until 
it fits snugly against the opposite end (fig 5). 

8. Wrap open end of bag with vinyl electrical tape 
and sition the ta ed end up untill resin jells \fig 6). 

£....a". ___ FIG 3 FIG ~ 

#.:5 ~G6 
The finished splices should be coiled inside the 
junction box. When properly placed, the splices 
should be clear of the junction box cover area. 
Proper sealing of the junction box is necessary for 
watertight integrity. 

This completes the triax cable splice connection. 

The sealer kit above is a 3M Scotch 10k #3570 product 
IRRITATING TO SKIN AND EYES ON DIRECT CONTACT 

May cause akin MIIIllzlllion In _ceplbIe indiYiduala. May be toxic by Ikin abSorption. 
I-Wmluillwalowed. Vlnyt cydohexe". dioxide hal CIUHd .. in cancer in animal tests. 
Contai'" epoxy !Win and vinyl c:yclohex_ dioxide. 
Avoid Ikln and eye conta:!. u.. only In weI~wntilllled arMS with aulticient air movement to 
rraintain airborne vapor t.v .. III ~nlzed ~h and "ety levell. Wah thoroughly aIler 
.. Ing. before Nling. drinking or amoking. 
EVE CONTACT: IlTmIIdialety lluIh ey.a with _er lor IIIlN1t ." minLA •. Call physiCian 
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SECTION 3- SENSOR INSTALLATION 

This section includes installation for the various the front of this manual to determine the type of 
sensors used with the Series 4000 ultrasonic sensors that is supplied. 
flowmeter. Refer to the customer data sheet in 

SENSOR TYPE SECTION/PAGE 

UNIVERSAL 
STRAP-ON 

WINDOW SPOOL 

HS3 "HOTSHOT" 
SENSOR 

3A-1 THRU 3A-14 

38-1 THRU 38-2 

3C-1 THRU 3C-4 

INSTREAM WETTED 
REFRACTING SENSOR 30-1 

WETTED SENSOR 
WITH HOOP 3E-1 THRU 3E-2 

3.0 

PU ... ~ 

FLOW 

~_~-rme--~-~~~_ ________ J[__ _ ______ _ 



STRAP-ON SENSORS 

The universal strap-on sensors for the Series 4100 
are designed for external mounting on pipes made 
of material, such as steel or plastics, that will support 
ultrasonic signal transmissions. The mounting hard­
ware is constructed of corrosion resistant materials 
and designed for ease of installation. 

It is important that the sensors are installed correct­
lyon the pipe to ensure good accuracy. A template 
is provided for positioning the sensor holders on the 
pipe. There are three sensor mounting configura­
tions. The proper configuration for your application 
is indicated on the data sheet in the front of this man­
ual. When properly installed, the sensors will be lo­
cated 180 degrees apart on OPPOSite sides of the 
pipe and be offset upstream and downstream by the 
distance on the data sheet in the front of this 

SENSOR MOUNT IN~ 
BOLTS 1 

SPR INO ---+1 
WASHER ~ 

UPSTREAM 
SENSOR -+ 

FLOW ...... 

3A-1 

manual. The sensors may be mounted on horizontal 
or vertical pipe runs. If the pipe Is horizontal, 
the sensors must be located on the sides 
and not on the top and bottom. 

It is important that there be as much upstream 
straight run as possible so there will be a well devel­
oped velocity profile at the point of measurement. 
There should be 3 pipe diameters of downstream 
straight run after the point of measurement. 

The drawings below and on the next page show 
the sensor mounting configuration Case A and sen­
sor and mounting hardware. Included with the 
mounting hardware are: two sensor holders; four 
jacking screws and nuts; two or four lengths of stain­
less steel cables (depending on the sensor configu­
ration); two or four cable clamps and nuts (depend­
ing on the sensor configuration): two sensors with 
four bolts, springs and washers: and a template. 

HOR I,ONT AL RUN 
OF PIPE TOP V lEW 

DOWNSTRE AM 
SENSOR 



-JACKING NUT 

o o o o 
TOP VIEW 

CENTER LINE MARK 

SIDE VIEW END VIEW 

SENSOR HOLDER 

CABLE -+ 

I I 
r--

CABLE CLAMP 
~ AND NUT 

I I I I 

FOLD W(WIDTH) MOUNTlNG CONFIGURATION 

I 
J, 1 " 

I IW t 

7" Case A B & C 
14" Case 0 
21 " Case E 
28" Case F 

I· PIPE CIRCUMFERENCE ·1 
35" CaseG 
42" CaseH 
49" Case I 

TEMPLATE 56" CaseJ 

3A-2 



SENSOR HOLDER INSTALLATION 

There are three different mounting configurations 
for the installation of the Series 4100 universal sen­
sors and mounting hardware. These configurations 
are referred to as Case A, Case B and Case C 
through J. The difference in these configurations is 
the location of the sensor holders with reference to 
the template. See the data sheet in the front of this 
manual for the proper configuration for your applica­
tion. 

SENSOR MOUNTING 
CONFIGURATION 

CASE A 

FLOW 
~ 

If your application calls for configuration Case A, 
the mounting will be as shown above. Case A re­
quires that the sensor holders be mounted directly 
across from each other. The ends of the sensor 
holders will be aligned to the edge of the template. It 
does not matter if they are aligned to the left or right 
of the template. 

After the template has been folded in half to make 
the crease, wrap it around the pipe. Tape the ends 

Once you have determined the mounting configu­
ration for your application, inspect the pipe and se­
lect a section that is relatively smooth and free of any 
protrusions or large indentations. Take the sensor 
mounting template and wrap it around the pipe. Mark 
the template where it overlaps. Remove the tem­
plate and cut off one end so that it is now the circum­
ference of the pipe. Fold the template in half. 

· ......... , ... . · ............. . 
/ 

· ............. . · ............. . · ............. . · ............. . · ............. . 
AL IGN END OF HOLDER · ............. . · ............. . · ............. . · ............. . 
TO EDGE OF TEMPL ATE · ............. . · ............. . 

• • I •••• I ••• I ••• 

~ 
· ............. . 

, ••••• I •••••• I • · ............. . 
• •••••••••••• I • · ............. . 
• ••• I •••••••••• · ............. . 

together. The fold and the ends that meet will be 
used to locate the center of the holders. 

Once the template is secured to the pipe. remove 
all extraneous material such as dirt. rust. coatings. 
etc. from the area of the pipe where the sensor hold­
ers will be located (at the fold and where the template 
ends meet). The pipe surface must be clean and 
smooth. A file or grinding tool may be required to en­
sure a smooth surface. 

Take the two steel cables and cable clamps and at­
tach the cables as shown. Tighten the cable clamps 
with your fingers where the cable will not be loose 
but the cable will slide through the cable clamp by 
pulling on it. The picture is a view from the side of the 
pipe. 

3A-3 



FLOW 
---+ 

L, 

/ 
AL ION END OF HOLDER 
TO EDOE OF TEMPLATE 

'\, 

Place one of the sensor holders on the top of the 
pipe as shown. Be sure that the sensor holder is 
positioned so that when the sensor holders are ro­
tated to align the center marks with the fold and ends 
of the template, the scale is on the top as pictured at 
the bottom of this page. 

Pull on one of the cables and slip it over the notch 
of the jacking screw. Do the same with the other 
cable. Rotate the sensor holder and cables so that 
the sensor holder is now on the bottom of the pipe. 

• •••••••••••• I • · ............. . · ............. . · ............. . · ........ , .... . · ............. . · ............. . · ............. . 
• ••••••••••••• I · ............. . · ............. . · ............. . · ............. . · ............. . · ............. . · ............. . · ............. . · ............. . · ............. . · ............. . · ............. . 

Install the second holder in the 
same manner as the first. Remem­
ber to position the sensor holder 
so that when the holders are rotat­
ed to align the centers with the fold 
and ends of the template that the 
scales will be readable and not up­
side down. Take up the slack in 
the cables and tighten the cable 
clamps securely (3/4" wrench). 

AL ION SENSOR HOLDER TO EDOE OF TEMPL ATE 

o 0 o o 

· ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . 

AL ION CENTER M ARK ON 
SENSOR HOLDER TO FOLD 
OR WHERE TWO ENDS OF 
TEMPL ATE MEET 

3A-4 

Rotate the sensor holders 
so that the center line mark is 
aligned with the fold or two 
ends and that the end of the 
holder is to the edge of the 
template. Tighten the jacking 
screw nuts, gradually tighten­
ing one on one holder then 
on the other until the holders 
are secure to the pipe. 



SENSOR MOUNTING 
CONFIGURATION 

CASEB 

FLOW 
---+ 

If your application calls for sensor configuration 
Case B, the sensor holders will be mounted as pic­
tured above. The ends of the holders will be aligned 
to the two lines in the center of the template. 

After the template has been cut to the Circumfer­
ence of the pipe, fold the template in half. Wrap the 
template around the pipe and mark on one side of 
the pipe to the right of the fold of the template and 
on the other side of the pipe to the right of where the 

-

3A-5 

J 

.... ... 
L r 

two ends of the template meet. Remove the tem­
plate and remove all extraneous material such as dirt, 
rust, coatings,etc. from the area of the pipe where 
the sensor holders will be located. The pipe surface 
must be clean and smooth. A file or grinding tool 
may be required to ensure a smooth surface. 

Reinstall the template securing it to the pipe and 
aligning the fold and the two ends of the template to 
the areas just prepared. 

Take the four steel cables and cable clamps and at­
tach the cables as shown. Tighten the cable clamps 
with your fingers where the cable will not be loose 
but the cable will slide through the cable clamp by 
pulling on it. The picture is a view from the side of the 
pipe. Rotate the cables so that the cable clamps are 
at the bottom of the pipe. 

Place the sensor holders on the top of the pipe as 
shown. Be sure that the sensor holders are posi­
tioned so that when they are rotated to align the cen­
ter marks with the fold and ends of the template, the 
scale is on the top as pictured on the bottom of the 
next page. 



FLOW 
---+ 

- - - -
I: ......... . t ........ / 

AL ION END ~:~: ~~~~~:~":::: 
TO LINE ON'I:~f~:?t:?:/ 

. . . . . . . . . . . . . . . . . . . . . 

, 

Pull on one of the cables and slip it over the 
notch of the jacking screw. 00 the same with 
the other cable. Take up the slack in the 
cables and tighten the cable clamps securely 
(3/4" wrench). 

" ......... 'J 
: ~: ~: ~: ~~:I:~:~: :~~~ OF HOLDER 

Rotate the sensor holders 
and align the ends of the 
holders with the lines on the 
template. View is from top of 
pipe. : ::::: T.O. ~1!'l~.qJN TEMPLATE ";.:: ........ . . ....... . · ........ . . . . . . . . . . · ........ . 

· .................... . 

AL ION END OF SENSOR HOLDER TO LINE ON TEMPL ATE 
Align the end of the holder 

to the line on the template 
and the center mark on hold­
er to fold or two ends of tem­
plate. Adjust the jacking 
screw nuts so that the jacking 
screws tighten the holder se­
curely to the pipe (3/4" 
wrench). Cut out the tem­
plate paper under the holder. 

AL ION CENTER M ARK ON SENSOR HOLDER TO 
FOLD OR WHERE TWO ENDS OF TEMPL ATE MEET 
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FLO"" 
---+ 

[ 

/~ 
AL IGN END OF HOLDER 
TO EDGE OF TEMPL ATE 

· ............ . .. . . . . . . . . . . . . · ............ . .. . . . . . . . . . . . . · ............ . .............. · .. " ........ . .. . . . . . . . . . . . . · ............ . .............. · ............ . .. . . . . . . . . . . . . · ............ . .............. .. . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . 

, a 

SENSOR MOUNTlNG 
CQ\JRGURATlOO 

CASESCTOJ 

AL IGN END OF HOLDER 
TO EDGE OF TEMPL ATE 

/ 

If your application calls for configuration Cases C to 
J, the mounting will be as shown above. Cases C to 
J require that the ends of the sensor holders be 
aligned to the edges of the template. 

Once the template is secured to the pipe, remove 
all extraneous material such as dirt, rust, coatings, 
etc. from the area of the pipe where the sensor hold­
ers will be located (at the fold and where the template 
ends meet). The pipe surface must be clean and 
smooth. A file or grinding tool may be required to en­
sure a smooth surface. 

After the template has been folded in half to make 
the crease, wrap it around the pipe. Tape the ends 
together. The fold and the ends that meet will be 
used to locate the center of the holders. 

3A-7 

Take the four steel cables and cable clamps and at­
tach the cables as shown. Tighten the cable clamps 
with your fingers where the cable will not be loose 
but the cable will slide through the cable clamp by 
pulling on it. The picture is a view from the side of the 
pipe. Rotate the cables where the cable clamps are 
at the bottom of the pipe. 

Place the sensor holders on the top of the pipe as 
shown. Be sure that the sensor holder is posi­
tioned so that when they are rotated to align the cen­
ter marks with the fold and ends of the template, the 
scale is on the top as pictured on the bottom of the 
next page. 



FLOW ---. 
/:<»»» 

ALIGN END OF HOLDER ,:::::::::::::::::::::::::::: 
TO EDGE OF TEMPLATE ::',::::::::::::::::::::::::: .. , .......... . ..... , ....... . .. . . . . . . . . . . . . 

Pull on one of the cables and slip it over the 
notch of the jacking screw. Do the same with the 
other cable. Take up the slack in the cables and 
tighten the cable clamps securely (314" wrench). 

ALIGN END OF HOLDER 
TO EDGE OF TEMPL ATE 

/ 

Rotate the 
sensor hold­
ers and align 
the ends of 
the holders 
with the edg­
es of the tem­
plate. View is 
from top of 
pipe. 

AL IGN CENTER M ARK ON SENSOR HOLDER TO FOLD 
OR 'WHERE TWO ENDS OF TEMPL ATE MEET 

ALIGN SENSOR HOLDER TO EDGE OF TEMPL ATE 

3A-8 

Align the end of the holder to 
the edge of the template and 
the center mark on holder to 
fold or two ends of template. 
Adjust the jacking screw nuts so 
that the jacking screws tighten 
the holder securely to the pipe 
(3/4" wrench). 



SENSOR INSTALLATION 

After the sensor holders have been installed to the 
proper configuration, aligned to the template and se­
cured to the pipe, the sensors can be installed. 

It is very important that the sensors are installed in 
the correct direction and at the correct offset dis­
tance in order for the meter to function properly. The 
data sheet in the front of this manual will indicate the 
correct sensor offset. 

The sensors are normally supplied with 100 feet of 
sensor cable. On the top plate of the sensor there is 

SENSOR MOUNT ING 
BOLTS r 

SPRING ~I 
WASHER --+ 

UPSTREAM 
SENSOR ---+ 

FLOW ..... 
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an arrow to indicate the position of the sensor with re­
spect to the direction of flow. Mark the ends of the sen­
sor cables to identify which sensor is upstream and which 
is downstream. This is so the cables will be connected to 
the correct sensor terminal connections in the electronic 
enclosure. 

The picture below shows the mounting of the sensors 
in mounting configuration Case A. There are four bolts, 
washers and springs provided to mount the sensors to 
the sensor holders. 

HOR I,ONT AL RUN 
OF PIPE TOP V lEW 

DOWNSTREAM 
SENSOR 



The position of the sensors in the holders is deter­
mined by the offset value. See the data sheet in the 
front of this manual to determine the value of the 
sensor offset. 

There is a scale on each of the sensor holders that 
is to be used when positioning the sensors to the 
offset called out on the data sheet. The outside or 
inside edge of the sensor top plate(depending on 
the mounting configuration) is used to align the 

This picture shows the sen­
sor holder with the scale to be 
used when adjusting sensors 
for sensor offset. The scale is 
in 0.05 inch increments. 

sensor to a value on the scale. The offset value is 
the sum of the values set for each sensor. For exam­
ple, if the sensor offset is 2.2 inches, then one sen­
sor could be aligned with 1.1 inches on its scale and 
the other sensor would be aligned with 1.1 inches 
on its scale. The sum of the two would be 2.2 inch­
es. This could have been 1.0 inch on one sensor 
and 1.2 inches on the other sensor, just as long as 
the two values added up to 2.2 inches. 

o 0 o o 

( ........ o~_~o~ 0 o 

c .. o .... , .. O 

This picture shows that the 
inside edge of the sensor top 
plate is used to align the sen­
sors for the proper offset 
value for the mounting con­
figuration Case A. This ex­
ample shows the sensor offset 
value to be 0.95 inches. The 
top sensor is set to 0.45 
inches and the bottom sensor 
is set to 0.5 inches for a total 
offset of 0.95 inches. 

TO SET OFFSET USE INSIDE OF SENSOR TOP PLATE FOR CASE A 

O"I"'iO")~ 

o o o o ) 
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co o 
pes 

T TO SET OFFSET USE OUTS IDE OF SENSOR TOP PL ATE FOR CASE B TO J 1 

o 

The above picture shows that the outside edge of the sensor top plate 
is used to align the sensors for the proper sensor offset for mounting 
configuration Cases B to J. This example shows the sensor offset value 
to be 3.00 inches. The top sensor is set to 1.05 inches and the bottom 
sensor is set to 1.95 inches for a total offset of 3.00 inches. 

o 

( )~ 

The pictures to the right show the top of the 
sensors. There is a flow direction arrow decal on 
the lower left corner on one sensor and on the up­
per right corner on the other sensor. When the 
sensors are installed correctly the arrows should 
be pointing in the direction of the flow. NOTE: On 
one of the sensors, when mounting on a horizontal 
pipe, the word FLOW will be upside down. 

3A-11 
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Prior to installing the sensors into the 
holders, apply a bead of the grease, fur­
nished with the meter, across the center of 
the face of the sensor. The grease does not 
have to cover the entire face but only 
across the center as pictured to the right. 

SENSOR MOUNT ING 
BOLTS 1 After determining the 

position to locate each 
sensor to get the sensor 
offset distance and having 
put the grease on the face 
of the sensor, install each 
sensor with the two bolts, 
springs and washers as 
pictured to the right. 

SPRING -"1 
WASHER --+ 

If four threaded holes 
are visible through the 
slots in the top plate of 
the sensor, install the 
bolts at opposite corners. 

Tighten the bolts until 
the spring comes in con­
tact with the holder and 
the bolt head. Tighten the 
bolts two and one-half 
more turns. This should 
be done one-half turn at a 
time, alternating between 
the two bolts. 

Once the installation is 
complete, it should look 
like one of the pictures on 
the next pages depending 
on the mounting configu­
ration for your applica­
tion. 

UPSTREAM 
SENSOR ---+ 

FLOW ...... 
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V lEW FROM F ACE OF SENSOR 

APPLY GRE ASE ACROSS 
CENTER OF SENSOR FACE 

HOR IZONT AL RUN 
OF PIPE TOP V lEW 

DOWNSTREAM 
SENSOR 



FLOW' 
---+ 

UPSTREAM 
SENSOR USE INS IDE END TO 

SET SENSOR OFFSET 
~ 

AL ION CENTER LINE MARK 
+---TO FOLD OR ENDS OF TEMPL ATE 

· ............. . · .............. . 
/' 

· ............. . · ............. . · ............. . · ............. . · ............. . 
AL ION END OF HOLDER · ............. . · ............. . · ............. . 
TO EDOE OF TEMPLATE 

'\, 
· ............. . · ............. . · ............. . · ............. . · ............. . · .............. . · ............. . · ............. . · ............. . · ............. . 

AL ION CENTER LINE MARK 
+---TO FOLD OR ENDS OF TEMPL ATE 

/' 
USE INS IDE END TO DOW'NSTRE AM 

SENSOR SET SENSOR OFFSET 

USE OUTS IDE END TO 
SET SENSOR OFF~T 

SENSOR MOUNTING CONFIGURATION 
CN£A 

UPSTREAM 
SENSOR 

AL IGN CENTER LINE MARK 
+---TO FOLD OR ENDS OF TEMPL ATE 

· ........ . · ....... . · ......... . · ...... . · ........ . · . . . . . . . . · ......... . · . . . . .. . · ........ . 
FLOW' 
---+ 

........ / 
AL ION END OF HOLDER .:.: 
TO LINE ON TEMPLATE :::: · ........ . 

::::: Ai. iO·N· END OF HOLDER 
::::: T.O. ~1t-l~.qN TEMPLATE 

·Y::::::::::::::: · ......... . · ........ . · ......... . · ........ . · ......... . · ........ . · ......... . 
AL ION CENTER LINE MARK --+ 
TO FOLD OR ENDS OF TEMPLATE 

· ........ . · ......... . 

DOW'NSTRE AM 
SENSOR 

SENSOR MOUNTING CONFIGURATION 
CASES 
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, 
USE OUTSIDE END TO 
SET SENSOR OFFSET 



USE OUTS IDE END TO 
SET SENSOR OFFSET 

'\. 
UPSTREAM 
SENSOR 

AL IGN CENTER LINE MARK 
~TO FOLD OR ENDS OF TEMPLATE 
· ............ . ............... · ............ . ... . . ... .. . . . . · ............ . 

FLOW 
--+ 

/: 
AL IGN END OF HOLDER 
TO EDGE OF TEMPL ATE 

.............. · ............ . .. . . . . . . . ... . . · ............ . .............. · ............ . ... . . . . . . .. . . . 
AL IGN END OF HOLDER 
TO EDGE OF TEMPLATE · ............ . .............. .. . . . . . . . . . . . . . .... ... . .. . . . .. . . . . . . . . . . . . . .. . . .. . .. . . . . .. . . . . . . . . . . . . .. . . . ... . ... . . .. . . . . . . . . . . . . 

ALIGN CENTER LINE MARK --+ 
TO FOLD OR ENDS OF TEMPLATE 

/ 

DOW'NSTRE AM 
SENSOR 

SENSOR MOUNTING CO'JRGURA TION 
CASECTOJ 

'\. 
USE OUTS IDE END TO 
SET SENSOR OFFSET 

The sensors are supplied with 3/8 inch conduit fit­
ting. It is recommended that flexible seal tight con­
duit be used to run the sensor cables to a junction 
box and then both cables can be run in a common 
conduit back to the electronics enclosure. Be sure 
to mark the end of the sensor cables as upstream 
and downstream before pulling cables through the 
conduit. 

Refer to the electronic enclosure Wiring Section for in­
struction on wiring the sensor cables to the connections 
in the enclosure. To determine proper meter operation 
refer to the Operation Section of this manual. 

This completes the installation procedure for the sen­
sors and holders for the Series 4100 Compu-Sonic flow­
meter. 
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WINDOW SPOOL INSTALLATION 

- ------------

~I<--L--~~I AWWA CL. D ANSI 150# RF 
125# FF 

PLAIN END 

REFER TO CUSTOMER DATA SHEET 
L= LAYING LENGTH IN INCHES 
SIZE 3 4 6 8 10 12 14 16 18 20 24 30 36 42 48 
tiL" 12 12 12 14 15 18 21 24 27 30 36 30 36 42 48 

/ LIFTING LUGS TO TOP OF PIPE 

FLOW 
~ 

INSTALL WITH ARROW POINTING WITH FLOW 

SPOOL PIECES MAY BE INSTALLED EITHER IN THE HORIZONTAL PLANE OR 
IN THE VERTICAL PLANE (WITH FLOW IN THE UP DIRECTION) 

3B-1 



WINDOW SPOOL INSTALLATION 

1. SPOOL 
2. ROLL PIN (USED AS A GUIDE FOR # 4) 
3.0 RING 
4. SENSOR WINDOW 
5. SENSOR HOLDER 
6. WASHER (4 PLACES) 
7. SCREW (4 PLACES) 
8. SILICONE GREASE 
9. SENSOR & CABLE (25 FT STANDARD) 
10. SPRING 
11. CAUTION TAG 
12. SENSOR RETAINER 

SENSOR REMOVAL PROCEDURE: 
1. Remove conduit from the sensor retainer (12). 
2. Unscrew the sensor retainer (12). 
3. Gently pull on the sensor cable. The sensor spring (10) 

and the sensor (9), should "pop" out of the sensor 
holder (5). 

4. Before reinstalling the sensor, carefully clean 
the sensor grease from the sensor window lens (4). 

FIG.! 

NOTE: a long 6" cotton swab available at most electronic or audio 
stores works well for cleaning the window. 

Metallic conduit or Seal-tite (by others) 

5. Wipe the end and sides of the sensor clean, removing any grease and grit. 
6. Spread a thin 1/32"layer of sensor grease (Dow Corning 111 valve· lubricant & sealant) 

on the end surface of the sensor. 
7. Carefully reinsert the sensor into the sensor holder and gently push the sensor all the 

way in. 

NOTE: if the sensor will not push in, try to loosen the holder screws (7) slightly (without removing 
the safety wire seal) and shift the holder until the sensor will slide all the way in. retighten the holder screws. 

8. Screw the sensor retainer down firm (hand tight) and reconnect the conduit. ·Type 
29 Silicone heat sink compound may be used. (available at most electronic stores) 

39-2 



HS3 SENSOR INSTALLATION 

PARTS LIST 

TEMPLATE INSTALLATION 

1 . 
Using tape, attach one end of the template to the pipe 
and wrap the rest of the template around the pipe. Pull 
the template straight and mark the point of overlap on 
the template. Cut off the excess. 

_),--~l _ 
C!:T I 

2. 
Remove template from pipe. Fold template 
exactly in haH and crease in the middle. 

CREASE ~~y~L==========:;1? 

4. 

ITEM DESCRIPTION 
1. RETAINER BRZ 
2. SPLIT COLLAR 
3. BRASS COLLAR 
4. O-RING 1.287X2.7 
5. D-RING 2.112X2.318 
6. 2· RETAINING RING 
7. BEARING SEAL 
8. BRASS TAIL PIECE 
9. BRZ BALL VALVE 
10. 1-112· NIPPLE 
11. SENSOR W/1 00' CABLE 
12. SAFETY PLATE 
13. SAFETY CABLE 
14. TEMPLATE 
15. TEFLON TAPE 

3. 

QTY. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
1 
1 

Wrap the template around the pipe so that the 
crease is on one side of the pipe and the two 
ends of the template meet on the other side of 
the pipe. 
Try to line up the crease and ends with the 
horizontal center of the pipe. Tape the ends of 
the template together with masking tape to hold 
in place on the pipe. 

1-1/2" FEMALE NIPPLES (TAPPING SADDLES OR THREADOLETS) 

FLOW 

SIDE VIEW TOP VIEW 
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HS3 SENSOR INSTALLATION 

FLOW 

PREPARATION TO INSTALL SENSORS: 

FIG. 1 

o 

o 

FIG. 2 

TAPPING PROCEDURE: 

1. Install template and nipples per 3-1. 
2. Use teflon tape, wrap the end of 

male nipple (item 10) and screw into 
female nipple of tapping saddle. 

3. Slide safety plate (~em 12) over 
outer end of nipple. 

4. Screw ball valve (item 9) onto 
nipple. adjust valve to the "open" 
pos~ion. 

5. Connect tapping machine into end 
of ball valve, 1-1/2". 

6. Use 1.38" minimum tapping b~ and 
tap through pipe wall. 

7. Back the tapping b~ out past the 
valve assembly and move the valve 
handle to the "off" position. 

TAIL PIECE ASSEMBLY 
(ASSEMBLED AT FACTORY) 

SENSOR & COLLAR ASSEMBLY 

~- SEE NOTE 1 PG. 3-3 -~ 
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HS3 SENSOR INSTALLATION 

1+----8.15" ------+1 "S" 

~--- "T" MEASURED BY INSTALLER -----~ 

FIG. 3 
~-"TH+O.82" OR 8.97"+"S"+WALL THICKNESS --+I 

"S"= Length of saddle or threadolet nipple 
NT'= Length from Ld. of pipe to outside edge of item 8 

NOTE 1: USE ABOVE FORMULAS TO DETERMINE THE PLACEMENT OF ITEM 2, 
ONCE COLLAR IS PLACED AT CORRECT DIMENSION TIGHTEN 
BOTH SOCKET HEAD SCREWS. 

1. Screw tail piece assembly fig.1 (items 5, 6, 7 and 8) into ballvalve (item 9). 
2. Slide items 12 and 1 onto sensor (item 11) use fig.2, pg. 3C-2. 
3. Position collar (item 2) onto sensor and use above formula to calculate 

correct dimension. Please note that the collar should already be 
installed by the factory on new orders, the collar dimension will have to 
be changed only if pipe dimensions are other than given. 

4. Slide brass collar and a-ring assembly (items 3 and 4) onto end of sensor and 
butt up against the split collar (item 2). 

NOTE: USE SOAPY WATER, PETROLEUM JELLY OR SOME TYPE OF LUBRICANT TO SLIDE 
BRASS COLLAR AND O-RING ONTO SENSOR. 
5. Note scribe mark running near the end of the sensor. This scribe mark, when the 

sensor is installed, should be facing toward the opposite sensor. (fig. 4) 
6. Place tip of sensor through bearing seal (item 7) and carefully push until the 

sensor stops at the ball valve. Fasten safety cable Clip (long length) to opposite safety plate. 
7. Turn valve handle to the "on" position and insert the sensor until the brass 

collar (item 3)seats on the a-ring on the tail piece (items 5 & 8). 
8. Tighten retainer (item 1) onto the tail piece (item 8) using a 1/16" square screw 

driver shaft in the notch on the end of the retainer. 
9. Fasten short length of safety cable to opposite safety plate. 
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HS3 SENSOR INSTALLATION 

UPSTREAM SENSOR SCRIBE MARK • 

FLOW 

FIG. 4 

JUNCTION BOX 
(CUSTOMER SUPPLIED) 

NOTE: TIPS OF SENSORS WILL 
BE FACING EACH OTHER 

\ 

SCRIBE MARK 
~ 

DOWNSTREAM SENSOR 

SYSTEM DIAGRAM 

METALLIC CONDUIT 
(CUSTOMER SUPPLIED) 

FLEX CONDUIT 
(CUSTOMER SUPPLIED) 
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INSTREAM REFRACTING SENSORS 

Description 
The instream refracting sensors were designed 
for rectangular or circular concrete channels 
flowing full at all times. These sensors have a 
wedge shape to minimize possibilities of catching 
debris. The sensor is made of PVC materials with 
50 ft. of Belden triax cable. 

Installation 

2.0 

Refer to customer data sheet in front of this 
manual. Sensor separation=_._inches. 
This dimension is from center line of the up­
stream sensor to the center line of the down-

318· HOLES 

stream sensor. Make sure that the arrow on the 
downstream sensor is pointing upstream and the 
arrow on the upstream sensor is pointing down­
stream. Mark holes on concrete conduit and use 
lead inserts. Place sensor over lead inserts and 
attach with screws (customer supplied). Route 
the sensor cables to the top of the conduit and 
use customer supplied cable clamps to fasten 
cable to the pipe at one foot intervals. Route the 
cables downstream and out the pipe outlet. 
Secure with cable clamps. 
Terminate sensor cables to the 4100 electronics. 

SENSOR CABLE 

_1_.7_5_& ~ 
t 

NOTE: ARROWS ON TOP OF SENSORS 
SHOULD BE POINTING TOWARDS 
EACH OTHER AFTER INSTALLATION 

UPSTREAM SENSOR 

···SENSOR SEPARATION 
(THIS DIMENSION IS CRITICAL 
TO METER ACCURACY) 

3/4· METALLIC CONDUIT 

J-BOX 
(CUSTOMER SUPPLIED) 

30-1 

•• 
•• 2-5 pipe dia. 

1 
1 
1 
1 
1 1'--____ _ 
1 ______ ----



WETTED SENSORS WITH HOOP INSTALLATION 

DESCRIPTION 
The underwater sensors for the Series 4000 
flowmeter are premounted on a stainless steel 
plate at the factory (see Figure 2). The sensor 
cables are secured to the plate with clamps. This 
plate is then formed into a hoop and inserted into 
the pipe just upstream of the 2-inch conduit 
opening in the top of the pipe or upstream of 
manhole entrance. The sensor cables are then 
pulled through the conduit and attached to the 
sensor connections on the Model 4000 electronic 
enclosure. 

PROCEDURE 
1. Inspect the sensor mounting plate for 

evidence of damage from shipping or handling. 
2. Refer to Figure 1. Form the plate into a 

hoop. Insert the four 8-32 studs on one end of 
the plate into the slots on the other end. Loosely 
attach the holding strap to the four studs with the 
flat washer, Bellville washer and nut. Compress 
the hoop to its smallest diameter and tighten the 
nuts on the holding strap. 

3. Lower the sensor mounting assembly into 
the discharge box at the end of the pipe, 
positioning it so the sensor cables exit 
downstream. Insert it into the pipe 3 inches 
upstream of the 2 inch conduit pipe opening in 
the top of the pipe or 2 to 5 pipe diameters 

upstream of the manhole. Position the hoop so 
the sensors are at 90 and 270 degrees in the 
pipe. 

4. Loosen the nuts to the holding strap. 
Expand the hoop to the wall of the pipe and 
loosely tighten the nuts on the holding strap. 

5. Use a large "C" ring pliers to secure the 
mounting plate to the pipe. Starting at the 
upstream side of the mounting plate, place the 
"C" ring pliers between the second slot and the 
holding strap. Slowly spread the mounting plate 
with the pliers forcing the mounting plate 
against the pipe. Using a rubber head mallet, tap 
the plate starting at the bottom and up the sides. 
TIghten the nut of the holding strap on the end 
you have been spreading. Place the "C" ring 
pliers on the downstream side of the plate and 
repeat the same process. Go back to the 
upstream end and loosen the end nut and use the 
"e" ring pliers to continue to force the plate 
against the pipe wall. Repeat this process until 
the mounting plate is secured against the pipe 
wall and there are no gaps between the plate and 
wall. 

6. Refer to Figure 3. Route the sensor cables 
downstream to exit. 

8. This completes the sensor installation. See 
the electronic assembly installation section for 
connecting and securing the cables. 

,...;n:::~_-- HOLDING STRAP -:-.. _~r---- FLAT WASHER 
BELLVILLE WASHER 

NUT 

FIG. 1 

SENSOR MOUNTING PLATE 
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SENSOR MOUNTING 
PLATE 

~ __________ ~=-____ ~! _________________ H_O_L_D_IN_G_S~TR'P 
o 0 

FIG. 2 

FLOW 

•• 

FIG.3 

0' SENSORS 

~o 

3/4" METALLIC CONDUIT 
CUSTOMER SUPPLIED 

o 0 

o 0 

J·BOX , 
CUSTOMER SUPPLIED 

/' 
CABLE 
(1 000 FT;:M;";A7:X:7:)--1.Jr-I 

1 
1 
1 
1 

CABLE CLAMPS 
(1 FOOT INTERVALS) 

1 
1 
11---
1 
1 ________ 1 

1 
1 1 

,----------

•• 2-5 PIPE DIAMETERS 
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OPERRTlon 

GENERAL DESCRIPTION 

The Series 4100 flowmeter provides a number of 
menu functions from the front panel which allows the 
user to modify or interrogate meter operations to suit 
the user's needs. The user can activate the individu­
al menu items through use of the front panel keys 
(see Figure 4-1). Each front panel key serves a varie­
ty of functions and each function of a key is depen­
dent on the particular menu item involved. The user 
can follow the menu items to determine the operat­
ing state of the unit or to modify the operation of the 
unit. The functions of the front panel keys are com­
mon to all menus. 

MENU KEY· This key allows the user to step 
through the list of menu items available. Each de­
pression will advance the menu list to the next item. 
The MENU key will not change or activate the individ­
ual values in the menu functions but only allows the 
user to find the desired menu item or its value for fur­
ther action. If no action is taken by selection of a fur­
ther menu item using the MENU key or activation of a 
menu item using the SELECT/ENTER key, the Ser­
ies 4100 will revert to its standard flow rate and flow 
total menu in about 10 seconds. This feature adds 
to the security of the unit since inadvertent depres­
sions of any single key will not change operating par­
ameters of the meter. 

SELECT/ENTER KEY· This key is used to ini­
tiate a desired menu action or to save new data modi­
fied under a menu item. After the user reaches the 
desired menu item using the MENU KEY, the SE­
LECT/ENTER KEY must be pressed to cause menu 
action. For example, to force the meter output 
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CDMPU-SDHIC 
MCOEL11ca 

RIITE 1Z31 IiPM UK 
TaUL 1Z11S11 GilL x 10 

FIGURE 4-1 

signal to full scale or the SPAN value, the MENU key 
is successively pressed until the SPAN MODE is 
shown. Then the SELECT/ENTER key must be 
pressed to cause menu action. In this mode, to be 
described in detail later, the span value may be modi­
fied using the UP or DOWN keys as appropriate. Af­
ter the desired action is completed, the new span 
value may be saved using the SELECT/ENTER key. 
If the new span value is not saved by pressing the 
SELECT/ENTER key, the meter will retain the origi­
nal span value. The SELECT/ENTER key therefore 
has two uses; the first is to activate a menu function 
and the second is to enter changes as desired. 

UP and DOWN KEYS· The UP and DOWN 
keys can be used to modify the operation of the Ser­
ies 4100 as the user desires. They are active in 
menu items which allow changes. Pressing the UP 
key will increase the selected menu item value. In 
the SPAN mode, for example, pressing the UP key 
once will increase the value of the analog 4-20 
mADC signal a small amount. Continued pressing of 
the UP key will continue to increase the value. Simi­
larly, pressing the DOWN key wi" decrease the val­
ue. 

MENU FUNCTIONS· The menu items with their 
display information are listed in the following pages 
with an explanation of the use of the menu. The 
menu items are listed in the order in which they ap­
pear when the MENU key is sequenced. The range 
of values for those menu items that can be modified 
is listed in each menu selection. 



NORMAL DISPLAY UNI·DIRECTION FLOW 
OPERATION· The Series 4100 displays the val­
ues of flow rate and flow total in engineering unijs, 
such as GPM, MGD, etc. A multiplier is also displayed 
for both rate and total as necessary. The display will 
appear as shown below. This menu will continually 
be displayed unless the MENU KEY is pressed. 

RATE 1234 GPM OK 
TOTAL 123456 GAL X 10 

The first line displays the current flow rate. The four 
digits represent the actual number followed by the 
customer requested engineering unijs and a multipli­
er if necessary. The "OK" at the end of the first line 
indicates that no operating errors have been detect­
ed in the meter. Should an error occur, a two letter 
error code will appear in place of the "OK". When 
this happens refer to the Troubleshooting section of 
this manual for the appropriate action. 

The second line of the display shows the total vol­
ume of the flow metered by the Series 4100. The 
amount is represented by the six digits and followed 
by the customer requested engineering units and a 
multiplier as necessary. 

IDENTIFICATION MENU· The first menu item 
identifies the model number, site identification as re­
quested by the user, the meter serial number and 
the software revision number. To the right of the 10 
number will be an L (locked) or a U (unlocked) which 
indicates if the other menus can be accessed. To 
lock or unlock, press and hold the SELECT/ENTER 
key and then the UP key. After the lock out feature 
has been changed, the meter must go to the main 
menu before ij can be changed again. The display 
will appear as shown below. 

Model 4100 Siteld 1234 L 
SIN 123456 REV NO. 2.0 

SELF TEST MODE • This menu item allows the 
user to interrogate the operating conditions present 
in the Series 4100. The seH test mode has several 
screens and those items displayed below are the 
core portions of the seH test screens. Badger Meter 
reserves the right to extend the screens adding new 
items wijhout notice. If new items are added, the 
menu item itseH should be self evident and the re­
sults of the addijional testing clear in meaning and in 
user response. The seH test mode of operation dis­
continues regular flowmeter operation. The seH test 
menu appears as follows: 
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SELF TEST MODE 
PRESS SELECT TO ACTIVATE 

To enter the seH test mode and determine the op­
erating characteristics of the meter, the user must 
press the SELECT/ENTER key. The meter will re­
spond wijh a changed display as indicated below. 

( SELF TEST 4100 
--WAIT-- ) 

During the short waiting period the Series 4100 
checks various internal characteristics and then re­
sponds to the user request. After completing the in­
ternal checks, the Series 4100 will automatically pro­
ceed to display the results of each test in a 
sequence of displays. The user should note the fol­
lowing series of displays as well as any further imple­
mentation added subsequent to this publication. 

The first item, as shown below, indicates if the Ser­
ies 4100 is transmitting signals to the sensors in ac­
ceptable limijs. This will be displayed for about ten 
seconds. 

( SELF TEST 4100 
XM Pes! ) 

The second nem, as shown below, indicates the hex 
value of the transit time of the signal and indicates 
whether this is an acceptable time. This will be dis­
played for about ten seconds. 

( SELf TEST 4100 
T12 OK 9C ) 

The third item, as shown below, indicates the sig­
nal level and whether the operating value is reason­
able. This will be displayed for about ten seconds. 

SELf TEST 4100 
RECEIVER OK 62 

The fourth nem, as shown below, indicates the read/ 
write capability of the microprocessor has been 
checked and shows if n is operational or an error ex­
ists. This will be displayed for about ten seconds. 

(
SELF TEST 4100 ) 

~ ____ ~E~E~RO~M~O~K ____ ~ 

The last screen will indicate that the seH test is com­
plete. Should any error be indicated, refer to the 
Troubleshooting section for appropriate action. 



ZERO MODE • In this menu item, the Series 
4100 will force the analog 4-20 mADC signal to its 
zero flow value. This menu will be displayed as 
shown below. This will remain for ten seconds and 
then the display will return to indication flow rate and 
total if the SELECT/ENTER key is not depressed. 

ZERO MODE 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
zero mode and the display will show as indicated be­
low and force the meter to indicate zero flow. The 
meter will stay in this mode until the MENU key is 
pressed or a change in the zero value is made and 
stored. 

METER IS I N ZERO MODE 
CHANGE PRESS UP/DN- ENTER 

The 4-20 mADC signal can be monitored by the 
test pOints on the bottom of the back housing. This 
test signal is in millivolts with 40 to 200 millivolts DC 
representing the 4 to 20 milliamp output signal. Use 
of the UP key will increase the signal value while the 
DOWN key will decrease the value. After the adjust­
ment is completed, the user must press the SE­
LECT/ENTER key to force the Series 4100 to store 
the new milliamp current output. If the new value for 
the zero analog current signal is saved, it will be so in­
dicated on the display and this will immediately be 
used by the Series 4100. After the new value is 
saved, the meter will return to displaying flow rate 
and total. The range of the zero analog signal is be­
tween 3 and 5 mADC. Remember: The meter 
will stay In the zero mode unless the MENU 
key Is pressed or the SELECT/ENTER key 
Is pressed. 

SPAN MODE· In this menu item, the Series 
4100 will force the analog 4-20 mADC signal to its full 
scale value. This menu will be displayed as shown 
below. This will remain for ten seconds and then the 
display will retum to indicating flow rate and total if the 
SELECT/ENTER key is not pressed. 

SPAN MODE 
PRESS SELECT TO ACTIVATE 
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Pressing the SELECT/ENTER key will select the 
span mode and the display will show as indicated be­
low and force the meter to indicate full scale. The 
meter will stay in this mode until the MENU key is de­
pressed or a change in the span value is made and 
stored. 

METER IS I N SPAN MODE 
CHANGE PRESS UP/DN- ENTER 

The 4-20 mADC signal can be monitored by the 
test points on the bottom of the back housing. This 
test signal is in millivolts with 40 to 200 millivolts DC 
representing the 4 to 20 milliamp output signal. Use 
of the UP key will increase the signal value while the 
DOWN key will decrease the value. After the adjust­
ment is completed, the user must press the SE­
LECT/ENTER key to force the Series 4100 to store 
the new milliamp current output. If the new value for 
the span analog current Signal is saved, it will be so 
indicated on the display and this will immediately be 
used by the Series 4100. After the new value is 
saved, the meter will return to displaying flow rate 
and total. The range of the span analog signal is be­
tween 12 and 22 mADC. Remember: The meter 
will stay In the span mode unless the MENU 
key Is pressed or the SELECT/ENTER key 
Is pressed. 

FLOW AVERAGING MODE· In this mode the 
Series 4100 allows the user to change the meter re­
sponse time according to a preselected set of time 
intervals. The user can select meter response times 
of 1 ,2, 4, 8, 16, 32, 64 and 128 seconds. This menu 
will be displayed as shown below. This will remain for 
10 seconds and then the display will return to indicat­
ing flow rate and total if the SELECT/ENTER key is 
not pressed. 

FLOW AVERAGI NG 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
flow averaging mode and the display will show as in­
dicated on the next page. The present flow averag­
ing value will be shown as depicted by the 8. As the 
user presses the UP or DOWN keys, the display will 
show the time changes. Pressing the SELECTI 
ENTER key will store the new value. The 



SELECT/ENTER or MENU key must be pressed to 
exit from this menu. If the MENU key is pressed, the 
meter will advance to the next menu and the change 
created by the UP/DOWN keys will be lost. If the new 
value for the flow averaging is saved, it will be so indi­
cated on the display. After the new value is saved, 
the meter will revert to indicating flow rate and total 
unless the MENU key is pressed which will advance 
to the next menu. 

FLOW AVERAGI NG 8 SEC 
CHANGE PRESS UP/DN- ENTER 

RESCALE MODE· In this mode, the Series 
4100 allows the user to change the full scale flow 
rate as desired. The change must be within limits 
stored internally in the Series 4100 and must remain 
in the same engineering units as was originally se­
lected for the meter. This menu will be displayed as 
shown below. This will remain for ten seconds and 
then the display will return to indicating flow rate and 
total if the SELECT/ENTER key is not pressed. 

METER RESCALE 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
rescale mode and the display will show as indicated 
below. The present full scale flow value and its multi­
plier will be shown. The user can press the UP and 
DOWN keys to change the value of the full scale flow 
as desired. When the full scale flow rate reaches the 
stored upper or lower flow rate limits, the display will 
not respond to further requests in the same direc­
tion. Pressing the SELECT/ENTER key will store 
the new value. The SELECT/ENTER or MENU key 
must be pressed to exit from this mode. If the MENU 
key is pressed, the meter will advance to the next 
menu and the change created by the UP/DOWN 
keys will be lost. If the new value for rescale is saved, 
it will be so indicated on the display. After the new 
value is saved, the meter will revert to the displaying 
flow rate and total unless the MENU key is pressed to 
advance to the next menu. Remember: Chang­
Ing the full scale of the meter will cause the 
4·20 mADC output to change to reflect this 
new full scale value. 

FUll SCALE 1000 x 1 
CHANGE PRESS UP/DN- ENTER 
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RECALIBRATION MODE· This mode allows the 
user to calibrate the Series 4100 as appropriate to re­
produce actual flow conditions. The user can modify 
the meter factor for calibration of the meter to a 
known standard. This menu will be displayed as 
shown below. This will remain for 10 seconds and 
then the display will retum to indicating flow rate and 
total if the SELECT/ENTER key is not pressed. 

METER RECAL 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
recal mode and the display will indicate a meter factor 
as indicated below. 

METER fACTOR 1.000 
CHANGE-PRESS UP/DN-ENTER 

The user can modify the meter factor using the UP 
or DOWN keys. After saving the new meter factor, 
the Series 4100 will respond to the change and ad­
just the display readings and analog signal accord­
ingly. 

The meter factor is the relation between the indi­
cated flow rate of the instrument and actual flow rate 
as proven by calibration tanks or other means. If, for 
example, the meter was installed on a pipe and due 
to uncertainty in the pipe dimensions, the meter was 
determined to be indicating a flow rate 5.6% higher 
than the actual flow, this means that the flow meter is 
indicating 1.056 times the true value. The initial me­
ter factor will be 1.000 as set at the factory. To cor­
rect for the 5.6% error, the meter factor must be 
changed to 0.947 which is the inverse of 1.056 er­
ror. If the meter had been 5.6% low, then the meter 
factor would be 1.059. After the user has changed 
the meter factor to the new value, the SELECT/ 
ENTER key must be pressed to store the value 
which will be indicated on the display. The meter will 
revert to the normal operation mode unless the 
MENU key is pressed. If the MENU key is pressed 
and not the SELECT/ENTER key, the meter will ad­
vance to the next menu and the change in the meter 
factor will not be stored. 

ZERO OFFSET MODE· This menu item allows 
the user to capture and correct for zero offsets that 
may be present in the metering system. It is intend­
ed to be used for periodic maintenance to correct for 
small zero drifts. THE FLOW IN THE PIPE MUST BE 
ZERO TO USE THIS MOPE, If flOW EXISTS IN 
THE PIPE, USE Of THIS MOPE Will CREATE 
lARGE ERRORS IN THE METER, Therefore, the 



user must prepare for use of this mode. Appropriate 
valving must be done to ensure that no flow exists; 
allow at least 10 minutes for the fluid to settle out. 
This menu will display as shown below. This will re­
main for 10 seconds and then the display will return 
to indicating flow rate and total if the SELECT/ 
ENTER key is not pressed. 

ZERO OFFSET MODE 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select this 
mode and the display will indicate a waiting period as 
indicated below. 

( ZERO OFFSET MODE 
--WAIT-- ) 

After approximately 30 seconds the display will 
show as indicated below. The SELECT/ENTER key 
must be pressed to enter the new Zero Offset value. 
The display will indicate that the new value has been 
stored. If the SELECT/ENTER key is not pressed, 
the meter will revert back to the main menu and the 
new value will not be saved. Also if the MENU key is 
pressed instead of the SELECT/ENTER key the me­
ter will go back to the main display and the new value 
will not be saved. 

ZERO OFFSET COMPUTED 
PRESS ENTER TO SAVE 

MENU ADDITIONS WHEN IN BI· 
DIRECTIONAL OPERATION· If your meter has 
been set up for measuring flow in both forward and 
reverse, there will be a few changes to the menu dis­
plays. 

The main menu will have a "F" or "R" in front of the 
flow rate value and the total will have a "F" or "R" after 
the total value to indicate the direction of the flow. 
The totalizer automatically changes with the direction 
of flow. 

There is also an additional menu that will display 
both the forward and reverse totalizers at the same 
time. This menu follows the Zero Offset menu and 
appears as shown below. 

TOTALIZER DISPLAY SELECT 
PRESS SELECT TO ACTIVATE 
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To view the two totalizers, press the SELECT/ 
ENTER key. The display will show both totalizers as 
shown below. To exit this menu press the MENU 
key. 

FORWARD TOTAL = 123456 
REVERSE TOTAL = 123456 

ADDITIONAL MENUS WHEN THE ACCES· 
SORY POWER SUPPLY BOARD IS USED. 
If your meter is equipped with the accessory 
power supply board and the High and Low 
alarms have been activated, there will be addi­
tional screens after the Zero Offset screen or 
Totalizer Display screen for the setting of these 
alarms. These screens will appear as follows: 

HIGH FLOW ALARM 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will allow 
entry into this alarm for setting the on and off 
points. The following screen will then appear: 

HIGH ALARM SET ON 99% 
CHANGE PRESS UP/ON-ENTER 

This screen allows the setting of the switch on 
point as a percent of full scale. Use the UP or 
DOWN key to change to the desired value and 
press the SELECT/ENTER key. The display will 
indicate that this has been stored and the fol­
lowing screen will appear: 

HIGH ALARM SET OFF 99% 
CHANGE PRESS UP/ON-ENTER 

This screen allows the setting of the off point 
(dead band) as a percent of full scale. Use the 
UP or DOWN key to change to the desired value 
and press the SELECT/ENTER key. The display 
will indicate that this has been stored. The next 
screen will be the LOW FLOW ALARM. Use the 
same procedure for setting this alarm as for the 
HIGH FLOW ALARM above. 

This completes the instructions for the menu 
operation of the Series 4100 flowmeters. 



THEORY OF OPERATION 

The Series 4100 ultrasonic flowmeter is a micropro­
cessor based flowmeter which uses powerful mathe­
matical algorithms to sense and calculate flow rates 
and flow totals. The meter operates by transmitting 
ultrasonic energy to and fro with piezoelectric sen­
sors attached to the pipe. Sensors can be either of 
the external mounted strap-on configuration or may 
be of the type which contacts the fluid. In either case 
the Series 4100 is initially set up at the factory or in 
the field using a hand held computer. The operating 
modes are similar. A block diagram (Figure 5-1) de­
picts the major section of the Series 4100 operating 
functions. The descriptions below all refer to the dia­
gram. 

Frequency Generator. The frequency gener­
ating section contains two crystal controlled oscilla­
tors. Each oscillator is frequency divided by binary 
counters to form two frequencies. One is the fre­
quency used for transmission across the pipe and is 
referred to as fx. A second frequency is generated 
for use with the rf mixer and is referred to as fm. A 
third frequency is created by mixing fx and fm to get 
the difference frequency f3. 

Transmitter and Sensor Switches. In a se­
quential fashion, the microprocessor (uP) sends out 
a digital code to the sensor switches which connects 
one sensor to the transmitter and the other to the re­
ceiver. Two switch connections can be made which 
alternately interchange which sensor is connected to 
either the transmitter or receiver. To initiate transmis­
sion to the sensors, the uP sends out an enable sig­
nal to the transmitter circuit. The transmit circuit be­
gins driving energy to the sensors in the form of a 
long burst at the sensor operating frequency. This 
burst of energy is typically a train of sinusoidal waves 
with about 30 to 40 individual waves present. The 
transmitted energy, about 15 volts pop, goes 
through the appropriate switch to the transmitter 
connected sensor. The sensor converts the electri­
cal energy to acoustic energy in the form of mechani­
cal vibrations. Acoustic energy travels through the 
pipe wall, across the fluid, through the opposite pipe 
wall and into the OPPOSite sensor. In this sensor, the 
vibrational energy is converted to electrical energy 
and then passes through the sensor switch to the el­
ectronic receiver. 

After the transmission cycle is completed and the 
data is processed, the uP will change the switches 
so as to reconnect the sensors. The sensor which 
was the transmitter will become the receiver, while 
the OPPOSite function will be assigned to the other 
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sensor. This process continues in the alternating 
fashion, under uP direction, at a rate of about 30 
hertz. 

Receiver Operation. The receiver section, in 
the block diagram, consists of three individual items: 
first, an rf amplifier with automatic gain control, activat­
ed and controlled by the uP, which amplifies the sig­
nals from the sensors; next, a presence detector to 
determine when the transmitted energy is at the re­
ceiving sensor; finally, a mixer to convert the infor­
mation in the transmitted burst to a lower frequency 
where much more accurate timing information can be 
measured. The uP, through its processing of recep­
tion data, sets the gain of the rf amplifier to maintain 
high signal levels without saturating the receiver at 
arrival of the reception waves. During transmission, 
the gain of the rf amplifier is drastically reduced, ena­
bling a small leakage so the measurement of the 
transmitter starting time can be accurately made. 

The presence detector is a self-multiplyng convert­
er which provides a dc level during the presence of 
either the transmitted wave or the reception wave. 
This detector provides protection from noise and in­
terference since it is a narrow band device. The mix­
er action, much like the i.f. strip in a heterodyne ra­
dio, acts like a vemier because each of the individual 
rf cycles of the long burst are reformed into one long 
cycle, at the much lower f3 frequency. The timing in­
formation on the rf waves is exactly reproduced on 
the mixer output wave. Since this wave is at the f3 
frequency, the timing information is significantly larg­
er and more readily detected. The noise levels on 
this third wave are also lower since the noise is aver­
aged over the entire length of the long burst and is 
not a single point function. 

Digital Encoding. The presence detector sig­
nal allows the uP to measure the time required for 
the energy to cross the fluid and also provides the 
enable signal to the AID converter. The mixer output 
signal is fed to the AID converter where digital sam­
ples are coded to represent the mixer out wave. The 
clock for this sampling is derived from the frequency 
generator previously described. 

FIFO Memory. To enable rapid encoding of the 
mixer out data, the AID converter data is "strobed" 
into the memory. Again the timing clock for the load­
ing of the memory is generated in the frequency 
generator section and is gated by the presence de­
tector output. The data is retrieved by the uP at a 
much lower reading rate from the memory and is pro­
cessed internally. The timing reference used to 
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encode the data in the memory forms a time refer­
ence between the two directions of transmission. 
When the same transmission action is achieved, but 
in the opposite direction in the pipe, the reception 
data is again encoded by the frequency generator 
wave. Therefore the two independently encoded 
reception waves can be compared to one another by 
virtue of the common 13 reference frequency. 

Microprocessor. The microprocessor used in 
the Series 4100 is an advanced 8 bit processor and 
contains a watch dog timer and an illegal OP code 
detector. The watch dog timer is a count down oscil­
lator which must be periodically reset by program ac­
tion. If the oscillator is not reset in the prescribed 
period, the watch dog timer resets the processor and 
reinHiaJizes the measurement cycle. This prevents 
the microprocessor from entering a lock up mode of 
operation where it could be non-responsive in its 
tasks. The illegal code detector also analyzes the in­
dividual OP codes of the microprocessor. If, for 
some reason, an illegal code is detected, the micro­
processor will reset and restart. Again, protection is 
afforded against noise spikes, etc. 

The microprocessor also contains a serial data port 
which allows communications with external and other 
computers. The port has a specific protocol for com­
munication. The internal protocol used for informa­
tion exchange with external devices is Badger Meter 
proprietary, and Badger Meter reserves the right to 
change and alter the protocol without notification. 
The serial port is used to inHialize a meter application 
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by communication with a hand-held computer spe­
cially programmed by Badger Meter for analyzing ap­
plications. The hand held computer, after computing 
the essential meter parameters, communicates with 
the Series 4100 and transmHs data constants which 
establish flowmeter operation. 

Output Signals. The display for the Series 
4100 is a two line, 24 character alphanumeric LCD 
display. The display module contains its own micro­
processor for display control. The display program­
ming is menu driven, providing user access to inter­
nal meter information, allowing the user to change 
the flowmeter scaling, and providing an easy means 
for meter field recalibration. Through the display, the 
analog output 4-20 mADC signal can be spanned 
and zeroed without intemal meter access. Consult 
the Operation Instructions Section of the manual for 
detailed explanations. 

The 4-20 mADC signal is fully isolated to prevent 
external ground loops. The microprocessor gener­
ates a frequency proportional to flow rate. This fre­
quency is optically coupled to the 4-20 mADC gener­
ator. The 4-20 mADC signal is capable of driving into 
a 1000 ohm load. 

AlSO available is an optional output for bi-directional 
operation. This output is an optically coupled transis­
tor to indicate if the flow measurement is forward or 
reverse flow. The output will be open in the forward 
direction and closed in the reverse direction. 



GENERAL 
The Series 4100 is equipped with self test features 

which allow the user to identify the operation status 
of the unit and with the help of this section of the 
10M manual to determine proper action to be taken. 
This section details the meaning of the operational 
codes which appear in the main menu, the meaning 
of the self test features and provides a step by step 
troubleshooting chart for determining the fault and 
the necessary action. 

Operational Codes. The main menu of the 
Model 4100 indicates flow rate and flow total. In the 
upper right hand side of the display appears an op­
erational code which indicates the operating condi­
tion of the meter. When the meter is first powered 
up, the flow rate will display XXXX and there will not 
be an operational code. The microprocessor is initial­
izing the meter constants and performing a self test 
to ensure that all areas of the electronics are operat­
ing properly. This may take several seconds. 

After initialization the X's in the flow rate will change 
to a's. The operational code will display an OK which 
indicates the meter is operating properly. The meter 
may recycle a few times before locking onto a good 
signal. Should an OK not be displayed, refer to the 
troubleshooting chart for appropriate action. 

The following is a list of the operational codes and 
their meanings. 

OK- Nominal Operation 
NS - No Signal Detected 
XM - Transmit Confirm Failure 
TL - Signal Transit Time Out of Bounds (too long) 
TS - Signal Transit Time Out of Bounds (too short) 
TM - FIFO Error (missing or misaligned timing 

mark) 
OF - Amplitude Overflow 
UF - Amplitude Underflow 
GE - Gain Error 
CM - Communications Mode Enabled 

Self Test Features. The self test feature ena­
bles the user to view the status of various sections 
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of the meter to determine the section of the meter 
that may have a problem should the operational code 
indicate a problem. Refer to the trouble shooting 
chart to determine the appropriate corrective action. 

The following is a list of the self test areas and a 
brief explanation of their meaning. 

XM PASS (or FAIL) - This indicates if the electron­
ics is transmitting the proper Signal to the sensors. 
J12 OOaF OK (or ERROR) - This indicates the act­
ual transit time, in HEX, of the transmitted Signal be­
tween the sensors and if the time is correct. 
RECEIVER 62 OK (or WEAK) - This indicates the 
strength of the received signal transmission be­
tween the two sensors. 
EEROM OK (or ERROR) - This indicates if the 
readJ\.vrite capability of the microprocessor is func­
tioning properly. 

REPLACEMENT OF PARTS 
While the Model 4100 has been designed and 

built for maximum reliability, there can be instances 
where replacement of parts may be necessary. In 
those cases where the troubleshooting procedure 
calls for replacement of a part, the factory should be 
contacted for authorization and instruction to send in 
a defective part for repair or the replacement of a de­
fective part. 

The Model 4100 has been deSigned so that the 
front housing contains the major electronic hardware 
and can be easily removed and installed. It also al­
lows the replacement unit to be preprogrammed with 
no adjustments required when installing the new 
unit. For this reason we must know the serial number 
of the defective unit when the user contacts the fac­
tory for replacement. Refer to the Installation Sec­
tion of this manual for disassembly instruction. 

The back housing contains the power supply cir­
cuit board. The replacement of this will require a little 
more effort. A soldering iron and a fast curing glue 
will be required. Refer to Figure 6-1. Disconnect the 
power wires, sensor cables and the 4-20 mADC 
wires. Pry off the magnetic switch with a small screw­
driver or knife. Remove the four corner screws. Un­
solder the two 4-20 mADC test point wires from the 
circuit board. Solder the test point wires to the re­
placement board. Mount the circuit board to the 
back housing with the four corner screws. Glue the 
magnetic switch to the housing (make sure it is in the 
same location as the old switch). Reconnect all of 
the wires and cables. 
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TROUBLESHOOTING CHART 
On the following two pages is the troubleshooting 

chart for the Series 4100 flowmeter. This chart will 
help you in isolating possible causes for problems 
you may encounter and give suggested corrective 
actions. 

In the troubleshooting chart, there will be areas that 
require certain tests to be performed. The following 
describes these tests. 

Sensor cable connection continutty test. This test 
will require the use of an ohmmeter. Connect the 
test leads of the ohmmeter to Points 1 and 3 of the 
sensor cable connections on the power supply as 
shown in Figure 6-2. If the signal wires on the power 

1-----. 
2--~ TB 

2 

supply board are still connected to the front housing 
electronics, the ohmmeter should read 5000 ohms 
+/- 5%. If the signal wires are not connected, the 
reading should be 10000 ohms +/- 5%. Repeat this 
test at Points 2 and 3. 

Connect the test leads to Points 3 and 4. The read­
ing should indicate infinny (or an open). 

power Su~~ly yobage test, This test will require 
the use of a vohmeter. Connect the test leads to test 
points 1 and 2 on the power supply board as shown 
on Figure 6-1. The vohmeter should read 16VDC +/-
2 volts. NOTE: With the front housing removed, a 
magnet will be required to close the magnetic switch 
on the back housing in order to perform this test. 
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542751-9999 FRONT HOUSI NG W IELECTRONICS 1 
542751-0008 MODEL 4100 
542751-0011 MODEL 4110 
542751 -0021 MODEL 4120 
400003-0048 SCREW SCHCAP 10- 32X2-1 12LG SS 4 
501153-0001 CAP SEAL! NG 1 
501101-0001 CONNECTOR RECP aCKTS W ISQ- fLG 1 
400001-0025 SCREW PNH-S 4040X3/8 SS 4 
400029-0002 SCREW HEXWSHRH 1 14-ABX.75 STL 2 
400022-0016 SCREW HEXWHRH 1/4-20 (ROLOK) ZN 2 
490004 O-RING 2 
151915-0001 AC POWER SUPPLY 117VAC 1 
151915-0002 AC POWER SUPPLY 240VAC 1 
151921-0001 AC POWER SUPPLY 11 7VAC W IACCESSORI ES 1 
151921-0002 AC POWER SUPPLY 240VAC W/ACCESSORIES 1 
160965-0002 FUSE 3AG 1/4A 250V 1 
525119 BACK HOUSI NG 1 
512310 GASKET 1 
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WARRANTY 

Badger warrants meters and parts manufactured by it and sup­
plied hereunder to be free from defects in materials and workman­
ship for a period of 18 months from date of shipment or 12 months 
from date of installation, whichever period shall be shorter. If 
within such period any meters or parts shall be proved to Seller's 
satisfaction to be defective, such meters or parts shall be repaired 
or replaced at Seller's option. Seller's obligation hereunder shall 
be limited to such repair and replacement and shall be condi­
tioned upon Seller's receiving written notice of any alleged defect 
within 10 days after its discovery and. at Seller's option, return of 
such meters or parts to Sellerf.o.b. its factory. THE FOREGOING 
WARRANTY IS EXCLUSIVE AND IN LIEU OF ALL OTHER 
EXPRESS OR IMPLIED WARRANTIES WHATSOEVER IN­
CLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES 
(EXCEPT OF TITLE) OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. Badger shall not be liable for 
any defects attributable to acts or omissions of others after 
shipment, nor any consequential, incidental or contingent 
damage whatsoever. 

NUCLEAR DISCLAIMER 

Equipment sold by Badger Meter, Inc. is not intended for use in 
connection with any nuclear facility or activity unless covered by 
a specific quotation where the conditions of such usage will be 
detailed. If equipment is used in a nuclear facility or activity 
without a supporting quotation, Badger Meter disclaims all 
liability for any damage, injury or contamination, and the buyer 
shall indemnify and hold Badger Meter, its officers, agents, em­
ployees, successors, assigns and customers, whether direct or 
indirect, harmless from and against any and all losses, damages 
or expenses of whatever form or nature (including attorneys' fees 
and other costs of defending any action) which they, or any of 
them, may sustain or incur, whether as a result of breach of 
contract, warranty, tort (including negligence), strict liability or 
other theories of law, by reason of such use. 

All rlghtl re .. rved. All ct.'- lublecllo change wlthoul noUce. 
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SCOPE OF MANUAL 
This manual contains information concerning the 

installation, operation and maintenance of the Series 
4100 Compu-Sonic ultrasoniC flowmeter. To ensure 
proper performance of the meter, the instructions 
given in this manual should be thoroughly under­
stood and followed. 

Keep the manual In a readily accessible 
location for future reference. 

Changes and additions to the original edition of 
this manual will be covered by a ·CHANGE NOTICE" 
supplied with the manual. The change notice will ex­
plain any differences between the product de­
scribed in this manual. 

SERIES 4100 COMPU-SONIC 
TABLE OF CONTENTS 

Section/Page Section 
Unpacking and Inspection- - - - - - - - - - - - - - - - - -1-1 

INSTALLATION PROCEDURE 
Electronics 

Enclosure mounting and wiring- - - - - - - 2-1 to 2-6 
Outdoor Enclosure- - - - - - - - - - - - - - - - - - - - - - - 2-6 
4100R+ (with Reoorder)- - - - - - - - - - - - - - - - - - 2-6 
Splice ProcedJre- - - - - - - - - - - - - - - - - - - - - - - - -2-7 

Sensors 
Sensor & mounting hardware- - - - - - - 3-0 to 3E-2 
Universal strap-on - - - - - - - - - - - - - - 3A-1 to 3A-14 
Window spool- - - - - - - - - - - - - - - - - - - 3B-1 to 3B-2 
HS3 "Hotshot" sensor - - - - - - - - - - - -3C-1 to 3C-4 
Instream refracting sensor- - - - - - - - - - - - - - - -30-1 
Wetted sensor with Hoop- - - - - - - - - -3E-1 to 3E-2 

---- UNPACKING & 
INSPECTION 

To avoid damage in transit, Badger products are 
shipped to the customer in special shipping contain­
ers. Upon receipt of the product, perform the follow­
ing unpacking and inspection procedures: 

Note: If damage to the shipping container 
Is evident upon receipt, request the carrier 
to be present when the product Is un­
packed. 

a. Carefully open the shipping container following 
any instructions that may be marked on the box. Re­
move all cushioning material surrounding the prod­
uct and carefully lift the product from the container. 
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OPERATION 

Menu functions - - - - - - - - - - - - - - - - - - - - - - - - - - - - -4 
Theory of operation- - - - - - - - - - - - - - - - - - - - - - - - - - 5 
Troubleshooting guide - - - - - - - - - - - - - - - - - - - - - - -6 
1I1Istrated parts list - - - - - - - - - - - - - - - - - - - - - - - - - - -7 

Retain the container and all packing mate­
rial for possible use In reshipment or stor­
age. 

b. Visually inspect the product and applicable ac­
cessories for any physical damage such as scratCh­
es, loose or broken parts or any other sign of dam­
age that may have occurred during shipment. 

Note: If damage Is found, request an In­
spection by the carrier's agent within 48 
hours of delivery and file a claim with the 
carrier. A claim for eqUipment damage In 
transit Is the sole responsibility of the cus­
tomer. 

1/91 
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rn=~1. INSTALLATION 

ELECTRONIC ENCLOSURE 

The Series 4100 electronics is housed in a 
rugged, NEMA 4X rated, polycarbonate enclosure 
which can be wall mounted. Supplied with each 
unit are two 1/4-20x3/4 inch mounting screws for 
use with lead inserts, two 1/4-20x3/4 inch sheet 
metal screws for other wall materials and two "0" 
rings necessary to maintain the NEMA 4X rating of 
the enclosure. 

When mounting the Series 4100 electronics, se­
lect a location that has good ventilation, temperature 
within the mete(s specification, not subject to flood­
ing, protection from accidental shock, and provides 
for accessibility to operate the meter and for future 
service. 

ENCLOSURE MOUNTING 

To mount the enclosure use the 5/32 inch Allen 
wrenCh, supplied in the mounting hardware pack­
age, to loosen and remove all four hex bolts in the 
front of the housing (see Figure 2-1). Separate the 
front and back housings. CAUTION: THERE 
ARE TWO SIGNAL WIRES ON THE FRONT 
HOUSING AND A RIBBON CABLE ON THE 
POWER SUPPLY BOARD THAT WILL NEED 
TO BE DISCONNECTED WHEN REMOVING 
THE FRONT HOUSING (SEE FIGURE 2-2). 
Place the front housing in a protected area so it will 
not be damaged while mounting the back housing. 

To mount the back housing, two holes will need to 
be drilled in the wall 4.5 inches apart (center line to 
center line, see Figure 2-3). The size of the holes will 
depend on whether lead inserts are used or the 
mounting screws are screwed directly in the wall. Se­
lect the appropriate screws and place the "0" rings 
on the screws. With a 3/8 inch hex head driver, se­
cure the back housing to the wall. Since the pow­
er supply board Is In the back housing, 
care should be taken to prevent damaging 
any components on the board. 
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WIRING CONNECTIONS 

The Series 4100 electronics encJosure is provided 
with three holes for 1/2 inch NPT conduit fittings. 
These holes are on the bottom of the back housing 
of the enclosure and allow entry for the 115 VAC 
power wires, sensor cables and 4 to 20 mADC signal 
output wires. These three lines must be In 
separate conduits or the operation of the 
meter could be affected. 

The terminals on the power supply board will ac­
cept 14 to 22 gauge wire. A small common screw 
driver will be required to loosen and tighten the 
screws. There are two different power supplies that 
can be supplied with the Series 4100 flowmeters. 
The standard power supply is shown in Figure 2-4 
and the accessory power supply is shown in Figure 
2-5. 

Standard power supply connections (Fig-
ure 2-4). The terminals marked TB1 are for the 
115 VAC connections. Terminal 1 is the high side 
(black wire) connection. Terminal 2 is the low or neu­
tral side (white wire) connection. Terminal 3 is the 

earth ground (green wire) connection. A magnetiC 
switch (located on the left sjde of the back housing) 
removes power from the power SUPPly board wher 
the from hoysing is separated from the back hoy; 
ing. 

The terminals marked TB3 are for the 4 to 20 
mADC output signal. Terminal 1 is the positive (+) 
connection and terminal 2 is the negative (-) connec­
tion. 

Two test points are provided on the bottom of the 
back housing to allow adjustment of the 4 to 20 
mADC signal. Refer to the Operation section for use 
when adjusting Zero and Span. 

The terminals marked DIR are for use when the 
Series 4100 flowmeters are programmed for bi­
directional operation. This is an optically coupled 
open collector switch output. It is rated for 50VDC at 
100 rnA. When the flow is in the forward direction 
the switch will be open, and in the reverse direction 
the switch will be closed. Terminal 1 is the positive 
(+) connection and terminal 2 is the negative (-) con­
nection. 
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Accessory power supply connections 
(Figure 2-5). The terminals marked TB1 are for 
the 115 VAC connections. Terminal 1 is the high 
side (black wire) connection. Terminal 2 is the low or 
neutral side (white wire) connection. Terminal 3 is 
the earth ground (green wire) connection. A mag­
netic switch (located on the left side of the back 
housing) removes power from the power supply 
board when the front housing is separated from the 
back housing. 

The terminals marked TB2 are for the accessory 
output and 4-20 rnA output connections. The ac­
cessory outputs are optically coupled open collector 
outputs rated at a maximum of 50 VDC at 100 rnA. 
The following defines these accessories: 

Terminals 1 and 2 are the connections for the Low 
alarm output. Terminal 1 is the positive (+) connec­
tion and terminal 2 is the negative (-) connection. 

Terminals 3 and 4 are the connections for the High 
alarm output. Terminal 3 is the positive (+) connec­
tion and terminal 4 is the negative (-) connection. 

Terminals 5, 6, 7 and 8 are for future accessory out­
puts. 

Terminals 9 and 10 are the connections for the flow 
direction output when operating the flowmeter in the 
bi-directional mode. Terminal 9 is the positive (+) 

MAGNETIC 
SWITCH 

connection and terminal 10 is the negative (-) con­
nection. 

Terminals 11 and 12 are the connections for the 
lost signal output. The switch output will be closed 
when the meter has detected a loss of signal and 
has defaulted to a zero output (no flow) condition. 
Terminal 11 is the positive (+) connection and termi­
nal12 is the negative (-) connection. 

Terminals 13 and 14 are the connections for the 0-
20 pulses per second output. This is a scalable out­
put which can be factory set from 0-2 to 0-20 pps. If 
this has been activated then the 0-1000 cannot be 
used. Terminal 13 is the positive (+) connection and 
terminal14 is the negative (-) connection. 

Terminals 15 and 16 are the connections for the 0 -
1000 pulses per second output. This is a non­
scalable output. If this has been activated, then the 
0-20 pps cannot be used. Terminal 15 is the positive 
(+) connection and terminal 16 is the negative (-) 
connection. 

Terminals 17 and 18 are for the 4 to 20 mADC out­
put signal. Terminal 17 is the positive (+) connection 
and terminal 18 is the negative (-) connection. 

Two test points are provided on the bottom of the 
back housing to allow adjustment of the 4 to 20 
mADC signal. Refer to the Operation section for use 
when adjusting Zero and Span. 

6'1DC +/-2'1 

FIGURE 2-5 
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FIGURE 2-6 
SENSOR CABLE PREPARATION 

Sensor cable connections. Before pulling 
the sensor cables through the conduit, mark the 
ends of the cables to indicate which is the upstream 
and downstream sensor cable. Leave approximately 
8 inches of cable extending from the conduit in the 
enclosure. Refer to Figure 2-6 and prepare the 
cable ends in the following manner. 

1. Remove outer cable cover. Measure 1-7/8" 
from the end of the cable. With a cutting tool, care­
fully cut through the outer covering competely 
around the cable making sure not to cut into the out­
er shield. Make another cut from the first cut to the 
end of the cable and remove the outer cover. 

2. Remove outer shield. Measure 1-3/8" from the 
end of the cable. With a pair of small cutters, cut the 
shield around the cable at the measured point and 
remove the cut off shield. 

3. Remove middle cover. Measure 1-1/8" from the 
end of the cable. With a cutting tool, carefully cut 
through the middle covering completely around the 
cable making sure not to cut into the middle shield. 
Make another cut from the first cut to the end of the 
cable and remove the middle cover. 

4. Remove middle shield, Measure 3/4" from the 
end of the cable. With a pair of small cutters, cut the 
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shield around the cable at the measured point and 
remove the cut off shield. 

5. Remove inner cover. Measure 1/2" from the 
end of the cable. With a cutting tool or pair of wire 
strippers, carefully cut the inner covering competely 
around the cable, making sure not to cut into thp 
center conductor and remove the inner cover. 

After the ends of the cables have been prepared 
loosen the screws on terminals 1 and 2 of TB2 on 
the standard power supply (TB3 on the accessory 
power supply) and remove the two pairs of clamps 
below TB2 (TB3). Take the upstream cable and in­
sert the center conductor into terminal 1 of TB2 
(TB3) and tighten the screw. Slightly pull on the 
cable to ensure the wire is secured to the terminal. 
Take the downstream cable and insert the center 
conductor into terminal 2 of TB2 (TB3) and tighten 
the screw. Slightly pull on the cable to ensure the 
wire is secured to the terminal. 

Place the two pair of clamps over the middle and 
outer shields and secure them into place. Verify that 
the clamps are making good contact with the shields 
and that no wires of the shields are extending be­
yond their own clamp down area. 
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Front housing Installation. After the wiring of 
the back housing is completed, the front housing 
can be reinstalled. The gasket is attached to the 
front housing to ensure proper alignment for main­
taining a good seal. 

Refer to Figure 2-7. On the front housing there is a 
protective cover for the electronic boards that also 
has the drawing for the wiring connections of the 
unit. Connect the ribbon cable plug S1 coming from 
the front housing into the socket connector P1 on 
the power supply in the back housing. 

Insert the two signal wires coming from the power 
supply board in the back housing into the connec­
tors on the electronic board in the front housing. 
One of the signal wires has a white dot marked on it 
and should be inserted into the connector next te" 
the dot indicated on the protective cover drawing. 

Secure the front housing to the back housing with 
the four hex bolts. This completes the enclosure in­
stallation procedure. 
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TRIAX CABLE SPLICE PROCEDURE 
Materials Required 
* 4 pigtail cap crimps (Wire size 18-12) 
* 2 center conductor cap crimps (Wire size 22-14) 
* 1 roll of electrical tape 
* 2 epoxy resin envelopes 
Crimp tool (customer supplied) 
Knife (customer supplied) 
Pointed tool (customer supplied) 
Junction 80x (customer supplied) 
A cable connection kit may be purchased through 
Badger Meter that will include the * items 
above(part # 541874). 
Trim each of the four cables at the junction box to 
nine inches in length. Each of the four cables can 

. now be prepared as described in the sequence 
following: 

A 8 C 0 E F G 
Using a knife, trim two inches for outer jacket from 
each cable. The wire braid beneath the outer jacket 
must not be cut. See "A" 
Using a pointed tool, carefully comb out the outer 
braid of each cable as shown in "8". Form the 
combed braid into a pigtail dressed to the side of 
the cable as shown in "C". 
Trim one inch of the inner jacket from each of the 

cables as shown in "0". Again, use care to not cut 
the inner braid beneath the inner jacket. 
Using a pointed tool, carefully comb out the inner 

braid "E" into a pigtail dressed to the same side of 
the cable as outer pigtail as in "P. 
Remove 1/2 inch of insulation from the inner 

conductor of each cable. Cut the outer pigtail to the 
same length as the inner pigtail on each cable. "G" 
depicts the completed cable preparation. 

Cable Termination 
Pull cables approximately 18 inches outside of 

junction box. Select one sensor cable and one 
cable from the electronic enclosure and place 
them side by side as shown in Fig. 1. Twist each 
cable's outer pigtails together, then the inner 
pigtails together and finally the center conductors 
together to form the cable splice. In similar 
fashion, connect the remaining sensor cable and 
the cable from the electronic enclosure. 
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Identification of upstream and downstream 
sensor cables must now be made. Connect a 
short wire from the center conductor splice to the 
inner shield pigtail splice on the upstream sensor 
cable. Using a multimeter determine the 
upstream sensor cable at the electronic 
enclosure end by continuity measurement. 
Identify the upstream cable for later termination. 
Remove the shorting wire and using the cap 

crimps supplied, crimp the larger caps on each 
spliced pigtail and the small cap on the center 
conductor splice as shown in Fig. 2. Repeat this 
procedure for the second cable. 
At this point tum power on at the electronics and 
verify that an OK signal condition appears on the 
display. 
Tum power "OFF". 
1. Read caution statement at bottom. 
2. Remove guard bag, using caution not to damage 

inner bag. 
3. Grip both edges of bag at the center barrier (fig.3) 

and wrinkle and flex the bag across the barrier. 
This will weaken the barrier. 

4. Squeeze the clear side of the resin, forCing the 
resin through the center barrier. 

5. Mix thoroughly to a uniform color by squeezing 
contents back and forth 25-30 times. 

6. Squeeze resin to one end of bag, and cut off 
the other end (fig. 4). 

7. Slowly insert connection into sealing pack until 
it fits snugly against the opposite end (fig 5). 

8. Wrap open end of bag with vinyl electrical tape 
and the end up untill resin jells (fig 6). 

_~:L..::r ..... _FIG 3 FIG ~ 

~5 ~G6 
The finished splices should be coiled inside the 
junction box. When property placed, the splices 
should be clear of the junction box cover area. 
Proper sealing of the junction box is necessary for 
watertight integrity. 

This completes the triax cable splice connection. 

The sealer kit above is a 3M Scotch 10k #3570 product 
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SECTION 3- SENSOR INSTALLATION 

This section includes installation for the various the front of this manual to determine the type of 
sensors used with the Series 4000 ultrasonic sensors that is supplied. 
flowmeter. Refer to the customer data sheet in 

SENSOR TYPE SECTION/PAGE 

UNIVERSAL 
STRAP-ON 

WINDOW SPOOL 

HS3 "HOTSHOr 
SENSOR 

3A-1 THRU 3A-14 

38-1 THRU 38-2 

3C-1 THRU 3C-4 

INSTREAM WETTED 
REFRACTING SENSOR 30-1 

WETTED SENSOR 
WITH HOOP 3E-1 THRU 3E-2 

3.0 

FLOW 



STRAP-ON SENSORS 

The universal strap-on sensors for the Series 4100 
are designed for external mounting on pipes made 
of material, such as steel or plasticS, that will support 
ultrasonic signal transmissions. The mounting hard­
ware is constructed of corrosion resistant materials 
and designed for ease of installation. 

It is important that the sensors are installed correct­
ly on the pipe to ensure good accuracy. A template 
is provided for positioning the sensor holders on the 
pipe. There are three sensor mounting configura­
tions. The proper configuration for your application 
is indicated on the data sheet in the front of this man­
ual. When properly installed, the sensors will be lo­
cated 180 degrees apart on opposite sides of the 
pipe and be offset upstream and downstream by the 
distance on the data sheet in the front of this 

SENSOR MOUNTING 
BOLTS 1 

SPRING ----+1 
WASHER --. 

UPSTREAM 
SENSOR --+ 

FLOW --+ 
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manual. The sensors may be mounted on horizontal 
or vertical pipe runs. If the pipe Is horizontal, 
the sensors must be located on the sides 
and not on the top and bottom. 

It is important that there be as much upstream 
straight run as possible so there will be a well devel­
oped velocity profile at the point of measurement. 
There should be 3 pipe diameters of downstream 
straight run after the point of measurement. 

The drawings below and on the next page show 
the sensor mounting configuration Case A and sen­
sor and mounting hardware. Included with the 
mounting hardware are: two sensor holders; four 
jacking screws and nuts; two or four lengths of stain­
less steel cables (depending on the sensor configu­
ration); two or four cable clamps and nuts (depend­
ing on the sensor configuration); two sensors with 
four bolts, springs and washers; and a template. 

HOR 120NT AL RUN 
OF PIPE TOP V lEW 

DOWNSTREAM 
SENSOR 
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SENSOR HOLDER INSTALLATION 

There are three different mounting configurations 
for the installation of the Series 4100 universal sen­
sors and mounting hardware. These configurations 
are referred to as Case A, Case B and Case C 
through J. The difference in these configurations is 
the location of the sensor holders with reference to 
the template. See the data sheet in the front of this 
manual for the proper configuration for your applica­
tion. 

SENSOR MOUNTING 
CONFIGURATION 

CASE A 

r 

L 

If your application calls for configuration Case A, 
the mounting will be as shown above. Case A re­
quires that the sensor holders be mounted directly 
across from each other. The ends of the sensor 
holders will be aligned to the edge of the template. It 
does not matter if they are aligned to the left or right 
of the template. 

After the template has been folded in haH to make 
the crease, wrap it around the pipe. Tape the ends 

Once you have determined the mounting configu­
ration for your application, inspect the pipe and se­
lect a section that is relatively smooth and free of any 
protrusions or large indentations. Take the sensor 
mounting template and wrap it around the pipe. Mark 
the template where it overlaps. Remove the tem­
plate and cut off one end so that it is now the circum­
ference of the pipe. Fold the template in haH. 

~ -
· ...... " .... " 

/ 
· ........... , .. · ...... " ..... . .. . . . . . . . . . . . .. · " .... " ..... . · ............. . 

• •••••• I ••••••• 

AL IGN END OF HOLDER · ............. . · ............. . · ..... " ...... . 
TO EDGE OF TEMPL ATE 

· ............. . · ........ , .... . · ............. . 
• •••••••• I ••••• 

~ 
· ............. . 
•• • • • • • • • • • • • I • · " ........... . · ..... " ...... , · ...... " ... , .. . , ............ . '" ........... . 
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together. The fold and the ends that meet will be 
used to locate the center of the holders. 

Once the template is secured to the pipe, remove 
all extraneous material such as dirt, rust, coatings, 
etc. from the area of the pipe where the sensor hold­
ers will be located (at the fold and where the template 
ends meet). The pipe surface must be clean and 
smooth. A file or grinding tool may be required to en­
sure a smooth surface. 

Take the two steel cables and cable clamps and at­
tach the cables as shown. Tighten the cable clamps 
with your fingers where the cable will not be loose 
but the cable will slide through the cable clamp by 
pulling on it. The picture is a view from the side of the 
pipe. 
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Place one of the sensor holders on the top of the 
pipe as shown. Be sure that the sensor holder is 
positioned so that when the sensor holders are ro­
tated to align the center marks with the fold and ends 
of the template, the scale is on the top as pictured at 
the bottom of this page. 

Pull on one of the cables and slip it over the notch 
of the jacking screw. Do the same with the other 
cable. Rotate the sensor holder and cables so that 
the sensor holder is now on the bottom of the pipe. 

• • I •••••••••••• · ............. . 
• I ••••••••••••• · ............. . 
• •••••••• I ••••• · ............. . 
• •• I ••••••••••• · ............. . 
I •••• I ••••••••• · ............. . · ............. . · ............. . · ............. . 

• ••••••••••••• I · ............. . · ............. . · ............. . · ............. . · ............. . ............... · ............. . 

Install the second holder in the 
same manner as the first. Remem­
ber to position the sensor holder 
so that when the holders are rotat­
ed to align the centers with the fold 
and ends of the template that the 
scales will be readable and not up­
side down. Take up the slack in 
the cables and tighten the cable 
clamps securely (3/4- wrench). 

ALIGN SENSOR HOLDER TO EDGE OF TEMPLATE 

o 0 o o 

· ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . · ....... . · ...... . 

ALIGN CENTER M ARK ON 
SENSOR HOLDER TO FOLD 
OR WHERE TWO ENDS OF 
TEMPLATE MEET 
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Rotate the sensor holders 
so that the center line mark is 
aligned with the fold or two 
ends and that the end of the 
holder is to the edge of the 
template. Tighten the jacking 
screw nuts, gradually tighten­
ing one on one holder then 
on the other until the holders 
are secure to the pipe. 
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If your application calls for sensor configuration 
Case B, the sensor holders will be mounted as pic­
tured above. The ends of the holders will be aligned 
to the two lines in the center of the template. 

After the template has been cut to the circumfer­
ence of the pipe, fold the template in half. Wrap the 
template around the pipe and mark on one side of 
the pipe to the right of the fold of the template and 
on the other side of the pipe to the right of where the 

.. ... 
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two ends of the template meet. Remove the tem­
plate and remove all extraneous material such as dirt, 
rust, coatings,etc. from the area of the pipe where 
the sensor holders will be located. The pipe surface 
must be clean and smooth. A file or grinding tool 
may be required to ensure a smooth surface. 

Reinstall the template securing it to the pipe and 
aligning the fold and the two ends of the template to 
the areas just prepared. 

Take the four steel cables and cable clamps and at­
tach the cables as shown. Tighten the cable clamps 
with your fingers where the cable will not be loose 
but the cable will slide through the cable clamp by 
pulling on it. The picture is a view from the side of the 
pipe. Rotate the cables so that the cable clamps are 
at the bottom of the pipe. 

Place the sensor holders on the top of the pipe as 
shown. Be sure that the sensor holders are posi­
tioned so that when they are rotated to align the cen­
ter marks with the fold and ends of the template, the 
scale is on the top as pictured on the bottom of the 
next page. 
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Pull on one of the cables and slip It over the 
notch of the jacking screw. Do the same with 
the other cable. Take up the slack In the 
cables and tighten the cable clamps securely 
(3/4- wrench). 

....... ~,'/I . , ....... . ["""'" 'III:"·""" 'J 
ALiON END ~:~:~~~~~:~.~::: ~ ~~>~~I:~:~::~~~ OF HOLDER 

Rotate the sensor holders 
and align the ends of the 
holders with the lines on the 
template. View is from top of 
pipe . TO LINE ON'I:~~~:~\~:~\~~~ ~ ::>~:~:\I~~:~J~ TEMPLATE 

..................... . (::: .............. . . .. . . . . . . . . ' .......... . 

AL ION END OF SENSOR HOLDER TO LINE ON TEMPL ATE 
Align the end of the holder 

to the line on the template 
and the center mark on hold­
er to fold or two ends of tem­
plate, Adjust the jacking 
screw nuts so that the jacking 
screws tighten the holder se­
curely to the pipe (3/4-
wrench). Cut out the tem­
plate paper under the holder, 

AL ION CENTER M ARK ON SENSOR HOLDER TO 
FOLD OR WHERE TWO ENDS OF TEMPLATE MEET 
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TO EDGE OF TEMPLATE 
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SENSOR MOUNTING 
COOAGURATION 

CASESCTOJ 

If your application calls for configuration Cases C to 
J, the mounting will be as shown above. Cases C to 
J require that the ends of the sensor holders be 
aligned to the edges of the template. 

After the template has been folded in haH to make 
the crease, wrap it around the pipe. Tape the ends 
together. The fold and the ends that meet will be 
used to locate the center of the holders. 

3A-7 

Once the template is secured to the pipe, remove 
all extraneous material such as dirt, rust, coatings, 
etc. from the area of the pipe where the sensor hold­
ers will be located (at the fold and where the template 
ends meet). The pipe surface must be clean and 
smooth. A file or grinding tool may be required to en­
sure a smooth surface. 

Take the four steel cables and cable clamps and at­
tach the cables as shown. Tighten the cable clamps 
with your fingers where the cable will not be loose 
but the cable will slide through the cable clamp by 
pulling on it. The picture is a view from the side of the 
pipe. Rotate the cables where the cable clamps are 
at the bottom of the pipe. 

Place the sensor holders on the top of the pipe as 
shown. Be sure that the sensor holder is posi­
tioned so that when they are rotated to align the cen­
ter marks with the fold and ends of the template, the 
scale is on the top as pictured on the bottom of the 
next page. 
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Pull on one of the cables and slip it over the 
notch of the jacking screw. Do the same with the 
other cable. Take up the slack In the cables and 
tighten the cable clamps securely (314" wrench). 

ALION END OF HOLDER 
TO EDOE OF TEMPL ATE 

/ 

., ..I 

Rotate the 
sensor hold­
ers and align 
the ends of 
the holders 
with the edg­
es of the terr 
plate. View 
from top of 
pipe . 

ALION CENTER MARK ON SENSOR HOLDER TO FOLD 
OR WHERE T'w'O ENDS OF TEMPL ATE MEET 
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AL IGN SENSOR HOLDER TO EDGE OF TEMPL ATE 
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Align the end of the holder to 
the edge of the template and 
the center mark on holder to 
fold or two ends of template. 
Adjust the jacking screw nuts so 
that the jacking screws tighten 
the holder securely to the pipe 
(3/4" wrench). 



SENSOR INSTALLATION 

After the sensor holders have been installed to the 
proper configuration, aligned to the template and se­
cured to the pipe, the sensors can be installed. 

It is very important that the sensors are installed in 
the correct direction and at the correct offset dis­
tance in order for the meter to function properly. The 
data sheet in the front of this manual will indicate the 
correct sensor offset. 

The sensors are normally supplied with 100 feet of 
sensor cable. On the top plate of the sensor there is 

SENSOR MOUNT INO 
BOLTS 1 

SPR INO ---+1 
'VI ASHER ---+ 

UPSTREAM 
SENSOR ----+ 

FLOW --+ 
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an arrow to indicate the position of the sensor with re­
spect to the direction of flow. Mark the ends of the sen­
sor cables to identify which sensor is upstream and which 
is downstream. This is so the cables will be connected to 
the correct sensor terminal connections in the electronic 
enclosure. 

The picture below shows the mounting of the sensors 
in mounting configuration Case A. There are four bolts, 
washers and springs provided to mount the sensors to 
the sensor holders. 

HOR IZONT AL RUN 
OF PIPE TOP V lEW' 

DOWNSTRE AM 
SENSOR 



The position of the sensors in the holders is deter­
mined by the offset value. See the data sheet in the 
front of this manual to determine the value ,of the 
sensor offset. 

There is a scale on each of the sensor holders that 
is to be used when positioning the sensors to the 
offset called out on the data sheet. The outside or 
inside edge of the sensor top plate(depending on 
the mounting configuration) is used to align the 

This picture shows the sen­
sor holder with the scale to be 
used when adjusting sensors 
for sensor offset. The scale is 
in 0.05 inch increments. 

sensor to a value on the scale. The offset value is 
the sum of the values set for each sensor. For exam­
ple, if the sensor offset is 2.2 Inches, then one sen· 
sor could be aligned with 1.1 Inches on Its scale ant 
the other sensor would be aligned with 1.1 Inches 
on its scale. The sum of the two would be 2.2 inch­
es. This could have been 1.0 inch on one sensor 
and 1.2 inches on the other sensor, just as long as 
the two values added up to 2.2 inches. 

o 0 o o 

(,-,,::O~_J'O ~ 0 o 

(,,0., .. 1.,0 

This picture shows that the 
inside edge of the sensor top 
plate is used to align the sen­
sors for the proper offset 
value for the mounting con­
figuration Case A. This ex­
ample shows the sensor offset 
value to be 0.95' inches. The 
top sensor is set to 0.45 
inches and the bottom sensor 
is set to 0.5 inches for a total 
offset of 0.95 inches. 

TO SET OFFSET USE INSIDE OF SENSOR TOP PLATE FOR CASE A 

ai'I""OU')~ 
N. 

o o o o ) 
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fTO SET OFFSET USE OUTSIDE OF SENSOR TOP PLATE FOR CASE B TO Jl 
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The above picture shows that the outside edge of the sensor top plate 
is used to align the sensors for the proper sensor offset for mounting 
configuration Cases B to J. This example shows the sensor offset value 
to be 3.00 inches. The top sensor is set to 1.05 inches and the bottom 
sensor is set to 1.95 inches for a total offset of 3.00 inches. 

o 

( )~ 

The pictures to the right show the top of the 
sensors. There is a flow direction arrow decal on 
the lower left corner on one sensor and on the up­
per right corner on the other sensor. When the 
sensors are installed correctly the arrows should 
be pointing in the direction of the flow. NOTE: On 
one of the sensors, when mounting on a horizontal 
pipe, the word FLOW will be upside down. 
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Prior to installing the sensors into the 
holders, apply a bead of the grease, fur­
nished with the meter, across the center of 
the face of the sensor. The grease does not 
have to cover the entire face but only 
across the center as pictured to the right. 

SENSOR MOUNTING 
BOLTS I After determining the 

position to locate each 
sensor to get the sensor 
offset distance and having 
put the grease on the face 
of the sensor, install each 
sensor with the two bolts, 
springs and washers as 
pictured to the right. 

SPRING -+1 
'vi ASHER ----t 

If four threaded holes 
are visible through the 
slots in the top plate of 
the sensor, install the 
bolts at opposite corners. 

Tighten the bolts until 
the spring comes in con­
tact with the holder and 
the bolt head. Tighten the 
bolts two and one-half 
more turns. This should 
be done one-half turn at a 
time, alternating between 
the two bolts. 

Once the installation is 
complete, it should look 
like one of the pictures on 
the next pages depending 
on the mounting configu­
ration for your applica­
tion. 

UPSTREAM 
SENSOR --+ 

FLOW ~ 
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V lEW FROM FACE OF SENSOR 

APPL V GRE ASE ACROSS 
CENTER OF SENSOR FACE 

HOR IZONTAL RUN 
OF PIPE TOP VIE .... 

DOWNSTREAM 
SENSOR 



FLO'*' 
~ 

UPSTREAM 
SENSOR USE INSIDE END TO 

SET SENSOR OFFSET 
Ii' 

/ 

ALiON CENTER LINE MARK 
+--TO FOLD OR ENDS OF TEMPLATE 

.............................. .. .. .... .. .... .. .. ........ .... .............................. .............. .. .. .... .. .. .. .. .. .. .. .... .. .. .. .. .. .. .. .. .. .. ............ .. .. .. .... .. .. .. .. 
ALION END OF HOLDER 

.. .. .. .... .. .. .. .. .. .. .. .. .. .. .............................. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ............ .. .. .. ...... ...... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .............................. TO EDOE OF TEMPLATE 

~ 
.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .......... .. ...... .......... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .............................. .. .... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .... ........ ............ .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .. .......... ...... ...... ...... .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

ALI ON CENTER LINE MARK 
+--TO FOLD OR ENDS OF TEMPL ATE 

/' 
USE INS IDE END TO DOWNSTREAM 

SENSOR SET SENSOR OFFSET 

USE OUTS IDE END TO 
SET SENSOR OFF~T 

SENSOR MOUNTING CONAGURATION 
CNXA 

UPSTREAM 
SENSOR 

ALIGN CENTER LINE MARK 
+--TO FOLD OR ENDS OF TEMPLATE 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

.................... .. .................... .. .. ................ .. ....................... .................... 

FLO'*' 
~ 

........ / 
AL ION END OF HOLDER :::: 
TO LINE ON TEMPL ATE·:': .................... 

: ::::: AL.io·N· END OF HOLDER 
: :::::T.O.l,.I~~.qN TEMPLATE .. /: ....... . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

ALIGN CENTER LINE MARK ---+ 
TO FOLD OR ENDS OF TEMPL ATE 

.. .............. .. . ................ .. .. .............. .. . .......... . . ........ . 

DOWNSTREAM 
SENSOR 

SENSOR MOUNTING CONFIGURATlON 
CASES 
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"-USE OUTS IDE END TO 
SET SENSOR OFFSET 



USE OUTSIDE END TO 
SET SENSOR OFFSET 

~ 

UPSTREAM 
SENSOR 

AL IGN CENTER LINE MARK 
+--TO FOLD OR ENDS OF TEMPLATE 
· ............ . ............. . · ............ . .......... ... . 

FLOW' 
-+ 

/~ 
AL IGN END OF HOLDER 
TO EDGE OF TEMPL ATE 

· ............ . .............. · ............ . ..... ........ . · ............ . .............. · ............ . .. ... .... . ... . 
AL IGN END OF HOLDER 
TO EDGE OF TEMPLATE · ............ . .............. .............. . .... ........ . .. . . . . .. . . . . . . . .... ........ . .. .. . . . . . . . . . . ............. . .. .. . . . . . . . . . . 

ALIGN CENTER LINE MARK ~ 
TO FOLD OR ENDS OF TEMPLATE 

/ 

DOW'NSTREAM 
SENSOR 

SENSOR MOUNTING CGJAGURATION 
CASECTOJ 

" USE OUTSIDE END TO 
SET SENSOR OFFSET 

The sensors are supplied with 3/8 inch conduit fit­
ting. It is recommended that flexible seal tight con­
duit be used to run the sensor cables to a junction 
box and then both cables can be run in a common 
conduit back to the electronics enclosure. Be sure 
to mark the end of the sensor cables as upstream 
and downstream before pulling cables through the 
conduit 

Refer to the electronic enclosure Wiring Section for in­
struction on wiring the sensor cables to the connections 
in the enclosure. To determine proper meter operation 
refer to the Operation Section of this manual. 

This completes the installation procedure for the sen­
sors and holders for the Series 4100 Compu-Sonic flow­
meter. 
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WINDOW SPOOL INSTALLATION 

1.0. 

- ------------ 1 
t+1<--L--+t~1 AWWA CL. D ANSI 150# RF PLAIN END 

125# FF 

REFER TO CUSTOMER DATA SHEET 
L= LAYING LENGTH IN INCHES 
SIZE 3 4 6 8 10 12 14 16 18 20 24 30 36 42 48 
"L" 12 12 12 14 15 18 21 24 27 30 36 30 36 42 48 

/" LIFTING lUGS TO TOP OF PIPE 

FLOW 
~ 

INSTAll WITH ARROW POINTING WITH FLOW 

SPOOL PIECES MAY BE INSTALLED EITHER IN THE HORIZONTAL PLANE OR 
IN THE VERTICAL PLANE (WITH FLOW IN THE UP DIRECTION) 
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WINDOW SPOOL INSTALLATION 

1. SPOOL 
2. ROLL PIN (USED AS A GUIDE FOR # 4) 
3. o RING 
4. SENSOR WINDOW 
5. SENSOR HOLDER 
6. WASHER (4 PLACES) 
7. SCREW (4 PLACES) 
8. SILICONE GREASE 
9. SENSOR & CABLE (25 FT STANDARD) 
10. SPRING 
11. CAUTION TAG 
12. SENSOR RETAINER 

SENSOR REMOVAL PROCEDURE: 
1. Remove conduit from the sensor retainer (12). 
2. Unscrew the sensor retainer (12). 
3. Gently pull on the sensor cable. The sensor spring (10) 

and the sensor (9), should "pop" out of the sensor 
holder (5). 

4. Before reinstalling the sensor, carefully clean 
the sensor grease from the sensor window lens (4). 

FIG.1 

NOTE: a long 6" cotton swab available at most electronic or audio 
stores works well for cleaning the window. 

Metallic conduit or Seal-tite (by others) 

5. Wipe the end and sides of the sensor clean, removing any grease and grit. 
6. Spread a thin 1/32" layer of sensor grease (Dow Corning 111 valve· lubricant & sealant) 

on the end surface of the sensor. 
7. Carefully reinsert the sensor into the sensor holder and gently push the sensor all the 

way in. 

NOTE: if the sensor will not push in, try to loosen the holder screws (7) slightly (without removing 
the safety wire seal) and shift the holder until the sensor will slide all the way in. retighten the holder screws. 

8. Screw the sensor retainer down firm (hand tight) and reconnect the conduit. ·Type 
29 silicone heat sink compound may be used. (available at most electronic stores) 
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HS3 SENSOR INSTALLATION 

PARTS LIST 

TEMPLATE INSTALLATION 

. 1. 
Using tape. attach one end of the template to the pipe 
and wrap the rest of the template around the pipe. Pull 
the template straight and mark the point of overlap on 
the template. Cut off the excess. 

_!!--~1 _ 
~T/ 

2. 
Remove template from pipe. Fold template 
exactly in haW and crease in the middle. 

CREASE ~~~~/========~7 

4. 

ITEM DESCRIPTION 
1. RETAINER BRZ 
2. SPLIT COLLAR 
3. BRASS COLLAR 
4. O-RING 1.287X2.7 
5. O-RING 2.112X2.318 
6. 2- RETAINING RING 
7. BEARING SEAL 
8. BRASS TAIL PIECE 
9. BRZ BALL VALVE 
10. 1-112- NIPPLE 
11. SENSOR W/100' CABLE 
12. SAFETY PLATE 
13. SAFETY CABLE 
14. TEMPLATE 
15. TEFLON TAPE 

3. 

QTY. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
1 
1 

Wrap the template around the pipe so that the 
crease is on one side of the pipe and the two 
ends of the template meet on the other side of 
the pipe. 
Try to line up the crease and ends with the 
horizontal center of the pipe. Tape the ends of 
the template together with masking tape to hold 
in place on the pipe. 

1-1/2- FEMALE NIPPLES (TAPPING SADDLES OR THREADOlETS) 

FLOW 

SIDE VIEW TOP VIEW 
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HS3 SENSOR INSTALLATION 

~~~_-(12 
1-1/2" SADDLE NIPPLE 

FLOW 

PREPARATION TO INSTALL SENSORS: 

FI G. 1 

o 

o 

FIG. 2 

TAPPING PROCEDURE: 

1. Install template and nipples per 3-1. 
2. Use teflon tape, wrap the end of 

male nipple (item 10) and screw into 
female nipple of tapping saddle. 

3. Slide safety plate (item 12) over 
outer end of nipple. 

4. Screw ball valve (item 9) onto 
nipple. adjust valve to the "open" 
position. 

5. Connect tapping machine into end 
of ball valve, 1-1/2". 

6. Use 1.38" minimum tapping bit and 
tap through pipe wall. 

7. Back the tapping bit out past the 
valve assembly and move the valve 
handle to the "off" position. 

TAIL PIECE ASSEMBLY 
(ASSEMBLED AT FACTORY) 

SENSOR & COLLAR ASSEMBLY 

J.4-- SEE NOTE 1 PG. 3-3 -~ 
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HS3 SENSOR INSTALLATION 

1+----8.15" --------..;;~ "5" 

t+--- "1" MEASURED BY INSTALLER ------3~ 

FIG. 3 

1-4--"T"+O.82" OR 8.97"+"S"+WALL THICKNESS -~ 

"5"= Length of saddle or threadolet nipple 
"T"= Length from Ld. of pipe to outside edge of item 8 

NOTE 1: USE ABOVE FORMULAS TO DETERMINE THE PLACEMENT OF ITEM 2, 
ONCE COLLAR IS PLACED AT CORRECT DIMENSION TIGHTEN 
BOTH SOCKET HEAD SCREWS. 

1. Screw tail piece assembly fig.1 (items 5, 6, 7 and 8) into ballvalve (item 9). 
2. Slide items 12 and 1 onto sensor (item 11) use fig.2, pg. 3C-2. 
3. Position collar (item 2) onto sensor and use above formula to calculate 

correct dimension. Please note that the collar should already be 
installed by the factory on new orders, the collar dimension will have to 
be changed only if pipe dimensions are other than given. 

4. Slide brass collar and o-ring assembly (items 3 and 4) onto end of sensor and 
butt up against the split collar (item 2). 

NOTE: USE SOAPY WATER, PETROLEUM JELLY OR SOME TYPE OF LUBRICANT TO SLIDE 
BRASS COLLAR AND O-RING ONTO SENSOR. 
5. Note scribe mark running near the end of the sensor. This scribe mark, when the 

sensor is installed, should be facing toward the OPPOSite sensor. (fig. 4) 
6. Place tip of sensor through bearing seal (item 7) and carefully push until the 

sensor stops at the ball valve. Fasten safety cable clip (long length) to opposite safety plate. 
7. Tum valve handle to the "on" position and insert the sensor until the brass 

collar (item 3)seats on the a-ring on the tail piece (items 5 & 8). 
8. TlQhten retainer (item 1) onto the tail piece (item 8) using a 1/16" square screw 

driver shaft in the notch on the end of the retainer. 
9. Fasten short length of safety cable to opposite safety plate. 
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HS3 SENSOR INSTALLATION 

UPSTREAM SENSOR SCRIBE MARK 
~ 

FLOW 

FIG. 4 

JUNCTION BOX 
(CUSTOMER SUPPLIED) 

NOTE: TIPS OF SENSORS WILL 
BE FACING EACH OTHER 

\ 

SCRIBE MARK 

• DOWNSTREAM SENSOR 

SYSTEM DIAGRAM 

METALLIC CONDUIT 
(CUSTOMER SUPPLIED) 

FLEX CONDUIT 
(CUSTOMER SUPPLIED) 

3C-4 
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OR 12VDC·':::::==~ 
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INSTREAM REFRACTING SENSORS 

Description 
The instream refracting sensors were designed 
for rectangular or circular concrete channels 
flowing full at all times. These sensors have a 
wedge shape to minimize possibilities of catching 
debris. The sensor is made of PVC materials with 
50 ft. of Belden triax cable. 

Installation 
Refer to customer data sheet in front of this 
manual. Sensor separation=_._inches. 
This dimension is from center line of the up­
stream sensor to the center line of the down-
stream sensor. Make sure that the arrow on the 
downstream sensor is pointing upstream and the 
arrow on the upstream sensor is pointing down­
stream. Mark holes on concrete conduit and use 
lead inserts. Place sensor over lead inserts and 
attach with screws (customer supplied). Route 
the sensor cables to the top of the conduit and 
use customer supplied cable clamps to fasten 
cable to the pipe at one foot intervals. Route the 
cables downstream and out the pipe outlet. 
Secure with cable clamps. 
Terminate sensor cables to the 4100 electronics. 

2.0 

SENSOR CABLE 

1.75 ~ ~ ~ 
t 

NOTE: ARROWS ON TOP OF SENSORS 
SHOULD BE POINTING TOWARDS 
EACH OTHER AFTER INSTALLATION 

UPSTREAM SENSOR 

FLOW • 

···SENSOR SEPARATION 
(THIS DIMENSION IS CRITICAL 
TO METER ACCURACY) 

314- METALLIC CONDUIT 

J-BOX __ ---1!~ 
(CUSTOMER SUPPLIED) 

•• 
.. 2-5 pipe dia. 

30-1 
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WETTED SENSORS WITH HOOP INSTALLATION 

DESCRIPTION 
The underwater sensors for the Series 4000 
flowmeter are premounted on a stainless steel 
plate at the factory (see Figure 2). The sensor 
cables are secured to the plate with clamps. This 
plate is then formed into a hoop and inserted into 
the pipe just upstream of the 2-inch conduit 
opening in the top of the pipe or upstream of 
manhole entrance. The sensor cables are then 
pu lied through the conduit and attached to the 
sensor connections on the Model 4000 electronic 
enclosure. 

PROCEDURE 
1. Inspect the sensor mounting plate for 

evidence of damage from shipping or handling. 
2. Refer to Figure 1. Form the plate into a 

hoop. Insert the four 8-32 studs on one end of 
the plate into the slots on the other end. Loosely 
attach the holding strap to the four studs with the 
flat washer, Bellville washer and nut. Compress 
the hoop to its smallest diameter and tighten the 
nuts on the holding strap. 

3. Lower the sensor mounting assembly into 
the discharge box at the end of the pipe, 
positioning it so the sensor cables exit 
downstream. Insert it into the pipe 3 inches 
upstream of the 2 inch conduit pipe opening in 
the top of the pipe or 2 to 5 pipe diameters 

upstream of the manhole. Position the hoop so 
the sensors are at 90 and 270 degrees in the 
pipe. 

4. Loosen the nuts to the holding strap. 
Expand the hoop to the wall of the pipe and 
loosely tighten the nuts on the holding strap. 

5. Use a large "C" ring pliers to secure the 
mounting plate to the pipe. Starting at the 
upstream side of the mounting plate, place the 
"C" ring pliers between the second slot and the 
holding strap. Slowly spread the mounting plate 
with the pliers forcing the mounting plate 
against the pipe. Using a rubber head mallet, tap 
the plate starting at the bottom and up the sides. 
Tighten the nut of the holding strap on the end 
you have been spreading. Place the "C" ring 
pliers on the downstream side of the plate and 
repeat the same process. Go back to the 
upstream end and loosen the end nut and use the 
"C" ring pliers to continue to force the plate 
against the pipe wall. Repeat this process until 
the mounting plate is secured against the pipe 
wall and there are no gaps between the plate and 
wall. 

6. Refer to Figure 3. Route the sensor cables 
downstream to exit. 

8. This completes the sensor installation. See 
the electronic assembly installation section for 
connecting and securing the cables. 

__ ::iIE:"~~-- HOLDING STRAP 
-=-.. ~~~- FLAT WASHER 

BELLVILLE WASHER 
NUT 

FIG. 1 

SENSOR MOUNTING PLATE 
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FIG. 2 

FLOW 

FIG.3 

'SENSORS 

~ 

314- METALLIC CONDUIT 
CUSTOMER SUPPLIED 

J-BOX 
CUSTOMER SUPPLIED 

/' 1 
CABLE 1 
(1000 FT MAX) I 

I 
CABLE CLAMPS 1 
(1 FOOT INTERVALS) 1 

I~""""" 
1 
I ________ 1 

1 
1 1 L ________ _ 

**~ 
•• 2-5 PIPE DIAMETERS 
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OPERaTion 

GENERAL DESCRIPTION 

The Series 4100 flowmeter provides a number of 
menu functions from the front panel which allows the 
user to modify or interrogate meter operations to suit 
the user's needs. The user can activate the individu­
al menu items through use of the front panel keys 
(see Figure 4-1). Each front panel key serves a varie­
ty of functions and each function of a key is depen­
dent on the particular menu item involved. The user 
can follow the menu items to determine the operat­
ing state of the unit or to modify the operation of the 
unit. The functions of the front panel keys are com­
mon to all menus. 

MENU KEY· This key allows the user to step 
through the list of menu items available. Each de­
pression will advance the menu list to the next item. 
The MENU key will not change or activate the individ­
ual values in the menu functions but only allows the 
user to find the desired menu item or its value for fur­
ther action. If no action is taken by selection of a fur­
ther menu item using the MENU key or activation of a 
menu item using the SELECT/ENTER key, the Ser­
ies 4100 will revert to its standard flow rate and flow 
total menu in about 10 seconds. This feature adds 
to the security of the unit since inadvertent depres­
Sions of any single key will not change operating par­
ameters of the meter. 

SELECT/ENTER KEY • This key is used to ini­
tiate a desired menu action or to save new data modi­
fied under a menu item. After the user reaches the 
desired menu item using the MENU KEY, the SE­
LECT/ENTER KEY must be pressed to cause menu 
action. For example, to force the meter output 

4-1 

RIITE 1231 IiPH 
TDTRL 1231S11 GilL X tD 

FIGURE 4-1 

Signal to full scale or the SPAN value, the MENU key 
is successively pressed until the SPAN MODE is 
shown. Then the SELECT/ENTER key must be 
pressed to cause menu action. In this mode, to be 
described in detail later, the span value may be modi­
fied using the UP or DOWN keys as appropriate. Af­
ter the desired action is completed, the new span 
value may be saved using the SELECT/ENTER key. 
If the new span value is not saved by pressing the 
SELECT/ENTER key, the meter will retain the origi 
nal span value. The SELECT/ENTER key therefor, 
has two uses; the first is to activate a menu function 
and the second is to enter changes as desired. 

UP and DOWN KEYS· The UP and DOWN 
keys can be used to modify the operation of the Ser­
ies 4100 as the user desires. They are active in 
menu items which allow changes. Pressing the UP 
key will increase the selected menu item value. In 
the SPAN mode, for example, pressing the UP key 
once will increase the value of the analog 4-20 
mADC signal a small amount. Continued pressing of 
the UP key will continue to increase the value. Simi­
larly, pressing the DOWN key will decrease the val­
ue. 

MENU FUNCTIONS· The menu items with their 
display information are listed in the following pages 
with an explanation of the use of the menu. The 
menu items are listed in the order in which they ap­
pear when the MENU key is sequenced. The range 
of values for those menu items that can be modified 
is listed in each menu selection. 



NORMAL DISPLAY UNI-DIRECTION FLOW 
OPERATION - The Series 4100 displays the val­
ues of flow rate and flow total in engineering units, 
such as GPM, MGD, etc. A multiplier is also displayed 
for both rate and total as necessary. The display will 
appear as shown below. This menu will continually 
be displayed unless the MENU KEY is pressed. 

RATE 1234 GPM OK 
TOTAL 1 23456 GAL X 1 0 

The first line displays the ament flow rate. The four 
digits represent the actual number followed by the 
customer requested engineering units and a multipli­
er if necessary. The "OK" at the end of the first line 
indicates that no operating errors have been detect­
ed in the meter. Should an error occur, a two letter 
error code will appear in place of the "OK". When 
this happens refer to the Troubleshooting section of 
this manual for the appropriate action. 

The second line of the display shows the total vol­
ume of the flow metered by the Series 4100. The 
amount is represented by the six digits and followed 
by the customer requested engineering units and a 
multiplier as necessary. 

IDENTIFICATION MENU - The first menu item 
identifies the model number, site identification as re­
quested by the user, the meter serial number and 
the software revision number. To the right of the 10 
number will be an L (locked) or a U (unlocked) which 
indicates if the other menus can be accessed. To 
lock or unlock, press and hold the SELECT/ENTER 
key and then the UP key. After the lock out feature 
has been changed, the meter must go to the main 
menu before it can be changed again. The display 
will appear as shown below. 

Model 41 00 Siteld 1 234 L 
SIN 123456 REV NO. 2.0 

SELF TEST MODE - This menu item allows the 
user to interrogate the operating conditions present 
in the Series 4100. The seH test mode has several 
screens and those items displayed below are the 
core portions of the seH test screens. Badger Meter 
reserves the right to extend the screens adding new 
items without notice. If new items are added, the 
menu item itseH should be self evident and the re­
sults of the additional testing clear in meaning and in 
user response. The seH test mode of operation dis­
continues regular flowmeter operation. The seH test 
menu appears as follows: 
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SELF TEST MODE 
PRESS SELECT TO ACTIVATE 

To enter the self test mode and determine the op­
erating characteristics of the meter, the user must 
press the SELECT/ENTER key. The meter will re­
spond with a changed display as indicated below. 

( SELF TEST 4100 
--WAIT-- ) 

During the short waiting period the Series 4100 
checks various internal characteristics and then re­
sponds to the user request. After completing the in­
ternal checks, the Series 4100 will automatically pro­
ceed to display the results of each test in a 
sequence of displays. The user should note the fol­
lowing series of displays as well as any further imple­
mentation added subsequent to this publication. 

The first item, as shown below, indicates if the Ser­
ies 4100 is transmitting signals to the sensors in ac­
ceptable limits. This will be displayed for about ten 
seconds. 

(
SELF TEST 4100 ) 

~ ____ ~X~M __ P~as~s ______ -J 

The second item, as shown below, indicates the hex 
value of the transit time of the signal and Indicates 
whether this is an acceptable time. This will be dis­
played for about ten seconds. 

( SELF TEST 4100 
112 OK 9C ) 

The third item, as shown below, indicates the sig­
nal level and whether the operating value is reason­
able. This will be displayed for about ten seconds. 

SELF TEST 4100 
RECEIVER OK 62 

The fourth item, as shown below, indicates the read! 
write capability of the microprocessor has been 
checked and shows if it is operational or an error ex­
ists. This will be displayed for about ten seconds. 

( SELF TEST 4100 
EEROM OK ) 

The last screen will indicate that the seH test is com­
plete. Should any error be indicated, refer to the 
Troubleshooting section for appropriate action. 



ZERO MODE • In this menu item, the Series 
4100 will force the analog 4-20 mADC signal to its 
zero flow value. This menu will be displayed as 
shown below. This will remain for ten seconds and 
then the display will return to indication flow rate and 
total if the SELECT/ENTER key is not depressed. 

ZERO MODE 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
zero mode and the display will show as indicated be­
low and force the meter to indicate zero flow. The 
meter will stay in this mode until the MENU key is 
pressed or a change in the zero value is made and 
stored. 

METER IS I N ZERO MODE 
CHANGE PRESS UP/DN- ENTER 

The 4-20 mADC signal can be monitored by the 
test paints on the bottom of the back housing. This 
test signal is in millivolts with 40 to 200 millivolts DC 
representing the 4 to 20 milliamp output signal. Use 
of the UP key will increase the Signal value while the 
DOWN key will decrease the value. After the adjust­
ment is completed, the user must press the SE­
LECT/ENTER key to force the Series 4100 to store 
the new milliamp current output. If the new value for 
the zero analog current signal is saved, it will be so in­
dicated on the display and this will immediately be 
used by the Series 4100. After the new value is 
saved, the meter will return to displaying flow rate 
and total. The range of the zero analog signal is be­
tween 3 and 5 mADC. Remember: The meter 
will stay In the zero mode unless the MENU 
key Is pressed or the SELECT/ENTER key 
Is pressed. 

SPAN MODE· In this menu item, the Series 
4100 will force the analog 4-20 mADC Signal to its full 
scale value. This menu will be displayed as shown 
below. This will remain for ten seconds and then the 
display will retum to indicating flow rate and total if the 
SELECT/ENTER key is not pressed. 

SPAN MODE 
PRESS SELECT TO ACTIVATE 

4-3 

Pressing the SELECT/ENTER key will select the 
span mode and the display will show as indicated be­
low and force the meter to indicate full scale. The 
meter will stay in this mode until the MENU key is de­
pressed or a change in the span value is made and 
stored. 

METER IS I N SPAN MODE 
CHANGE PRESS UP/DN- ENTER 

The 4-20 mADC signal can be monitored by the 
test points on the bottom of the back housing. This 
test signal is in millivolts with 40 to 200 millivolts DC 
representing the 4 to 20 milliamp output Signal. Use 
of the UP key will increase the signal value while the 
DOWN key will decrease the value. After the adjust­
ment is completed, the user must press the SE­
LECT/ENTER key to force the Series 4100 to store 
the new milliamp current output. If the new value for 
the span analog current signal is saved, it will be so 
indicated on the display and this will immediately be 
used by the Series 4100. After the new value is 
saved, the meter will return to displaying flow rate 
and total. The range of the span analog signal is be­
tween 12 and 22 mADC. Remember: The meter 
will stay In the span mode unless the MENU 
key Is pressed or the SELECT/ENTER key 
Is pressed. 

FLOW AVERAGING MODE· In this mode the 
Series 4100 allows the user to change the meter re­
sponse time according to a preselected set of time 
intervals. The user can select meter response times 
of 1 ,2, 4, 8, 16, 32, 64 and 128 seconds. This menu 
will be displayed as shown below. This will remain for 
10 seconds and then the display will return to indicat­
ing flow rate and total if the SELECT/ENTER key is 
not pressed. 

flOW AVERAGI NG 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
flow averaging mode and the display will show as in­
dicated on the next page. The present flow averag­
ing value will be shown as depicted by the 8. As the 
user presses the UP or DOWN keys, the display will 
show the time changes. Pressing the SELECT/ 
ENTER key will store the new value. The 



SELECT/ENTER or MENU key must be pressed to 
exit from this menu. If the MENU key is pressed, the 
meter will advance to the next menu and the change 
created by the UP/DOWN keys will be lost. If the new 
value for the flow averaging is saved, ft will be so indi­
cated on the display. After the new value is saved, 
the meter will revert to indicating flow rate and total 
unless the MENU key is pressed which will advance 
to the next menu. 

FLOW AVERAGI NG 8 SEC 
CHANGE PRESS UP /ON- ENTER 

RESCALE MODE - In this mode, the Series 
4100 allows the user to change the full scale flow 
rate as desired. The change must be within limits 
stored internally in the Series 4100 and must remain 
in the same engineering units as was originally se­
lected for the meter. This menu will be displayed as 
shown below. This will remain for ten seconds and 
then the display will return to indicating flow rate and 
total if the SELECT/ENTER key is not pressed. 

METER RESCALE 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
rescale mode and the display will show as indicated 
below. The present full scale flow value and its multi­
plier will be shown. The user can press the UP and 
DOWN keys to change the value of the full scale flow 
as desired. When the full scale flow rate reaches the 
stored upper or lower flow rate limits, the display will 
not respond to further requests in the same direc­
tion. Pressing the SELECT/ENTER key will store 
the new value. The SELECT/ENTER or MENU key 
must be pressed to exit from this mode. If the MENU 
key is pressed, the meter will advance to the next 
menu and the change created by the UP/DOWN 
keys will be lost. If the new value for rescale is saved, 
it will be so indicated on the display. After the new 
value is saved, the meter will revert to the displaying 
flow rate and total unless the MENU key is pressed to 
advance to the next menu. Remember: Chang­
Ing the full scale of the meter will cause the 
4-20 mADC output to change to reflect this 
new full scale value. 

FULL SCALE 1000 x 1 
CHANGE PRESS UP/ON- ENTER 

4-4 

RECALIBRATION MODE - This mode allows the 
user to calibrate the Series 4100 as appropriate to re­
produce actual flow conditions. The user can modify 
the meter factor for calibration of the meter to a 
known standard. This menu will be displayed as 
shown below. This will remain for 10 seconds and 
then the display will retum to indicating flow rate and 
total H the SELECT/ENTER key is not pressed. 

METER RECAL 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select the 
recal mode and the display wiD indicate a meter factor 
as indicated below. 

METER FACTOR 1.000 
CHANGE-PRESS UP/ON-ENTER 

The user can modHy the meter factor using the UP 
or DOWN keys. After saving the new meter factor, 
the Series 4100 will respond to the change and ad­
just the display readings and analog signal accord­
ingly. 

The meter factor is the relation between the indi­
cated flow rate of the instrument and actual flow rate 
as proven by calibration tanks or other means. If, for 
example, the meter was installed on a pipe and due 
to uncertainty in the pipe dimensions, the meter was 
determined to be indicating a flow rate 5.6% higher 
than the actual flow, this means that the flow meter is 
indicating 1.056 times the true value. The initial me­
ter factor will be 1.000 as set at the factory. To cor­
rect for the 5.6% error, the meter factor must be 
changed to 0.947 which is the inverse of 1.056 er­
ror. If the meter had been 5.6% low, then the meter 
factor would be 1.059. After the user has changed 
the meter factor to the new value, the SELECT/ 
ENTER key must be pressed to store the value 
which will be indicated on the display. The meter will 
revert to the normal operation mode unless the 
MENU key is pressed. If the MENU key is pressed 
and not the SELECT/ENTER key, the meter will ad­
vance to the next menu and the change in the meter 
factor will not be stored. 

ZERO OFFSET MODE- This menu item allows 
the user to capture and correct for zero offsets that 
may be present in the metering system. It is intend­
ed to be used for periodic maintenance to correct for 
small zero drifts. THE FLOW IN THE PIPE MUST BE 
ZERO TO USE THIS MODE. IE FLOW EXISTS IN 
THE PIPe. USE OF THIS MODE WILL CREATE 
LARGE ERRORS IN THE METER. Therefore, the 



user must prepare for use of this mode. Appropriate 
valving must be done to ensure that no flow exists; 
allow at least 10 minutes for the fluid to settle out. 
This menu will display as shown below. This will re­
main for 10 seconds and then the display will return 
to indicating flow rate and total if the SELECT/ 
ENTER key is not pressed. 

ZERO OFFSET MODE 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will select this 
mode and the display will indicate a waiting period as 
indicated below. 

( ZERO OFFSET MODE 
--WAIT-- ) 

After approximately 30 seconds the display will 
show as indicated below. The SELECT/ENTER key 
must be pressed to enter the new Zero Offset value. 
The display will indicate that the new value has been 
stored. If the SELECT/ENTER key is not pressed, 
the meter will revert back to the main menu and the 
new value will not be saved. Also if the MENU key is 
pressed instead of the SELECT/ENTER key the me­
ter will go back to the main display and the new value 
will not be saved. 

ZERO OFFSET COMPUTED 
PRESS ENTER TO SAVE 

MENU ADDITIONS WHEN IN BI· 
DIRECTIONAL OPERATION • If your meter has 
been set up for measuring flow in both forward and 
reverse, there will be a few changes to the menu dis­
plays. 

The main menu will have a "F" or "R" in front of the 
flow rate value and the total will have a "F" or "R" after 
the total value to indicate the direction of the flow. 
The totalizer automatically changes with the direction 
of flow. 

There is also an additional menu that will display 
both the forward and reverse totalizers at the same 
time. This menu follows the Zero Offset menu and 
appears as shown below. 

TOTALIZER DISPLAY SELECT 
PRESS SELECT TO ACTIVATE 
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To view the two totalizers, press the SELECT/ 
ENTER key. The display will show both totalizers as 
shown below. To exit this menu press the MENU 
key. 

FORWARD TOTAL = 123456 
REVERSE TOTAL = 123456 

ADDITIONAL MENUS WHEN THE ACCES· 
SORY POWER SUPPLY BOARD IS USED. 
If your meter is equipped with the accessory 
power supply board and the High and Low 
alarms have been activated, there will be addi­
tional screens after the Zero Offset screen or 
Totalizer Display screen for the setting of these 
alarms. These screens will appear as follows: 

HIGH FLOW ALARM 
PRESS SELECT TO ACTIVATE 

Pressing the SELECT/ENTER key will allow 
entry into this alarm for setting the on and off 
points. The following screen will then appear: 

HIGH ALARM SET ON 99~ 
CHANGE PRESS UP/DN- ENTER 

This screen allows the setting of the switch on 
point as a percent of full scale. Use the UP or 
DOWN key to change to the desired value and 
press the SELECT/ENTER key. The display will 
indicate that this has been stored and the fol­
lowing screen will appear: 

HIGH ALARM SET OFf 99~ 
CHANGE PRESS UP/DN- ENTER 

This screen allows the setting of the off point 
(dead band) as a percent of full scale. Use the 
UP or DOWN key to change to the desired value 
and press the SELECT/ENTER key. The display 
will indicate that this has been stored. The next 
screen will be the LOW FLOW ALARM. Use the 
same procedure for setting this alarm as for the 
HIGH FLOW ALARM above. 

This completes the instructions for the menu 
operation of the Series 4100 f1owmeters. 



THEORY OF OPERATION 

The Series 4100 ultrasonic flowmeter is a micropro­
cessor based flowmeter which uses powerful mathe­
matical algorithms to sense and calculate flow rates 
and flow totals. The meter operates by transmitting 
ultrasonic energy to and fro with piezoelectric sen­
sors attached to the pipe. Sensors can be either of 
the external mounted strap-on configuration or may 
be of the type which contacts the fluid. In either case 
the Series 41 00 is initially set up at the factory or in 
the field using a hand held computer. The operating 
modes are Similar. A block diagram (FlQure 5-1) de­
picts the major section of the Series 4100 operating 
functions. The descriptions below all refer to the dia­
gram. 

Frequency Generator. The frequency gener­
ating section contains two crystal controHed oscilla­
tors. Each osciUator is frequency divided by binary 
counters to form two frequencies. One is the fre­
quency used for transmission across the pipe and is 
referred to as fx. A second frequency is generated 
for use with the rf mixer and is referred to as fm. A 
third frequency is created by mixing fx and fm to get 
the difference frequency f3. 

Transmitter and Sensor Switches. In a se­
quential fashion, the microprocessor (uP) sends out 
a digital code to the sensor switches which connects 
one sensor to the transmitter and the other to the re­
ceiver. Two switch connections can be made which 
alternately interchange which sensor is connected to 
either the transmitter or receiver. To initiate transmis­
sion to the sensors, the uP sends out an enable sig­
nal to the transmitter circuit. The transmit circuit be­
gins driving energy to the sensors in the form of a 
long burst at the sensor operating frequency. This 
burst of energy is typically a train of sinusoidal waves 
with about 30 to 40 individual waves present. The 
transmitted energy, about 15 volts pep, goes 
through the appropriate switch to the transmitter 
connected sensor. The sensor converts the electri­
cal energy to acoustic energy in the form of mechani­
cal vibrations. Acoustic energy travels through the 
pipe wall, across the fluid, through the opposite pipe 
wall and into the opposite 'sensor. In this sensor, the 
vibrational energy is converted to electrical energy 
and then passes through the sensor switch to the el­
ectronic receiver. 

After the transmission cycle is completed and the 
data is processed. the uP will change the switches 
so as to reconnect the sensors. The sensor which 
was the transmitter will become the receiver, while 
the OPPOSite function will be assigned to the other 
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sensor. This process continues in the alternating 
fastHon, under uP direction, at a rate of about 30 
hertz. 

Receiver Operation. The receiver section, in 
the block diagram, consists of three individual items: 
first, an If aIJ1)Jifier with automatic gain control, activat­
ed and comotled by the uP, which amplifies the sig­
nals from the sensors; next, a presence detector to 
determine when the transmitted energy is at the re­
ceiving sensor; finaUy, a mixer to convert the infor­
mation in the transmitted burst to a lower frequency 
where much more acaarate timing Information can be 
measured. The uP, through its procesSing of recep­
tion data, sets the gain of the rf amplifier to maintain 
high signal levels without saturating the receiver at 
amval of the reception waves. During transmission, 
the gain of the rf amplifier is drastically reduced, ena­
bling a small leakage so the measurement of the 
transmitter starting time can be accurately made. 

The presence detector is a self-mulliplyng convert­
er which provides a de level during the presence of 
either the transmitted wave or the reception wave. 
This detector provides protection from noise and in­
terference since it is a narrow band device. The mix­
er action, much like the i.f. strip in a heterodyne ra­
dio, acts like a vernier because each of the individual 
rf cycles of the long burst are reformed into one long 
cycle, at the much lower f3 frequency. The timing in­
formation on the rf waves is exactly reproduced on 
the mixer output wave. Since this wave is at the f3 
frequency, the timing information is Significantly larg­
er and more readily detected. The noise levels on 
this third wave are also lower since the noise is aver­
aged over the entire length of the long burst and is 
not a Single point function. 

Digital Encoding. The presence detector sig­
nal allows the uP to measure the time required for 
the energy to cross the fluid and also provides the 
enable signal to the AJD converter. The mixer output 
signal is fed to the AID converter where digital sam­
ples are coded to represent the mixer out wave. The 
clock for this sampling is derived from the frequency 
generator previously described. 

FIFO Memory. To enable rapid encoding of the 
mixer out data, the AID converter data is "strobed" 
into the memory. Again the timing clock for the load­
ing of the memory is generated in the frequency 
generator section and is gated by the presence de­
tector output .. The data is retrieved by the uP at a 
much lower reading rate from the memory and is pro­
cessed internally. The timing reference used to 
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encode the data in the memory forms a time refer­
ence between the two directions of transmission. 
When the same transmission action is achieved, but 
in the opposite direction in the pipe, the reception 
data is again encoded by the frequency generator 
wave. Therefore the two independently encoded 
reception waves can be compared to one another by 
virtue of the common f3 reference frequency. 

Microprocessor. The microprocessor used in 
the Series 4100 is an advanced 8 bit processor and 
contains a watch dog timer and an illegal OP code 
detector. The watch dog timer is a count down oscil­
lator which must be periodically reset by program ac­
tion. If the oscillator is not reset in the prescribed 
period, the watch dog timer resets the processor and 
reinitializes the measurement cycle. This prevents 
the microprocessor from entering a lock up mode of 
operation where it could be non-responsive in its 
tasks. The illegal code detector also analyzes the in­
dividual OP codes of the microprocessor. If, for 
some reason, an illegal code is detected, the micro­
processor will reset and restart. Again, protection is 
afforded against noise spikes, etc. 

The microprocessor also contains a serial data port 
which allows communications with external and other 
computers. The port has a specific protocol for com­
munication. The internal protocol used for informa­
tion exchange with external devices is Badger Meter 
proprietary, and Badger Meter reserves the right to 
change and atter the protocol without notification. 
The serial port is used to initialize a meter application 
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by communication with a hand-held computer spe­
cially programmed by Badger Meter for analyzing ap­
plications. The hand held computer, after computing 
the essential meter parameters, communicates with 
the Series 4100 and transmits data constants which 
establish flowmeter operation. 

Output Signals. The display for the Series 
4100 is a two line, 24 character alphanumeric LCD 
display. The display module contains its own micro­
processor for display control. The display program­
ming is menu driven, providing user access to inter­
nal meter information, allowing the user to change 
the flowmeter scaling, and providing an easy means 
for meter field recalibration. Through the display, the 
analog output 4-20 mADC signal can be spanned 
and zeroed without internal meter access. Consult 
the Operation Instructions Section of the manual for 
detailed explanations. 

The 4-20 mADC signal is fully isolated to prevent 
external ground loops. The microprocessor gener­
ates a frequency proportional to flow rate. This fre­
quency is optically coupled to the 4-20 mADC gener­
ator. The 4-20 mADC signal is capable of driving into 
a 1000 ohm load. 

Also available is an optional output for bi-directional 
operation. This output is an optically coupled tranSis­
tor to indicate if the flow measurement is forward or 
reverse flow. The output will be open in the forward 
direction and closed in the reverse direction. 



GENERAL 
The Series 4100 is equipped with self test features 

which allow the user to identify the operation status 
of the unit and with the help of this section of the 
10M manual to determine proper action to be taken. 
This section details the meaning of the operational 
codes which appear in the main menu, the meaning 
of the self test features and provides a step by step 
troubleshooting chart for determining the fault and 
the necessary action. 

Operational Codes. The main menu of the 
Model 4100 indicates flow rate and flow total. In the 
upper right hand side of the display appears an op­
erational code which indicates the operating condi­
tion of the meter. When the meter is first powered 
up, the flow rate will display XXXX and there will not 
be an operational code. The microprocessor is initial­
izing the meter constants and performing a self test 
to ensure that all areas of the electronics are operat­
ing properly. This may take several seconds. 

After initialization the X's in the flow rate will change 
to O's. The operational code will display an OK which 
indicates the meter is operating properly. The meter 
may recycle a few times before locking onto a good 
signal. Should an OK not be displayed, refer to the 
troubleshooting chart for appropriate action. 

The following is a list of the operational codes and 
their meanings. 

OK- Nominal Operation 
NS - No Signal Detected 
XM - Transmit Confirm Failure 
TL - Signal Transit Time Out of Bounds (too long) 
TS - Signal Transit Time Out of Bounds (too short) 
TM - FIFO Error (missing or misaligned timing 

mar1<) 
OF - Amplitude Overflow 
UF - Amplitude Underflow 
GE - Gain Error 
CM - Communications Mode Enabled 

Self Test Features. The self test feature ena­
bles the user to view the status of various sections 
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of the meter to determine the section of the meter 
that may have a problem should the operational code 
indicate a problem. Refer to the trouble shooting 
chart to determine the appropriate corrective action. 

The following is a list of the self test areas and a 
brief explanation of their meaning. 

XM PASS (or FAIL) - This indicates if the electron­
ics is transmitting the proper signal to the sensors. 
112 DDaF OK (or ERROR) - This indicates the act­
ual transit time, in HEX, of the transmitted signal be­
tween the sensors and if the time is correct. 
RECEIVER 62 OK (or WEAK) - This indicates the 
strength of the received Signal transmission be­
tween the two sensors. 
EEROM OK (or ERROR) - This indicates if the 
readlwrite capability of the microprocessor is func­
tioning properly. 

REPLACEMENT OF PARTS 
While the Model 4100 has been designed and 

built for maximum reliability, there can be instances 
where replacement of parts may be necessary. In 
those cases where the troubleshooting procedure 
calls for replacement of a part, the factory should be 
contacted for authorization and instruction to send in 
a defective part for repair or the replacement of a de­
fective part. 

The Model 4100 has been designed so that the 
front housing contains the major electronic hardware 
and can be easily removed and installed. It also al­
lows the replacement unit to be preprogrammed with 
no adjustments required when installing the new 
unit. For this reason we must know the serial number 
of the defective unit when the user contacts the fac­
tory for replacement. Refer to the Installation Sec­
tion of this manual for disassembly instruction. 

The back housing contains the power supply cir­
cuit board. The replacement of this will require a little 
more effort. A soldering iron and a fast curing glue 
will be required. Refer to Figure 6-1. Disconnect the 
power wires, sensor cables and the 4-20 mADC 
wires. Pry off the magnetic switch with a small screw­
driver or knife. Remove the four comer screws. Un­
solder the two 4-20 mADC test point wires from the 
circuit board. Solder the test point wires to the re­
placement board. Mount the circuit board to the 
back housing with the four corner screws. Glue the 
magnetic switch to the housing (make sure it is in the 
same location as the old switch). Reconnect all of 
the wires and cables. 
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TROUBLESHOOTING CHART 
On the following two pages is the troubleshooting 

chart for the Series 4100 flowmeter. This chart will 
help you in isolating possible causes for problems 
you may encounter and give suggested corrective 
actions. 

In the troubleshooting chart. there will be areas that 
require certain tests to be performed. The following 
describes these tests. 

Sensor cable connect jon contjnuity test. This test 
will require the use of an ohmmeter. Connect the 
test leads of the ohmmeter to POints 1 and 3 of the 
sensor cable connections on the power supply as 
shown in Figure 6-2. If the signal wires on the power 

1-----, 
2 ---IC.91 TB 

2 

supply board are still connected to the front housing 
electronics. the ohmmeter should read 5000 ohms 
+/- 5%. If the signal wires are not connected. the 
reading should be 10000 ohms +/- 5%. Repeat this 
test at Points 2 and 3. 

Connect the test leads to Points 3 and 4. The read­
ing should indicate infinity (or an open). 

power SUPPly Va Rag' teSl. This test will require 
the use of a voltmeter. Connect the test leads to test 
points 1 and 2 on the power supply board as shown 
on Figure 6-1. The voltmeter should read 16VDC +/-
2 volts. NOTE: With the front housing removed. a 
magnet will be required to close the magnetic switch 
on the back housing in order to perform this test. 
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ITEM • 
1 

2 
3 

4 
or 

5 
6 

or 
or 
or 

7 
8 

ILLUSTRATED PARTS LIST 
SER I ES 4100 ENCLOSURE 

CD"PU-SDHIC 
"DDEL1IDD 

RIT11231G"" 
TDTIIL '231111 GilL X IDD 

PART • OESCRI PTiON 

542751-9999 FRONT HOUSI NG W IELECTRONIC5 
542751-0008 MODEL 4100 
542751-0011 MODEL 4110 
542751 -0021 MODEL 4120 
400003-0048 SCREW SCHCAP 10- 32X2-1 12LG 5S 
501153-0001 CAP SEALING 
501101-0001 CONNECTOR RECP 8CKTS W ISQ- FLG 
400001-0025 SCREW PNH-S 4040X3/8 SS 
400029-0002 SCREW HEXWSHRH 1 14-ABX.75 STL 
400022-0016 SCREW HEXWHRH 1/4- 20 (ROLOK) ZN 
490004 O-RING 
151915-0001 AC POWER SUPPLY 117VAC 
15"1915-0002 AC POWER SUPPLY 240VAC 
1 51 92 1- 000 1 AC POWER SUPPLY 117VAC W IACCESSORIES 
1 51 921- 0002 AC POWER SUPPLY 240VAC W IACCESSORIES 
160965-0002 FUSE 3AG 1/4A 250V 
525119 BACK HOUSI NG 
512310 GASKET 
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QUANITY 

1 

4 
1 
1 
4 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 



WARRANTY 

Badger warrants meters and parts manufactured by it and sup­
plied hereunder to be free from defects in materials and workman­
ship for a period of 18 months from date of shipment or 12 months 
from date of installation, whichever period shall be shorter. If 
within such period any meters or parts shall be proved to Seller's 
satisfaction to be defective, such meters or parts shall be repaired 
or replaced at Seller's option. Seller's obligation hereunder shall 
be limited to such repair and replacement and shall be condi­
tioned upon Seller's receiving written notice of any alleged defect 
within 10 days after its discovery and, at Seller's option, return of 
such meters or parts to Seller f.o.b. its factory. THE FOREGOING 
WARRANTY IS EXCLUSIVE AND IN LIEU OF All OTHER 
EXPRESS OR IMPLIED WARRANTIES WHATSOEVER IN­
CLUDING BUT NOT liMITED TO IMPLIED WARRANTIES 
(EXCEPT OF TITLE) OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. Badger shall not be liable for 
any defects attributable to acts or omissions of others after 
shipment, nor any consequential, incidental or contingent 
damage whatsoever. 

NUCLEAR DISCLAIMER 

Equipment sold by Badger Meter, Inc. is not intended for use in 
connection with any nuclear facility or activity unless covered by 
a specific quotation where the conditions of such usage will be 
detailed. If equipment is used in a nuclear facility or activity 
without a supporting quotation, Badger Meter disclaims all 
liability for any damage, injury or contamination, and the buyer 
shall indemnify and hold Badger Meter, its officers, agents, em­
ployees, successors, assigns and customers, whether direct or 
indirect, harmless from and against any and alllos888, damages 
or expenses of whatever form or nature (including attorneys' fees 
and other costs of defending any action) which they, or any of 
them, may sustain or incur, whether as a result of breach of 
contract, warranty, tort (including negligence), strict liability or 
other theories of law, by reason of such use. 

All .... h .. NMrVeCI. All data lubJect to change without notice. 
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-. ~, 'Monitor PS 
. Incfustrial Pitless Units for Submersible Pumps 6",6.6", & 8" 1.0. Well Sizes 

The Monitor PS Industrial Pitless Unit for 
submersible pumps forms a watertight 
"'xtenslon ot the well casing which 
.;[arts below the frostllne, where It IS 
bUried permanently, and continues 
upward 12 or more inches above 
grade, where the pltless case is closed 
with a watertight cap, 

TO INSTALL A 
PS INDUSTRIAL UNIT: 
An excavation around the well casing 
below the frost line IS made and well 
casing cut off at a prescribed level. 
The well cap IS removed and the spool 
assembly lifted out of the pltless case 
with a hoist and set aside: The pltless 
case IS then welded or threaded tightly 
onto the well casing, The submersible 
motor, pump, and cable are attached 
to the drop pipe which IS lowered Into 
the well with a hoist: when the top of 
the last section of the drop pipe IS one 
foot or more above the pltless case, 
the spool assembly is screwed onto the 
drop pipe, The spool assembly and 
drop pipe with motor, pump and cable 
are lowered into place: then finally the 
electrical service and well cap are 
installed, 

• The spool assembly Includes: A spool 
With two or no Silent check valves; two 0-
ring seals; lift-out pipe and hold-down 
spider, 

FEATURES: 
CORROSION PROTECTION, , , All 
water passages are either hot-dipped 
galvanized or constructed of corrosion 
resistant material. 

EASY TO SERVICE, , , Well cap can 
be removed without disconnecting 
cables, O-ring seals on spool permit 
withdrawal of the entire inner assembly 
simply by lifting. Replacement is 
equally simple, Spool support elimi­
nates vertical adjustment and any pos­
sibility of dropping the inner assembly 
into the well, 

RELIABLE SEAL .. , Neoprene O-rings 
between accurately machined hot­
dipped galvanized surfaces on the 
spool and and within the unit provide 
positive seals. 

O-RING SEAL PROTECTION. , . 
,Monitor seal protection prevents seal 
damage during installation and service, 

FROST PROOF, , , No 
heating IS reqUired, All 
water passages are below 
the frost line, 

QUICK TO INSTALL, ' , A 
quality pump installation 
can be made eaSily and 
economically Without 
delay for masonry or 
building construction, 

PtoI8cted Screen ___ tf 
WeiVenl 

ALTERNATIVE SPOOLS 
Spools are available plain 
(EO) or with Silent check 
valves (E2-double). The 
Monitor Silent Check 
Valve has ItS operating 
parts automatically 
exposed when the spool 
IS Withdrawn, Complica­
tion and cost of installing 
separate check valve In 
the drop pipe are elimi­
nated. Spools are 
supplied with tapping for 
either a pressure relief 
valve, or a pressure 
control. 

PItIess ,.~.-----; 

WATERTIGHT WELL 
CAP, , , DeSigned to 
permit removal Without 
disconnecting cables, 
Separate Junction Box IS 
eliminated. Watertight 
cable and conduit sealing 
is optional. Alternate 
ventilated cap is avail­
able, 

HOLD-DOWN, , , Sup-
plied With each unit. Hold­
down pipe also serves as 
lift-out pipe for Installation and 
servicing. 

HoId-Down PIpe 

Wei casing 

DEPTH TEST BLOCK, , , Standard on 
all units, 

FLOWING WELL. , . Units available. 

ONE YEAR 
LIMITED WARRANTY 
Any PS Pitless Unit discharge body, 
spool, upper case or well cap used in 
potable water applications, found 
defective in workmanship or material 
will be replaced without charge 
provided the defective item is returned 
prepaid to the distributor from whom 
purchased within one year from date 
of shipment. The Company does not 
assume responsibility for labor or 
consequential damage, All other terms 
and conditions of sale are as stated 
on the Baker Factory Sales Order 
Terms and Conditions-Form AD 100. 

608-882-5100 
FAX: 608-882-6776 

I :t;J :13 ;11 
133 Enterprise Street 

Evansville, Wisconsin 53536 

Catalog AD74 6-1-90 



EXPLANATION OF 
PITLESS UNIT 
ORDERING 
NUMBERS 
The diagram Illustrates the meaning of 
the varrous letters and numerals used 
In Monitor Industrral Pitless Unit 
orderrng numbers. A tYPical order 
number and the pltless unit It stands for 
are shown. 

3 A. The first numeral In the order 
number Indicates the bury depth, 
in feet, of the unit. Bury depth on 
all units IS measured from the 
center of the discharge line to 
ground level. The top of the 
pltless case extends 12" above 
ground level as IS required by 
many codes. 

P S These letters Indicate the type of 
pump the pltless unit IS designed 
for. The unit shown IS a PS for 
submersible pumps. 

8 B. This numeral Indicates the 
well casing size. The 6 is 6" I.D. 
wells, 6.6 for 7" O.D. wells, and 
8 for 8" I.D. wells. 

10 

w 
B 

w 

E 

2 

4 

T 

4 

c. This numeral indicates the 
upper pltless case size. The 7 is 
for the 7" I.D. case, and 10 for 
10' I.D. case. 

D. Indicates the attachment to 
the well casing IS a welded loint 
("N" for KwiKonect - 6" I.D. & 8" 
I.D. only). 

E. The presence of the letter'B" 
In the order number Indicates the 
upper pitless case IS black pipe. 

F. Indicates the unit has a wa­
tertight cap with screened vent 
installed. 

G. Indicates spool has pressure 
equalizing passages. 

This numeral indicates the type 
of spool which the pltless unit 
has. In this case it is a spool hav­
ing two silent check valves. 

H. Indicates the size of drop 
pipe in inches. 

I. Indicates the discharge con­
nection is threaded. 

J. Indicates the size of dis­
charge pipe in inches. 

3PS-810W8-W-E24-T4-* 

• I 
I 
I 

I I 

~-....:~ 

~-, 
\ 

-""7.­
: f, ,'::e,! ______ _ 

ACCESSORY LIST 

* Accessory(s) may be ordered by 
placing accessory letter at end of 
pitless model number. (Protected 
screen well vent is standard equip­
ment, as is weld nipple). 

S Sealed Conduit Connection. 

I :!~ ~1 #f ;11 
133 Enterprise St. 

Evansville, WI 53536 



d/lwnitor PS STANDARD INDUSTRIAL PITLESS UNITS FOR SUBMERSIBLE PUMPS - 6, 6"6 & 8" WELLS 
" 

SPECIFICATIONS 6" 1.0. ~~,"ol:8: 8" 1.0. FIRST 
NON-SE~LED ~ (A\ Screened Well Vent Size' 1-1/2" FLP. 1-1/2" F LP. 2-1/2" FLP. Chao 11' the k ba' d' be 

'!Y . . se we S17.e n rna e·up SIC or enng num r 
@ ® Seal Cap:. The WatertIght cap bolts to a from proper column in specijka/ions 

SEALED compressIon seal ring securing around the 

: . ~' . well vent installed 
. , .~ ~ Conduit Tapping Size: 1-1/2" FLP. 1-1/2" FLP 3" FLP 
. ~ Watertight conduit seals for most common 

_. <if' cable sizes are available for watertight cap '0 
-:'. . ," @ Depth Tester Tapping 1/4" FIP. 1/4" FIP 1/4" F.LP. 0>- ~ ©". (SJ Distance from ground level to top of ~ !: ~ ~ ~ 

I~N, I. r r·· 0 -.ar ~ pitless case 12" 12" 12" g ~ 15 ~ onl~ ~ t I _ L _ -lI! (J) ra (VI-.c 

, , (J ~ Distance from ground level to top of ~ on Qii Q) !: ~ {j ti g 
o A (i) - ,cre,"e' .,11 ",I. (V'"1. he;ghl 19 I. 112- 19 I. 12- 24 511. '" .., ~ ~ ~ ~ ~ • _ , : M '0 -' f ~ 

c Q) U ~ 00 0 ~~~o>~cooo 
may be increased If necessary) 0 E E Q) = ~ ~ 0 ~ l~ ~ fJ 0 . 0 -' 

~
.. 7" 7" 10".c _.0 on C Q) Q) - ~ I"" on "= -

BUR, Pltiess Case size Ci ~ ell Q) ,~ Q) :2 &: .s:: iii Q) ~ a ~ I ~ ~ ~ 
. ..... (1)- N \oJ EQJ C»c'-a.'--I~:::: ..... 

DEPTH ' ~ I I ~ I II Pitless Case wall thickness .300 .300 .365 0 Jl ::l en Q; {j ~ ~ ~ = ii: - ~ Jl a. .~ ~ 
AlA ~ ~ AA Q) "Hold-Down"-"LiftOut" Mechanism 5' - ~ Qj &: j"g - ~ iii ~ ~ ~ § -Ie ~ ~ 

Three set screws in a spider atop the <Il a. ~ :J « <Il ~ p: ~ Ii 0 0 0 

"Hold-Down", "Lih-Out" pipe brace 2 6.6 7 3 3 
: ~. r.n rn Ii> I, I against the interior of the pitless casing, to PS 6 7 W B W E 0 311 3 

.. .1 Jo~ll.°j I Il°.J R cKl locking the spool In place. r Hold-Down, Lift-Out pipe size 2" 2" 3" 9 8 10 N 2 4 4 
Designed "Lift-Out" Mechanism load: 10,000 Ibs. 10,OOOIbs 20,000 Ibs 

T,M, W ~ fi ® DISCHARGE BODY-STD. I SECOND Accessory Symbol 
" Discharge Body Width: 9-7/160.0. 9-7/160.0. 13-1/8" O.D Sealed Conduit 
10 n; r. Ifl . ~ Discharge Body Length: 11-1/4" L 11-1/4" L (Welded 10 Add desired accessory Connection S 

(NI DISCHARGE BODY-KWIKONNECT Upper Casing) symbol 

-.;.-j I Discharge Body Width: 8-7/8"0.D. 12-1/16"0.0 
Fif,"W[lLS r I; \Of 6°tS"WELLS • 

\ 
:.. \ ~ Discharge Body Length 12-9/32 L. 

,~' "1(Q'- • Pitless unit minimum ID.:. '. ~-3/8" ~-3/8" :-118" COMPONENT MATERIALS 
'~~. ® Discharge connection tapping size. 3 FIP. 3 FIP. 4 FIP. Well Vent _ cast iron, green enamel finish. 
I . .=::- J ® Pitless unit to well casing connection 6" Weld 6.6" Weld 8" Weld Cap & Conduit Box - cast iron, green enamel finish 

/ __ L l!2 @ 'SPOOL ASSEMBLY Hold-Down S~ider ,: cast iron, green enamellinish. 
! .0 ® Spool design load: 64,000 Ibs. 64,OOOlbs. 88,OOOlbs. Hold-Down Pipe, 2 - steel, black. 

i • L -WITHOUT CHECK VALVES- Hold Down Pipe, 3" - Sleel galvanized. 
$) \ ~ . f···· Area of water passage(s): 10 sq. in. 10 sq in. 15.8 sq. in. Pitless Case. - steel, black. 
~ t 1 Spool - cast Iron, galvanized. 

- - Percent area 01 water passages 0 area 0 Discharge Body _ cast iron galvanized. 
SECTIONAA_AA ll'!!Q!!AA-AA d" 135°1 135°1 124°1 ' - ---- rop pipe. 10 10 10 Check Valve Body & Arms _ brass. 

"WITH TWO CHECK VALVES- Check Valve Seat - Brass. 
Area of valve passages: 6.28 sq. in. 6.28 sq. in. 12.6 sq. in. Check Valve Spring - Monel. 
Percent area of valve passages to area of Compression Seal Ring & Check Valve Facing - Neoprene. 
drop pipe: 89% 89% 100% C~nduit Seal & O-~~ngs -"Neoprene 
Motor Cable Passages Through Spool Discharge Body - 8 x 10 - Ductile Iron . 

® 13116" 13/16" 1-5/8" Spea/leallons Sub/ecl 10 Change Wllhoul NOllce. 

---r T' - @ 1-314" 1-3/4" 3-3/16" 
I - - lID Spool to drop pipe connection 3" FIP 3" F IP 4" FLP III 

(W @ ® Pressure switch tapping 3/8 - 18 NPT. (2) available (2) available (2) available 
i if) Dimension from center of discharge outlet 
1 to bonom of weld nipple 9-3/8" 9-3/8" 12" 

@ Overalilenglh 01 seal cap. 12·3/8" 12-3/8" 18-1/2" 608-882-5100 
KWIKONNECT @ Dimension Irom center of discharge " .. ,,133 Enterprise Street 
DISCHARGE to bonom of discharge body.. 6-5/8 65/8 9-114 Evansville, WI 53536 88-1 

BODY (j); Dimension from center of discharge to Fax No.: (608) 882-6776 Revised 9-15-93 
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INSTRUCTION MANUAL 
INSTALLATION INSTRUCTIONS 

All pitless unit c.ases ar e joined by threading or welding 
either to well casing or adapter. 

Where there is a change in size between pitless unit cas­
ing diameter .and well. casing diameter an adapter must be 
threaded to pltless unit case. 

Establish ground level at the well location. It is desirable 
to have ground slope away from pitless unit case in all 
direction s. 

The pitless unit case should extend above the ground level 
according to state well cod~. To accomplish this the well 
casing must be cut off at a distance below the ground level 
equal to the distance .above ground less than the pitless 
unit case length. Take lnto account the method of adaption." 

In order to do woric, exca ... ate around the well casing clear-
ing a diameter of at Ie ... 4' to a depth of 2' below point 
where well casing is to be cut off. 

Cut off the well casing perpendicular to well c •• ina axis. 

FEMALE TIt1lEADID DISOtAIGE ADAPTION 

,Q- B ,.,nm B 0- ",i",TCASr B _. 
DA

~pr£D B"'PPlC I"""'I...WEL, 0111& ~ UlCeT JO L.J ·/tIPPLE 

~A5'NG COUptlllG (~~,_,",,",,_-' 

---D-~:f,N<V---D 0 

S-Plncss-B 8 

" 
~ .. 1 

, A 
UNIT CASE REIJJCER 

~-NIPPLE M"NIPl'I.f 
, ,.' 

U-RCOUCER t::1...cwn,. 

n.wru- 0 U C'ASI"& 

r-t COIAI'lING 
t:.fSLEfVf 

o 
, ! ' .. , "' .. t 

Valve in this location recommended. 
To be closed wilen Pitless Unit is serviced. 

'. '.' 
I " 

A TYPICAL GENERAL ARRANGE­
MENT OF THE PS UNIT MTH 
TANK AT THE HOUSE. 

• NOTE: SEE LAST PAGE FOR KWIK CONNECT UNITS 
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6- The spool should now be re­
moved from the c~se - to do 
th.is use a piece of l~" pipe 
with a thread on one end 
and a length of 2' or 3' 
longer than pitless unit. Re­
move seal cap - insert the 
threaded end of the pipe in­
side the case and into the 
end of the spool. Screw 
hand tifht, then place a 
block 0 wood against the 
lower end of the spool cast­
ing and strike the block 
with a fairly heavy object 
and pull on the pipe which 
will remove the spool from 
the pitless case. 

7- Lower the pitless case in 
place, rotate the discharg~ 
outlet to the desired angle. 
Rotating 900 to discharge 
line and using 90" elbow 
will allow any movement of 
the discharge line with un­
due stress at the discharge 
line connections •• 

• NOTE: SEE LAST PAGE FOR KWIK CONNECT UNITS 

8- Lower submersible pump and 
drop pipe into casing. Screw 
spool onto drop pipe. Holes 
are provided in the spool 
through which the pump mo­
tor cable may be passed . 
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9- Wipe the rubber "0" riog 
seals with a clean cloth 
aod theo coat with a heavy 
layer of petroleum jelly 
(vaseline) for proper seat­
iog of riogs. Lower the eo­
tire assembly ioto pitIess 
unit case. 

"1 , . ~ 
, "-'\ ' r \f: t 1,-

."/ : 
) 

11.1 I ,,/ I 'I'll 
, 'I 
.j ~/ 

J·l 

10. RemoTe the 1!4" pipe. Install the cap. Con­
nect dischat,e oUl:let to water system and 
complete winng. 

• 

ll-A The unit is oow ready to operate under 
power and should be run a sufficiently 
long time to see that there are 00 leaks 
io the discharge pipe. 

twuauer.1 • b .. ...,,, 

B The hole should not be filled io until 
the unit is running satisfactorily. Care 
should be exercised to fill under dis­
charge line properly before back filliog. 



MONITOR KWIK CONNECT 

Monitor PS Units with KWIK CONNECT on the bottom 
of the discharge body require no threading or welding. 
TO INSTALL: 

1. Cut off the well casing at the desired point. 
(See Step 3) 

2. Use a fi Ie to remove any burrs from the top of 
well casing after it is cut. 

3. Loosen the bolts on the bottom of the discharge 
body, and slide the unit onto the well ... no:inn 

4. Tighten all the bolts equally. 

WARRANTY PROVISIONS. E""ry Monitor product is warranted against 
defective material or workm&JUhip tor a period not to exceed one year from th~ 
date of shipment, except u hereinafter aated or u otherw,se stated on speci/V' 
Monitor product broehureo. Item. which throullh nonna! use become unUSab\ 
within one year are warranted only u to defaults in material and workmanship. 
For cutin ... produced by Baker and sold u cutin ... , those which are proven de­
fective throullh inspection or machining prior to aaembly will be replaced.On de. 
fective cutin ... sold u c&Stin... Baker assumes no liability for labor or conse· 
quential damlllles. Pump hOists ~ressure tanks, prime movers, starting equipment. 
electrical apparatus, auxiliary fittings, and parts and materials manufactured by 
others, are warranted only to the extent of the warranty made by the manu· 
facturer of such Parts and material. 

Baker's obllgations under this warranty on Monitor products is llrnited to the 
replacement without chlllle of the part or parts which upon examination prove 
to Baker'. satisfaction to have been defective and which have not been abused 
or carelessly handled. Baker shall not be llable for consequential or other dama­
ges. IOlles or expense, in connection with Or by reUOD of defective materials or 
workmanship other than to replace without charle said defective Parts as pro· 
vided tor herein. Baker', obillation under this warranty is llrnited to the extent 
the products are warranted by the orilina! manufacturer. 

Claim. for detective merchandise, shortqes, delays, or failures in shipment Or 
dellvery. or for any other cause, shall be deemed waived and releued by the 
Buyer, unless made in writinl Within seven dayS after arrival of the mercbandise. 

BAKER MAKES NO WARRANTIES AS TO MERCHAN· 
TABILITY OR AS TO THE FITNESS OF THE MERCHAN· 
DISE FOR ANY PARTICULAR USE AND SHALL NOT BE 
LIABLE FOR ANY LOSS OR DAMAGE, DIRECfLY OR 
INDIRECTLY, ARISING FROM THE USE OF SUCH MER· 
CHANDISE OR FOR CONSEQUENTIAL DAMAGES. 

TYPICAL MONITOR PS INST ALLA liON :) 

YH HYDRANT 

:; ":~'''1~R~.':!:.fj.~:.~~~/~~~I~~~~;l~~.~.~~~:~~~.~~~ 
. ..• .. . . AIR FiTTIN_· -.L.I-'II 

FROST LINE 

J __ _ 
TU BURIED 
TANK 

AIRSAVER-I~tg;!~ 

TYPICAL AT·THE·WELL SUBMERSIBLE PUMP INSTALLATION SHOWING A 
PS UNIT WITH AW·SP MOTOR CONTROL. AW·C AIR FITTING AND TlJ AIR· 
SAVER UNDERGROUND PRESSURE TANK. 

BAKER MANUFACTURING COMPANY 
Eyanlyill., Wilconlln Elt. 1873 LITHO IN U.S.A. 

CODE 
DISTANCE 

SU &ME RSI BLE 
PUMP 

OM·1700D 



~PS 
SPOOL TYPE PITLESS 

WELLS 

UNITS 

FOR 8" 
The drawmgs and parts list apply to the 
model numbers listed below induding 
those with B o~ after the well casmg attachment. 

MODEL NUMBERS 

Well Well Drop 
Bury Size Case Casing Cap Pipe 

;>:P'\ Uni' * 
Size Attach.~ ¥rl 1.0. 

to '""'}'lS -m"'-W- W -:r 
3' to 8' PS 8" 10" W W EO 4 
3' to 8' PS 8" 10" W V E2 4 
3' to 8' PS 8" 10" W V EO 4 

SPOOLS 

Disch. 
Conn. ..,.---
T 
T 
T 

Disch. 
1.0. 
:r-
4 
4 
4 

Monitor Pitless Units listed above are equipped with one of the following 
types of spools: 

F2 - Spool, with Two Check Valves, Figure No.3 
EO - Spool, without Check Valves, Figure No.5 

CAPS 

Monitor Pitless Units listed above are equipped with one of the following 
types of caps: 

V • Ventilated, pO gasket, set screw attached, I-wire outlet, 
Figure No.2. 

KEY 

W _ Watertight, bolted gasket sealed, 1-wire outlet, 
Figure No.1. 

REPAIR PARTS LIST 
(S •• RPL ' 1000 for pri .. s) 

ORDER 
~~ DESCRIPTION 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 

12 
13 

14 
15 
16 
17 

18 

19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 

39 

40 
41 

OM1421 
1,15-84 

10W 

PS155 
PS350 
UE201 
PS342 
PS341 
PS189 
PS220 
PS111 
PS170 
PC433 

10V 

PS420 

PS110 
PS421 
PS422 

PS156 
PS116 
PS423 
PC433 

UG260 

UG191 

10E2PS 

PS365 
UG29 
SW84 
ZA66 
UG147 
UG146 
UGI50 
UG145 
UGI48 
UG223 

UG149 
UG23 
SW42A 
TP34 
UG22 
UG194 
UG15 

UG3 

10EOPS 

UG140 
SAWN 

FIGURE No, 1 
Alternate Cap, watertight, includes Key 
Numbers 1 thru 10 assembled. 
Vent Assembly 
Seat Cap & Plug Assembly 
Machine Bolt, %·13NC x 3% L. 
Gasket 
Retainer Ring 
Depression Ring 
Macine Bolt, 'I2-13NC x 4Y2 L. 
Machine Bolt, Y2-13NC x 2% L. 
Seal Ring 
Hex Nut 'I2·13NC 
F:GURE No.2 
Alternate Cap Ventilated includes Key Nos. 
11 thru 17 assembled. 
Seal Cap Assembled includes Key Nos. 
11 thru 13 assembled 
Set Screw 'Il-13NC x 1 Y. L. 
Set Screw Y2·13NC x 1 % L. 
Seal Cap Adapter Assembly includes Key 
Numbers 14 thru 17 assembled 
Seal CaP Adapter 
Seal Cap Adapter Plate 
Machine Bolt 'I2-13NC x 1 Y. L. 
Hex Nut Yz-13NC 
FIGURE No, 3 
Hold-Down Assembly includes Key Nos. 
18 thru 19 assembled. 
Set Screw 7/1 n,14NC x 2\\ L. 
3'8ury, 3" I.P,' 8 NPT, x 1',6\\" L. 
4' Bury, 3" I.P,' 8 NPT, x 2',6\\" L. 
5' Bury, 3" I.p, ,8NPT x 3',6\\" L, 
6' Bury, 3" I.P,' 8 NPT x 4',6\\" L. 
7' Bury, 3" I.P,' 8 NPT, x 5'6\\" L. 
8' Bury, 3" I.P,' 8 NPT, x 6',6\\" L. 
Alternate Spool with Check Valves includes 
Key Nos, 22 thru 37 assembled, 
Pipe Nipple 2Y2 )( 6 
Hinge Pin 
Hinge Pin Gasket 
Pipe Plug 3/8 ' 18 NPT 
Rocker Arm Top 
Valve Spring Top 
Valve Spring - Center Support 
Valve Spring - Bottom 
Rocker Arm - Bottom 
Check Valve Assembly includes Key Nos. 
31 thru 34 assembled 
Valve Body 
Rubber Check Valve Facing 
Brass Washer 
Brass Nut y" 13 NC x 5/16 thick 
Check Valve seat 
Spool 
"0" Ring 
Pitless Case 10" Pipe with air test adapter -
Order by Bury Depth 
FIGURE No, 4 
Discharge Body 
FIGURE NO, 5 
Spool without check valves indudes Key Nos. 
24,37,40 assembled 
Spool, also includes Key No_ 24 assembled. 
Welding Nipple 

OUANTITY 

I 
1 
1 
1 
I 
1 
6 
3 
1 
10 

3 

1 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
1 
2 

24 

36 

FIGURE 4 
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runrunrl'!® PS 
SPOOL TYPE PITLESS UNITS 
FOR 7" 0.0. INDUSTRIAL WELLS 
The drawings and parts list apply to the model numbers list· 
ed below including those With B or G after the well casmg at· 
tachment. 

MODEL NUMBERS 

w.tl Will Drop 
Bury Sizl e... Coling Cop Pipo Ditch. Ditch. 

~ Y!!!! 1.0. ~ Attach. ~ jI!!!2! .1Q.,. Conn. ~ 
3' to 8' PS S.S" 7" W W EO 3 T 3 
3'to 8' PS S.6" 7" W W E2 3 T 3 
3'to 8' PS 6.6" 7" W V EO 3 T 3 
3'to8' PS 6.6" 7" W V E2 3 T 3 

SPOOLS 

Monitor Pitless Units listed above are equipped with one of the following types of 
Spools: 

E2 --~ Spoo~. with check Val\fBS. Figf.ore No. 3 
EO - Spool, without check valves, Figure No.4 

CAPS 

Monitor Pitl_ Units listed above are equipped with one of the following types of 
Capo: 

V - Ventil •• , no gasket. set screw attached, '-wire outlet, Figure No.2 
W - Wotanight, bolted gasket sealed, l·wire outlet, Figure No.1. 

REPAIR PARTS LIST 
ISH RPL- 1000 for Prices) 

K.y Ordoring 
Numbor ~ o-iption Quantity 

" 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 

13 
14 

15 

16 
17 

18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 

36 

7W 

PSl50 
PS217 
PS93 
PS197 
PS377 
PS1B7 
PS94 
PS132 
PS167 
UB17 
PC434 

7V 

PS147 

PK13 
PK29 

UC129 

UC139 

7E2PS3 

UC299 
UC127 
ZA66 
UC301 
UC302 
UC300 
UC296 

UC292 
UC295 
PS15B 
PS159 
UC293 
UC290 
UC15 

UC391 
7AWN 
PS263 

7E0PS3 
UC142 

FIGURE NO.1 
Alternate CaP. watertight, includes Key num­
bers 1 thru 11 assembled. 
Vent Assembly 1 
Seal CaP & Plug Assembly 1 
Machine Bolt, 3/B-16NC x 2~" L. 1 
G~M 1 
Retainer Ring 1 
Depression Ring 1 
Machine 80lt, 3/B-16NC x 3*" L. 6 
Machine Bolt, 5116-18NC x 2" L. 2 
~R~ 1 
Hex Nut, 3/8-16NC 7 
Hex Nut, 5/16-1BNC 2 
FIGURE NO.2 
Alternate CaP. ventilated, includes Key 
Numbers 12thru 14 ..... mbled 
Seal Cap, includes Key Number. 12 & 13 
assembled. 1 
Set Scrow, 3/8-16NC x 7/8" L. 3 
Seal CaP adapter 1 
FIGURE NO.3 
Hold·Down Assembly, include. Key 
Number. 15 & 16 assembled 1 
Set Screw, 7/16-14NC xl %"L. 3 
Hold·Down pipe, 2" I.P.S.-ll ~ N.P.T. 
~3)1~::,~.tless Unit Bury Depth less 

Alternate spool with check valves includes 
Key Numbers 18 thru 31 assembled 
Hinge Pin 2 
Hinge Pin G~et 2 
Pipe plug, 3/8-18 N.P.T. 2 
Valve Rocker Arm 4 
Valve Spring 2 
Center Coil Support 2 
Check Valve aaambly, includes key numbers 
25 thru 2B assembled 2 
Valve Body 2 
Rubber Check Valve Facing 2 
Brass Washer 2 
Brass Nut, 3/8-16NC x \4" thick 2 
Check Valve Seat 2 
Spool 1 
"0" Ring 2 
Pitl ... ea .. 2' Bury 7" I.P.S.--aNPT one 
end x 2' -B 9116" L. 
Pitless Case 3' Bury T" I.P.S.--aNPT one 
end x 3' --a 9/16" L. 
Pit less Case 4' Bury 7"I.P.S.-BNPT one 
end x 4' -8 9/16" L. 
Pitless Ca .. 5' Bury 7" I.P.S.--aNPT one 
end x 5' --a 9/16" L. 
Pitless Case 6' 8ury 7" I.P.S.-8NPT one 
end x 6' --a 9/16" L 
Pitless Ca .. 7' BurY 7" I.P.S.--aNPT one 
end x 7'-89/16" L. 
Pitl ... Case 8' Bury 7" I.P.S.--aNPT one 
end x B' --a 9/16" L. 
Discharge Body 
Welding Nipple for 7" 0.0. Casing 
Pipe Nipple 
FIGURE No.4 
Spool without check valves inclds. Key Nos 20, 31, 36 assembled. 
Spool, also includes I(ay No. 20 assembled. 

wARRANTY PROVISIONS - Every Monitor product 'I warrlnted .~Inu 
de1ectlv. mIIt.'a' or wOIkrnanll'llp tor .. periOd not to ext:Md one YU' from th. 
data of Shlpm.tt, hUD! .II " ... Inaner Itlted or U oln..-wl .. ftltad on IDeclflc 
Monitor DrOGUe:! bl'ochur.L Itam. which HUGu,," norma' LIM become unulolbl. 
within on. y .... are warrantllel only.' to defaults 'n mlt"'a' and workma",nlp. 
~or c.lltln,1 produc" tty B.lker and told u eastln9" tno .. wnlcn In proven .. 
teetl". t.,rout" InlPeCtlon or maChining prior to .... rnbly will be replaced. On d. 
'ecltve cutin,. told .II cutin, .. BIlk .. aaumes no liability tor labor or can ... 
Quentla' d."...... Pump holltS, ~re tankS" prima mow." n.rtln, «1I.llpme"t, 
electra' .Ps-' ....... luxllllf'Y flttlntlo and Dart. and mat_la" manufactu,MI by 
oth ... aN werranted only to the I.tlnt 0' thl WI"ant.,. mad. b.,. thl manu_ 
'ICt" .... of IUCft !Nrt. Idd ~t ... , 

Bak." 0bI1gRIonI " ...... th" warranty on Monitor product. II limited to ttl. 
~t wttftout char" ot tft. part or p,lrt. wtltch upon I.amlnatlon prOVI 

FIG. 2 

@-.li' 
O;, __ @ 

FIG.3 
to Bak ... '1 ytlrtactlon to hay. Deln detecthre and wftlctl heY'I not bMn aDulld 
or car.I .... .,. I'Ilndlld. Baker "'111 not 1M lIa .... for con ....... t ... or otn_ Gam. 
911. 10 .... or '.IMn ... In connection wltl'l or by rNlOn of detect..,. lftllterla', 01 
workmansl'llp otn ... than to ,.plac' without en .... MIG defect ..... .,.rt. U Dlo­
vldeCI for h.reln. Bak.', oDllption un_ th" warnnty II IImltecl CO .'" extent 
the products ar. wl"lnted b.,. the orl9lna' rnan"factw •• 

Clalml for cHfectiv. m_chandlse. snort ..... dellys, or 'an...,.. In II'IIDment or 
d.llv ... .,.. or for iln.,. otl'l. ca"M. Shall 1M dMmld waived .nd , ....... by the 
B".,.." unl ... maG' In w,ltl", within lIVen day •• fMr arrival of tIM ~Mndl ... 

~ ~~ =liJ1133 ENTERPRISE STREET 
EVANSVILLE, WISCONSIN 53536 

l'T\Or\itor d on PHONE: 16081 882-5100 

PRII'--O IN U.S.A. 
OM1422 
1·15-84 SPECIFICATIONS AT JBJECT TO CHANGE WITHOUT NOTICE 



MSDSs ENCLOSED FOR: 

- - Zinc 

- - Welding 

WARNING 

Welding galvanized products may cause zinc fumes. 
Please review the enclosed MSDS for further information. 

Baker Manufacturing Company 
133 Enterprise Street 
Evansville, WI 53536 

(608) 882-5100 

Form: B·316 

Page 1 of 5 
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u.s. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

MATERIAL SAFETY DATA SHEET 

Form Approved 
OMB No. 44·R1JI7 

~-----.----.----.----.----------------------------------------------------------------~ 
Required under USDL Safety and Health Regulations for Ship Repairing, 

Shipbuilding, itnd Shipbreaking (29 CFR 1915, 1916, 1917) 

SECTION I 
~-------------------------------------------------------~--------------------------~ MANUFACTURER'S NAME EMERGENC" TELEPHONE NO. 

Empir~ metnl Company 315-463-6950 
AOORESSjNurn"tf. SlrUI. Cily. Slalt. and liP Co<lt) 

GnOo Newb ook p --

SECTION II - HAZARDOUS INGREDIENTS -
~-.--- -- --.- --- -

PAINTS. PRESERVATIVES. 8. SOLVENTS '" 
TLV 

ALLOYS AND METALLIC COATINGS IUnitsl 

PIGMENTS BASE METAL 

CAY ALYST ALLOYS 

VEHICLE METALLIC COATINGS 

SOLVENTS FILLER METAL. 
PLUS COATING OR CORE .. LUX 

ADDITIVES OTHERS 

")THERS 
.. 

HAZARDOUS MIXTURES OF OTHER LIOUIDS, SOLIDS, OR GASES 

Record specific composition, i. e. fo ln, fo Pb, "I Cd .. and Il 

other potential tax ie impur it ies that may bp. relpased 
during use. 

SECTION III - PHYSICAL DATA 

BOIL.ING POINT (OF.) 907°c SPECIFIC GRAVITY (H20-I) 

VAPOR PRESSURE (mm HI.) NA PE RCENT. VOLATIL.E 
BY VOLUME ('110) 

VAPOR DENSITY (AIR-l) NA 
EVAPORATION RATE 
( -I, 

SOLUBILITY IN WATER r~ F?gligibl~ 

APPEARANCE AND ODOA Bluish-white ml?tal 

SECTION IV - FIRE AND EXPLOSION HAZARD DATA 
FLASH POINT (Metnoel uMCII 

.~~USUA~ "IAt: AN,D EXPL.OSI0N, HA~AO$ 
~h~n h~at~c eXCP551V~1 Qp 

with b 

FLAMMABL.E L.IMITS 

" 
TLV 

(Unia' 

'" 
TLV 

IUnia) 

6.0 

NA 

NA 

Uel 

Form: B-3~ 
Page 2 of : 



H·1236·L 
Pqvlslon Date 1/87 

INCO ALLOYS INTERNATIONAL, INC. I""orm: thj1b 

Page 4 of 5 

Inco Alloy. Int.matlonal, Inc. 
W.ldlng Product. Company 
1401 Burri. Road 

Material Safety Data Sheet 
Welding Products 

NI·ROD® 
Emergency Number. (.304) 526·5780 
General Information (704) 465-0352 

N.wton, N. C. 28858 

SECTION 1 • Product Identification 
This MSDS covers all Inco Alloys International, Inc., welding products Identified as: 

NI·ROOe Welding Electrode. and Cored Wire 
Trade name and nominal composition are listed In Section 2·A 

SECTION 2 • Hazardous Ingredients· 

IMPORTANT 
This section covers the materials contained In the product aa ahlpped. 

The fumes and gases produced during welding are covered In Section 6. 

Ingredient CAS No. PEL(1) TLV(2) Ingredient CAS No. PEL(1) TLV(2) 

Aluminum (AI) 745-80-5 , NONE 10 Iron (Fe) 7438-88-1 NONE NONE 

Barium Carbona'e (BaC03l 51~77-8 0.5(a8 Ba) 0.5(a8 Ba) Iron Oxide (Fe203l 1301-37·1 10 6 
Barium Fluoride (BaF2I 7787·32-8 0.5(a8 Ba) 0.5(a8 Ba) Mangane,e (Mn) 7438-116-5 C5 C5 
Calcium Carbonate (CaC03l 1317-«15-3 NONE 10 Sodium Aluminum 

Fluorlde(Na3AIFoI 1&086-52·3 2.5(11 Fl 2.5(11 F) 

Calcium Fluorlde(CeF2I n88-7H 2.6{a, Fl 2.5(a, F) Nlck,1 (NI) 7440-02.0 1 , 
Carbon (e) 7~ 3.6 3.5 Silicon Dioxide (51021 1I087&-ae-O 0.1 0.1 

Cop~r(Cu) 7440-50-8 , S'ronllum 
Carbonate (5rCOa) 1833-05-2 . NONE NONE 

• , > 

SECTION 2·A • Tradename and Nominal Composition WI. % 01 combined wire Ind lIux 
,.,.. or gre.'er. 

,1·10o/e·A 11·30%·8 31·80o",·C 81·100''''·D 

'RDDUCT 
NAill! AI "eGa "'. caco, ca'. C Cu ,. 

'-.0. lin N1aAIt HI IIOJ IICoa 

NI·ROO 
, 

.... 
W.ldlng Electrode A A A A A D A A 

NI.ROo· 44 
Wtldlng Eleclrode' , A A A A C A C A A 

NI-ROo' II 

WeldlllQ Electrode :.:> A A A A C C A A 

NI.ROo· ~ 
Welding E1eclrocle ,,' . A A A A A C C A A 

NI·ROo· eo 
~ .. : : ' 

W,klllIQ Eleclrocle '" . A A A A C A C A A 

. NI-ROo· IIIIX . ~ .. 

Walding Elect" A ' " '1.",,':-' ,: ~.,.. ,t; . .:, A' A A A 0 A A 

NI-ROO· FCU . ' 
Coted WIN I,. ~~: . ,A A C A A C . ' 

Registered Trademarks of the Inca family of companies 

SECTION 3 • Physical Data 
Welding electrodes are solid alloy wire which Is flux coated or may have a flux core. 

SECTION 4 • Fire and Explosion Data 
Nonflammable; however, welding arcs and sparks can Ignite .flammable liquids and vapors and combusllble solids. 

Notes: • As defined by OSHA (29CFR1910.1200) or certain state regulations. ,.. 
1 Perml8llble Exposure Limit· (mg/m3) ·OSHA (29CFR1910.1000). C = Ceiling Value 
2 Threshold Limit Value· (mg/m3) ·Amerlcan Conference of Governmental Industrial Hygienists (currenl as of MSDS 

revlelon datekC= Ceiling Value 
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-XPLANATION OF 
'LESS UNIT 

lJtiDERING 
NUMBERS 
The diagram illustrates the meaning of 
1I1e various letters and numerals used 
in Monitor Industrial Pitless Unit 
ordering numbers. A typical order 
number and the pitless unit it stands for 
are shown. 

3 A. The first numeral in the order 
number indicates the bury depth, 
in feet, 01 the unit. Bury depth on 
all units is measured lrom the 
center of the discharge line to 
ground level. The top of the 
pilless case extends 12' above 
ground level as is required by 
many codes. 

P S These letters indicate the type of 
pump the pitless unit is designed 
for. The unit shown is a PS lor 
submersible pumps. 

8 B. This numeral indicates the 
well casing size. The 6 is 6' 1.0. 
wells, 6.6 for 7" 0.0. wells, and 
8 for 8'1.0. wells. 

J C. This numeral indicates the 
upper pitless case size. The 7 is 
for the 7" 1.0. case, and 10 for 
10' 1.0. case. 

w 

B 

w 

E 

2 

4 
T 

4 

D. Indicates the attachment to 
the well casing is a welded joint 
("N" for KwiKonect - 6' 1.0. & 8' 
1.0. only). 

E. The presence of the letter "B" 
in the order number indicates the 
upper pitless case is black pipe. 

F. Indicates Ihe unit has a wa­
tertight cap with screened vent 
installed. "V" would indicate a 
ventilated cap. 

G. Indi~ates spool has pressure 
equalizing passages. 

This numeral indicates the type 
of spool which the pitless unit 
has. In this case it is a spool hav­
ing' two Silent check valves. 

H. Indicates the size of drop 
pipe in inches. 

I. Indicates the discharge con­
nection is threaded. 

J. Indicates the size of dis­
charge pipe in inches. 

ACCESSORY LIST 

• * Accessory(s) may be ordered by 
placing acce~ory letter at end of 
pitless model number. (Protected 
screen well vent is standard equip­
ment, as is ~eld nipple). 

S Sealed Conduit Connection. 

133 Enterprise St. 
Evansville, WI 53536 

) 
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.. ~ .h1duSttlal Pltless UHlts for Subrt1erslbls ~Uh1PS alii 6.ell
, 8t all Lb. Well Sizes - ':,,: 

',e Monilor PS Induslrial Pi\1ess Unil for 
,bmersible pumps forms a walerlighl 

ension 01 tile well casing WlllCll 
.. drts below the froslline. where il is 
buried permanenlly, nnd conlinues 
upward 12 or more inches nbove 
grade, where tile pilless case is closed 
wilh a watertighl cap. 

TO INSTALL A 
PS INDUSTRIAL UNIT: 
An excavation around Ihe well casing 
below the lrost line is mncJe emd well 
casing cuI all al a rrescribed level. 
The well car is removed and Ihe spool 
assembly lilted out of tile pi\less case 
with a hoisl and set aside.' The pilless 
case is Ihen welded or Ihrended lighlly 
onlo the well casing. The submersible 
motor, pump, and cable are aUached 
10 the drop pipe which is lowered into 
Ihe well with a hoisl; when Ihe top 01 
Ihe lasl seclion 01 the drop pipe is one 
fool or more above Ihe pilless C8se, 
the spool assembly is screwed onto Ihe 
drop pipe. 'I lie spool ussernbly and 
drop pipe with molor, pump and c8ble 
are lowered into place; then linally the 
electrical service and well cnp are 
inslnlled. 

The spool assembly includes: A spool 
wilh Iwo or no silent check v<Jlves; two 0-
in!) seals; tilt· out pipe and hold,down 

spider. 

FEATURES: 
CORROSION PROTECTION ... 1\11 
waler passages are eilher hot-dipped 
galvanized or conslructed 01 corrosion 
resistant material. 

EASY TO SERVICE ... Well can can 
be removed without disconnecling 
cables. O-ring seals on spool permil 
wilhdrawal 01 Ihe enlire inner assembly 
simply by lilting. rlepl8cemenl is 
equally simple Spool supporl elimi­
nales verlical adjuSlrnenl 8nd 8ny pos­
sibility 01 dropping Ihe inner nssernbly 
inlo Ihe well. 

RELIABLE SEAL.. Neoprene O-rings 
belween accurately machined hol­
dipped galvanized surfaces on Ihe 
spool and and wilhin the unil provide 
posilive se8ls. 

O-RING SEAL PROTECTION .. 
'Aonilor seal proleclion prevenls seal 

amage during inslallation and service. 

FROST PROOF ... No 
hen ling is required. All 
waler pass8ges me below 
Ihe froslline. 

OUICI< TO INSTALL ... A 
qunlily pump instnllalion 
can be made ensily nnd 
economically withoul 
delilY lor masonry or 
building conslruclion. 

ALTERNATIVE SPOOLS 
Snools are avnilable plain 
([0) or willl silenl check 
valves (E2-double). The 
Monilor Silenl Check 
Vnlve hns its operaling 
pm Is nulomatically 
exposed when the spool 
is withdrawn. Complica­
tion and cos I 01 inslalling 
sepamle check valve in 
Ihe drop pipe me elimi­
nntecl. Spools me 
supplied wilh lapping lor 
either a pressure reliel 
valve, or a prm;sure 
control. 

WATERTIGHT WELL 
CAP ... Designed 10 
permil removal withoul 
disconnecting cables. 
Separale Junclion Box is 
eliminaled. WDlerlighl 
cable und conduil scnling 
is oplional. Allernnle 
venlilaled cnp is avail­
able. 

HOLD-DOWN ... Sup-
plied wilh each uni\. Hold­
down pipe nlso servos as 
lilt-out pipe lor inSlalialion and 
servicing. 

DEPTH TEST BLOCK ... Siandard on 
all unilS. 

FLOWING WELL ... Unils available. 

ONE YEAR 
LIMITED WARRANTY 
Any PS Pi\1ess Unil dischmoe body, 
spool. upper case or well cnp used in 
potable wCller C1pplicatiolls, lound 
delective in workmnnship or material 
will be replaced without charge 
provided the delective ilem is relurned 
prcpClid 10 Ihe distributor lrom whom 
purchLlsed within one year Irom date 
of shiprnent. The CompLlny does nol 
Llssumo rer.ponsibilily lor labor or 
consequontial clnmaga. All olher terms 
and conditions 01 sLlle are as stnted 
on Ihe Baker r-actory Soles Order 
Terms nnd Conditions-Form AD 100. 

608-882-5100 
FAX: 608-882-6776 

133 Enterprise Street 
Evansville. Wisconsin 53536 

Catalog AD7" "-1-09 



P 5 PITLESS UNITS FOR SUBMERSIBLE PUMPS 6",6.6" & 8" Wells 
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SPECIFICATIONS 

!AI 
® 

1] 

]) 

WELL SIZE 1.0. 

Screened Well Vent Size: 
S .. I CoD: 
Th~ W.rl'nl!il'Jr C~" bola co 6 comtvession 111.1 ring 
securing ,round r/J, p;tleD alin, 6nd com6 WlrtI 
th, scrHneQ INfIII.".nr ;nSRl/ea. Th,. V,nril.r.d C~p 
iJ .mchefJ wir/f ur st:rttws IIi, m, pltless CIting.. 
Conduit Tippin'il S,U (WI1mlgi'lt Cio): 
Conduit Tapping Size (Vlntil'ted ~D): 

W.,.fT/fllt Conduit S'./I for most common 'iDI, 
size ,~ ,v.i/,o/. 101' W,rerrigl'u ~p Only. 

Oepth Testl' Tapping: 

II Distinct from Ground L...,.I to Tog of Pirless Cue: 
,f: Distanc. from Ground Lev .. to iog of Ventilllid cap; 
]) Dinlnct from Ground Level to Top at Screenltd Well 

Vent ins-~lIed on W.llniQht UD. 
(V.nr H.,ghr m4'Y tJ. Incnu.d if n«esuryJ. 

:-HI PitlHJ Cue Size: m Pitlns Cu. Well Thickness 
~ ·'Hold·Down·' - ·'Lih.Qut" Mech.anism 

Thrft ~r JCr.wr in 6 S/Jider ,rOIl rh. "Hold·Down'~. 
·-Li!r.()ut'" "i/J' Or~ '94'inn m. inrerlor of rh, Plt­
f,a utm,. lOCk in, rIr. spool in pllU. 
Hold.Down, Lih-Out Pip. Sin: 
Designed "Lift-Out" Medunllm Lo.d: 

:£: OischltV' Body Size: 

~ Pitless Unit Minimum 1.0.= 
~ M, Oischlrqe Connection T.gping Sin: E PitllSl Unit 10 Well c.s.;ng ConnectIon: 

• ]) SPOOL ASSEMBL '( 
5g001 Design Load: 
-WITHOUT CHECK VALVES­
Atll 01 Water PUSlgebJ: 
Plrc.nt Are. of WIt« PISSlves 10 Ate. of Orop Pipe: 

1 
-WITH TWO CHECK VALVES­
Area of V.'ye Pusages: 
p.,cent Area 01 Velve Pa5SaC}l'l1a Arll af Drop Pipe: 

MOTOR CABLE PASSAGES THROUGH SPOOL 

SpOOl 10 Orop Pipe Connection: 

Pressure Swi1Ch Tipping: 3/8 - 18 N.P.T. 

Dimension from Centlr of Oisd"llrg. Outle. 10 bol· 
rom of Weld Nipple: 

• : Ov~all length of Sui CiD: 
lGO!:!£! A A: AA ;T; DimenSion from cenllrr oi Di~cha'gt' Outlet 

10 bottom of Oilch.rl)t 60dy 

6in. 
1~ ;n. F.I.P. 

1~ ;n. F.I.P. 
, .. in. F.J.P. 

% in. F.I.P. 

12 in. 
15~ in. 

19% in. 

7 in. 
. 300 in. 

2 in. 
10.000 lb. 

9-7116 in. 0.0. 
• 13-1/16 in. L 

6-3/8 in. 
3 in. F.I.P. 
6 in. Weld . 

64.000 Ibs. 

10 Jq. in. 
135% 

6.28 sq. ;n. 
89% 

13/16 in. 

1~ in. 

3 in. F.I.P. 

121 A.aHabl. 

8-3/8 in. 

12-3/8 in. 

6·518 ;n. 

11~trl.p· 
1 I . .I.P. 

"or 12 in 
15~ . 

19~.t 

17
;nJl 

. JO i . 

8in. 
1',\ ;n. F.I.P. 

J in. F.I.P. 

r' in. F.I.P. 

~ in. F.I.P. 

12 in. 
111·718 ;n. 

24·5116 ;n. 

110 ;n. 
.365 ;n . 

3 in. 
20.000 lb. 

Weldad 10 
Upp. easlnl 

9-1/8 in. 
4 ;n. F.I.P. 
a in. Weld 

88.000 lb •• 

15.8 sq. in. 
12(% 

12.6 .q. in. 
100% 

1·518 in. 

3-3116 in. 

4 in. F.I.P. 

121 A.allabl. 

'1 in. 

18~ in. 

9% in. 

FIRST 
ChaoS<! "",a stU ttvn _.up basIC 
onlennq r\WT1Mr from p~r a>tumn '" 
sp~ciflCatfon.$ 

ORDERING NUMBER SELECTION GUIDE 
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\0 PS 6 

7 

71W 
3 3 

SIVIWIEIO 131TI3 
119 B 10 N 2 I 4 4 

SECOND 
add d._ 
(1Cce$Sorv 
.",rr.!>01 

ACCESSORY SYMBOL 

SEALED CONDUIT 
CONNeCTION 

e 
COMPONENT MATERIALS 

Well Vent _ all Iro". red .,..1ftIII tinl ..... 

e.." • C_"..,it 80. - can iro ... reod _"1",., fin ...... 
Ho'4-Do-ft S.fcI __ an jrOf'l. r.d ~ .. fi"ilh. 

H ..... C ..... 'i .... r - ",.1. bleeIL 
Hol ... D .... ripe, r - nn'. plW'I"lred. 

'it'" ea.. _ " •• 1, bleck. 

Spool - can "Oft. 1P,v,,,il",-

0 ..... ' .. Bod., - can i'OfI, "',,.,..,". 

ChtlCk Vel .. 80dy • Anna - Drea. 

Ch ..... Vel". s.e. - brea. 

Checll V.I". Sprint - Mon.l. 

Comp' .... on $e .. RI"" • Check V..". fII.an, - N.-oDr.ne. 

Condun S .. I • O·ri,.. - N~crr." •. 

.--:-B ~ 1 ~ . ~l '~J !"fE.P'US! STOHT 
~ , Ev.c..I\:SVIll.E. wrSCQro.:SIN 5,3S;J6 

IT\Of\ltor divllion P .. -:;,,!: ,608' e8"·~,()(1 

s 

SPECIFICATIONS SV6JECT TO CHANGE WITHOuT NOTICE 
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'=XPLANATION OF 
PITLESS ORDERING 
NUMBERS 
The diagrmn Illustrates the meaning 01 
the various lellers cmd numerals used 
In Monitor Industrial Pitless Unit 
ordering numbers. A typical order 
number and the p,tless unit it stands lor 
are shown. 

3 A. The I,rst numerCll in the order 
number Inclicates 1110 bury depth. 
In feet, 01 the unit. Bury depth 
on all units is mensured from the 
center of the discllarge line 10 
groUlld level. The top 01 the 
(Jltless case extends 12' nbove 
ground level as is requlrccl by 
Illany corles. 

P S Tilese tellers inctic8te tile Iype 01 
rump Ille pltless unit is designed 
lor. the unit sllown is <1 f'S-lor 
subrnerslble pumps. 

1 0 B. This nurnerCll indicates Ihe 
well casing size. 

1 2 c_ This numer<11 indic81es tile 
upper pltless case siw 

W D. Indic<ltes the all8chment to 
the well casing is a welded join!. 

B E. The presence of Ihe leiter 'IT 
In the order number indicates the 
upper p,tless C8se is bl<1ck 

w 

E 

o 

6 

T 

6 

E 

ripe. 

F. IIlciic8tes the unit Ilas a water­
tight cap. 'V' woule! Inclic<1te a 
ventil8ted cap. 

G. Indicates spool h<1s pressure 
equ<1lizing p8ssages. 

This numeral indicates the 
number 01 check valves 
WlllCll the ritless unit has. 

H. Indic8tes the size 01 drop 
pipe in Inches. 

I. Indicates the dischmge con­
nection is threaded. 

J. Indic8tes the size of dis­
chmge pipe in inches. 

Economy Model 

:r . 

" . , 

~(ar'~'·-~-··~·"-·~··· . . . 
. .' . 
I' . 

ACCESSORY LIST * I\ccessory(s) may be ordered 
by placing nccessory leller a\ 
end 01 pilless model number. 

. ,~: 

IiU iW~JO THE PROVISIONS OF 
Ti:~ jPEC,itiCATIONS. 

S SenlecltJonduit Connecti 

DEC 3 1 19~~ 

U.S. ARMY ENGINEER DISTRICT· SI PAUL 

nil /.7~.~.! 

SEI; An-ACHED c~ 
I : !.!., ;~ =t ,JI ~1~~~6~r_~~~~6~';~e' . Evansville. Wisconsin 53536 . 608-882-5100 
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'. 'I'· Monitor PS . . '. .' . ". 
Economy Model 10" Well Size '. 

INDUSTRIAL 
PITLESS UNITS 
FOR 
SUBMERSIBLE 
PUMPS 
The Montior PS In(luslri,11 rilless Unil 
lor submersible pumps lorrns i1 
walerllghl eXlension of Ihe well casing 
which s!mls below Ihe froslline, where 
il IS bUlleel permanenlly, anef continues 
upward 12 or more inches <l[)ove 
grfl(I~. where Ihe pilless C(lse is closed 
willl a walerllght cap. 

TO INSTALL A 
PS INDUSTRIAL UNIT: 
An excavi1llon Clrollnd Ihe well casing 
below Ihe froslline is made and well 
casing cut off at a prescrrbed level. 
The well cap IS removed and Ihe spool 
<lssemhly lilted oul of the pilless case 
witll <l tlolsl ami s~1 Clslde . lila piliess 
C<lse IS Ihen wefded onlo Ihe well 
c<lsrng. rhe submcrslble molor, pump, 
:-Inc! c;lble nrc <l";)Clled 10 tile drop 
pipe WillCll IS lowerellillto the well with 
<l hoist; wilen the lop of 1I1~ l'l"t seclion 
of tile drop pipe IS olle fool or more 
al)ove Ihe pilless case, Ihe spool 
assembly IS screwed onto Ihe drop 
pipe The spool <lsscmbly ane! drop 
pipe wllh malar, pump, <lnd cable me 
lowered 11110 plClce; Illen fin<llly Ihe 
eleclrrcal service ;)ncl well cnp me 
inslalled. 

• fll(~ !:iiJool il!:i~;elllilly Inr:lurles /\ spool 
Willi Iwo or 110 silent check vCltves; two O· 
"flU snill,,; ""-olil pipe With Iioid down 
ilssellll)ty 

ONE YEAR 
LIMITED WARRANTY 
Any rs Pilless Unit cliscilmge body, 
spool, upper case or well cap, usee! in 
polable w;)ter ;)pplicalions, found 
rlefeclive In Workrn;)flSlllP or material 
Will be replaced witilOUt charge 
provided. tile defective item is returned 
prepaid 10 the distrrbulor from wllom 
purchased wilhln one year from dale of 
shipment The Company does nol 
assume responsibility for labor or 
consequential elamage. 1\11 olher terms 
'1nd conelitions 01 sale are as slaled on 
,lie Baker raclory Sales Order Terms 
<lnd Condilions-Form 1\0·100. 

FEATURES: 
CORROSION PROTEC· 
TION. All w<lter pClS­
s:-lgcs me hot-clipped 
gaIVi.l/l17ed. 

EASY TO SERVICE. 
Well cap CCln be removed 
wilhout disconnecllng 
cilbles. O-ring se<lls on 
spool perrnil wilhclrLIW81 of 
Ihe entire inner assembly 
simply by lifling. Ileplace­
ment is equ[lily simple. 
Spool support eliminales 
vertlcill [ldjuslrnent [lnd 
<lny possibilily of dropping 
the inner <lssembly inlo Ihe 
well. 

nCUI\OLE seAL. 
Neoprene O-rings belween 
accurately mncllineci hol­
dipped galvanized 
surf[lces on Ihe spool and 
Within the unit provide 
pOSitive sonls. 

~ , .' 

LIFT·OUT BAIL 

GnADE ' 

fiOLD·DOWN PIPE ,,: . . 

/-\[:3-- DErnl TEST 
FITTING 

PITLESS CASE 

O-RING SEI\L PnOTEC- a-RING SEAL 

T ION. . Monilor se81 
prolection prevents seal 
rJ<lm;)gc during inslClllation 
<lncl service. 

rnOSl pnoor- ... No 
healing is required. All 
wCller pi1ssages me below 
the lroslline. 

QUICt< TO INST /\ll .. 1\ 
qlJality pump in"t:11I8Iion 
c<ln be Illildo e,I~~lly <lnd 
economicilily WlltlOUt delay 
for masonry or builcling 
construction. 

HOLD· DOWN . Supplied 
willi ei1cll Lilli!. l-Iold·lJowll pipe also 
serves LIS lill·oul pipe for insl[lilalion 
and servicing. 

DEPTH TEST BLOCK. . Standard on 
all unils. 

Se~-Pl22~ 1 PSfor,~lC~ORRECTIONS 
II. L,; c ; 0 THE PROVISIONS OF 

;'; i~ '~~ ~~;FiCATION5. 

B 
DEC 3 1 1::JJ 

,. ...... -.- ... . 
,', 
;: ,< ••.••••• _._. 

U.S. ilRMY ENGINEER DlSmlCT • ST. PAUL 

F:~~_¥ 
S[r: An-ACHED COMMENTS 

/~~.',::::/)...O"";;'Ir.:::7."-:--...... O,nING SEAL . 
pnOTECTOR 

OISCltAAGE BODY 

,",,,,-.,:;.-- SPOOL· 

CIIAMFEIlED 
FOR WELDING 

WELL CASING 

608-882-5100 
FAX: 608-882-6776 

133 Enterprise Street 
Evansville, Wisconsin 53536 

E=?J 
Calntog C"O J·25·09 
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ECONOMY MODEL 
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.. 
PS INDUSTRIAL PITLESS UNITS FOR SUBMERSIBLE PUMPS 

SPECIFICA TlONS 
o SEAL C~P: Waar~i9,",t cae bOlts tc il compr~s.slon seal flng 

secur1nt] around :he CI[lesS casing an~ comes In5~alled 
witn 12" screened well vene. 

® 
© 

® 
[) 
[D 
@J 

Ve~tj:atad cae is at;:ache':! with se: 5ere\\'5 to Ihe 
pi Uess casing. 

Overalllensrh of sui cap: 22"; in. witn Watertj.;r.~ CJp 
24·:),32 in. for Ven:llat~C Cap 

Conduit U;:loin~ siz!: 3 In. F I.? Warertig!"lt conCult seals ~O( mon 
common Cilble 51'<:!S af' ..... ailable for water:I'ih [ ca~ only. (See 
accessory listl. 

Depth .e'Ster block tappings: 1/4 in, F.I.P. 

Dls:ance from ;r~u."'c : e ... '!I 10 tOp Of casi~9: 12 III 

Dls'ancl from ;:':Jund level to top of K:~e!!'Ied ....... e~llj~;'\t: 29'. in. 
DisancI fror."l ground levll!l to top of \/e:'lula:e:::! cao : 17", in. 

Pitless Case S;u: 12 In. 

® Pitiess case wall :n:ck:1ess .. 375 in. 

CD lIFT·OUT BAIL: Lih·ou[ Pipe & Bad assemOiy C::esignad for a ~5,OOO Ibs. 
IOid to yield. Llt:'QUI pi~e size 4". 

cc 
CK) 
[) 

@ 

® 
@J 

rIJ 

@ 

CiD 

HOLD.DOWN MECHANISM:Locks spool Into piace Ind pr!'vents Idling & 
turning during : ... r.-:p nlrr·up. Two adjusa!Jle hooks on lift-au: :Jlpe hook 
into SIde of Pirless CUI. 

DimenSion frorr. CI~ler o~ Disch.rge outlet 10 boaom 
of Olscharge Bocy: 11·7 a·' 
Olscharge connec-:.ion tapping size: 6 in. F.I.P. 

Diuance from center of discharge outllt 10 bottom of wlldin9 nipple: 

14·3,8,n. 

PLtless unit to w,lI casing eonr:ection; welded. 

Pitless unit :T'I,nlliLum 1.0.: 11 in. 

SPOOL ASSEMBL Y: De.igned 10 Vi.'d: 140.000 !b'. 
-Without ChICk Valves-
Aru of Wiler Plsslges: 26.73 SQ. in. 
Pere,nt aria of INiler passages to Irll at drop pliJe: 93~. 
-With Two Check V.lves-
Area of water passages: 26.73 sq. in. 
Percent are. of water pilu.ges to arei of drop p,pe: 930{. 

SpOOl to drop pipe car.neCllon: 6 in. F.I.P. 

MOTOR CABLE PASSAGES THROUGH SPOOL 

1·5116 in . 

25B'~ _ . ;';::CTTO COi1RECTIONS 
II 'J TEl.) ii, 10 THEPAOVISIONS OF 

r;.: ~~~C:r:jCATIONS. 
p 

DEC 3 1 iJJJ 

U.S. ilRMY ENGINEER DlSrnl~T • St PAUL 
~EE AITACHEi:) CCi.::.;~: ll;:, 
~' -..-

fiRST 

10 11 WELLS ONLY 

CHOOSE WELL SIZE THEN MAKE·UP BASIC 
OilO£:;ING NUMBE.q FROM P.qOPER COLUMN IN 
S?:ClFIC.J. TIONS 

ORDERING NUMBER SELECTION GUIDE 
SEAL CAP 

"' 
. ... ISeleet on. I " ... ~ ... Z 

0 ~ "' N "':.. ,..: ~ '" .. 
~g 

U! 
"'- ~ ~= <I: .. ~Q Z u <I: <1:- ~ 

~ 
u~ - <.n ~:: c: u .! Wil ~< q ;: § IO.J Z~ "' 0 1-. 

"'''' W Co' w:l :- w 5 i '" 
"'-0 

0. '" N 5 ~~ 5 
... "'<I: O!!! w w 

C '" in <I: ~ = C: .. 0:", ~ on -r; 

'" 
..J c: ; => ww 

>- "' ... - U z ",> ", ... 
~ <- U .. "'0 => .. 

c: ... -' 
0. ... '" S Z 1-= we :1; ... 0 

=> I- w :.. ~< w ~! C:o. =><1: c: 
0> 0:: ;: :: <u ::I > .. '" z> 0 

2 
to PS 10 12 W B V W E 0 6 T 
19 2 

6 

SECO:\D ACCESSORY LIST SYMBOL 
AOD DESIRED SEALED CONOUIT CONNEC. S ACCESSOR Y $YMBOL 

COMPONENT MATERIALS 
W.II Vlnt . can iron. glttn enam,l finish. 
~p &. Conduit Box <,1st iron. grltn enlmel finish. 
Combinltion Hold-Down S. Lift·Out M.chanism • Gllvlnilld steel. 
Hold-Down Pip •. satl, corrossion resinan~ cOlting 
Hold-Down Pipe· "ltl, corrosion resisunt COiling. 
PitleSl Case· Heel. corrosion reSlstint coating. 
Spool - cut iron, gllvanized. 
Oischuge Body· ClSt iron. 911venized 
EI.ctrical C"bl. S .. I S. O-Rin,s - neopren •. 
Check Val,e Body S. Arms· Brass. 
Check V.lvl Springs - Monel. 
Chtek Vllvl Flcini •. Neoprene. 
Ch.ck V.I.,e 5.111 . Stainless ueel. 

NOTE: 0e-11911 r.sgons,b.",v of II'I.S. !"Inns " \,Ind., -tl'l. 1U0."""'10" 0" pt •. 
;Itllfed Prot'IIIOn,1 engIneering (C.rllf,cllion of sg'c,ficIIIOn, by • 

'/II.KO"'ln R'9,u,r,(I :ng.netr on r.Ql.leu.l All .... Idint 0" 11'1'" I.In,lI 
,r! Qua'lfi.d UnDer S'C:lon 9 or ASME! Code ,"d AWS Stl"d.rd, Ir. 
Dt'rform"d by a C~,~.LI!'Cl WeiGl' 

PD;~3,tl 
monitor divifion 

lJJ E ..... r~~pqlsE s;~~:r 
L'.l:\lS .... ::li._E. 'NISCa~SI\l SJ5J6 
;t""C"'E :6C8' e6:?·'; 1 ~o 

5;>£ _. ,; C"; PC', 5 ;_;:4 =: r 40 c ... ..,: '.c f .VI r"'C".I~ ,,0 r c€ 

I 
I 

'''N~[O IN U. S. A B83 
R~YI1~<1 10·' 



dl/Ionitur PS 
SPOOL TYPE PITlESS UNITS 

FOR 6" 1.0. & 6" 0.0. WEllS 
SEE nEVEnSE SIDE FOil ONE YEAn LIMITED WAIIIIANTY 

I h,' Ih.l"'jllr.' ;IIMI"."" h" ;"'rl, II! Ihe 
1I .. "kIIUII"I~I' h.lrd brl"", im.ltldllll! 
I" ...... • ..-.',Ih ('lrh('1 1 II, (0, N. Ht' ;I liN Ilin 
Ihe ( :II\C Silt', 

MODEL HUM8ERS 
Wt'11 

lI",y Silt! (" one 

I~~ I'lh Unit fT.iN. ~i;:; ~~ 
~ 2 to 1" ,'H 

:!' 10 H' I'~ S.li7Nt 7" S·I 
]:' ICO H' I"; 5.hlN* 7" SR 
2' lu RI I'S ~.li7N· 7" \., 
2:' 10 HI 1'\ fi" /" SH C4 
].1 , .. H' I'S h" -'" ,. C. 
2' It' H' I" fi" 7" SH CI 
2' lu 8' 1'5 6" I" S,I ·CI 

SPOOLS 
t..h'"ilor rilless UniU lisl~LI .1",yC' "c rlluil'l~d with One or Ihe 'ollowlUI 
'fpC! or 'I'ools: 

~R Spunl. wilh cllf~ck Y.llvr. Fi~nrr. No •. 1 
~·I - SllOOl. wllhout check valvel, t'lgurc No. 4 

CAPS 

"\ouilDr ritlc~s Units IiUrl1 .. hOYe lue C'ltlil'I~,1 ,,,lIh Onc of the (ollowlng 
t~ I>t"s ur 1":.11": 

CI VCllnt.le,l. no K.ukel. Jrl lerrw all:lchcll, I-wire ollilet. FIR. No. 
e .. - \V.l:lcr.li..:hl, IJOIlCtl g,lSkcl seah~,I, I-w.,c Outlcl, figure No. I 

l,fY on " .. :H 
.t'~~ NUMllm 

7IV 

IIC.'i'" 
I'S!!l 

~l I'S" \ 
I'SI'}l 

"s \11 
,'SI N1 
I'SI ., 

1~1'1 
'''S1I,1 

10 I'C,114 
II lIlIll 

12 

" I, 
16 

17 

I" 
1 ~, 

2" 
21 
2l 
Zl 
2·1 
2~' 
Z" 
n 
Z" 
Z" 
30 

31 

3Z 

J8 
39 

lV 

'·SI-.I1 

,.-.:]" 
'· .... '.1 

lSM"S 

1"2" 
"Ill 
VI·IS 

1'\·' 
I·n .. 
11·711 
H M7 
,·c·MI4 

'tU'HI 
Ilnl'lli 
IA.M, 

'" '4tt I"·" 
,·C·JJO 

lS"'OS 

111·145 

IH.·1H 

11f·]'}" 

.... ·4)) 

"1 lot, 
\, : ~ .. 
11111111 
Ut,,,'11 

REF'AIR PARTS LIST 
(~.e RPL . 1000 10. r.ic.,) 

Uf.SCIt IrTION 
FI(';IIItF. .1 
I\hr.rnalr. C.a11 w:llr.r tiRhl, htehulel 
K .. v nllt"I~" I II"" II lI'lIemhlcti. 
"i,"-, Plu't, I~" • II~ Nlrr 
~c;ll C ai' .ami I'I .. ~ ASlclllhly. includcs 
K,'V .1II1,,"en I :111(1 2. 
Machinc IJolt, 3/8 - 16NC x 2~" L. 
Casket 
IlCI.ainrr IUn~ 
Ikl'''.""ion Iting 
~hd,ine Ilo..lh, .1/P, - IIi He x ,:" I .• 
M.It"hinr. lloh. ~il lti - JHNC • 2" L. 
~e:.tl Hh'g 
lIell. NUl. 5/16 - 18 NC 
"Cll Nllt, 1/8 - lti NC 
FIGUIU. ,2-
I\hcnule Cal' ycntlhlcd. Inclutle. 
Key nm"hefl J2 IIIfOU~h 15 
Seal C:lI' :I.MI Sri Screw 1\1~t' ... hly, 
inc.llliles i(rv "' .. lIher 12 and 15. 

~:;ls~·,~';,~1~7~I~r 16 NC • 7/8" l. 
CUIII'oint 
Center Coli SUI,'Orl 

F1GUIIF. Il 
COIIII,lel~ly apemhled :lhrrn:llp. sl"ool 
wllh check y.alyf'! lor unhs wilh 
Ihr~l .. lrci clilcluu'g~ loltes as in FIJt. 5 
or I(wikon("ct (Nt di.chulc 1M)clicl 
in .. -i.ure 6 

lIin~c I'in :lIKI Ca,' AftclUhly 
C;nkCl for Ilill~c I'ill 
C',cl-k Valye Seat 
lie. nnll MacMnt' Nue. 5/16. 18 He 
I\nu W.,hC!r 
Chrck Valye Fulnll 
V:lh'l' "ocker I\rlll 
Valyl" SI'f"illft 
Valye Ilo..ltly 
C':hrck V:IIlyl:" I\ss("mltly 
ril~ "luRI 11K. 18 NI''"!' 
S,_"OI 
"0" III"" 
HrlhlC":rr IInsltinft ZIt ]I J!" 
IH~III": ,~ 

"-olU"lrl('ly A!C~ml"rd ~1''101 whhont 
du'ck YOlIY~ for IInill whl. Ihrratlrd 
,lisdul"Jt\.· Il(Hlir.' .. ~ in t-"I,:t. ~ or 
K,,,, ikol"'cl (Nt ,Iild •• rgc '.ollie, :II 

ill "·igllrc No. fi 
Sl'l.lOl 
HelillF, ,5 
l'iliclI cast! Z' hury, 7" I. r. S. 0 R 
I "·",1 · 2'·I(Y' 
"it I,·" raSt! J' loury. 7" 1.1'.5. 0 8 
I fn'" · J'-Hl"" 
,'i,I .. ., C"iCr. 4' "lIry, 7" I,r.s. 0 8 
I flKI · "'-10-
l'lllrss cut! S' "n'Vl 7" I. r.s. 0 8 
1 ".nd · S'_ltf' 
1'lIlrn caSr. 6' hllry, 7" I. r.s. 0 8 
I hKI · 6'-10" 
"it I..," C:llf! 7' IMlry. 7" I. r. S, 0 8 
I F"c.I · 1'-10" 

HI'T, 

NI'" , 

HrT, 

HM", 

HM', 

HM", 

I'hlen C.~~ Rt ',ury, 7" I. r.~. _ 8 HI"', 
I .. uti. 8'.1(" 
IJIJ~h:ll'RC!' 'kldy 'Or welt lilC!' '.r ~ 
FlCU"r. ,fi 
Ilisd,;u~e Hotly for KIIII'lkolleci (N) Onll. 
well 'h .. ~.!!!L 

QUIINTrry 

1)lsch:ll~" """V I 
lIu Nut, 1/2" - 13 NC 6 
Sot .. I l'iuc 1 
~~.~R~ , 
Machin(' Rolh. 1/2" - t3 NC • ~" l. ti 
ni.ch.,fte I\ooly " .. e,nhly for Kwikonect 
(Nt Unil, Ii" Well Site. lnehiliel Key N~ 3" Ilint lA. 

-~ l 
-3~vP~l!!~, I ' I , 

~/ 
1 /6-14 

1~:'--8 
----r-J~rl / 

IS 

FIGURE 2 

11 __ ..,~1 
I 
I ,~,~:JECTTOCOnRECTIONS 

, ~~: 1\2fED':; TO THE PROVISIONS OF 
--~ ·c:tO: SFECIFICATIONS, 

FIGURE I +~-t----ll B "-i DEC 3 1 199J 
10- .~. ~MY ENGINEER DISTRICT -ST. PAUL 

c'rl~4~c..,. 
,C ../ 

SEE AlTACHED ccrw MEN18 
,e,; ,I' I'\""-- 27 
',.!.,---30 

(¥-t (I: 
FIGURE 3 

FIGURE 4 

32-----1 

34 
JS 

I 
~ 

33----__ \ 

KF.Y OIU>F.II 
~ HUMOF.II 

3<4 U("2(,4 
35 1'1.'0)) 
36 !'Sf/.6,6 
37 '_·1114 
"l...' '1t\!\', 
3' l .... ·~"7 

FIGURE 5 

39--

37---

'---~38 =-A 
UF.SCII lI'flON 

FIGIIRF. ,6' 
nlsc::har~1!! "Of Iv for Kwikont'CI (N) Un" 
[Or w .. n SitP. No. 5.6r Only. 
IlhcharRe Roc-ty 
lie. N .. t, 112" - IJ NC 
Seal R'n« 
iJrl,",nktn Ritta 
M:u:l\i.· ~ .. h. V"! ... "N<', '" l. 
UI,,'h:t'f,e n..""r "11""''''r hn t\. .. i",\)" .. ~d 

FIGURE' 

QUAlnlTY 

(N) Unit, 5.67" Well 51 •• Inchilies KeV No.. 34 Illnl lR. 

OM,I720E 



~ :Unjl~~~~t~s Steel Corporation TUBULAR PRODUCTS r ~i 

METALLURGICAL TEST REPORT Wj 
HIS !SiO CERTIFY THAT .HE I 

RODUCT DESCRIBED HEREIN WAS! 
----------------------hHimASiro:--.L.......=..:=-=,~Mii:ILLL OOiR'iCOiEiERifNNc05:". ---l'i'NINiVivoOi:ICCiEriNiOo:-. ---4 lF GD., SAMPLED, TESTED, AND I I 

., Joe, CONTRACT NO. P.O. 04TE 

V 
E 
N 
D 
o 
R 

s 
o 
L 
D 

CD19375 R INSPD. IN ACCORDANCE WITH! 
HE SPECIFICATION AND FUL- I 
ILLS REQUIREMENTS IN SUCH I I .. 

A 
I 
L 

·ESPECTS. 

PREPARED BY THE OFFICE OF: 
E. J. BUECHE MGR. Q.A. 

t 
I 

I 

i 
I 

T 
o 

T 
D APPROVED SlLBJECT TO CORRECTIONS 

___ ---------------------------------r---t-'r"D41lOTE[f·&TOTHEPROIASIONSOF 
'Ee. THE SPECIACATIONS. 
~~ <2 h 

mM NO. 
SIZE 

4 14 

4 14 
~, 

.. 

5 14 

·rEM NO •• I HEAT NO. 

4 -LJ)301.:.. 
4 L03012 
4 N25265 
4 N25265 
5 N25284 
5 N25284 

, I SEE ATrACHED 
1 ~ Y.Jt/L fI ~ 3 CC:~MENTS 

MATERI4L DESCRIPTION 
M4TL. 

WALL SPECI'IC4T10N l GRADE 

HEATI 
LOT NO. 

.375 

.375 

.500 

API 5L GR B 35TH ED 5/85 I SMLSj L03012 
ASTM A53-84A ASME SA53 GR B 19~3 

API 5L GR B 35TH ED 5/85 SML~N25265 I 
ASTM A53-84A ASME SA 53 GR B 19 3 

API 5L GR B 35TH ED 5/85 SML~ N25284 I 
ASTM A53-84A ASME SA53 GR B 19 3 .. 

MIN. 
HYDRO 

PSI 

1410 

1410 I 

1880 I 

FEB 7 1991 

U.S. ARMY Et«lINEER DISTRICT -S1 PAUL 

BymJv L /i~ 
1""~Il..C.'n.. 

PSI FlAT 

YIELD ITA. 

PSI 
ELONO. % 1[1G40E 

INT ~DTH 
IN. 

46900 73000 I 37. O('~ 1 1/3 01( 

48400 I 74900 I 37.0q 1 1/3 OK 

45200 I 72301) I 41. O(~ 1 1/3 me 

~ 
IEHCl' 

~ 
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con.oin.eI in 'ho ,.co,eI •••• f 
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01 c-., T ....... Goooa Compony. .d:":... 
Uno .... • ..... 

• ; D. --lb.l1:. 'Y)\ A ---. 
'tI1: ..... CL£ lOCNTltrlCATION 

NEW.-oRT ITEEl CORP •• NINTH alOWELl.TRUTI • NEWPORT. KY . • ,Dn APPROVEOS 1OI·2I2~ 
.~~" 

fn T1Jr ' "UI"'I':~ ~~ .. u .......... 
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.... , ....... u ... 
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~~a~ 
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INVOICe # ~{)tc,5~:6 ~ u.s. ARMY ENGINEER DISTRICl • 51 PAUL 0 

I)C'C"'~"O'" ..... 0 '~EC''''CATIONS 

IIOAUIOE AND SIZE. 280" x 6-5. By .m, .u t. H. 

API-5L X42 ....... L 

I;. // 
.- CHEMICAL AHAL YSIS PHYSICAL TESTSU 
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SQ. INCH INCHES 
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-

C3270 ~C;6D .20 ._4 005 02~ .21 .44 .006 025 66000 54100 34 n • 
• 

. 

C3271 • .18 .48 001 022 .17 .48 .oof .~4 65900 55400 35 " • .- -- -- .:lII 
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Part No. 

Ordering Information 
Description 

T-2C Centers 2" pipe, adjusts for 
up to 12" diameter hole 

T-3C Centers 3" pipe. adjusts for 
up to 12" diameter hole 

T-4C Centers 4" pipe. adjusts for 

APPROVED SUBJECT TO CORREC110NS 
NOTED & TO THE PROVISIONS OF 

THE SPECIFICAnONS. 
Jc­

DEC 281990 
up to 12" diameter hole 
Centers 6" pipe, adjusts for 
up to 12" diameter hole 

Prices and Specllicallono sublect to change without notice L~==~=~~~;:;:~ 
Eftective June 15, 1987 
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SERIES 1500 
INDUCTION CONTROL RELAYS 
SERVICE BULLETIN 

PRINCIPLE OF OPERATION 
A BIW floatless liquid level control system consists of a 
relay of the proper type, a holder designed to support one 
or more electrodes or probes in the liquid container, and 
the corrosion resistant electrodes themselves. Inasmuch 
as all BIW induction relays are quite similar - differing 
only in contact arrangement, the following description of 
how a 1500-C Relay functions on a pump down control 
application will serve to explain the design, construction, 
and operating principles for the entire line. 

As shown in diagrams below. the laminated core of the 
relay is R shaped. The primary coil is assembled to the 
upper bar of the core, and the secondary coil for the elec­
trode is placed on the lower bar. An armature located 
below the legs of the R core is connected to an insulated 
arm carrying the movable contacts. When the armature is 
raised, these contacts close or open the motor and elec­
trode circuits, depending upon whether the contacts are 
normally open or closed. (Contacts shown normally open 
in this example.) 

1S00-C RELAY USED FOR PUMP DOWN CONTROL 

~~:m~w~Itt~Cilr--- TO MOTOR 
L------ir-++I-H::::II:::::H'*+----_~ STARTER 

ARMATURE 

GROUND-A good 
dependable ground T 
return connection to the I 
liquid Is required I 

L_ 

PUMP START 
ELECTRODE 

Figure 1-Secondllry coil circuit open: armature down. 

B/W CONTROLS 

PUMP STOP 
ELECTRODE 

November 1994 

When a source of alternating current is connected to the 
primary coil at terminals 3 and 4, the primary coil sets up a 
magnetic flux which - following the lines of least resis­
tance - circulates through the shortest path. As shown in 
Figure 1. this is through the lower bar of the laminated core 
on which the secondary coil is mounted. This magnetic 
flux induces a voltage in the secondary or electrode circuit 
coil. No current can flow in this coil, however, until the 
circuit is completed between the electrodes. Thus, the 
electrode circuit voltage being generated within the 
relay has no connection with the power line. 

The BIW 1500 induction relay utilizes the liquid as an elec­
trical conductor to complete the secondary circuit between 
the upper and lower electrodes. Thus, when the liquid 
contacts the upper electrode, the resulting flow of current 
in this circuit sets up a bucking action in the lower bar of 
the core. This action tends to divert lines of magnetic force 
to the core legs and sets up an attraction that pulls the 
armature into contact with the legs, as shown in Figure 2. 
This armature movement closes the electrode and load 
contacts. 

The lower contacts on 1500-C Relays (terminals 9 and 10) 
connect the secondary circuit to ground when liquid con­
tacts the upper electrode and act as a holding circuit to 
maintain the relay in its closed position until the liquid falls 
below the lower electrode. This holding circuit provides 
control of the relay over any desired range in the liquid 
level, depending on the distance between the upper and 
lower electrodes. 

The flow of current through the low energy secondary cir­
cuit is very small and varies with the voltage of the sec­
ondary coil. The secondary coil is selected to operate over 
the resistance of the liquid being controlled. Accordingly, 
since there is a !Vide range of secondary coils from which 
to choose. it is important that complete information regard­
ing the nature of the liquid be furnished when ordering 
B!W induction relays. 

~~jt~~~U!~~~~-TOMOTOR 
L----~+H::::::II:::::H+++r_---- STARTER 

ARMATURE 

GROUND-A good 
dependable ground T 
return connection to the I 
liquid Is required I 

L_ 

Figure 2-Sec:ondery coil elreuH eloNd; ermelure up. 

SERVICE BULLETIN 
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Installation 
I tructions 
Rto ... f: Install relay in level upright position. Con­
nect wires from AC supply to terminals #3 and 
#4 on relay. Make sure power IS of same rated 
voltage and frequency as shown for connection 
to primary coil on relay data plate. Relays draw 
9 volt amperes. 

Electrodes: Install electrodes in tank or well by 
suspending them vertically from an electrode 
holder or some other suspending means. One 
electrode should be set at desired start level and 
one at desired stop level. For sewage or surface 
drainage sumps, make sure electrodes are hung 
far enough apart so that foreign mailer floating 
on water cannot foul electrodes. Size 18 or larger 
Type TW or THW wire is recommended for 
connection to the relay. 

CAUTION - Although the electrodes are con­
nected to a low energy secondary coil output 
,!"hich has inherenlly low current, there may be 
up to 800 volts between the electrodes or from an 
electrode to ground. (See Secondary Coil 
Table.) Thus wiring and electrodes should 
be installed to protect personnel from accidental 
contact. 

Ground: A system ground return circuit is re­
quired from the indicated relay terminal to the 
liquid in order to complete the secondary circuit 
of relay. Conduit should not be used. Instead, 
connection should be made direclly to uninsu­
lated metal tank, or to metal pipe connected to 
tank below normal low liquid level. In wells, con-

ground to pump or metallic water pipe. For 
ete, wood, or insulated tanks, use an extra 

common electrode extending slighlly below the 
longest operating electrode. 

Secondary Coli: Because the secondary vol­
tage on all BIW relays is an Induced voltage 
generated within the relay itself, the secondary 
coil should never be connected to any source of 
power. Voltage of the secondary coil installed on 
a given relay is determined by conductivity of 
liquid to be controlled. 

Load Connections: BIW relays are two-wire 
control devices having load contacts rated at 
1 hp., single-phase, 115 or 230 volts AC or 
standard duty pilot rating up to 600 volts AC. In 
operation, load contacts act as a switch to 
open or close a Circuit. Connecting them to an 
external load does not introduce a source of 
alternating current into the circUit. 

Accordingly, in making connections for direct 
operation of single-phase loads within rated 
capacity of relay, power connections must be 
made as shown in relay wiring diagram. 

To operate higher rated single-phase loads or 
three-phase loads, a magnetic starter must be 
used. In making connections to motor starter, 
follow directions given on the starter wiring dia­
gram for connecting two-wire control devices. 

DISCOUNT SCHEDULE LL1 
Prices Subject to Change without Notice 

FIELD CONVERTIBLE CONTACTS 
PROVIDES NEW CIRCUIT VERSATILITY 
The all new Series 1500 Induction Relay can have 
contacts easily added and/or changed from N,D. to 
N.C. or N.C. to N.D. 

Remove cover plate and armature 

For a N.D. contact, install 1_ N.C. 
the moveable contact in the 
armature assembly facing _ N.C. 
toward the top of the relay 
(away from the armature). _ NO • •• 

For a N.C. contact, install 
the moveable contact in the 
armature assembly facing 
toward the bottom of the 
relay (toward the arma­
ture). 

ARMATURE 

CONTACT KIT PART NO.1 5-000001 $13.00 LIST 

N.O. CONTACT 

~-I--
For a N.D. contact, install 
the stationary contacts fac­
ing toward the bottom of 
the relay (toward the arma­
ture). 

LESS DISCOUNT SCHEDULE LL 

N.C. CONTACT ...... 
For a N.C, contact, install 
the stationary contacts fac­
ing toward the top of the 
relay (away from the arma­
ture), 

~!W-ali": :::: 
'i.- N

.
O

• 

CONTACT ARRANGEMENT CODE 

ABC 0 E F G H 

TOP CONTACT 

TERMINALS 1 , 2 

MIODLE CONTACT 

TERIIINALS S I 6 

1110 2110 1110 1110 ao 1110 
III C IN t 2 iii C I II C 2 III t J II C 

~.:':'~~::'~T ____ -H- -H- - - -II- -II- -H-~ 

CONTACT RATINGS 

25 Amp Resistive at 120, 240, or 480 VAG 
1 HP Single Phase at 120 or 240 VAG 

Heavy Duty Pilot 120 to 600 VAG 
2 Amp Resistive at 120 VDG 
10 Amp Resistive at 48 VDG 

) 
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INDUCTION RELAY WIRING DIAGRAM AND OPERATION TYPICAL 
CONTACT APPLICATIONS 

ARRANGEMENT DIRECT OPERATION PILOT OPERATION 

1500-A RELAY 0--0 0- ---0 High Level Signal Control. Low 

Contact Arrangement 2"i-~~E~ r--~: 
Level Cutoff when wired in ser-

r~ ------, 
ies with Stop button in 3-wire I r L r---0-J I r ----- ... 

Normally Normally Holding 0---l f-0- • r 0----1 f----0 - _ rn "'-'''' pushbutton stations. Remote, tJ , L.. _____ __lCWICIIItl/IT 

Open Closed Circuit 
'''' r ~ ~ ·'.r~-' long distance and low voltage 

/ 
<till, Il0l... I 

manual control applications, 1 0 0 ..L 0-~ I ..i... 0--B I 
7G~ 

L_-, ":"~ '---..., etc. 
~'~ ~!LECTlODf """. ~9 

(Similar to 11 OO-L) LOAD ElfRGLZEDUOVETHISLEYfL -""""'--- LOAD CIRCUIT CUBID AIOVf nus LEVEl ~ 
LOAD DI·ENERGIZEDIlLOWTMII LEVEL U1AO ClRCUrT 01'91 lS.ow THIS lIVEl 

1500-C RELAY 0--0 0- ---0 Same as 1500-A Relay above 

Contact Arrangement r"""'"':~ -----, r--~r. 
except that an additional Nor-

I r+ ---- --0- I Ir -----1-' mally Open contact is provided 
Normally Normally Holding .. r 0-H--0- f- - ..... -1 ,0--< f--% r-

J 
to permit simultaneous oper-ttL ----- f--.! rn~ .. 

Open Closed Circuit lCl~r. I ·'.r~r ation of different types of sec-l!. ~ lDUCIIICUIT 

~~'~~=~J /r ----- - ondary signal devices in re-2 0 0 ..i... L -0----l t--0- f+ ..... ~-, 
-:-..... ~'"""" -= - mote locations. 

~!lIC"'OOII! 
LOADIUIENERGIZEDAlOvtTHISLEYEL E:::' 

_. 
(Similar to 1100-2L) LOAD QRCUrT AU Cl.OIED ABOVE nfIIlMl [lUl"II_ 

LOADS "'I DE·ENERGIZED IIlOW THIS lIVR LOAOClRCUITUIOI"BIIElQWTltlSLIVEL 

1500-8 RELAY 0--0 0- ---0 Low Level Signal Control. High 

Contact Arrangement r-- ~r-----, r--~r 
Level Cutoff when wired in ser-

I r+ ---- -0- I Ir -----1-' ies with Stop button in 3-wire 
Normally Normally Holding ttL 0----;tf---0 f-- - "" .J t : ~r- __ !OIIOI..UIO 

pushbutton stations. Remote, Y L ----- f--"""""" Open Closed Circuit tl~l r 0-<u~>-(!} h .c ,r ~u:::r>-0- r. long distance and low voltage 
/ I lI_/ I 

manual control applications, 0 1 0 -=f=._ 0- ---0 L._. -f_ 0- -B L.._-, 
etc. 

~'=' ~'""'''' IIOlD(~ 

(Similar to 11 OO-R) LOAODHIfERGtlIDUOVETtlISlML ru""" lOAllCIRCI.ITIJPBIUlMTtIISLEYR ~ 
LDADHIVIGIZEDIELOWTHlllfYEL LOAD CIRCUIT CLDSBIIfLDW THIS LfVEl 

1500-E RELAY r~~f----B-~ '~~} 
Same as 1500-8 Relay above L ______ 

except that an additional Nor-
Contact Arrangement I L ~t------1 r--~r. TOIIDLITf:D 

Ir" ---- ~' I r ----- I-' "" ...... mally Closed contact is pro-
Normally Normally Holding ttL 0---*f--0- I- - ".....J r~l-- vided to permit simultaneous H L ----- 1--: 

Open Closed Circuit ::. r 0-<":r::'>-0- h ~~// -0-<-==,>-0- ~ operation of different types of 
/ I 

secondary signal devices in 0 2 0 ..L 0-~ I ..i... 0--B I 

-=-- ~-.., -=-_ L...._~..-. remote locations. 

§F--=- "'"D~. 
(Similar to 11 00-2R) LOADIUIDE·fIllEftGlZfDlIOvtntISlMl laAD CIRCUIT AH !JII'EIIUOVI nllSlMl ~ 

lOADl ",. EIERGIZlD Inow ntiS LML lCWi CIRCUfT UI Q..O:S(D ULOW TIIIllfYEl 

1500-0 RELAY 0--0 0- ---0 High or Low Level Signal Con-

Contact Arrangement r-~t-----~ r--~r 
trol. High or Low Level Cutoff 

I r+ .---- I Ir -----\-' when wired in series with Stop 
Normally Normally Holding tt~~t--~-1 '~rl button in 3-wire pushbutton H L ----- t-"'! 

Open Closed Circuit :"I~t" I .C~TOIlOl.AIID stations. Can also be used to rt I I lIlIt:,,"- __ ~ __ ~~ ltIAIICJIIIWIT 

1 1 0 + .:.. 0---1 r---0 i-!..' _ ~ J ..i... [ -0---! t--0- if -: . interlock various types of signal 

-=-_ L..._~"'~ devices. 
~"'--- LOAD ClllCUIT " 0f'BI AlOft TMIS LfVfl_1 CLDUD ~L:::' (Similar to 11 ~O-D) l(W)IOE·EItfR6lZEDAIOYETHIILML 'El!!!!!lZm~ 

LOAD " H06IZUJ IELOW nils LML _ • DE-E1fR&UlD LCWI CIRCUIT II Q.DSBIIEUIW THIS LML IOPEI 

1500-C RELAY 0--0 0--0 Pump Down Control for sew-

Contact Arrangement r~~ r--~r. 
age and sump pumps, con------, 
densate return system, etc. I r ---- ---0-J I r ----- f.' 

Normally Normally Holding tt L 0----1 f---0 • : 0---i f--0- I- - rn ..... ~ Low Level Cutoff for sub-t L ----- r--""""'" Open Closed Circuit t~ r~!---" ~~ ~ -0-<~>-0- I- - - , mersible pumps. Normally 
i. I 

L :0----l 1----0 ,:: =- ..!.. ~ ...... closed Solenoid Valve Control 1 0 1 :0----l f----0 - - + =- __ 
~-i -:- for discharging liquids from L- _____ ...... ~ '------...... t·~ lOlDEII!lIGllEDAIOVEnIIILML ~ LOAD CIRCUIl ClOSBIIIOVE TMlIlML ~ tanks, etc. (Similar to 11 OO-LH) 
~ lOWUEUCTlIOO( 

LOAGDf·ENt:ft8tZEDIELOWTHIIlfYfl LOAD ClfICI.JT QPBI18.0W IltIILML 

1500-F RELAY r- ~f-0 t--~~ , 0--< f--% r 1 Same as 1500-C Relay above 

I [ i.. ----- 1-- except that additional Normally 
Contact Arrangement ~yg\j!s~ 1-------1 r--~h TlI ..... m 

I r: f---~J I r ----- f.' " .. """" Open contact is provided to 
Normally Normally Holding ft ~f-0- 't[~-~~=: permit simultaneous operation 

Open Closed Circuit ~ r ~ 1---., ~ r~t---' of second pump. Extra contact 
L I 

; :0--1 t--0- .==- -+-~--2 0 1 0-1 f----G)- t---+-=:-_ can also be used for signal '------s-i-= '------....... !":..'l:' purposes if desired. 
LDADI AlIMR&IZBJ AlOft ntiS lML ..I!!I!.SIE!!i! UWI CIRCUIT III o..DSED AIIM THIIlML ~ 

l .... IUCTIIOOIE lllMtlfLfClllODl! (Similar to 11 00-2LH) 
lOlO1iA.&IDE·fIlERGIZEOIElDWTHISlML lDADClflCUfTAUOf'BIIlLQWT1fISlML 

CAUTION: Electrodes are terminals of live electrical circuits and must be installed to prevent accidental contact by personnel. Control power 
must be disconnected before servicing. 

A good dependable ground return connection to the liquid is required. 



INDUCTION RELAY WIRING DIAGRAM AND OPERATION TYPICAL 
CONTACT APPLICATIONS 

ARRANGEMENT DIRECT OPERATION PILOT OPERATION 

1f- - 0 RELAY 0--0 0--0 Pump Up Control for supply 

Cl. _ • .;1 Arrangement 
Irt ~YO~~N I-~: 

pumps on elevated tanks and -----, 
towers. carbonators. etc. High I I r _____ ..J 

Normally Normally Holding ~ ---0--' :~_~'O!SOLJI!lI Level Cutoff for pumps and tt t,L -- --- --,,~,,-Open Closed Circuit ~,~! r -0-<s~~~;, >-0 --~ ~,~ r -0-<"=' >-0 r- - - -, valves. Normally closed Sole-
l I l I noid Valve Control for plating 0 1 1 :0---1 f---.0- --+-:::::1..-~ :0---1 f---0. - - -+-~-
L.. _____ """--jni:.':' '--- --- """--i'\!,;[:I:' tank and boiler make-up, etc. 
LOAD DHNfRGIZED UOVE nils l£VEL ~ llJAOClRCUfTOPENlIOVfntlSLIVfl ~ 

(Similar to 11 OO-RH) ~ ~ 
LOAD ENERGIl£O IELOW 0115 lEVEL LOAD CIRCUIT CLOSfQ IfLOW TlIIS LEVEL 

1S00-H RELAY ,-;: ~f---e-I c B-M---0- f-"",} Same as 1500-0 Relay above 
~ ----- r- except that additional Normally Contact Arrangement I .f~ ----'1 r-~r. TOIlCUTtO 

I r ---- -e- I I r ----- ~ ,~~ Closed contact is provided to 
Normally Normally' Holding ,tL~ - , .... ..J ,,:~r- permit simultaneous operation L ------f--

Open Closed Circuit .cr~~--" .cr~ ---, of second pump. Extra contact lIH l lAGI I LIN! L W(kTAAI! I 

can also be used for signal 0 2 1 :0---1 r---0- - - + =-..... :0---1 f---0. - - + "'= ..... L.. __________ -j-= '----------~"= purposes if desired. 
lDADI,u,IDE-ENERGIlED180VfTHISlEnL ~ LOADC1RClHT"IDPlNAIOV(THISlIVEL ~ 

(Similar to 11 00-2RH) ~ lDWIRII.fCTl'DDI 

tCWIllIlEIERGllHIaEtOWntlSLML LOAD CIRCUIT All CLOSED BHOW THIS lML 

1S00-G RELAY r -;: 9-H--0 f- - -B-1 
c {!H H!)- f--J Pump Up or Pump Down Con-
i. ----- f-- trol for same applications listed Contact Arrangement I _~ ~f------+ r--~h T"OlIOUfO 

I r ---- --B- I I r ----- ~ , ... ~ above for 8\ W 1500-C and 
Normally Normally Holding , , L 0--::1+-0- - ,.... ..J , [ 0---::tf--0- t-- 1500-0 Relays. It is also suit-t ----- f--: Open Closed Circuit ~,.it r -0-<s~~-='>-0 - - , At ~~t---.., able for use in controlling 

L I 
U.I L I'Oll-U4 I 

hydropneumatic tanks and 
1 1 1 0----1 r---0- - - +. ~ ~ :0---1 r---0- ,::--=- -+-:t.-

~-~n.o- motorized valve installations. 
LOAD A Df~NfIHi-;D ;;'~I;:-EV;- ~E"&laD ~~~ '-------' ~ ..... 

t010CIRCUITAOPfNAlOYf:n4lSLfV(L-ICLOSfD ~ (Similar to 11 OO-DH) 
~ ", ... h.K'-

lOAD A ftrtER6llEO IlLOW ntis LfVEL BDHNERGIZED lO.lD CIRCUIT A ClOSED IflOW THIS LEVEL I OPEN 

CAUTION: Electrodes are terminals of live electrical Circuits and must be installed to prevent accidental contact by personnel. Control power 
must be disconnected before servicing. 

A good dependable ground return connection to the liquid is required. 

CATALOG NUMBERING SYSTEM 

1500-A------L1-----S7 

Catalog 
Section 

A 

B 

C 

D 

E 

F 

G 

H 

J 

CONTACT 
ARRANGEMENTS 

NORMALLY 
OPEN CLOSED 

1 0 

0 1 

2 0 

1 1 

0 2 

3 0 

2 1 

1 2 

0 3 

LINE 
VOLTAGE 

L1 110-120 Volts 50/60 HZ 

L2 208-240 Volts 50/60 HZ 

L3 440-480 Volts 50/60 HZ 

L4 550-600 Volts 50/60 HZ 
Consult Factory For Special Line 
Voltages Not Listed. 

All contacts rated at: 
25 Amp Resistive at 120. 240. or 480 VAC 
1 HP Single Phase at 120 or 240 VAC 
Heavy Duty Pilot 120 to 600 VAC 
2 Amp Resistive at 120 VDC 
10 Amp Resistive at 48 VDC 

SECONDARY 
COIL VOLTAGE 

Sl 12 Volts A.C. 

S2 24 Volts A.C. 

S3 40 Volts A.C. 

S4 90 Volts A.C. 

S7 220 Volts A.C. 

S8 360 Volts A.C. 

S9 480 Volts A.C. 

S11 800 Volts A.C. 

S1l 12 Volts A.C. 

S2l 24 Volts A.C. 

S3l 40 Volts A.C. 

TYPICAL LIQUIDS 

Metallic circuits 

Metallic circuits 

Acid or caustic solutions: 
Milk; Brine and salt solutions; 
Plating solutions; Buttennilk; 
Soups. 

Weak acid or caustic solutions: 
Beer; Baby foods; Fruit juices. 

Sewage; Most water-except very 
soft; Pottery slip; Water soluble 
oil solutions; StJrch solutions. 

Very soft water; Sugar syrup. 

Steam condensate; Strong alcohol 
solutions. 

Demineralized or distilled 
water. 

17 Volt D.C. Sensing Circuit 

34 Volt D.C. Sensing Circuit 

56 Volt D.C. Sensing Circuit 

) 

) 



Service 
Instructions 

BIW relays are designed and built to require a 
minimum of service in the held. Each one IS 
tested and adjusted at the factory to insure posi­
tive operation and should not be altered or tam­
pered with prior to installation. If a relay does not 
operate properly after it has been Installed, tho:l 
following information will be helpful in determin­
ing the probable cause. 

rJ RELAY WILL NOT PULL IN 

If relay will not pull in when liquid contacts upper 
electrode, failure to operate is probably caused 
by one of the following conditions: 

1. Power Failure - A power failure to relay can 
be caused by broken wire, blown fuse. an open 
switch, loose screw, corroded connection. etc. 
Check for power failure with voltmeter or test light 
directly on relay line terminals (No.3 and 4 on all 
BIW relays). Also check voltage at motor starter 
line terminals and overload heaters on motor 
starter to be sure they have not tripped. 

2. Open Coils - Coils used in BW relays very 
rarely fail unless struck by lightning or subjected 
to some severe over-voltage condition. To check 
coils, disconnect electrode connections from re­
lay terminals. apply line voltage to the primary 
coil. and touch both ends of secondary coil with 
an insulated jumper wire. Relay should pull in 
when the jumper is connected and fall out when 
jumper is removed. Failure to do so indicates that 
one of the coils is open. If an open coil is found, 
contact dealer or the factory for a replacement 
relay. 

3. Poor Ground Connections - BIW induc­
tion relays that operate from a single electrode 
- i.e., Types 1500-A, C, B, E and 0 - will not 
function unless a good dependable ground con­
nection is made to complete the secondary cir­
cuit from one end of the secondary coil through 
the electrode and liquid, and back through ground 
to the other side of the secondary coil. If such a 
relay does not operate when liquid contacts the 
electrode, check ground connection to be sure it 
complies with Installation Instructions. 

4. Broken Wires - A broken wire from relay to 
either electrode will prevent relay from operating. 
Broken wires can be checked by shorting the 
upper and lower electrode leads together at the 
electrode holder. If relay fails to pull In. one or 
beth of the electrode leads is open. The indi­
vidual leads can then be checked by running a 
temporary wire from the relay to holder outside 
conduit. If relay pulls in. it may be assumed that 
break is between the holder and the electrodes. 
This can be checked by shorting between the 
electrode tips with an insulated jumper. 

5. Low Secondary Voltage - If the secondary 
coil voltage is too low for the resistance or con­
ductivity of the liquid being controlled. the relay 
will not pull in - or it will buzz and chatter before 
pulling in. In either case, the relay should be 
replaced with one which has a higher voltage 
secondary coil. (See Table.) If in doubt about 
proper coil selection, furnish factory with details 
on liquid - or send sample for test. 

6. Fouled Electrodes - Accumulation of dirt, 
grease or other deposits on the upper electrode 
will insulate it and prevent relay from pulling in. 

If thiS occurs. the electrodes should be inspected 
and cleaned at regular Intervals as required to 
eliminate the difficulty. If unusual quanti lies of oil. 
grease. or sludge are encountered, the elec­
trodes can be mounted inside a pipe that IS 
flushed With clean water. A 4" pipe should be 
used - With the bottom located below the lowest 
water level. and vent holes provided at top so that 
the level inSide and outside the pipe Will be the 
same. A small flow of water entering the top of 
the pipe Will cause an outward flow of water from 
the bottom of the pipe and prevent undesirable 
material from entering. Thus. the electrodes 
have a clear surface on which to operate and will 
stay clean. 

7. Electrodes Too Short - It is possible for an 
installation to be ccmpleted in which the upper 
electrode IS suspended at a pOint where the li­
quid cannot make contact. All installations 
should, of course, be checked to make sure that 
proper electrode lengths are provided. 

[J NOISY RELAY OPERATION 

If the relay functions properly but is nOISY in op­
eration, It could be caused by the follOWing: 

1. Poor Electrode Connections - If wire sus­
pended electrodes are used - and have either 
been lost or not properly connected - resultant 
increase In resistance IS secondary cirCUit may 
cause relay to buzz or chatter In operation. This 
condition can be corrected by checking to see 
that proper electrode connecllons are made. 
ExceSSive accumulation of dirt. grease or other 
depOSits on the electrodes can also result in 
noisy relay operation - In which case periodiC 
cleaning will eliminate the problem. 

2. Low Secondary Voltage - If resistance of 
the liquid being controlled is at the upper end of 
the sensitivity range of the relay secondary coil, 
noisy operation may result. Sensitivity may be 
increased slightly by Interchanging the ground 
and lower electrode connections at the relay. If 
thiS does not correct the condition, the relay 
should be replaced with one having a higher 
voltage secondary coil. 

m ONE LEVEL OPERATION 

If a relay operates at one level only - starting 
and stopping at one electrode. check following: 

1. Electrode Wires - If wires between relay and 
electrodes are interchanged, relay will not oper­
ate over range in level but from upper electrode 
only. To correct, simply reverse connections­
either at relay or at electrodes. 

2. Ground Connection - Poor ground connec­
tion will prevent holding circuit from functioning 
and cause relay to operate from the upper elec­
trode only. This can be easily corrected by mak­
ing sure that ground connections conform with 
Installation Instructions. 

3. Holding Circuit - If the holding circuit is not 
closing, the relay Will operate from the upper 
electrode only. Since the holding circuit contact 
carries only a small current, a slight film of grease 
or dirt can sometimes prevent proper closure. To 
correct, rub contact surface With a clean paper. 
Do not use sand paper or emery cloth. 

4. Upper Electrode Lead - A ground in lead 
wire to the upper electrode will cause relay to 
operate from lower electrode only. This condition 
can be checked out as described below. 

rn RELAY WILL NOT DROP OUT 

If relay Will not drop out when liquid falls below 
lower electrode, check the following points: 

1. Lower Electrode Lead - A ground in the lead 
wire from relay to lower electrode will prevent 
relay from dropping out on low liquid level. If 
distance from holder to relay is relatively short, 
the best way to check for a ground is to connect 
a replacement wire from relay to the electrode 
holder outside the conduit and test the 
relay for operation. If it drops out properly it 
IS safe to assume that a ground exists in the 
Original lower electrode lead wire. 

If relay is located a considerable distance from 
electrode holder, check for ground as follows: 
Disconnect power to relay. Remove wires from 
terminals in electrode holder and allow them to 
stick up to eliminate possibility of contacting a 
grounded part. Then turn on power to relay. If 
relay pulls in, a short is indicated between the' 
electrode leads, from both electrodes to ground, 
or secondary coil is shorted internally. If relay 
does not pull in, short secondary coil with piece of 
insulated wire by bridging between relay terminal 
connections for upper and lower electrodes. Re­
lay should pull in when this connection is made 
and drop out when connection is broken. If relay 
does not drop out. a short to ground is indicated 
in lower electrode lead. This ground may not be 
enough to pullin relay, but it can be sufficient to 
hoid relay in once It has been closed in normal 
operation. 

If any of these conditions exist, disconnect power 
to relay and replace grounded wires. 

2. Electrode Holder - Excessive dirt or mois­
ture over insulation at electrode holder or elec­
trodes can cause faulty relay operation. Interior 
of electrode holder and its underside should be 
kept clean and dry. Conduit connections should 
be made so that no condensation can enter 
holder. Underside of vertically mounted 
holders should never come in contact with the 
liquid. Insulated rod electrodes should be used 
with horizontally mounted holders. 

Electrodes should be kept relatively clean and 
free of dirt or grease. Check them periodically to 
make sure they do not become fouled with float­
ing debris or insulating depoSits. 

3. Length of Lead Wires - On installations with 
excessive distance - over 900 feet - between 
relay and tank, relay may tend to hold in due to 
capacitance in electrode lines and fail to drop out 
when liquid leaves lower electrode. Since there 
are a number of ways to achieve reliable long 
distance control, complete information regarding 
such applications should be submitted to factory 
for recommendations. 

CAUTION 
Be sure to disconnect relay control 
power before servicing electrodes 

or electrode holders. 
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SERIES 1500 
INDUCTION CONTROL RELAYS 
SERVICE BULLETIN 

CONDUCTIVE LIQUIDS 
With the' exception of products such as oil, gasoline, ani­
mal fats and other similar products, most liquids and some 
moist bulk materials have sufficient conductivity to use 
BIW level detecting relays. The Series 1500 relay can be 
used on liquids with resistance up to about 90,000 
ohm-cm (conductivity to 11 micromho/cm). For liquids 
with higher resistance the BIW Series 52 relay described 
in Catalog Section 5200 must be used for applications up 
to 12 megohms resistance. The vapor above some liquids 
is considered an explosive hazard and in these cases the 
BIW Series 53 relay with FM approved intrinsically safe 
sensing circuit should be used. See Catalog Section 5300. 

Liquids such as milk and beer, and some pharmaceutical 
products will foam during processing. The liquid phase is 
always a better conductor than the foam, and when the 
interface level is to be detected, the relay sensitivity must 
be carefully selected and it would be well to check the 
factory for our recommendation. 
With nearly 50 years of experience BIW has compiled a 
history of applications in most major industries around the 
world. If you have questions regarding the proper relay 
selection, write us, phone us, or send a sample for test. 
Chances are that we have the answer for you. 

TYPICAL LIQUIDS 
The following recommendations are satisfactory for gen­
eral use, but because the conductivity of liquids varies 
greatly with concentration, purity, temperature and other 
factors, some applications may require a different selec­
tion. 

Uquld Description 

Acetic ACId - Up to 75% 
-75to90% 
-Glacial 

Acetone 
ACids - General 

- Anhydro~s 

Alcohols 
Alkalies - General 

- Anhydrous 
Alum Solutions 
Aluminum Sulphate 
Aluminum Hydroxide 
Amino ACIds 
Ammonia-Anhydrous liquid 
AmmOnium Chloride 
AmmOnium HydroXide (Ammonia) 
AmmOnium Nrtrate 
AmmOnium Sulphate 
Baby Foods 
Barium Chloride 
Barium Nrtrate 
Beer 
Black liquor 
Blood 
Borax - Up to 10% 

-.Greater tIlan 10% 
Bonc ACId 
Bread Dough 
Buttermilk 
Cadmium Chlonde 
Cake Batter 
Calcium Chlonde 
Calcium Hydroxide 
Carbolic ACId - Up to 90% 

- - 90 to 100% 
Catsup 
Caustic Soda (Sodium Hydroxide) 
Cemerrt Slurry 
ChromiC ACId 
Crtnc ACId 
Coffee 
Condensate - Ordinary Water 

- 0.1. Water 
Com Syrup 
Com - Cream Style 
Ethylene Glycol 
Ferric Chlonde 
Ferrous Sulphate 

s-.dIryCoU 

90 Von 
220 von 
Use 5200-H Relay 
Use 5200-H or 5300 Relay 
40 or 90 von 
Use 5200-H Relay 
Use 5200-H or 5300 Relay 
40 or 90 von 
Use 5200-H Relay 
220 von 
90 von 
90 von 
90 von 
Use 5200-H Relay 
40 von 
220 von 
Use 5300 Relay 
220 von 
90 von 
40 Von 
40 Von 
90 Von 
40 von 
220 von 
220 von 
90 Von 
220 Von 
90 von 
24 or 40 von 
40 Von 
220 Von 
40 Von 
220 Von 
220 von 
Use 5200-H Relay 
90 Von 
40 Von 
220 von 
40 Von 
40 or 90 von 
90 Von 
480 von 
Use 5200-H Relay 
480 Von 
90 Von 
Use 5200-H Relay 
90 or 220 von 
220 Von 

A number of the products listed are produced as solids 
such as crystals or powders, and our relay selection is 
based on the normally used commercial solutions of these 
materials. 

Uqutd Description 

Formaldehyde 
FormiC ACId - Up to 75% 

- 75 to 90% 
Glycenne (Glycerol) 
Hydrochloric ACId 
Hydrofluoric ACId - Up to 20% 

- Above 20% 
HydroftuorslliCic ACId 
Hydrogen PeroXide 
Jams & Jellies 
Juices - Frurt & Vegetable 
Lemon Oil Essence 
lIgnrte 
Lrthium Chlonde 
Magnesium Hydroxide 
Mayonnaise 
Methanol 
Methyl EtIlyl Keystone (MEK) 
Milk 
Molasses 
Muriatic Acid 
Mustard 
Nrtric ACId 
Orange JUice 
Paper Stock 
Penicillin 
Phosphoric ACId 
Plating Solutions 
Sans - Chemical 
Sodium Carbonate (Soda Ash) 
Sodium Chloride (Table San)' 
Sodium HydrOXide (CaustiC Soda) 
Sodium Hypochlorate 
Sodium Slhcate (Water Glass) 
Soups 
Starch Solutions 
Sugar - Low Concentrations 

High Concentrations 
Sulphuric Acid 
~negar 
Water - Sea 

- Ordinary Potable 
- Ordinary Soft 
- Ordinary Condensate 
- Purified Oisnlled 
- Purified Deionized 

Zinc Chloride 

s-.dIry CoIl 

Use 5200-H Relay 
90 Von 
220 Von 
Use 5200-H Relay 
40 Von 
220 Von 
40 Von 
90 von 
Use 5200-H or 5300 Relay 
360 Von 
40 or 90 von 
Use 5200-H Relay 
800 von 
40 Von 
90 von 
220 Von 
Use 5200-H or 5300 Relay 
Use 5200-H Relay 
40 Von 
220 Von 
40 Von 
40 Von 
40 or 90 Von 
90 von 
220 Von 
220 Von 
40 von 
40 or 90 Von 
40 or 90 Von 
90 Von 
40 Von 
40 Von 
40 Von 
90 von 
40 Von 
220 Von 
220 von 
360 Von 
40 Von 
90 Von 
40 Von 
220 Von 
360 Von 
480 Von 
800 von or 5200-H Relay 
Use 5200-H Relay 
40 Von 

B/W CONTROLS 
1080 N. Crooks Road, Clawson, MI 48017-1097 A Product of 

PATRIOT Phone: 810435-0700 Fax: 810435-8120 
For Sales & Technical Assistance Call 800 814-1578 SeD.," • Control. Corporation 

FORM 511 
1119410M 
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CARBONAIR PHONE LIST 

Carbonair main number: (612) 425-2992 
Carbonair fax number: (612) 425-6882 

contacts: 

Kelly Barnes 
Project Manager 

Roger Benson 
Operations Manager 

Rick Kolbow 
Regional Sales Manager 

On-site system autodialer/system update: (612) 572-
2440 



SYSTEM DESCRIPTION 

Carbonair Services, Inc. has provided a water treatment system in 
the form of a packed column airstripper for the removal of 
volatile organic components (VOCs) contained in groundwater. To 
treat the discharge air from the airstripper, Carbonair has 
provided a process air heater to reduce the relative humidity of 
the airstream and a gas phase granular activated carbon 
adsorption vessel for removal of VOCs in the airstream. The 
system has automatic operating capabilities and is housed in an 
insulated steel building, also provided by Carbonair. 

Forced Draft Airstripping Tower 

Design of this system utilizes the volatile characteristics of 
the various VOCS present in the water being treated. A mass 
transfer of VOCs occurs, where the VOCs are transferred from the 
water to the airstream. 

To facilitate this removal, Carbonair Services has provided a 
forced draft airstripping column. The column is manufactured of 
Fiberglass Reinforced Plastic (FRP) supported by a steel sump 
base, is 48 inches in diameter and utilizes 20 feet of packing 
height. 

contaminated water is pumped to the top of the airstripping 
column and is dispersed over the full diameter of the tower 
through the use of a hub and lateral inlet distributor assembly. 
The water flows downward by gravity through a packing media 
consisting of many spherical complex polypropylene "balls" 
forming a thin film on the surface of the media which allows a 
maximum amount of surface area for mass transfer to occur. 

outside ambient air is forced into the base of the tower through 
the use of a centrifugal industrial blower. Air from the blower 
is forced upward (countercurrent to the water flow) through the 
tower packing and exits through the top of the tower via FRP 
ducting. The blower is capable of producing the necessary air 
flow for the optimum air-to-water ratio for the removal of VOCS 
from the water. The blower has been sized to accommodate the 
pressure drop that it may experience in the tower, ducting and 
carbon adsorber. The blower drive sheaves may be adjusted and in 
conjunction with ducting damper settings can produce up to 3600 
CFM should future demand call for increased water flow rates. 

(continued) 
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As the water and air pass each other in opposing flows, a "mass 
transfer" occurs and the VOCs are entrained in and carried off by 
the airstream. The water, having been stripped of VOCS collects 
in the steel sump base and exits the airstripper through a 
gravity drain piping system. This system maintains a constant 
water level in the sump, which prevents the pressurized air from 
escaping through the sump drain. 

Process Air Heater 

The VOC-laden forced airstream exiting the tower travels downward 
through FRP ducting and is routed through a process air heater 
inserted in the ducting. The heater is electrically powered and 
controlled by an automatic thermostat. The heater has multiple 
tubular heating elements and has been designed to accommodate air 
flows of up to 3600 CFM for future use. 

The air enters the heater at approximately 50 degrees F. 
(groundwater temp.) and exits at approximately 90 degrees F. By 
raising the temperature of the airstream, the relative humidity 
of the airstream is lowered by about 50%. The lowered humidity 
permits more efficient transfer of the VOCs from the airstream to 
the granular activated carbon (GAC) in the adsorption vessel. 

GAC Adsorption Vessel 

For treatment of the VOC-laden airstream, a GAC vessel is 
provided. The box-type vessel is rectangular in shape and is 
designed to hold 10,000 LBS of GAC. The vessel is constructed of 
steel and coated with an epoxy coating inside an a polyurethane 
coating outside. The GAC vessel has a lower air inlet chamber 
and an upper chamber containing the GAC with the discharge 
chamber. The chambers are separated by a stainless steel screen 
supported by a FRP grid. This screen/grid assembly also supports 
the carbon. 

The VOC-laden forced airstream exiting the process air heater 
travels through FRP ducting headers and enters the lower air 
inlet chamber of the GAC vessel through six inlets. This air is 
evenly dispersed throughout the lower air chamber due to a slight 
back pressure caused by the restriction of air flow through the 
carbon bed. The forced air then flows upward through the carbon 
bed and exits the vessel (to atmosphere) through two weatherproof 
FRP discharge stacks which pass through the roof of the steel 
building. 

(continued) 
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VOCs are removed from the airstream through a process called 
adsorption. Adsorption is a physical process whereby the VOCs 
adhere to the surface of the carbon granules. Carbon granules 
are highly porous and yield a very large surface area, which 
gives the carbon adsorption system a substantial capacity for 
removing VOCs from the air. The GAC vessel facilitates 
adsorption by allowing the airstream to come in contact with the 
carbon bed, where mass transfer of the VOCs from the air to the 
carbon occurs. 

Eventually the carbon bed will reach full capacity to adsorb VOcs 
and will no longer be able to adsorb the most volatile 
components. This condition is called "breakthrough" and signals 
the end of the useful life of the carbon bed. Breakthrough is 
normally determined by periodically sampling the GAC vessel air 
discharge and sampling it for VOC concentration levels. Carbon 
that has seen breakthrough is said to be "spent". 

Upon breakthrough, the spent carbon must be removed from the 
system and properly disposed of. To keep down-time at minimum, 
Carbonair has supplied a second GAC vessel (with carbon) which 
can be readied on short notice. These vessels are designed to be 
easily interchanged. The spent GAC vessel will be disconnected 
and removed from the system, and will then serve as shipping 
container for the spent carbon. The second GAC vessel containing 
fresh carbon will then be inserted and connected to the system, 
and the system re-started. Spent carbon will be sent to a 
licensed reactivation facility where it will be thermally 
reactivated, thereby destroying the VOCs. 

System Description Electrical 

The control panel for the Nirop II system is designed to be a 
complete and versatile controller. All panel wires and 
components are numbered and referenced to drawing #120871. The 
panel will allow the system to operate automatically without 
supervision. 

The Process Air Heater has a separate main disconnect near the 
control panel, and has a dedicated control panel attached to the 
heater. 

The system is monitored by an automatic device that will phone 
key personnel should there be an alarm status within the system. 

(continued) 
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control Panel 

Pressure gauge: A magnehelic gauge is provided to monitor air 
pressure in the sump base. Periodic reading of 
this gauge will give an indication of air flow 
and degree of packing fouling. 

Pressure switch: A pressure differential switch is mounted in 
the control panel and monitors air pressure in 
the sump base. If the blower is shut off or 
fails, the pressure switch will signal an alarm 
condition, shutting off the well pumps and 
lighting alarm lights. The alarm condition 
also causes the Autodialer to callout to the 
pre-programmed numbers. 

Motor starter: All motor starters have motor starter 
Protection protection units (MSP's). 

Main Disconnect: A main disconnect is provided 

Terminal Strip: A horizontal terminal strip has been provided 
at the bottom of the control panel. 

Box: The control box will have a dead front door and 
be NEMA 3R rated. 



• CARBONAIR 

DESIGN CRITERIA SUMMARY 

AS 250: 

A. Mass Transfer Zone 

1. 20' Packed height 
2. 48" Tower diameter 
3. 12.57 square feet cross-sectional area 
4. 251 cubic feet Packing volume 

B. Liquid Flow 

1. 400-900 GPM 

C. Gas Flow 

1. Counter-current to liquid flow 
2. Forced draft 
3. 400-3600 CFM 

D. Blower 

1. 10 HP, 460v, 3 phase power 
2. 400-3600 CFM, adjustable 

PROCESS AIR HEATER: 

1. 40 degree temp. increase (50 to 90 degrees F.) 
2. 460v, 3 phase power 
3. 6KW (400 CFM) or 52KW (3600 CFM) 
4. Thermostatic control 

GPC-70 CARBON ADSORBER: 

A. Mass Transfer Zone 

1. 5'-0" carbon bed depth 
2. 15'-6" x 4'-6" bed area 
3. 370.5 cubic feet carbon 
4. Up to 10,000 LBS carbon 

B. Air Flow 

1. 400-3600 CFM 
2. Forced Draft, upward 



MECHANICAL EQUIPMENT LIST 

A. Airstripping column 

1. Tower of UV resistant fiberglass reinforced plastic, 
with antique brown gel coat and a carbon steel sump with 
Carbonair specified epoxy paint. 

2. Tower Dimensions 

a. 48" Diameter 
b. 34' Overall height 
c. 96" Sump section height 
d. 20' Packing zone 

3. Access 

a. 18" Diameter Manways (6) 

4. piping Connections 

a. 1 - 6" Flange, outlet drain 
b. 1 - 2" Male Quick Connect, 
c. 1 - 3/4" Valve drain 

acid recirc outlet 

d. 1 - 3" Flange, Tower Inlet (demister section) 
e. 1 - 2" Female Quick Connect, acid recirc inlet 
f. 1 - 1/4" Effluent sample tap 

5. Packing Support System 

a. 48" diameter grating 
b. FRP construction 

6. Inlet Distributor Assembly 

a. Hub and Lateral distributor 
b. PVC construction 

7. Offgas Ducting 

a. 12" diameter FRP 
b. Spiral wire reinforced vinyl flex joints 
c. stainless steel clamps 
d. 12" flanged wafer type damper valve 
e. Two 3/4" access ports 
f. Ashcroft bimetal dial thermometer 

(continued) 



MECHANICAL EQUIPMENT LIST I PAGE 2 

B. Column packinq 

1. Jaeger Tri-Packs 
a. 2" Diameter 
b. Polypropylene 
c. 20' Depth total 
d. 251 cubic feet packing volume 

C. Blower Assembly 

a. New York Blower #194-GI-20 
b. Belt Drive, adjustable 
c. 10 HP, 460 VAC, 3 Phase, TEFC motor 
d. Outlet damper 
e. Quick Access port 
f. Inlet duct with pitot tube & gauges 

D. Level Control 

a. Gems model 
b. Buna N Float and Brass Shaft 
c. 4" Operation 

E. Control Packaqe 

a. Hoffman Nema 3R control box 
b. Dead front door 
c. 460 VAC 3 Phase with 120 VAC control voltage 
d. 60 Amp control panel main disconnect 
e. Terminal strip 
f. Auxiliary Contacts 
g. Manual/Off/Auto Blower switch 
h. Process Heater enable switch 
i. Heater High/Low switch (keyed) 
j. Blower and Process Heater run lights 
k. Blower low pressure alarm light 
1. Sump high level alarm light 
m. Outside red alarm light 
n. Autodialer monitor system 
o. 30 Amp Process Heater main disconnect 
p. Blower pressure gauge & switch 
q. Heat tape on inlet riser pipe 

(continued) 
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MECHANICAL EQUIPMENT LIST I PAGE 3 

F. Process Air Heater 

a. Caloritech #DDFT18x18-52 
b. 36 Tubular elements 
c. 6KW/52KW Dual range 
d. NEMA 4 Control box 
e. Built-in high limit control 
f. 0-100 degree F. thermostat 
g. 460v, 3 phase power 
h. Fused contactors 

G. Steel Bui1dinq 

a. Tubular steel frame 
b. Interior insulation 
c. Automatic interior heater 
d. 36" steel walk-through door 
e. 8'-0" x 8'-0" steel roll-up door 
f. Rain gutters with downspouts 
g. Steel roll-off guide rails for carbon vessel 
h. 3 Fluorescent lighting fixtures 

H. GPC-70 Carbon Adsorber 

a. All steel construction 
b. Epoxy interior coating 
c. Polyurethane exterior coating 
d. Six 16" inlets, 12" dia. inlet ducting 
e. Two 20" outlet ports, 12" dia. discharge stacks 
f. stainless steel screen 
g. FRP screen support grid 
h. 2'-0" x 5'-0" access panel 
i. 3/4" inlet and discharge chamber sample ports 
j. Roll-off skid 
k. Inlet and discharge port shipping covers 
1. 16'-8" x 5'-0" x 7'-6" overall dimensions 
m. 19,000 LBS operating weight, max total 
n. Four lifting eyes 
o. One I" floor drain 
p. Two ladders, integral 
q. 370.5 cubic feet carbon capacity 
r. 10,000 LBS 4 x 10 reactivated carbon 
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AS 250 Packed Column 
Airstripper 

The AS 250 Packed Column Airstripper by Carbonair 
offers the highest performance available in a maximum­
flow airstrip per. Skid-mounting of the AS 250 enables 
the unit to be wired and plumbed before shipment, 
requiring only electrical and influent/effluent connec­
tions for quick mobilization and installation. 
Carbonair's unique skid-mounted design together with 
the exceptionally durable FRP and welded-steel con­
struction make the AS 250 suitable for all emergency 
response remediations, pilot tests and full-scale 
treatment systems. 

Carbonair packed column airstrippers are 
available with a variety of options according 
to purchaser'S specifications. 

OPTIONS 

Optional materials of construction. 

Guy wire kit. 

AdditionallO-ft. packing sections. 

Discharge pump, level controls, control panel. 

Air-flow dampers. 

Optional blowers. 

Off-gas treatment ducting kit. 

:'£Alt-RES 

Skid-mounted design enables quick field 
mobilization and installation. 

Epoxy-coated carbon steel sump and skid 
provide superior strength and high chemical 
resistance. Coating conforms to AWWA D 102 
Inside System No.1 and AWWA C 210-84 
for immersion service, and has been tested 
and approved in accordance with FDA 
Regulations, Title 21, Section 175,300. It 
also meets U.S. EPA regulations for VOCs, 
as well as the abrasion resistance criteria 
established by ASTM D 4060. 

Corrosion-resistant FRP and PVC internals 
provide exceptional durability. 

15 horse-power blower ensures optimal air­
to-water ratios at maximum liquid loadings. 

Large access ports make packing exchanges 
and internal maintenance quick and easy. 

3Yo!-inch polypropylene Jaeger Tri-pack 
tower packing ensures optimum 
performance. 

"PECIFICATIONS 

DIMENSIONS 4 ft. diameter x 22 ft. 4 in. 
overall height 
(1.2 m x 6.9 m) 

LIQUID FLOW 25-875 gpm 

AIRFLOW 

FITTINGS 

BLOWER 

(95-3,325 L/min) 

7,900 cfm maximum 
(237 m'/min) 

See drawing #113238 

15 h.p., 240/48Ov, 3-phase, ODP 

PACKING VOLUME 113 ft.l 3Yo!-in. Jaeger 
Tri-pack per section 

(3.4 m') 

EMPTY WEIGHT 3,835 lbs. 
(1,725 kg) 

OPERATING WEIGHT 12,000Ibs. 
(5,400 kg) 

CARBONAIR 
Water 
Treatment 



OPTIONAL CONTROL 
PANEL 

Airstrlpper 

"'1_--- 11'-0" ----t-, AS 250 

TOP VIEW 

DBAISTER SECTION 

14
8 

ACCESS PORT - -----+---.+-4 

18" ACCESS WHNAY _ 11'-8" 

~ 

37'-118 

11'-8" 

1 C1' ACCESS PORT",\ 

8'-«) 

«) OUTl£T F1.ANGE 

OPTlONAL OFFGAS 
DOWNCOMER DUCT (14·) 

GUY WIRE LUG 

PIPE SUPPORT 

INFLUENT RISER 
PIPE (4·) 

PACKING SECTION 

SUMP SECTION 

EI..BVATION VIEW 

UF1lNG 
LUG 

Sale. Drawtng #113238 
91.11.26 

@CARBONAIR 1881 



Accessories 
Items checked are to be furnished. 

X FU>.NGED OUTLET, per drowing _--::,2=-__ 
--X- FU>.NGED INLET, per drowing 3 

X OUTLET DAMPER, per drawing _--'4'-__ _ 
___ EXTERNAL INLET DAMPER(294-364), per drawing _____ . 
___ ISOU>.TION RAILS, per drawing ____ _ 
___ BELL MOUTH INLET, per drawing ____ _ 

Requires flanged inlet on fan. 
___ INLET BOX, per drawing ____ _ 

INLET BOX DAMPER, per drawing ___ ".-_ 
--X- QUICK OPENING CLEAN-OUT DOOR, at _3_0·clock. 
___ BOLTED CLEAN-OUT DOOR, at __ O'clock. 
______ ::""7""_TYPE SRC CONSTRUCTION. 
__ X_ DRAIN, 1"(144 and 174), or 1-1/2"(224-364)tank flange, 

less plug, located at low point of scroll. 
___ POSITIVE SCREW ADJUSTMENT. 
__ SHAFT SEAL, CERAMIC FELT. 

201'F. thru 600'F. HEAT FAN. 
__ X_ WEATHER COVER/BELT GUARD. 

FAN DISCHARGES - VIEWED FROM DRIVE SIDE 

cANS WITH LS WHEELS ARE ROTATABLE 
AND REVERSIBLE IN THE FIELD. 

FANS WITH DH WHEELS ARE ONLY 
ROTATABLE IN THE FIELD. 

L. M. AND D ARE OUTSIDE DIMENSIONS. 

TOLERANCE: ± I /8 
FAN 

A B C 
SIZE 

D E F G H J K L '" N 0 a 

:!4 :~ 1/2 10 1/2 11 1/8 8 1/' 9 J/8 12 10 1/' JD 1 5/8 2 1/2 9 7 7/8 20 19 7/8 

..- 19' 21 1/' 14 16 10 1/8 11 7/8 18 13 7/8 36 3/8 3 '~~ 3 
1/2 11 9 ~/4 ~~ ~~ ;~: 6 . i, 

264 28 18 1/2 21 3/4 15 16 1/8 24 1/2 18 7/8 44 1/2 4 1/8 4 1/2 IS 12 3/8 26 41 1/2 7 7/8 
294 32 1/2 21 24 5/8 16 7/8 18 1/4 27 3/4 21 3/8 48 4 1/8 5 1/2 17 14 26 7/8 44 8 5/8 
334 39 ~~~ ~; 1/2 

27 3/8 
30 1/4 

18 3/4 
20 3/. 

20 3/8 
22 1/2 

30 7/8 
3. 1/8 

23 7/8 53 1/8 4 1/8 6 
5 1'/4 6 

19 ~; ~~: 29 7/8 '8 5/8 9 7/16 
364 39 26 3/8 56 21 30 50 3/8 10 5/16 

SHAFT BASE T V w a b c d KEYWAY 
DIA. HOLES 

FAN 
R S SIZE 

7 3/8 6 1/2 8 10 3/4 16 II 1/2 9 3/4 I 7/16 3/8,3/16 9/16 14. ; 7/8 16 5/16 
17 ....... 19' 7 1/' 17 5/16 9 3/8 8 1/4 10 1/4 15 22 5/8 IT 13 I 11/16 3/8,3/16 9/16 

264 9 3/B 19 7/B 12 1/4 It 13 20 1/4 30 3/B 23 17 1/2 1 15/16 ,/2,,/4 J/4 
29' 10 1/8 20 3/' 13 5/8 11 J/4 I. 3/4 23 34 3/8 26 1/8 19 7/8 I 15/16 ,/2,,/4 3/4 
334 10 ~;~~~ 23 3/4 
36' 11 23 3 • 

16 I. 17 25 3/4 38 1/8 29 1/4 22 J/8 2 3/16 ,/2,,/4 3/4 
16 14 17 28 1/2 42 1/8 32 1/_ 2' 5/6 2 J'/16 ,"/2,'/4 3/. 
DIMENSIONS SHOUUD NOT BE USED FOR CONSTRUCTION PURPOSES UNLESS CERTIFIED. 

DATE 7-6-92 CERTIFIED ----'e::.:l:.....=ln"----_ CONTROL NO. ~ 

CUSTOMER'S NO. 309160 
CUSTOMER'S NAME CAROONAIR SERVICES INC MAPLE GROVE, MN 
TAG ___________ ~30~9~1~60~ ___________________________________________ __ 

MOTOR BY oyb 

I SIZE QTY. 
194 

MTG. BY __ 0u,.;.<,b.1- DRIVE BY _-LlO¥ybu-_ 

FAN DATA 

DISCHARGE I WHEEL I CFM I OV I SP I BHP 1 'F 1 
CCW TH DH 400 I 606 I 10 I 2.1 I 70 T 

ruWRE 3600 I 5454 I 8.92 I 10.0 I 70 T 

MOTOR DATA DRIVE DATA 

RPM 1 
L2llT 1 

25791 

II-;-::;R,:;.P;;-M~---,;:,:HP~-jI~~E:c,:LE:::C::::TR~I:::::CA~L~DA~T~A~gF!,"::RA~M~E'-I11 BELTS DRIVER I DRIVEN CENTERS-I 
~1~7~50~~~1~0 __ ~1~3~6~0~2~3~0~/4~6~0~V ____ ~2~15~T~I~2~-B~X~4~2~~~6.~1~/7~.3~1L-~4~.9~~~1~2~.7~~l 
'-_____________ ..LTEo.:::::FC"'-...J1 DAWM or #3826 

/.L4J(. MOTOR UIrotITA.TIONS 
MOTOR FRAME LENGTH 
OPEN TEFC C-NW 
184T 184T 14 1/2 

~ 21ST 16 5/8 

256T 254T 18 5/8 
284T 254T 19 1/2 
324T 286T 22 1/2 
324T 286T 22 1/2 

CERTIFIED I FO RM NO.: 
DRAWING 0-41 A I 

nDhIN:~ York Blower II' 

• .." Company 
7000 Qulncr SIlM'-~, L eosZI 

SERIES 20 I 

GENERAL INDUSTRIAL FANS! 
ARR,10 ; 

SIZES 144 thru 364 LS I 

SIZES 194 thru 364 DH i 

DRAWING NUMBER 

FILE H-6907 DWG. 1 



1. CONTROL ARM (1/4" X 1 1/4" BAR) FOR 5. 30 l' F -1000' F DAMPERS FURNISHED WITH 
MANUAL OR AUTOMATiC OPERATION SUPPLIED HIGH-TEMP. ALUMINUM PAINT AND STAINLESS 
ON INLET SIDE OF FAN. STEEL BUSHINGS AS STANDARD. 

2. CONTROL ARM SWINGS 45' EACH SIDE OF 6. 80rF-l000'F DAMPERS FURNISHED WITH 
CENTERLINE. STAINLESS STEEL VANES AND RODS AS STAN-

DARD. 
3. FLANGE IS # 7 GUAGE STEEL WITH HOLES ON 

4" CENTERS FROM CENTER LINES. 7. 800T IS MAXIMUM TEMP. FOR BALL BRG. 
DAMPERS. 301'F -800T BALL BRG. DAMPERS 

4. STUFFING BOX DAMPER FURNISHED WITH FURNISHED WITH HEAT SHIELDS FOR BALL BRGS. 
PACKING BOXES ON VANE ROD ON LINKAGE 
SIDE. CAPS ON SIDE OPPOSITE LINKAGE. 8. MAXIMUM SAFE OPERATING TEMP. OF THE FAN 

MAY BE LOWER THAN DAMPER LIMITS . 

E .. J..- TO OUTSIDE OF 

"I'~ ~~~' oo,(~ BALL BRC. ~NLY 4 1/2" BALL BRG. CONTROL ARM 

~G-L IM"I 
--14 1/4 

.-- - + + + + + -

f 0 o 0 

T C~ I + 
----1----

'F IT=! 
I 

+ -T I -=r) I -+ AIR FLOW 

Cill 
I I I 

- - :~~ l£=! 
+ I I 

l-I I 
-.I.. 

q~ I 
A - - + 1- OPEN (CCW FAN) 

I-
CLOSE (CW FAN) 

0 ~I_ ~) L ,~ + 
-::~ 

1 
I 0 

I --j-

.~_c~ 
+--

I ~! / ~(~'"' OPEN (CW FAN) 

I + (CCW FAN) ___ J ____ 
+ + + + + I i 0 0 0 

!~i- I -H~-c h:/2~ 11/16" OIA. HOLE 

1-- B .. I 

TOLERANCE: ± 1/8" DIMENSIONS (INCHES) 

FLANGE HOLES 
E 

FAN OUANTITY WT 
A B C D F G M 

TOP AND STUFFING BALL (LBS) SIZE SIDES DIA. STD. 
BOnOM BOX BRG. 

144 10 3/4 10 3/8 3/4 8 1/4 3 5/16 7 7 7/B 6 2 7 '6 ~! !/B 15 !/B 17 3/B 13 
~, - 194 13 1/4 12 y4 7/B 10 1/4 4 l/B 7 9 3/4 6 6 7/16 16 1/2 1 25 

264 18 15 3/B 7/8 15 4 7 12 3/B 10 6 7/16 19 1/8 20 1/8 22 3/8 3B 

294 19 7/8 17 7/8 16 7/B 4 5/16 10 14 10 6 7/16 20 3/4 21 3/4 24 4B 

334 21 3/4 18 5/8 7/B 18 3/4 8 9/16 10 15 5/B 10 6 7/16 22 3/8 23 3/8 25 5/8 60 
364 23 3/4 20 1/4 7/8 20 3/4 9 5/16 10 17 1/4 10 10 7/16 24 25 27 1/4 73 
404 26 7/8 23 1 l/B 22 7/8 10 9/16 10 19 14 10 9/16 26 3/4 27 3/4 30 B9 
454 29 3/4 25 3/B 1 1/8 25 3/4 11 5/8 10 21 3/8 14 10 9/16 29 1/8 30 1/8 32 3/8 113 
504 32 3/4 27 7/8 1 1/8 28 3/4 10 11/16 10 23 7/B 14 10 9/16 31 5/8 32 5/8 34 7/8 141 
574 36 5/8 31 1 1/8 32 5/8 18 5/16 10 27 18 14 9/16 34 3/4 35 3/4 38 151 
644 40 1/2 34 3/8 1 1/8 36 1/2 17 1/4 10 30 3/8 lB 14 9/16 38 1/8 39 1/8 41 3/8 162 
714 44 3/8 37 5/8 1 1/8 40 3/8 18 13/16 10 33 5/8 22 14 9/16 41 3/8 42 3/8 44 5/8 173 
784 48 1/4 40 7/8 1 1/8 44 1/4 20 1/2 10 36 7/8 22 16 9/16 44 ~/8 45 5/8 47 7/S 209 
854 52 1/4 44 1/8 1 l/B 4S 1/4 26 l/S 10 40 1/8 26 18 9/16 47 7/8 48 7/8 51 1/8 247 

DIMENSIONS SHOULD NOT BE USED FOR CONSTRUCTION PURPOSES UNLESS CERnF1ED. 

DATE ]-6-92 CERTIFIED eJ ]0 CONTROL NO . ...lD.5..,L.6DS CERTIFIED I FORM NO, 
DRAWING D-33 F 

CUSTOMER'S NO. J09160 
CUSTOMER'S NAME CARIDNAIR SERVICES IN: MAPLE GROVE MN nqbIN:': York Blower TAG 309160 

Compony 
7000 CNincy Sv.t-WIIIowbrook. L ~21 

I SIZE I ROTATION I OlY. I STD. STUFFING BOX I BALL BRG. I OUTLET DAMPER 
I 194 I CCW I 1 YES NO NO FOR 
I I I I I I I 

SERIES 20, 30, & 45 

I PARALLEL OPPOSED I 70'F - 300'F I 30rF - 800'F I 80n - 1000·F I GI FANS 

I NO I YES I YFS I ;;r) I "" I 
I I I T I DRAWING NUMBER 

rilE H-!i2Ql OWG, 4 



C 

d- SIZE A B C D M HOLES 

NO. DIA. + + + + + 144 10·3/4 10·3/8 3/4 8·114 7-7/8 8 7/16 ..- ... '-'L " ". .n _7H.l:. 

IfIIHI 
.. -~." 

194 13·1/4 12·3/4 7/8 10·1/4 9·314 12 7/16 
nn. " '" " ... 0 '" ,n_':ILA ~., 7/1" 

-+- ... 264 18 15·3/8 7/8 15 12·3/8 16 7/16 
294 19·7/8 17 7/8 16·7/8 14 16 7/16 

I 

A 334 21·3/4 18·5/8 7/8 18·3/4 15·5/8 16 7/16 

-+- t 364 23·3/4 20·114 7/8 20·3/4 17·114 20 7/16 
404 26·7/8 23 101/8 22-7/8 19 24 9116 

D 
454 29·3/4 25·3/8 101/8 25·3/4 21·3/8 24 9/16 

--+-- 504 32·3/4 27·7/8 101/8 28·3/4 23·7/8 24 9/16 

-+- ..- I 

574 36·5/8 31·1/8 101/8 32·5/8 27·1/8 32 9/16 
644 40·5/8 34·1/2 1·118 36·5/8 30·1/2 32 9/16 

-+- ..- 714 44·3/8 37·5/8 1·118 40·3/8 33·5/8 36 9/16 
784 48·3/8 40·7/8 1·118 44·3/8 36·7/8 40 9/16 

I 
854 52·114 44·1/8 1·118 48·1/4 40·1/8 44 9/16 

..- ... Tolerance: ± '/e" 

... ..- CERTIFIED FORM NO . 
1. Mounted flush with edge DRAWING 0·47 ... ... ... ..- + 

of housing outlet. 

~IQ-c~l .. 
2. Furnished as standard 7660 Quincy Street 

with holes on 4" center Willowbrook, IL. 60521 

M from centerlines. 

~ B -I nqh I N~~ Yor~m~!~wer 
Dimensions should not be used lor construction purposes unless certified. 

DATE 7-6-92 CERTIFIED e1 1n 
CUSTOMER'S NO. 309160 
TAG 3Q9160 

FLANGED OUTLET 
for 

GI FANS 
SIZE QTY. Holes 

194 1 YES 

DRAWING NUMBER 

FILE H-690] DWG. 2 
--- --- --



SIZE 1.0 B.C. 0.0. J HOLES 
NO. DIA. rJ

--1 
144 8·3/4 10·114 11·1/2 1·314 6 7/16 . "." ... .... ,- .- _. - -194 10·5/8 12·112 14 3·1/4 8 7/16 
2n D "71 1i0 -....... 
264 14·5/8 16·1/2 18 4·318 8 7/16 

0.0. 

294 16·5/8 18·1/2 20 4·318 8 7/16 I 

334 18·5/8 20·1/2 22 4·318 16 7/16 
364 20·5/8 22·112 24 5·1/2 16 7/16 
404 22·5/8 25 27 5·112 16 9/16 
454 25·5/8 28 30 5·112 16 9/16 

504 28·5/8 31 33 6·114 16 9/16 
574 32·5/8 35 37 7·114 16 9/16 
644 36·112 39 41 7·1/2 24 9/16 
714 40·1/2 43 45 7·1/2 24 9/16 
784 44·112 47 49 7·112 24 9/16 
854 48·1/2 51 53 7·112 24 9/16 

Housing Side Tolerance: ± 'Ia" 

1. Furnished as standard with holes 
starting on vertical center line. 

2. Dimension J is from housing side. 

Dimensions should not be used for construction purposes unless certified. 

DATE 7-6-92 CERTIFIED el In 

CUSTOM ER'S NO. __ --'3"-"o<L9~16~0L___ ___________ _ 
TAG 309160 -.. ---.--. 

SIZE I OTY.' Hoi., 
194 1 YES 

CERTIFIED 
DRAWING 

FORM NO. 
0·46 

7660 Quincy Street 
Willowbrook, IL. 60521 

D'Ib I N~~ Yor~m~!?Wer 

FLANGED INLET 
for 

GI FANS 

DRAWING NUMBER 

FILE H-6907 DWG. 3 
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Willowbrook, IL. 60521 

Company 

TO DETERMINE PERFORMANCE 
AT ANOTHER RPM MULTIPLY: 

CFM x K 
SP X K2 

BHP X K3 
WHERE K IS NEW RPM DIVIDED 
BY RPM SHOWN AT RIGHT. 

DATE: Jul 5 1992 

CUSTOMER'S 
CUSTOMER 
TAGGING 
FAN TYPE 
FAN SIZE 
CFM: 400 
SP: 10.0 
RPM: 2207 
BHP: 2.10 

PERFORMANCE CURVE 

NO: 309150 
CARBONAIR SERVICES INC 
309150 
Series 20 - DH 
194 

TEMP: 70 deg F 
DENS: 0.075 LB/FT 3 

FILE: H06907/ 100 

PERFORMANCE OPTIONS: Ou Tie T Damper (ah d E vase· Damper) 
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nuhl The 
'~ New York Blower PERFORMANCE CURVE 

Company 
7660 Quincy Street 
Willowbrook, IL 60521 CUSTOMER'S 

CUSTOMER 
TAGGING 

NO: 3121916121 

TO DETERMINE PERFORMANCE 
AT ANOTHER RPM MULTIPLY: 

CFM x K 
SP X K2 

BHP X Kl 
WHERE K IS NEW RPM DIVIDED 
BY RPM SHOWN AT RIGHT. 

DATE: Jul 6 1992 

FAN TYPE 
FAN SIZE 
CFM: 36121121 
SP : 8.92 
RPM: 2579 
BHP: 1121.121121 

CARBONAIR SERVICES INC 
3121916121 
Ser ies 2121 - DH 
194 

TEMP: 7121 deg F 
DENS: 121.12175 LB/FT

3 

FILE: H12I691217 11121121 

PERFORMANCE OPTIONS: Ou 1'1 e l' Domper (or-. d Evose' Domper) 

20.00 

lB. 121 0 
I 
/ 
I 

16.121 0 

1 
0 I - I 

14.121 - ....... I 
....... I 

I 
0 ~ 

~ L 12.0 

\. 
\. i/ I 

I \. L 1 
0 I '/ / 

I IV 
1121.121 

J V\ 
I / / 
I \ / 

~ / \ - V , B.0 

/ / 
/ / I \ 
1/ \ 

0 1.£ / \ 
1/ I 6.0 

/ I i\ 
\ 

/ 1 I /\ 
0 I / II 

1/ / V 
4.121 

~ / I / 
/1/ V 

I / / 
2.0 121 I V /" 

121.121 no 

21ZJ00 401ZJ1ZJ 

I 
/ 

/ 
I 

/ 
/ 

/ ~ 

/ 
L 

If 
)' 

1 

I 
I 

I 
II 

/ 
/ 

j 

/ 

/ 
II / 

I 
/ / 

/ 
/ 

/ 
~ / V 
\ V /' 

V\ V 
\ /' V 
V / 
1\ 

\ 
~ , 

61ZJ01ZJ 

CFM 

/ 
/ 

/ 
/ 

II 

I 
I 

1 
II 

/ 
V 

V 
L 

L 
V 

/ 
/ 

/ 
/ 

/ 

,/ /' 
./ 

/" 
.......... V 

// 

--- -- I-'"' 

B01211ZJ 

/ 

I 

I 
V 

/ 
/ 

/' 
./" 

/" 

-- ---

20.0 

1B.0 

16.1ZJ 

14.0 

I 
II 12.0 

10.1ZJ 

/ B.IZJ 

6.1ZJ 

/ 

:/ 4.1ZJ 

V 

2.1ZJ 

0.1ZJ 

11ZJ1ZJ1ZJ1ZJ 

r. 

0.. 
I 
m 
v 

(t: 

W 
:3 
0 
0.. 
W 
(J) 
(t: 

0 
I 

W 
~ 
« 
(t: 

m 



The INSTALLATION " New York Blower . 
MAINTENANCE, IM-IIO Company OPERATING 

7660 QUINCY STREET - WILLOWBROOK, ILLINOIS 60521-5596 INSTRUCTIONS 

CENTRIFUGAL FANS 
General Industrial 

Series 20, 30 & 45 

THIS MACHINE HAS MOVING PARTS THAT CAN 
CAUSE SERIOUS BODILY INJURY. BEFORE 
OPERATING OR PERFORMING MAINTENANCE, THE 
FOLLOWING PRECAUTIONS MUST BE TAKEN. 

1. MAKE SURE ALL MOVING PARTS ARE 
SHIELDED FROM PERSONNEL AND FALLING 
OBJECTS. 

2. READ THE INSTALLATION AND 
MAINTENANCE INSTRUCTIONS, AS WELL AS 
THE RECOMMENDED SAFETY PRACTICES 
MANUAL FURNISHED WITH THIS UNIT. 

3. DO NOT OPERATE AT SPEEDS OR 
TEMPERATURES HIGHER THAN PUBLISHED 
FOR THE SPECIFIC OPERATING CONDITIONS 
FOR WHICH THE MACHINE WAS PURCHASED. 

A FAILURE TO TAKE THESE PRECAUTIONS COULD 
RESULT IN SERIOUS BODILY INJURY AND 
PROPERTY DAMAGE. 

98·0250 

A WORD ABOUT SAFETY 

The above CAUTION decal appears on all nyb fans, Air mov­
ing equipment involves electrical wiring, moving parts, and 
air velocity or pressure which can create safety hazards if 
the equipment is not properly installed, operated and main­
tained. To minimize this danger, follow these instructions 
as well as the additional instructions and warnings on the 
equipment itself. 

All installers, operators and maintenance personnel should 
study AMCA Publication 410, "Recommended Safety Prac­
tices for Air Moving Devices", which is included as part of 
every shipment. Additional copies can be obtained by writing 
to The New York Blower Company, 7660 Quincy Street, 
Willowbrook, IL 60521-5596. 

ELECTRICAL DISCONNECTS 

Every motor driven fan should have an independent discon­
nect switch to isolate the unit from the electrical supply. It 
should be near the fan and must be capable of being locked 
by maintenance personnel while servicing the unit, in 
accordance with OSHA procedures. 

MOVING PARTS 

All moving parts must have guards to protect personnel. 
Safety requirements vary, so the number and type of guards 
needed to meet company, local and OSHA standards must 
be determined and specified by the user. Never start a fan 
without having all safety guards installed. Check regularly 
for damaged or missing guards and do not operate any fan 
with guards removed. Fans can also become dangerous 
because of potential "windmilling," even though all electrical 
power is disconnected. Always block the rotating assembly 
before working on any moving parts. 

AIR PRESSURE AND SUCTION 

In addition to the normal dangers of rotating machinery, fans 
present another hazard from the suction created at the fan 
inlet. This suction can draw materials into the fan where they 
become high velocity projectiles at the outlet. It can also be 
extremely dangerous to persons in close proximity to the 
inlet, as the forces involved can overcome the strength of 
most individuals. I nlets and outlets that are not ducted 
should be screened to prevent entry and discharge of solid 
objects. 

ACCESS DOORS 

DO NOT OPEN UNTIL THE POWER SUPPLY HAS 
BEEN LOCKED OFF AND THE SHAFT HAS STOPPED 
ROTATING. 

FAILURE TO DO THIS CAN RESULT IN SERIOUS 
BODILY INJURY. 

98-0249 

The above DANGER decal is placed on all nyb cleanout 
doors. These doors, as well as access doors to the duct 
system, should never be opened while the fan is in opera­
tion. Serious injury could result from the effects of air 
pressure or suction. 

Quick-opening doors must have the door handle bolts 
securely tightened to prevent accidental or unauthorized 
opening. Bolted doors must be tightened for the same 
reason. 
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2. Recheck setscrews, rotate the drive by hand and check 
for rubbing, then complete the Installation of the belt 

guard. 
3. Beits tend to stretch somewhat after installation. Recheck 

tension after several days of operation. Check sheave 
alignment as well as setscrew and/or bushing bolt 
tightness. 

COUPLING 

Coupling alignment should be checked after installation and 
prior to start up. Alignment is set at the factory, but shipping, 
handling and installation can cause misalignment. Fans with 
wheel sizes 40" and larger are normally shipped with the 
flexible element removed to minimize potential for damage 
(see section on alignment procedure). Also check for pro­
per coupling lubrication. For details on lubrication and for 
alignment tolerances on the particular coupling supplied, 
see the manufacturer's installation and maintenance sup­
plement in the shipping envelope. 

Installation 

Most nyb fans are shipped with the coupling installed. In 
cases where the drive is assembled after shipping, install 
the coupling as follows: 

1. Remove all foreign material from fan and motor shafts 
and coat with machine oil for easy mounting of coupling 
halves. 

2. Mount the coupling halves on each shaft, setting the gap 
between the faces specified by the manufacturer. Avoid 
using force. If mounting difficulty is encountered, lightly 
polish the shaft with crocus cloth until the halves slide 
on freely. 

Alignment 

1. Align the coupling to within the manufacturer's limits for 
parallel and angular misalignment (see Figure 2). A dial 
indicator can also be used for alignment where greater 
precision is desired. Adjustments should be made by 
moving the motor to change shaft angle, and by the use 
of foot shims to change motor shaft height. Do not move 
the fan shaft or bearing. 

2. When correctly aligned, install the flexible element and 
tighten all fasteners in the coupling and motor base. 
Lubricate the coupling if necessary. 

3. Recheck alignment and gap after a short period of opera­
tion, and recheck the tightness of all fasteners in the 
coupling assembly. 

COUPLING 

STEEL WEDGE ----' 
(ANGULAR ALIGNMENT) 

Figure 2 

START-UP 
Safe operation and maintenance Includes the selection and 
use of appropriate safety accessories for the specific Installa­
tion. This is the responsibility of the system designer and 
requires consideration of equipment location and accessibili­
ty as well as adjacent components. All safety accessories 
must be installed properly prior to start up. 
Safe operating speed is a function of system temperature 
and wheel design. Do not under any circumstances exceed 
the maximum safe fan speed published in the nyb bulletin, 
which is available from your nyb field sales representative. 

Procedure 
1. If the drive components are not supplied by nyb, verify 

with the manufacturer that the starting torque is ade­
quate for the speed and inertia of the fan. 

2. Inspect the installation prior to starting the fan. Check 
for any loose items or debris that could be drawn into 
the fan or dislodged by the fan discharge. Check the in­
terior of the fan as well. Turn the wheel by hand to check 
for binding. 

3. Check drive installation and belt tension. 
4. Check the tightness of all setscrews, nuts and bolts. When 

furnished, tighten hub setscrews with the wheel oriented 
so that the setscrew is positioned underneath the shaft. 

5. Install all remaining safety devices and guards. Verify that 
the supply voltage is correct and wire the motor. "Bump" 
the starter to check for proper wheel rotation. 

6. Use extreme caution when testing the fan with ducting 
disconnected. Apply power and check for unusual sounds 
or excessive vibration. If either exists, see the section on 
Common Fan Problems. To avoid motor overload, do not 
run the fan for more than a few seconds if ductwork is 
not fully installed. Without the ductwork attached nor­
mal operating speed may not be obtained without ~otor 
overload. Once ductwork is attached, check for correct 
fan speed and complete installation. Ductwork and 
guards must be fully installed for safety. 

7. Setscrews should be rechecked after a few minutes, eight 
hours and two weeks of operation (see Tables 1 & 2 for 
correct tightening torques). 

NOTE: Shut the fan down immediately if there is any sud­
den increase in fan vibration. 

WHEEL SETSCREW TORQUES 
TABLE 1 

Setscrew Size Carbon Steel Setscrew Torque* 
Diameter (in.) lb.-in. lb.-ft. 

114" 75 6.2 
5/16" 144 12 
3/8" 252 21 
7/16" 396 33 
112" 600 50 
5/8" 1164 97 
3/4" 2016 168 
7/8" ~~g6 267 

1 " 400 
* Stainless Steel setscrews are not hardened and should not 
be tightened to more than 112 the values shown. 

BEARING SETSCREW TORQUE, lb.-in. 
TABLE 2 

Setscrew 
Manufacturer 

Link- Seal-
Diameter Belt master SKF McGill Dodge 

#10 40 - 35 35 -
1/4" 90 65 50 85 -

5116" 185 125 165 165 160 
3/8" 325 230 290 290 275 
7/16" 460 350 350 - -
1/2" 680 500 620 - 600 
5/8" ~~~g 1100 1325 - ~~gg 3/4" 

Note: Split pillow block bearings are fixed to the shaft with 
tapered sleeves and generally do not have setscrews. 

Page 3 
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Operation 
Check setscrew torque before startup (see table for correct 
values). Since bearings are completely filled with grease at 
the factory, they may run at an elevated temperature during 
initial operation. Surface temperatures may reach 180"F. and 
grease may bleed from the bearing seals. This is normal and 
no attempt should be made to replace lost grease. Bearing 
surface temperatures will decrease when the internal grease 
quantity reaches a normal operating level. Relubrication 
should follow the recommended schedule. 

Lubrication 

Use the table for relubrication scheduling according to 
operating speed and shaft diameter. Bearings should be 
lubricated with a good quality lithium-based grease 
conforming to NLGI Grade 2 consistency. Examples are: 

Mobil 
Texaco 
Standard Oil 
Gulf Oil 
Shell 

Mobilith 22 
Premium RB 

Amolith #2 
Gulf Crown #2 

Alvania #2 

Do not use "high temperature" greases, as many are not 
formulated for the high speeds associated with fan bearings. 

Add grease to the bearing while running the fan or rotating 
the shaft by hand. Be sure all guards are in place if lubrica­
tion is performed while the fan is operating. Add just enough 
grease to cause a slight purging at the seals. Do not 
overlubricate. 

Split pillowblock bearings (Link-Belt P-LB6800 & P-LB6900, 
SKF SAF 22500, Dodge SAF-XT) should be cleaned and 
repacked at approximately every eighth lubrication interval. 
This requires removal of the bearing cap. Clean out old 
grease and repack the bearing with fresh grease. Pack the 
bearing fully and fill the housing reservoir to the bottom of 
the shaft on both sides of the bearing. Replace the bearing 
cap, being careful not to mix caps as they are not inter­
changeable from one bearing to another. 

BEARING LUBRICATION INTERVAL 
(MONTHS) 

RPM 
SHAFT 1-500 501-1000 1001-1500 1501·2000 2001·2500 2501·3000 3001·3500 3501-4000 4001-4500 4501·5000 
DIAMETE 

5/8 6 5·6 5-6 4·6 4-6 3-4 3·4 2 2 
thru 

1 

1 3/16 6 5·6 4-6 4·6 3·5 2-4 2·4 1·2 
& 

1 7/16 4 4 2 2 112 
1 11/16 6 6 4·6 4·6 2-4 2·4 2 1·2 1·2 

& 
1 15/16 6 4 2 112 112 

6 5·6 4·6 3·4 2-4 1·2 1·2 1·2 
23/16 

6 4 2 112 
6 4·6 4·6 3-4 2 1·2 1·2 

27/16 
4 2 1/2 1/2 

211/16 5-6 4·6 2·4 2 1·2 
& 

215/16 4 2 112 

6 6 4 2 2 
33/16 

37/16 4·6 3·5 2·4 1·2 
thru 

43/16 4 2 1/2 

4·6 3·4 2 
47/16 ALL SEALMASTER .. MCGILL; 

4 112 MOST LINKBELT AND SKF. 

4·6 3-4 2 
! 415/16 

LINKBELT 22400 SE~~ 
2 1/2 

6 4 2 
57/16 SKF SYR SERIES, AND 

DODGE S·2OOO SERIES. 

6 4 
6 

NOTE: 
1 . These are general recommendations only; 

specific manufacturer's recommendations 
may vary slightly. 

2. Assumes clean environment, OaF. to 120°F. 

Page 5 

a. Consult The New York Blower Company 
for operation below OaF. ambient. 

b. Ambient temperatures greater than 120°F. 
will shorten bearing life. 

c. Under extremely dirty conditions, lubricate 
more frequently. 
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SPECIFY ROTATION AS VIEWED FROM DRIVE SIDE 

ROTATABLE 
CENTRIFUGAL FANS 

~ 

+ 
8P/R~ 

ARROW INDICATES CLOCKWISE ROTATION 

NON·ROTATABLE 
CENTRIFUGAL FANS 

Parts List 
1. Inlet Hanger Assembly 
2. Inlet Plate Assembly 
3. Rotatable Housing Assembly* 
4. Wheel * 
5. Shaft 
6. Drive Side Hanger Assembly 
7. Housing/Bearing 

Pedestal Assembly* (Non-Rotatable) 
8. Bearings 

* Order for parts must specify rotation. 

Form 1291 GPS 5M ASP 
Printed in U.S.A. 
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The 

WEATHER COVER/BELT GUARD New York Blower 
Company INSTRUCTION SHEET 

7660 QUINCY STREET - WILLOWBROOK, ILLINOIS 60521·5596 MZI0301 9·87 

This package contains all parts to install the weather cover/belt guard on an nyb Arrangement 10 (motor inside base) fan. 
Parts are attached with self·tapping screws that require more torque during the first installation when threads are being 
cut. Leave screws loose until all parts are installed. Do not over tighten. WIRE MOTOR AND CHECK BELT TENSION 
PRIOR TO INSTALLATION. 

ITEM NO. QTY. 

1 1 Top Panel 
2 1 Back Panel 
3 2 Side Panel (Louvered) 
4 16 5/16 x 3/4" Self-Tapping Screws 6 

5 2 Plugs 
6 1 Protective Edge • 

<D 

ORDER OF ASSEMBLY 

1.Remove parts from box and confirm items 
and Quantities against bill of materials. 

2.Place side panels ® on each side of 
motor compartment and align holes. Install 
two self-tapping screws @ on fan housing 
end of each panel. 

3.Install back panel ® on the outside of 
the fan base and si(fe panels. Align panel 
holes with base holes and install screws. 
Lower back panel screws also secure the 
rear edge of the side panel. 

4. Place protector edge ® over fan end 0 f 
top panel ffi (see sketch) and install 
panel over~ase and rear panel. Two sets 
of holes are provided for attachment of 
top. For a fan operating below 500°F. 
airstream temp. use the forward (toward 
fan housing) set of holes. For fans 
operating above 500°F. airstream use the 
rear set of holes which allows for a 
ventilation gap at the fan end of the panel. 

5.Secure all screws-use caution not to 
overtighten. 

6.Install plug (s) ® in the conduit holes (5) 
that have not been used for wiring. 



EFFECTIVE DATE: NOVEMBER 1, 1987 

PVC DISTRIBUTOR HUBS 

HUB SPECIFICATIONS (SEE FIGURE 1 BELOW) 

PART PIPING NO. OF OVERALL OUTSIDE SIDE TOP DISTANCE DISTANCE 
NUMBER SIZE OUTLETS HEIGHT DIAMETER WALL WAll A B 

C1-124 1 " (4) '/2' 2" 1 ~," 3/," Min. %" Min. 1 '/." -
C1-344 1" (4) 3/4" 2'/," 2'1," 3/,'" Min. 'I," Min. H." -

C14-126 1%" (6) '/i' 2'/." 3"' '/2' Min. %" Min. 1%" -
C14-344 1 %" (4) 'I,' 2';"" 3" '/2' Min. %" Min. 1 %" -

C15-128 1'/. " ., (8) '/i' 2'/,' 3" 'Ii" Min. 3/,' Min. 1'1,' -
C15-346 1 '/2' (6) 3/,' 2;." 3" Vi'Min. %" Min. 1'3/32" -

C2-348 2" (8) 3;'." 2'116" 4" 'j," Min. '116" Min. 1'1,' -

C25-3412 2'1," (12) 3J." 3%" 
2 Rows 6 

4" '/," Min. '/16" Min. 1'/2" 2%,' 

C3-3416 3" (16) 3/,' 4" 4,/,' '/i'Min. '(,6" Min. 1%" 3" 
2 Rows 8 

C4-116 4" (16) 1" 4%" 5 'Ii' 'ii'Mln. '116" Min. 2" 3'12" 2 Rows 8 

C6-1516 6" (16) 1%,' 63/,' 8%" 9116" Min. 1" Min. 25/'6" 4%,' 
2 Rows 8 

Distributor hubs are stocked with the side outlets drilled 90 degrees to the main piping thread. These side outlets 
can also be drilled at an angle so the laterals will angle up when assembled in the tank. This allows the entire unit to 
sit lower in the bottom of the tank. Standard angle for lateral outlets to angle up is approximately 13 degrees. 
Choose the type of installation you want the hub to fit. TYPE A is where hub screws DOWN onto a nipple in the 
bottom of the tank. TYPE B is where the outlet of your tank is in the lower side wall of the tank. Your piping screws 
into the side wall. Elbow down toward the bottom of the tank and our hub then screws UP onto your bottom 
extension. 

If ordering angle holes you MUST SPECIFY an A or B hub. Add $12.00 for double row angle hubs (2W'-6") and add 
$8.00 to single row angle hubs (1"-2"). 

Hubs may be ordered with a slip fit for cementing as opposed to a threaded opening . 

• A set up charge will be added for less than minimum quantities on all special orders. 

DOUBLE ROw HUBS 

G'~rbon 
roiSe· I rvtees, nc. 

Standerd Type A 

Figure 1 

Type B 

Form H11S7 



EFFECTIVE DATE: MARCH 1, 1985 

P.v.c. DISTRIBUTION LATERALS 

-," 
'i 
I 

Laterals less than 8" have 1/8" spacing. 

Slotting on one side or two sides only is available. 
Various spacing between blades on the same 
lateral can also be manufactured per your 
reauired flow rates and drawings. 

G'~rbon 
~Se· I nnce5, nc. 

Standards: 
.010, .012 or .020 slots on 3 sides 

(specify when ordering) 
3/16" spacings 
N.P.T. one end, plugged other end 

Lateral length can be determined by using the following 
formula: 

[

(Tank dial - (Hub dla·)l 
La! length = 2 J - (1" for clearance) 

EXAMPLE 
For a 24" diameter tank uSing a 2" hub (Part No. C2-348) 
where the hub diameter is 4" . 

[
24" -4"J La!. length = 2 - (1" for clearance) = 9" max.lgth. 

PRICING: 
8 pieces of a 3/4" SDR lateral 9" long would cost $.26 per inch. 

OR 9" x $.26 = 52.34 x 8 pcs. = $18.72 total order 

BEFORE ORDERING, see "Special Pricing Notes·' below. 

Special Pricing Notes: 
Special set-up charges will be added for 
non-standard laterals. 

Call for quotes on KYNAR, POLYPROPOLENE, 
or SPECIAL CUSTOM laterals. 

.006, .032, .125 and other slot sizes avai lable at 
extra cost. Form DL-385 
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PLASTIC JAEGER TRI-PACKS~ 

," 

JAEGER PRODUCTS, INC. 
'1987 POLYMER PIP '\II.) &. MATfRIAl S 

High performance column packing 

'Ij 

, 
4 , l 

'" I • ~ 
I~ I jl 

;r 
I 

i' t 

FEATURES 
Plastic Jaeger Tri- Packs" is a hollow, 
spherical-shaped packing made of 
Injection molded plastic in three 
sizes: 1 ", 2" and 3 112" diameter. Its 
symmetrical geometry made from a 
unique network of ribs, struts and drip 
rods yields unprecedented perform­
ance. It has high void space, greater 
than packings of comparable size, 
and achieves superior pressure drop 
values, up to 90% reduction, as com­
pared to other products. The packing 
has a high ACTIVE surface area, ex­
posing all of its surface area to be fully 
wetted during column operation. The 
performance capabilities of plastic 
Jaeger Tri-Packs® have resulted in 
significant savings in hundreds of 
packed column operations. 

BENEFITS 
• Highest mass and/or heat transfer 

rate 

• Extremely low pressure drop 

• Free of plugging, fouling, nesting 
and wall channeling 

• Highest flooding point and lowest 
wetting point 

• Even gas and liquid distribution 

• No interlocking or meshing 

• Used as a mist eliminator 



PRODUCT BULLETIN 600 

® 

PLASTIC JAEGER TRI-PACKS 
SPECIFICATIONS 
Materials. Nine standard, injection moldable 
plastics are available: 

Sizes. Plastic Jaeger Tri-Packse packings 
are made in three sizes: 

Kynare (PVDF) 
Halare (ECTFE) 
TopEx (LCP) 
Tefzel· (ETFE) 

Noryl· (PPO) Teflon· (PFA) 

No.Y2 ... 
~No.1 .. . 

No.2 .. . 

1" Nominal 
2" Nominal) 
3%" Nommal 

Others are available on request 

PHYSICAL PROPERTIES MASS TRANSFER DATA 

Type No. V2 ~ No.2 

Size 1" ( 2'-) 3Vz" 

Geometric 
Surface Area 85 48 38 

(ft2 /ft3) 

Packing 
Factor 28 17 12 
(11ft) 

Void 
Space 90 93 95 

(%) 

Weight 6.2 4.2 3.3 
(lb/ft3) 

JAEGER TRI-PACKS· is a Trademark of JAEGER 
PRODUCTS, INC. U.S. Patent No. 4,203,935. Canadian 
Patent No. 1,150,621. Tri-Packs have the Trademark 
"HACKETTEN" in Germany. Further Patents pending. 

Other Trademarks herein: 

Noryl· ... General Electric Company 
Kyna'" ... Pennwalt Corporation 
Hala'" ... Allied Chemical Co. 
Tefzel· ... E.1. DuPont de Nemours & Co., Inc. 
Teflon· ... E.1. DuPont de Nemours & Co., Inc. 

Absorption G 
System (lb/hr-ft2) 

HCI-H2O 1792 

HCI-NaOH 1567 

CI2-NaOH 1229 

N02-Na2S+NaOH 717 

NH3-H2S04 492 

NH3-H2O 512 

NH3-H2O 512 

S02-NaOH 1946 

HF-H2O 1844 

CH3COCH3-H2O 1700 

H2S-NaOH 1229 

VOC G 
Stripping (lb/hr-ft2) 

TCE(ppm)-H2O 479 

TCE(ppm/ppb)-H2O 690 

BTX(pPb)-H2O 722 

Sa perter perfDrmalce Illy deslll 

Marketed by: 

POLYMER PIPING & MATERIALS 
P.O. Box 16117, Houston, Texas 77222 
(713) 672-4200, Telex 79-0119 
TX WATTS 800-833-8483 
U.S. WATTS 800-231-0146 

JAEGER PRODUCT,S.lttC. 
Represented by: 

L Temp. 
(lb/hr-ft2) (oF) 

2048 77 

2048 68 

2202 122 

1127 68 

1024 68 

1024 68 

4096 68 

4096 140 

3072 77 

860 68 

1331 68 

L Temp. 
(lb/hr-ft2) (oF) 

12264 77 

12494 60 

4998 70 

HTU - Inches 
2" & 3V2" 1" 

10.6 7.0 

8.8 6.1 

14.5 9.9 

49.2 32 

6.0 4.1 

8.4 5.6 

5.4 3.6 

12.0 8.1 

6.9 4.6 

15.2 10.2 

19.4 13.0 

HTU - Inches 
2" 1" 

26.9 21.5 

37.6 30.1 

39.2 31.4 

PPM·127·2M-3/87 



INt_ GEMS(i\)"FABRI-LEVE~' SWITCH KITS 

Imo Delaval Inc. 

FUNCTION 
Long manufactured by Gems for industry'wlde use. Fabri-Level 
units can be custom-assembled In minutes from standard compo­
nents. Only two wrenches. no special skills. are needed to as­
semble. From one to six level stations may be spaced as desired 
on a single unit. You merely follow Simple assembly instructions 
provided. Install In tank, connect electrical leads and your "tailor­
made" unit is ready for use In any media compatible with 
Brass and Buna N, or 316 Stainless Steel - the two materials 
options available. 

Fabri-Level switch kits are conveniently packaged - contain all 
components necessary for complete assembly of a one or two 
station level switch unit, ready for pipe plug mounting in your tank 
N.O. or N.C. operation of the single pole single throw switch is 
selectable when assembling - by merely Inverting the float on its 
stem. The 10" (254mm) lengths of tube furnished extend or space 
level stations as desired. 36" lengths. available separately as com­
ponents, or any standard non-magnetic 1/2" (12. 7mm) tubing may 
be used with additional level stations for longer extensions and 
additional (up to SIX) level stations. __ 

Kits are furniShed In five verSions. wllh comp1e:e as 
sembly Instructions Each kit contains 

One Tube Connector (~/2" - 3/8" npt) 

One Mounting Plug (1 '/~ If or 2" npt) 

Two Level Stations (Switch, Tube, Float) 

Two ExtenSion TUbes 1/2" .( 10" long 
(12 7mm x 254m) 

One Tube End Fitling (1/2" - 12 7'nm) 

Three Tube Unions (1/2" - 1? 7mm) 

STANDARD FABRI-LEVEL SWITCH KITS 

Material Prllnary Usage I Kit No : 
1 

24576 ! 

---- - f 

Mtg ! 
NPT 4 - - -- .. - ------- -i 

26128 I Brass Fittings Buna N Floals 2" I 
t 'I' "J In fuels water dt lpm-

26130 Stainless Steel Fltttngs. 11/4 II peratures below 180°F. 

26675 Buna N Floats 2" 

High temperature. 275°F. 
24577 All 316 Stainless Steel 2" high pressure, 750 pSi. in 

corrOSive liquids , _____ .L........-

LIMITED WARRANTY 
FABRI-LEVEL Kit equipment is guaranteed for a perrod of one year from the date 
of shipment from Gems' plant ThiS guaramee IS limited to defects In the FABRI­
LEVEL Kit caused by defective materral or workmanship performed by Gems prior 
to shipment of the FABRI-~EVEL Kit See Limited Warranty sheet mcluded With 
product 

I 

Self-assemble from stock components 
in your plant ... to your exact requirements 

OPERATING PRINCIPLE 
Fabrl-Level units detect high, low or intermediate liquid levels mag­
netically, with precise accuracy. A magnet-equipped float, moving 
With liqUid level, actuates a dry reed, hermetically sealed switch 
Within the unit's central stem at each level station. Switches are 
wired to trigger a remote warning or indicating device or. llsing 
suitable relays, to provide automatic control of pumps and similar 
equipment 

APPLICATION 
Fabrl-Level units are being applied In Just about every area of in­
dustry where accurate detection and indication of liquid level is 
called for, including automatic control of pumping and other 
systems 

CONSTRUCTION 
All configurations are extremely rugged and are virtually unaffected 
by shock, vibration, pressure or vacuum. Stems and fittings can be 
either brass or stainless steel, with Buna N floats_ Alternatively, 
stem. fittings and floats can be all 316 stainless. No gaskets or 
seals are used, and the float is the only moving part, assuring long, 
trouble free service. Corrosion resistance is excellent. 

INSTALLATION AND MAINTENANCE 
Installation can be from top, bottom or side of tank as shown in 
sketches. Usually Installed as nearly vertical as possible, units 
will operate reliably as much as 30° from the vertical. Maintenance 
requirements are minimal, and usually limited to occasional cleanup 
of scum or scale accumulation. 

MOUNTING METHODS " AOAtPTER '-' 

~ T" 
1-1/4" or 2" npt pipe plug. Top or bottom mount, boss or thickwali 
tank Permits unit insertion from outSide. 

2 3/8" npt-m tube connector. Top or bottom mount from inSide. Boss or 
thlCkwall tank. 

3,4. Top-mount through sheet metal cover, or with 90 0 elbow for mount­
Ing unit from inside Of tank. 

Pressure type fittings form U 
positive seal. Tube cannot 
turn, wires. cannot tWiSt dur.l.ng 
tightening 

Nylon ferrule for brass uOlts, 
SS ferrule for stainless uOlts. _ 
'Jj,6" (206mm) and '/e" (222mm) hex. 
fltti~gs 

2" NPT mountmg plug per- ; 
mlts entire unit to be In-

sened In tank from out-
Side '12" NPT-F prOVides 
direct electrical condUit 
connection A 111,' NPT 
mounting plug IS available 

SPECI FICA nONS 
Brass/ Buna N All 316 SS 

Ambient Temp. (Oil) OaF to 230°F O°F to 275°F 

(Water) OaF to 180°F OaF to 275°F 

Fluid Pressure (Max) 150 psi 750 psi 

Float Sp. Gr. .55 .65 

Fitting Ferrule Material Nylon 316 SS 

Mounting Thread 11/." or 2" NPT-M 

Conduit Thread 112" NPT-F 

Tube/Fitting Size 112" (12 7mm) o.d. tube 

Max. No. Levels per Stem 6 I 6 

Mounting Attitude Vertical :!: 30° 
I 



ASSEMBLY INSTRUCTIONS: 
Determine type of assembly required from data on these pages 

2 Assemble unit, observing the following sketches and information. 

Extension Tubes when required: Cut to proper length as illustrated. Tubes 36" (914.4mm) 
long available as components, or any '/2" (12.7mm) tubing of suitable non-magnetic 
m3tllrial may be used. 

I Stations: Assemble floats on switch tubes for desired switch operation as shown. 
.ed level station wires through switch tubes of each level station toward mounting plug. 

Note: Floats shown in normally open (dry) position. To reverse operation, invert floats. 

fJ
' -I " 
, ' ' >--CLOSED POSITION - --: _._. 

- - OPEN POSITION --

TUBE INSERTED TO ST~P­
'-1/4" TO 1-1/2"'t --:: 

TURNS BEYOND '-.: . 
"FINGER·TIGHT" 

UNION' 

BUNA N FLOAT 316 SS FLOAT 

Coupling Components Together: Insert tubes to limit in finings and tighten "finger-tight". 
After checking entire unit, wrench-tighten as illustrated. 

IMPORTANT: Always assemble entire unit "finger-tight" first, then check level locations 
and switch operation (N.D. or N.C.) before final tightening. 

3 Install Unit in Tank: Fabri-Level units with 1'/4" or 2" NPT mounting plugs are installed 
through a boss or tapped hole from outside of tank. Units with alternate mountings are 
installed from the inside. 

4 Electrical Leads: Leads are readily identified for connection. L E. switch leads nearest 
mounting end of unit projectthe farthest, etc. CAUTION: See "Switch Ratings" before con­
necting power to FABRI-LEVEL unit. 

ACTUATION LEVEL DIMENSIONAL DATA ... 

r 

Dim. 

A 

B 

C 

0 

E 

F 

CONNECTOR SIDE BULKHEAD 
PLUG-MOUNTEO MOUNTED MOUNTED ADAPTOR 

----~----i-lJ- - lMOUNTE~ - - - IF 
T--- --- ----- - - - - -, 

I , 
I 

,~SWITCH ACTUATION LEVELS 
_oJ, 

: Note: Buna N floats shown. 
, , , 

J 

When two or more extension tubes are coupled 
together for greater length, assemble coupling 
unions before cutting to length per "AU or "B" 
(below). 

SPST Switches SPOT 

Description 
Switches 

With Bunan WithS.S. With Either 
Floats Floats Floats 

Min. with tube 4ro" 4'1." 4~," 

extension (120.7mm) (114.3mm) (123.8mm) 

Cut tl,lbe to length - 2~." 2%~ 3" 
"A" minus (73mm) (66.7mm) (76.2mm) 

Min. with tube 6",," 6%" 6%" 
extension (160.3mm) (168.3mm) (168.3mm) 

Cut tube to length - 4'0/,." 4'Yu" 4ro" 
"B" minus (125.4mm) (119.1mm) (120.7mm) 

Closest that 4Yo" 4'1." 4%" 
levels can be (108mm) (114.3mm) (117.5mm) 

Highest possible 2%" 2:y." 3" 
level (66.7mm) (60.3mm) (76.2mm) 

Lowest possible 2'1a" 2"," 2:y." 
level (04.1mm) (66.7mm) (60.3mm) 

Minus tankwall 2~" 2"," 3" 
thickness (73mm) (66.7mm) (76.2mm) 

GEMS®"FABRI-lEVEL" SWITCH KITS 

FABRI-LEVEL COMPONENTS 

LEVEL STATION: 
Float/tube/switch assy. Choice of Buna N or 
31655 float, brass or 31655 tube. 5P5T 
switch with No. 18 AWG or 5POT switch with 
No. 22 AWG Teflon lead wires, 60"L. BRASS - BUNA N ALL 316 SS 

For PIN 
Mtg. Float 

Switch Tube Mat. 
Dim. 

Plug Mat. "A" 
Size: Brass 

1 Yo" Buna N SPST 26609 
NPT SPOT 26737 

Buna N SPST 24410 
2" SPOT 24578 

NPT 
316SS SPST -

SPOT -
MOUNTING PLUG: Provides clearance for inserting 
unit in tank. 
1 Y4" NPT: Brass-PIN 26034; 316SS-PIN 26033 
2' NPT: Brass-PIN 24408; 316SS-PIN 24407 

TUBE CONNECTOR, Yz": Connects tube to mtg. plug, 
mounts unit from inside of tank. 
Brass-PIN 24633; 316SS-PIN 24634 

TUBE UNION, Vz": Connects Fabri-Level stations or 
extension tubes. 
Brass-PIN 24412; 316SS-PIN 24413 

TUBE END FiniNG. '/z": Seals end of unit. 
Brass-PIN 24553; 316SS-P/N 24554 

BULKHEAD ADAPTER, 1fz": For top or side entry into 
tillk (with 900 elbow for side entry). 
Brass-PIN 24635; 316SS-P/N 24636 

90° ELBOW; liz": For side entry into tank (with bulkhead 
adapter). 
Brass-PIN 24631; 316SS-P/N 24632 

TllBING: 1fz" (12.7mm) D.O. Forextending Units or level 
station spacings. 
10" long: brass-PIN 25199; 316SS-P/N 25204; 
36" long: brass-PIN 24637; 316SS-P/N 24638 

ELECTRICAL DATA 

316SS 

26608 
26738 

25328 
25329 
24411 
24579 

4.00" 
4.45" 

4.00" 
4.45" 
4.25" 
4.45" 

A 1-1/4N (31.7mm) 
1-1/2" (38.1mm) 

_r 3/81'
NPTi 

1-3/4" (44'L 

""""'iIl 
1-;/18" (30.1m~~ 
3'1/16"~ 
(77.7mml~ 

1-11/16" (42.8mml~ 

1-1/2 (38.1mm)T-1 

1-1/2 (38.1m:;~ 

Standaro snap-action switch is a 2rNA, SPST, hermetically sealed, magnetically 
actuated, make and break type. Normally open or normally closed operation 
is selectable by inverting floats on unit stem. 
A level station with SPOT 3·wire switch is available as a separate component if 
required. 

SWITCH RATINGS -
MAX. RESISTIVE LOAD .. _ 

VA Volts Amps AC Amps DC 
0-30 .4 .3 

20 120 .17 .13 

240 .08 .06 

TYPICAL WIRING 
DIAGRAMS •.. 

~--o--
6'-

SPST SWITCH. N 0 OR N.C. ({JAY) .. 
SELECTABLE BY INVERnNG FlOAT 

I y Com 

<YO.~ N.C. 

ORDERING DATA ~T SWITCH IN N.C. (DRY)~~ITION 
When ordering kits. specify kit number(s) required. When ordering components, 
specify part numbers (PIN) and Quantities of each required. 

Imo Delaval Inc. 

IMtt 
INS 10-'88 PIN 72946 

Gems Sensors Division 
1 Cowles Road 
Plainville, CT 06062-1198 U.s.A. 
Tel. 203.u77-1311 Facsimile 203-747-4244 Telex 99306 

Printed In US.A. 



:::JTOAONTO 
Caloritech Int. 

IIORILUA 
Caklntactll 11C. 

,I MONTREAL 
CaI<J'i~Qf.h Inc. 

L_".L...'JJ.\'IILLI!, 1.H_. 

~MARYlANn 
caklritAcf1, inc. 

1..1.1...:.... -t_.J !..Joo.:.·~ .:.:/ .:J 

2770 Briotlton Road 
Oakvll1~, O"t;u 10 
ISH 5T4 

P,O Box 44 
Patt=ot'l Rd, 

1221, Montl'~ de lime 
5t uUfcnl. Quebec 
H4SW 

229 Thelma Avenue 
Box 846. Glen Burnie 
MD 21060-0646 

alawitllch 
Tel., (416) 629-4422 
'ax (416) 829-4430 

0(1111.1. O11U.no L3V 6H9 
M (705) 325-3473 
Fax: (70s) 325-~106 

Tel.: (514) 334-3720 
rax: (~14) 334-64~1 

Tel. (410) 766-6.133 
~ax' (410) 766-3~1 

11111. 

Quotation 
C8rbonAir 
8640 Monticello Lane 
Maple Grove, MN 55369 

AnN; Mr. Rick Kolbow 
FAX: (612) 425-6882 

WE AHE PLEASED TO SUBMITTHE FOLLOWING QUOTATION FOR YOUR CONSIDERATION: 

DATE 

YOUR 
INavlRY 
NU BEA 
QUR 
REFERENCE 
NUMBER 

ITEM QUANTITY .. . 

A One 
Only 

1.0) Scope 

1.1) Insert Type Duct Heater required. 

1.2) 400 or 3600 CFM. 

1.3) 40°F temperature increase required (SO° to 90°F range). 

1.4) 460v,·3ph power available. 

1.5) NEMA 4 Area Classification. 

1.6) Built in High Umit required. 

1.7) Built in Adjustable Thermostat, 0°·100°F Rango. 

2.0) Equipment 

2.1) Catalog No. DDFT1 ax18-52, 460v, 3ph, 52KW Tubular 
Element Duct Heater oomplete with: 

a) Generally per Pgs. 63 & 64 of Catalog 150. 

b) Insert Type. 

c) For 18" W x 18" H x 13" Deep Duct. 

(continued) 

Net 30 Days ON APPROVED CREDIT 

~~ 

I 22 JUNE 92 

I 
I DJP-92~2892 (49z) 

PAOE_1_ OF.~ 
PRICf PfR UNIT 

'"-¥ (Dllty & Brokerage Included) ----------------
- 6 Weeks 

• IS SUBJECT TO THE CONDITIONS SHOWN ON 
~F THIS ~ORM. 

D. Jerry Patterson, 
Manager, Industrial Sales 

GST R100735967 



==G.laritea~ 
I] toRONTO 
CaJorll4ltlh Inc. 
1360 Spaen Road 
Qak>ljUe, OntariO 
L6L 5V3 
rei.: ('i618Z!i29?2 
Fax: (4161825-4134 

L.I ORILUA 
CalontBCh Inc. 
PO, Box 44 
Patterson Ad. 
OMIlIa, ontam 1.3V 6119 
Tel" (7051 325-347~ 
Fax: (705) 325-2100 

II MONTREAL 
Calorltcch 1111: 
1221. Mon~ de LIeS~ 
SHaur9l1t. Quell8c 
H4S lJ7 
Till,: (51~) l'>4-J720 
F~x (514) 334-6491 

C}cMARYLANO 
CiIOrilec~, Inc. 
22!l Th~ma A'Ihle 
P.O. Box 84U 
Glen BlKniO. MD 21D60 
Td .. (301) 768-6333 
~ax: (30 I) 766·3981 

QUANTITY 

.~QUIRY NO. 

DESCRIPTION 

2.0) ~quipment (Cont'd.) 

d) Thirty-six (36) only 0.430" dia., 0.035" Wall. Incoloy 800 Tubular Heating 
Elements mounted in two (2) rows (double wide). 

1) Elements configured for 6KW or 52KW discrete operation. 
2) Elements mounted into flange--plate via compression fittings to 

form a moisture tight seal. 

e) Built-in: 

1) Fused Contactors. 
2) High Limit Cut-out. 
3) Adjustable Thermostat. Range 0°.1 OO°F. SPST, 25A. 
4) Control Transformer. 
S) Relay for remote signal to indicate 400 CFM or 3600 CFM operation. 

f) Wired for dual purpose duty, with customer supplied remote signal enabling 
contactor switching from 6KW (400 CFM) to S2KW (3600CFM) operation. 

g) NEMA 4 Terminal Enclosure. 

, ..................... , ........................................... _ ....................... '., 

----------------------4ERENCE NO. DJP-92-2892 
Pl\GE~ 
BY: ( --------------------- . er h 
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COMFORT 

SELECTION 

The finned tubular design Is the engineering 
preferon<:e. It Incorporales the highest wattage per cross 
sectional duct area thus making It more economical than 
the incoloy tubular design. It Is not subject to shock 
hazard, allowing Installation CIO$9 to 8 register or grille. II 
Is least eftected by the accumulation of dust and dirt 
within the duct and Is resistant to vibration and 
mClChanlcal abuse. 

The Incoloy tubular design should be chosen where 
high humidity or slightly corrosive chemical 
contaminants are present In the air slream . 

Where economy Is the only factor to be considered 
the open coli design 15 best suited. However the open 
coil design is not suitable for applications whera shock 
hazards, dust and dirt, vibration, or high humidity are 
factors. 

In order to select the proper K.W for your application 
use FIG. 6 below. 

FIG. 6 • RECOMMENDED KIlOWArrs 
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AIR DUCT HEATERS' 

See TABLE 1 on page 84 for typical duct heater 
sizes and KW ratings based on an air flow velocity of 500 
fUmln_ or higher. 

If the flow velocity Is less than 500 ftJmln_, the 
typical IMxlmum KW ratings In the tab I. mwst be 
derated using FIG. 7 below. 

Multiply the KW ratings shown in TABLE 1 by the 
appropriate derating factor from FIG. 7. 

~IQ. 7. DERATING FACTORS 

1.0 ,.......,...-r....,.~r--.,-.'"T""....,......,.-T"V..,. 

~~;-~~~.~,+.~ .. ~-+~~~~~ .. ,_ .... ~~-
~ ... 7 ~+-~ 
~ t--t--t--+--+~~~-'-' r---+-~ 
~ .., //~~.x.., ,:\ 

I ~ V""::: 
.2 t--+---1~<--+---+---+--+--+~-~ 
.Ir-~-r~--r-~-r~--+-~~ 

D lICI ,tJO 1110 QI 250 _ JlIO 0400 4lIO aoo 
'.rulCITV (FT ..... -) 

INSTALLATION 
Finned tubular duct heaters are deslgood for 

horizontal Installation where the maximum Inlet air 
lemperature does not exceed 2SD C (77°F) and the 
maximum rating does not exceed 120KW. 

Check factory for limitations on tubular and open 
call designs. 

STANDARD DIMENSIONS 
Insert type duct heaters are Slightly undersized to 

perrnlt Installation In ducts having the A and B 
dimensions IistAd In TABLE 1. 

Refer to the table belnw for standard frame 
dimenslons_ FIG. 8· TYPES DIFIDIT 

DIM. Irl. mnl '\ 

C 6112 163 
0 6 150 

FIG. 9 • TYPES OFF/OFT 
E 2 50 -- ---

==CaI.lit.ch 
wi -

-

P.~83 
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FINNED TUBULAR AND TUBULAR HEATERS 

TABLE 1 below lists some of the mOle common 
heater alles with maximum kilowatt ratings for each 
slze_ Slock modular frames allow quick delivery for other 
sizes In Increments of 2". 

TABLE 1· tyPICAL DUCT HEATER;;,SIZ;:'::;"~:;::S,,= ____ _ 
600V MAXiMUM· SlNOLe OR THAEE PHASe 

6)(6 2.5 
8xe 3 

10 x 6 .-
10 x 8 M --...... ~ 
141 1\ 6 5 
12 x 8 6.5 
12 x 10 8 
14 x 8 7.5 
14 x 10 9.S 
14 x 12 lUi 
16 x 10 11 
16 x 12. 13 
18 x 14 15.5 
18 I( 12 15 
18 x 14 17.5 
18 x 16 20 
20)( 14 19 
20 x 16 22 
20 11 18 25 
221( 16 24 
22 x 18 27.5 
22x2O 30.5 
24 x 18 30 
24 x 29 33 
24 x 22 36.5 
28x20 36 
26x22 39.5 
26 x 24 '3 
28)( 22 42.5 
28 x 24 4tt5 
28x 26 50.5 
30 x 24 50 
30)(26 54 
30)(28 58 

_.~x30 62.5 

Example Catalog NO. 
DIF·12X1Q.8 

3 1.5 6 
3 3.0 6 
3 2.5 6 

" 3.5 8 

3 3.5 6 
4 •. 5 8 
I) 5.5 10 
.- 5.5 8 
!5 6.5 10 
8 8.0 12 
5 7.5 10 

~ 9.0 12 

7 10.5 14 
6 10.5 12 
7 12 14 
8 14 16 
7 13.5 14 
8 15.5 18 
9 17.5 18 
a 17 18 

~.-

9 19 lit 
10 21 20 
9 21 18 

10 23 20 
11 25.5 22 
10 25 20 
11 27.5 22 
12 JO 24 
11 29.5 22 
12 32.5 24 
13 35 26 
12 35 24 .. _--
13 37.5 C6 
14 40.5 28 
15 43.5 30 

DIF • Indicates Insert finned type (OFF. flanged finned 
type, OIT. insert tubular, OFT • flanged tubular) 

12 x 10 Is A x B DIM.'. In Inches. 

8 ... KW rating. 

HOW TO ORDER 

When ordering specify volts, watts, phase. duct 
size. element type, framo type and optional features. 

\....-u.-vt\.i iL\..li. !.'L. 

STANDARO FEATURES 

• Primary linear cutout. 
160°F (710C) 

COMFORT 

2711600 VAC, 25110 AMP non·lnductlve 

• Secondary linear cutout· Manual reset complete 
with back·up magnetic contactor on units under 
3OOV, 30kw and less, 225Q F (107°C) 
2771600 VAC, 25/10 AMP non·lnductlve 

OPTIONAL AUXILIARY DUCT HEATER CONTROLS 
Tubular and finned tubular types only. 

These controll are available aa factory Installed on 
the duct heater or as an EEMAC rated (specify) control 
panel for wall mount. 

• Wall Thermoatats 
T498,6, 
T8051A (1 STAGE) 
Te062A (2 STAGE) 
T921A (0-135 OHM) 

• Ouct ThermOs1ati 
T675A (1 STAGE) 
T878A (2 STAGE) 
Tf$1A (0-135 OHM) 

• Bulb Holders 
• SUsnt Cont.etors 
• SeR Controller. • s,,, Switch 

• Pressure Differential 
S ..... ltch 

• Main Disconnect 
• Pneumatic Electric 

Switches 
• On·Off SwitCh 
• Magnetic Contactors 
• Step Controller. 
• HRC Fusing 
• Control Translormers 
• Fan Interlock Rolay 
• Pilot Lights 

See bulletin 89·132 for further dAtalis. 

OPEN COil HEATERS 

Open coli duct heaters are suitable for both 
horizontal or vertical air flow In either direction for 
Insert or flange mounting. 

Not suitable for use In applications WMre shock 
hazards, dust and dirt, heavy vibration, or high humidity 
are factors. 

Units are manufactured In sizes up to 36" (Insert 
length) x 18" with a maximum kilowatt rating of 62KW 
depending on physical size and air velocity. 

Maximum available voltage Is 6OOV. 

STANDARD FEATURES INCLUDE: 

• Thermal cutouts 
• Magnetic contactors 
• Control clroult transfonnera for 24V control 
• Supply and control terminals 

OPTIONAL FEATURES INCLUDE: 

• Air flow proving device 
• Toggle disconnect switch 
• Protective 9creens 



INSTRUCTIONS FOR THE INSTALLATION AND 
USE OF ASHCROFT® BI-METAL DIAL THERMOMETERS 

GENERAL 
In removing the thermometer out of the packing 

box. handle it by the case or case outlet. Avoid handling 
it by the stem. 

INSTALLATION OF THERMOMETERS 
The thermometer should be mounted at any con­

venient location where it will be subjected to the average 
temperature variations to be indicated. 

Avoid bending the stem as this will cause misalign­
ment of the internal parts. resulting in undue fIictional 
errors. 

To tighten the thermometer to the apparatus. use a 
wrench applied to the hexagon head of the threaded 
connection located just outside of the case. 

INSTALLATION 
Locate the stem so that at least the last two inches 

will be subjected to the average temperature to be 
measured. 

Exposing the stem to a temperature in excess of 
the highest dial reading should be avoided. 

The thermometer is normally provided with a 
threaded connection. To tighten the thermometer to the 
apparatus or into the well. use an open-end wrench 
applied to the hexagon head of the threaded connection. 
Tum until reasonably tight. then tighten still further in 
the same manner as a pipe elbow or similar pipe fitting 
until the scale is in the desired position for reading. DO 
NOT TIGHTEN BY TURNING THE THERMOMETER 
CASE. Install the thermometer so that the maximum 
case temperature is kept below 200° F at all times. 

When a thermometer is equipped with a well. the 
well should be installed onto the apparatus first. The 
stem of the thermometer should then be coated with a 
heat conducting medium (a mixture of glycerine and 
graphite or vaseline or any other heavy lubricant may 
be used). after which the thermometer stem is inserted. 
and tightened into the well. 

CAUTION: Thermowells should be used on all pressur­
ized applications. to protect the thermometer stem from 
corrosion or physical damage. and to facilitate removal 
of thermometer without disturbing the process. 

TESTING 
Ashcroft Bt-metal Dial Thermometers are carefully 

calibrated at the factory and under most operating 
conditions will retain their accuracy indefinitely. How­
ever. as in the case of all instruments. it is well to make 
periodic checks for accuracy against known standards. 

ADJUSTMENT 
If it is necessary to make an adjustment to the 

thermometer. proceed as follows: 

On thermometers fitted with an· "External AdJust­
ment"" -Use a small wrench. small screwdriver or a coin 
to turn the slotted hexagon head in the back of the case 
until the pointer indicates the proper temperature on 
the dial. 

MAINTENANCE OF DIAL THERMOMETERS 
Aside from occasional testing. little or no mainte­

nance is required. 
Be sure that the gasketed glass cover is on the case 

at all times. as moisture and dirt inside the case will 
eventually cause the thermometer to lose its accuracy. 
(See caution note below). 

If the thermometer is used for measuring the 
temperature of a material that may harden and build up 
an insulating layer on the stem. the thermometer 
should be removed from the apparatus occasionally. 
and the stem cleaned. Observe this precaution to insure 
the sensitivity of the instrument. 

CAUTION: St-metal Thermometers operating below freezing must have a perfectly tight case to prevent 
entrance of moisture which eventually will condense and freeze inside the stem. This condition shows up 
as a failure of the thermometer to read accurately below 32°F or aoc. For this reason it is important to 
avoid damage to the glass front. while the stem temperature is at freezing or below. 

Thermometers fitted with the non-removable ring are hermetically sealed in a dry atmosphere at 
the factory and require no further maintenance. 

Form No. 2S().999.J 
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GPC 70 Gas Phase 
Carbon Adsorber 

The GPC 70 Gas Phase Carbon Adsorber by Carbonair 
is the largest gas phase carbon adsorber available. 
Its welded-steel construction provides exceptional 
strength and durability, while the integrated lifting 
eyes and roll-off truck compatibility of the unit make 
transportation and installation quick and trouble-free. 
The interior is double-coated with a corrosion-resistant 
epoxy polyamide ideal for the corrosive and abrasive 
conditions of gas phase service. The unit's superior 
design and remarkable portability make the GPC 70 
suitable for any gas phase application, including air­
stripper and soil-venting off-gas treatment. 

Carbonair adsorbers are available with a variety 
of options according to purchaser's specifications. 

OPTIONS 

Optional materials of construction. 

Blower(s) and controls. 

Humidity control. 

Influent/effluent ducting. 

Additional sampling couplings and valves. 

Discharge stacks. 

FEATURES 

Skid-mounted, welded-steel construction provides superior 
durability. 

Interior epoxy coating, stainless steel and FRP internals 
offer extraordinary chemical resistance. Coating conforms 
to AWW AD 102 Inside System No.1 and AWW A C 21O-B4 

for immersion service, and has been tested 
and approved in accordance with FDA 
Regulations, Title 21, Section 175,300. It 
also meets U.S. EPA regulations for VOCs, 
as well as the abrasion resistance criteria 
established by ASTM D 4060. 

10,000-pound carbon capacity provides 
extended bed life. 

12-inch inlet ports enable maximum carbon 
utilization. 

16-inch discharge stacks promote optimum 
discharge of treated effluent. 

Easy-access, stainless steel screen on FRP 
grate ensures full drainage of condensation. 

Built-in sample couplings afford easy 
sampling of both the influent and effluent 
streams. 

SPECIFICATIONS 

DIMENSIONS 16 ft. BY.! in. length x 
5 ft. width x 
7 ft. 6 in. overall height 

(5.0 m x l.5 m x 2.3 m) 

BED AREA 69.B ft.2 
(6.3 m2) 

FLOW RANGE 700-7,000 cfm 
(21-210 m3jmin) 

CARBON CAPACITY 10,000Ibs. 
(4,500 kg) 

FITTINGS Six (6) 12-in. quick-connect air 
inlet ports 
Two (2) 16-in. quick-disconnect 
off-gas stacks with weather 
shields 
One (1) I-in. condensation 
drain 
Two (2) ~-in. full-coupling 
sample ports 

EMPTY WEIGHT 5,500Ibs. 
(2,475 kg) 

OPERATING WEIGHT 20,000 lbs. 
(9,100 kg) 

CARBONAIR 
Gas 
Treatment 
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NUMBER 

DET 1 
DET2 
DET 3 
DET4 
DET 5 
DET6 
DET7 
DET8 
DET9 
DET 10 
DET 11 
DET 12 
DET 13 
DET 14 
DET 15 

DET 16 
DET 17 
DET 18 
DET 19 
DET 20 
DET 21 
DET 22 
DET 23 

ELECTRICAL LAYOUT: DRAWING A73095 

ITEM 

CONTROL PANEL 
SPLITTER 
TRANSFORMER 
crRL FUSE + HOLDER 
crRL FUSE + HOLDER 
CONTACTOR 
AUX, CONTACT 
MANUAL HIGH LIMIT 
PO SWITCH 
DPDT RELAY. 24 VAC 
CONTACT BLOCK 
GROUND 
POWER WIRE 
POWER WIRE 
ELEMENTS INSTALLED 
ELEMENTS CONNEcrED 
DENSITY (WISO.lN.) 
KW PER CIRCUIT 
KW PER CIRCUIT 
KW PER CIRCUIT 
TYPE 
AUTO.HIGH LIMIT 
SCR 
CONTROL OR THERMOSTAT 
POWER FUSE HRC·J 
FUSE HOLDER 
POWER FUSE HRC·J 
POWER FUSE HRC·J 
FUSE HOLDER 

OTY 

1 
1 
2 
1 
3 
2 

I 
10 
1 

54 
54 
22.5 

PART NO. 

INTEGRAL 
65103 
MHlOOCJ 
AT02l30310 

MD")(5 - ~188000 
42CE35AF486 
49CE42SPDT 

6O.12P1S408 
M4/6 
SLU·35 
SEW #l48A 
SEW #86A 
1X1·72739·19 460V 963W 

17.3 FOR Cl IN HIGH HEAT MODE 
5.8 FOR CY IN LOW HEAT MODE 
34.7 FOR C2 
TIlBULARINCOLOY 
1 

1 
3 
6 
3 
3 
3 

10H11 

AR064 
CliO 
60305J 
Cl30 
Cl60 
60605J 

.. 



<?vy3 
Magnehelic~ Gage 
EXPLODED VIEW 

Series 2000 4 
~~I' 

1 Case 230. Zero adjust assembly-consists 01: 
2. Cover with lero adlust assy. a. Foot screws with washers (2 req·d) 
3. ··0" ring seal b. Adjust screw 

c. Foot 4. Belel 
d. Finger 5 Diaphragm sealing plate 

260. Scale Assembly -conSists 01: 6. Retaining ring a. Mounting screws (2 req'd) 
70. Ran~e Spring assembly b. Bumper pointer stop (2 req'd) 

a. lamp set screw c. Scale 
b. Clamp 330. Diaphragm Assembly-consists 01: c. Mounting screws (2 re~'d) (Arbor press needed to install) d. Clamping shoe (2 req' ) a. linkage assy., complete e. Clamp plate screw b. Front plate I. Spacer (2 req'd) c. Diaphragm g. Clamp plate d. Rear plate (not shown) 

14. Range Spring with magnet e. Plate washer (not shown) 
150. Wishbone Assembly-consists 01: 360. Mounting Hardware Kit . 

a. Front jewel a. Adapter -pipe plug Yo" NPT to rubber tUblng-
b. Locking nut ~req'd) c. Wishbone b. ips plug Yo"NPT -(2 req'd) 
d. Pointer c. Mounting l':t (3 req'd) 
e. Mounting screws (2 req'd) d. Long screw 3 req'~ 
I. Helix assembly (not shown) e. Short screw (3 req' ) 
g. Pivots (2 req'd) (not shown) 
h. Rear jewel (not shown) 

Ordering Instructions: 
When corresponding with the factory regarding Magnehelic~gage problems, refer to the 
call-out numbers in this view. Be sure to include model number, pressure range, and any 
special options. Field repair is not recommended; contact the factory for repair service 
information. 

BULLETIN NO. A-27 
OPERATING INSTRUCTIONS and PARTS LIST 

Magnahelic" Differential Pressure Gage 

SPECIFICATIONS 
Dimensions: 4·3/4" dia. X 2·3/16" deep. 
Weight: I lb. 2 oz. 
Finish: Baked dark gray enamel. 
ConneCtions: 1/8 N.PT. high and low pressure 

taps, duplicated, one pair side and one pair 
back. 

Accuracy: Plus or minus 2<;;- of full scale, at 70°F 
(Model 2000-0, 3'k~ 2000-00, 4'k). 

Pressure Rating: 15 PSI. 

MAGNfHflIC 

Ambient Temperature Range: 20° to 140°F 
Standard gage accessories include two 1/8" N. PT. 

plugs for duplicate pressure taps, two 1/8" pipe 
thread to rubber tubing adapters, and three flush 
mounting adapters with screws. 

(3) 'I .. " OtA. HOLES 

Caution: For use with air or compatible gases only. 

For repeated over-ranging or high cycle rales, 
contact factory. 

Hydrogen Ga> Precautionary Note: The rectan­
gular rare earth magnet used in the standard 
gage may not be suitable for use with hydro­
gen gas since a loxic and explosive gas may 
form. For hydrogen service, consult the fac­
lOry for an alternate gage construction. 

4'17" OtA. 
HOLE tN 

PA~LI ________ ~ 

-,_ "I 'h 

'I.t' HOLE tN fWEL 
FOR LOW PREss. 

tN PANEL FOR SURFACE 
MOUNTING ON 4Vo"OtA. BOLT 

BACK CONIECTION CtRCLE. PARAGRAPH 3. 

WHEN SURFACE MOUNTED. 

:·.~;:'Y.;~" .. <.:.::,f .. <:' .... :.:~>:;~~: >':: <.: 
WV·&R~},j;1 NSi3li;W.lr 



MAGNEHELlC'INSTALLATION Page 2 

Overpressure Protection: Standard 
Magnehelic gages are rated for a maximum 
pressure of 15 psig and should not be used 
where that limit can be exceeded. Newermodels 
employ a rubber plug on the rear which will 
unseat and vent the gage at approximately 25 
psig. When surface mounting units with this 
feature, provide a vent hole, as indicated on the 
dimension drawing, or allow a minimum 1/8" 
clearance when flush mounting. 

1. Select a location free from excessive 
vibration and where the ambient temperature 
will not exceed 140°F Also, avoid direct 
sunlight which accelerates discoloration of 
tht" clear plastic cover. Sensing lines may be 
run any necessary distance. Long tubing 
lengths will not affect accuracy but will 
increase response time slightly. Do not restrict 
Imes. If pulsating pressures or vibration cause 
excessive pointer oscillation. consullthe fac­
tory for ways to provide additional damping. 

2. All ,tandard Magnehelic gages are cali­
brated with the diaphragm vertical and 
.,hould be used m that position for maximum 
accuracy If gages arc to be used in other than 
vertICal positIOn. this ,hould be ,pecified on 
the order. Many higher range gages will per­
form wllhin tolerance in other positions with 
only rezeroing. Low range Model 2000-00 
and metric equivalent, must be u,ed in the 
verllcal pmllion only. 

3. Surface Mounting 

@ o~ 

o~ 

o~ 

Locate mounting holes. 1200 apart on a 4-1/8" 
dia. circle. Use No. 6-32 machine screws of 
appropriate length. 

4. Flush Mounting 

"40...., 
-40 -., 

~40...., 

Provide a 4Yz" dia. opening in panel. Insen 
gage and secure in place with No. 6-32 
machine screws of appropriate length, with 
adaptors, Pan No. 36Oc, firmly secured in 
place. To mount gage on H4"-2" pipe, order 
optional A-610 pipe mounting kit. 

5. To zero the gage after 
installation 
Set the indicating pointer exactly on the zero 
mark. using the extetnal zero adjust screw on 
the cover at the bollom. Note that the zero 
check or adjustment can only be made with 
the high and low pressure taps both open to 
atmosphere 

Operation 
Positive Pressure: Connect tubing from 
source of pressure to either of the two high 
p{essure ports. Plug the pOri not used. Vent 
one or both low pressure ports to atmosphere. 

Negative Pressure: Connect tubing from' 
source of vacuum or negative pressure to 
either of the two low pressure POrls. Plug the 
pOri not used. Vent one or both high pressure 
POrlS to atmosphere. 

Differential Pressure: Connect tubmg from 
the greater of two pressure sources to either 
high pressure port and the lower to either low 
pressure port. Plug both unused POrls. 
When one side of gage is vented in a dirty. 
dusty atmosphere. we: suggest an A-331 Filter 
Vent Plug be installed in the open port to keep 
inside of gage clean. 
a. For portable use or temporary installation. 
use 1/8" pipe thread to rubber tubing adapter 
and connect to source of pressure with rubber 
or Tygon tubing. 
b. For permanent installation, 1/4" O. D. or 
larger, copper or aluminum tubing is rec­
ommended. See accessory bulletin S-101 for 
fillings. 

MAINTENANCE 
BULLETIN A·27 

Page 3 

Maintenance: No lubrication or periodiC 
servicing is required. Keep case exterior 
and cover clean. Occasionally disconnect 
pressure lines to vent both sides of gage 
to atmosphere and re-zero. Optional vent 
valves. (bulletin S·IOI). should be used 
in permanent installations. 

Calibration Check: Select a second 
gage or manometer of known accuracy 
and in an appropriate range. Using short 
lengths of rubber or vinyl tubing. connect 
the high pressure side of the Magnehelic 
gage and the test gage to two legs of a tee. 
Very slowly apply pressure through the 
third leg. Allow a few seconds for pres­
sure to equalize. fluid to drain. elc.. and 
compare readings. If accuracy unaccept­
able. gage may be returned to factory for 
recalibratlon. To calibrate In the field. use 
the follow ing procedure. 

Calibration: 

I. With gage case. PIN I. held firmly. 
loosen bezel. PIN 4 by turning counter­
clockwise. To avoid damage. a canvas 
strap wrench or similar 1001 should be 
used 

2. Lift out plastic cover and "0" ring. 

3. Remove scale screws and scale as­
sembly. Be careful not to damage 
pointer. 

4. The calibralion is changed by moving 
the clamp. PIN. 70·b. Loosen the 
clamp screw(s) and move slightly 10· 

ward the helix if gage is reading high. 
and away if reading low. Tighten clamp 
screw and install scale assembly. 

5. Place cover and O-ring in position. 
Make sure the hex shaft on inside of 
cover is properly engaged in zero ad· 
just screw, PIN 230·b. 

6. Secure cover in place by screwing 
bezel down snug. Note that the area 
under the cover is pressurized in oper­
ation and therefore gage will leak if 
nol properly tightened. 

7. Zero gage and compare to test instru­
ment. Make further adjustments as 
necessary. 

Caution: If bezel binds when installing, 
lubricare rhrcads sparingly wirh Iigh[ oil or 
molybdenum disulphidc compound. 

Warnin.::Altcmpted field rep~ir m~y VOId your 
warr~my. Rec~libr~lion or rep~ir by Ihe uscr IS 

nOI recommended. For best resulrs, return g~ge 
10 [he f~Clory. Ship prep~id to: 

Dwyer Ins[fumems, Inc. 
Altn. Rep~ir Dep~Clmem 
55 Ward Slreel 
Wakarusa. IN 46573 

Trouble Shooting Tips: 
• cox£' 11'0/1" i/ld,cme or is .I/Uggl.lh. 

I. Duplicate pressure port not plugged. 
2. Diaphragm ruptured due to overpres­

sure. 

3. Fittings or sensing lines blocked. 
pinched. or leaking. 

4. Cover loose or "0" ring damaged. 
missing. 

5. Pressure sensors. (static tip,. Pltot 
lube. etc) improperly located. 

6. Ambient temperalure too low. For 
operation below 20°F. order gage With 

low temperature. (LT) option. 

• Pllilller Huck-gllge Cll/l', he zeroed. 

I. Scale touching pointer. 

2. Spring/magnet assembly shifted and 
tOUChing helix. 

3. Metallic particles clinging to magnet 
and interfering with helix movement. 

4. Cover zero adjust shaft broken or not 
properly engaged in PIN 230-b ad­
justing screw. 

We generally recommend that gages 
needing repair be returned to the factory. 
Parts used in various sub-assemblies vary 
from one range cf gage to another. and 
use of incorrect components may cause 
improper operation or failure. Gage, re­
paired at the factory are carefully cali­
brated and tested to assure "Iike·new" 
operation. After receipt and Inspection. 
we will be happy to quote repair costs be­
fore proceeding. 

Consult factory for assistance on unusual 
applications or conditions. 

Use with air or compatible gases only. 

: ... , .... " ... ".: .... ;.:: 
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SERIES 
1800 Low Dinerential Pressure Switches 

lor 6enerallnduslrial Service 
Compaer. economicallY priced switches in 8 slandard ranges. Set pOints from 

0.15" to 85" W. C. Repetitive accuracy within 2%. U.l. and C. S. A.lisled, F. M. approved. 

Model 1823 pressure switch. U.L. 
and C.SA listed, F.M. approved. 

Series 1823 pressure switch. 
Conduit enclosure removed 
to show electric SWitch. 

One of our most popular pressure switches. Combines small 
size and low price with 2% repeatability for enough accuracy 
for all but the most demanding applications. Set point adjust­
ment inside the mounting spud permits mounting switch on 
one side of a wall or panel with adjustment easily accessible 
on the opposite side. 

D.L. and C.S.A. listed, F.M. approved. 

* Model 1823 shown; (1823 replaces 
1820, 1821 and 1822 which are similar), 

Environmental (MIL) Switch 
Unlisted Model 1820 can be furnished with special snap switch 
sealed against the environment for temperatures down to -650 F., 
high humidity andlor for government applications. Similar to 
standard Model 1823 except dead band is slightly greater. SpeCify 
Model 1820 (Range No.) "MIL" in ordering. 

Weatherproof 
Enclosure 

--- , .... -------: _''''._'110~ 

, ' , ' 
I I : 16 gao steel enclosure 

for unusually wet or oily 
conditions. Withstands 
200 hour salt spray test. 
Gasketed cover. Weight 
51f2 Ibs. Switch must be 
installed at factory. 
Specify "WP" in addi­
tion to switch catalog 
number. 

,-c~ 

',_[~I~,.", , , 
, , 

:: J 

'-" 

Explosion-Proof 
Housing 
Cast iron base and 
aluminum dome cover. 
Approximate weight 
7V2 Ibs. Specify "EXPL" 
in addition to SWitch 
catalog number. 

'-- .... ------

How to Order: See price list, Bulletin S-26. 

, _III.·_~ ... 

'I, MOUNTiNG SPUD AND NUT 

POINT ADJUSTMENT SCREW 

EW TYPE ELECTRICAL TERMINALS 

IT ENCLOSURE 

PRESSURE CONNECTION-'1,' NPT 

HIGH PRESSURE CONNECTiON-'Ie" N pr 

~~~~~=--""'_'I' CONDUIT CONNECTION 

..L.-----__ ------CRIMPED RING 

Construction and dimensions. Series 1823 pressure switches. 

PHYSICAL DATA 
Temperature limits: _30· F for dry 
air or gas to 180· F. 
Maximum surge pressure: 25 psig 
Rated pressure: 10 psig. 
Pressure connections: VB" NPT. 
Electrical rating: 15 amps, 120-480 
volts, 60 Hz. A.C. Resistive VB H.P. 
@ 125 volts, 1/4 H.P. @ 250 volts, 
60 Hz A.C. See INSTALLATION for 
derating information above 130· F. 
Wiring connections: 3 screw type, 
common, normally open and normal­
ly closed. 

SERIES 1823 SWITCHES: 

Set point adjustment: Screw type 
inside mounting spud. 
Housing: A I u min u m die casting. 
Steel fittings zinc plated, dichro­
mate dipped for 200 hour salt spray 
test. 
Diaphragm: Silicone rubber on nyl· 
on with aluminum support plate. 
Calibration Spring: Stainless steel. 
Mounting spUd: V2" pipe thread. 
Weight: 1 lb., 5 oz. 
Installation: Diaphragm vertical. 

OPERATING RANGES AND DEAD BANDS. 
U.L. and C.S.A. Listed, F.M. Approved. 

Operating 
Approximate 

Range 
Dead Band 

Model Inches, At Min_ At Max_ 
Number w.e. Set Point Set Point 

1823-0 0.15 to 0.5 0.06 0.06 
1823-1 0.3 to 1.0 0.08 0.08 
1823-2 0.5 to 2.0 0.10 0.12 
1823-5 1.5 to 5.0 0.14 0.28 
1823-10 2.0 to 10 0.18 0.45 
1823-20 3 to 22 0.35 0.70 
1823-40 5 to 44 0.56 1 1 
1823-80 9 to 85 1.3 3.0 

Suggested Specification 
Differential pressure switches shall be diaphragm operated 
with 4" diaphragm to actuate a single pole double throw 
snap switch. Motion of the diaphragm shall be restrained 
by a calibrated spring that can be adjusted to set the exact 
pressure differential at which the electrical switch will be 
actuated. Motion of the diaphragm shall be transmitted to 
the switch button by means of a direct mechanical linkage. 
Switches shall be Dwyer Instruments, Inc. Catalog No. 
1823-__ for the required operating ranges. 
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SERIES 1823 DIFFERENTIAL PRESSURE SWITCHES 

Specifications - Installation & Operating Instructions - Parts List 

INSTALLATION AND OPERATION 
INS7 ~LLATION 
1. Select a location free from excessive vibration where oil 

or water will not drip upon the switch and where ambient 
temperature will not exceed 130 0 F. See special housings 
for unusual conditions. 

2. While not required, positioning the pressure connections 
down is recommended. Mount the switch with the diaphragm 
in a vertical plane. Must be recalibrated for each change in 
operating position. 

3. Connect switch to source of pressure differential. Metal 
tubing with 1/4" 0.0. is recommended but any tubing 
system which will not restrict the air flow unduly is satis­
factory. Note that the low pressure connection may be 
made to the 1/2" stud at the back of the switch if desired. 
If so connected, drill 1/16" diameter holes in the Spring 
Retainer flange (PN 1823-309) and the head of Adjustment 
Screw (PN 1823-289) to provide opening to the switch in­
terior and plug the other low pressure connection. 

4. Electrical connections to the standard single pole. double 
throw snap switch are provided by means of screw ter­
minals marked "common", "norm open", and "norm clos­
ed". The normally open contacts close and the normally 
closed contacts open when pressure increases beyond 
the set pOint. 

5. Switch loads should not exceed the maximum specified 
current rating of 15 amps resistive. Switch capabilities 
decrease with an increase in ambient temperature above 

130 0 F, high load inductance, or rapid cycle rates. When­
ever an application involves one or more of these factors, 
the user may find it desirable to limit the switched cur­
rent to 10 amps or less in the interest of prolonging 
switch life. 

ADJUSTMENT 
If the switch has been factory preset, check the set-point 
before placing in service to assure it has not shifted in 
transit. 

2. If switch has not been preset or if it is desired to change 
the set pOint, observe the following procedure: 
a. To adjust the set point turn the slotted Adjustment 

Screw (PN 1823-289) clockwise to increase the set 
pOint and counter-clockwise to decrease the set point. 

b. Important Note. The following is a recommended pro­
cedure for calibrating or checking calibration: Use a 
"T" assembly with three rubber tubing leads, all as 
short as possible and the entire assembly offering 
minimum flow restriction. Run one lead to the pres­
sure switch, another to a manometer of known ac­
curacy and appropriate range, and apply pressure 
through the third tube. Make final approach to the set 
pOint slowly. Note that manometer and pressure switch 
will have different response characteristics due to dif­
ferent internal volumes, lengths of tubing, oil drainage, 
etc. Be certain switch is checked in position it will 
assume in use, i.e., vertical, horizontal, etc. 

Part Na. Name 
CROSS SECTIONAL VIEW 

1823-005 
1823·022 

1823-035 
1823·077 

1823-078 
1823·091 

1823-093 
1823·109 

1823-199 

1823-200 
1823-242 
1823-266 

1823-289 
1823-309 

1823-490 
1823-1 H 

1823-2H 

Conduit Enclasure (1) 

Switch Body Assembly - Aluminum 
Die Casting Diaphragm Assembly 
.008" Silicone on Nylon and 
AlulJlinum Assembly Ring (1) 

"0" Ring 1/2" X 5/8" (1) 

Mounting Nut - 1/2" Electrical 
Nut - Steel (1) 

Conduit Cover Assembly (1) 

Conduit Enclasure Fasteners -
T innerman Speed Nut (4) 

Retain ing Ring (1) 

Calibration Spring - Stainle .. 
Steel (1) 

Insulation Shield - 1/32" Thick 
.Hard Fibre (1) 

Switch Button - Nylon (1) 

Micro-Switch #BZ-RW84-A2 

Mounting Washer - 1-5/32" 0.0. X 
.844" I. D. - St eel (2) 

Calibration Adjustment Sere. (1) 

Ca I ibration Spring Retainer -
Brass (1) 

Switch Bracket - Steel (1) 
#6-32 X 1 Steel Sere. 
#6L Brass Washer 

~I 
~1 

LvtJR/CAT£ '0' RING 
~,r,., P€TROl'VM JELlr 
8lFOltt:. ASSCMI".l' 

#6-32 Lock Nut 

1/6-32 X .5/16" Ste.1 Scre. 

~ _______________________ 4~.D~/A~. ______ ~ ______ ~ ____ ~ 

When corresponding with the lactory regarding 1800 terles 
switch problems, please reler to the call-out numbers in this 
view to assure proper identification. Be lure to include the 
operating range and any optional leatures. Field service Is 
not recommended. Contact the lactory lor .ervice Information. 

Lilho in U.S.A. 4/89 
V Copyroghl 1989. Dwyer Inslrumenls, I' 

F. R. No. 24·440256-<)0 



1 YEAR LIMITED WARRANTY 

1. WARRANTOR: Dealer, Distributor, Manufacturer 

2. ELEMENTS OF WARRANTY: This Product is warranted to be free from defects in materials 
and craflsmanship with only the limitations and exclusions set out below. 

3. WARRANTY AND REMEDY: 

One-Year Warranty -- In the event that the Product does not conform to this warranty at any 
time during the time of one year from original purchase, warrantor will repair the defect and 
return It to you at no charge 

This warranty shall terminate and be of no further effect at the time the Product is (I) 
damaged by extraneous cause such as fire, water, lightning, etc. or not mainlained as 
reasonable and necessary; (2) mOdified; (3) improperty installed; (4) repaired by someone 
other than warrantor; (5) used in a manner or purpose for which the Product was not 
intended; Or (6) sold by original purchaser. 

WARRANTORS' OBLIGATION UNDER THIS WARRANTY IS LIMITED TO REPAIR 
OR REPLACEMENT OF THE PRODUCT THIS WARRANTY DOES NOT COVER 
PAYMENT OR PROVIDE FOR THE REIMBURSEMENT OF PAYMENT OF 
INCIDENTAL OR CONSEQUENTIAL DAMAGES. 

II must be clear that the warranlors are nol insuring your premises or guaranteeing thai Ihere 
Will not be damage to your person or property il you use this Product. The warrantors shall 
not be liable under any circumstances for damage to your person or property or some other 
person or that person's property by reason 01 tile sale 01 this product or its failure to operate 
in the manner In which il is designed. The warrantors' liability, if any, shall be limited to the 
Original cost of the PrOduct. The warrantors aSSume no liability lor installation of the Product 
and/or interruptions of the service due to strikes, riots, Hoods, fire, and/or any cause beyond 
Seller's control. 

4. PROCEDURE FOR OBTAINING PERFORMANCE OF WARRANTY: In the evenl that 
the Product does not conform to this warranty, the Product should be shipped or delivered 
l<eight prepaid to a warrantor with evidence 01 original purchase. 

5. LEGAL REMEDIES: This warranty gives you specilic legal rights, and you may also have 
other rights which vary Irom state to stale to the extent allowed by law 
expressly in lieu or any other express or implied warranty, comJition, or 
guarantee. 

Effective date 7/01/90 
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Desktop'g'IlVironmental Monitoring System 

OWNER'S 
MANUAL 

Economical monitoring over 
telephone lines to protect your 
home or business 

PhonetiCS, Inc. 
901 Tryens Road, Aslon, I)A 19014 

The SENSAPHONE system allows you to 
establish two-way communication and direct 
security monitoring 01 your property. even 
when there's no one there. It calls to tell you 
there's a problem and reports on: 

• Fire and Smoke • Power Failure 
• Temperature Changes • Intruders 
• Leaks or Flooding . and more. 
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INTRODUCTION 

SENSAPHONE CAPABILITIES 

The Sensaphone Model 1000 is an electronic watchman. It monitors 
specific environmental and operating conditions of your vacation home, 
business, or other property. The Model 1000 is equipped with built-in 
sensors that automatically monitor the following conditions: 

AC electrical power--checks for power 
failure. 

Temperature--it gives actual temperature and 
checks to see if it exceeds or falls below user­
programmed high and low limits 

High sound levels--such as smoke or burglar 
alarms. 

Battery--the condition of its battery back-up. 

The Sensaphone Model 1000 also has three digital alert inputs for 
sensors or switches (see Appendix C). The attachable sensors monitor 
other conditions at the unit's location or other areas, such as: 

'ntrusion into premises 

Water leaks or floods 

Temperature in remote areas 

The use of each alert input can vary widely. One example is as follows: 

Alert 1--Passive infrared sensor to detect 
intrusion 

Alert 2--Water sensor for water seepage in a 
basement 

Alert 3--Magnetic reed switch lor a door 

All monitoring is a continuous process. When a problem arises, \l1e unit 
will sequentially dial up to four user-programmed telephone numbers 
with an alarm message. It will state the existing problem, then wait for 
the person answering to acknowledge the alarm call. The Model 1000 
will continue dialing-out until its message is properly acknowledged 



2 SENSAPHONE SECURITY MONITORING SYSTEMS 

You can also call-in to the Model 1000 to get a status report on the 
monitored conditions and listen in through the built-in microphone. 

THE SENSAPHONE 1000 OWNERS' MANUAL 

This manual describes the features and operation of the Sensaphone 
Model 1000. It provides explanations, illustrations, and examples to 
simplify its installation and programming. 

Read this manual completely and experiment with the examples 
before starting your actual programming. 

SENSAPHONE SPECIFICATIONS AND STATISTICS 

SIZE 

2 inches high, 71/2 inches wide, 81/2 inches deep. 

SHIPPING WEIGHT 

4 lb. (without batteries). 

SA TIERY SYSTEM 

Six D-cell alkaline batteries (not included). 

There is approximately 8 - 10 hours of continuous operation from the 
batteries when an AC power failure occurs and the unit is ON . Turning 
the unit OFF disconnects all functions, but if AC power is removed, the 
batteries will still be drained. 

AC CONNECTION 

UL-listed Class 2 wall transformer with a six-foot cord. Converts 110 
VAC, 60 Hz, 8 Watt input to 9 VAC, 60 Hz, 600 mA output. 

TELEPHONE CONNECTtON 

Standard modutar connector (RJ11C) with a six-foot cord. 

OPERATING CONDITIONS 

The Sensaphone Model 1000 should not be operated in temperatures 
less than +40· F nor more than + 120· F. 

INTRODUCTION 3 

Do not use the Model 1000 in an environment where it is exposed to 
fumes or corrosive vapors. They migl")t damage the unit, causing it to 
malfunction, and void the warranty. 

POWER SURGE PROTECTION 

Vour Sensaphone Model 1000 may be affected by power surges 
through the telephone line or the 110 VAC power supply. We 
recommend that you obtain additional protection for the 1000, and 
for illlY electronic equipment which is attached to your power 
supply and telephone lines. This is especially important if you liv.,e 
in a lightening-prone area. One protection device is the TRIPP LITE 
"Isotel" ModeIIS-4. It is available through Phonetics. (see Appendix C). 

IMPORTANT! 
The Sensaphone Modell 000 should be periodically checked to ensure 
proper operation in your particular installation. If you are using external 
sensors, their operation must be checked periodically as well. The 
system with its sensors (if any) should be COMPLETELY checked 
monthly to ensure proper operation. 

Always disconnect all telephone lines from wall outlets before servicing 
or disassembling this equipment, or replacing ba\leries. 

FCC REQUIREMENTS 

PART 68 - The Sensaphone Model 1000 complies with Part 68 01 the 
FCC Rules. On the bottom of the unit is a label that contains, among 
other information, the FCC Registration Number and the Ringer 
Equivalence Number (REN). vou must, upon request, provide this 
information to your telephone company 

The REN is use lui for determining the quantity of devices that you may 
conne.ct to your telephone line and still have all of those devices ring 
when your telephone number is called. In most areas, the sum of the 
RENs of all devices connected to one line should nol exceed 5.0. To 
be certain of the number of devices that you may connect to your 
telephone line, you should contact your local telephone company. 

Should the Sensaphone Model 1000 cause harm to the telephone 
network, the telephone company shall, il possible, notify you that 
temporary discontinuance 01 service may be required. However, il 
such action is necessary and prior written notice is not possible, the 
telephone company may temporarily discontinue service without notice. 
The telephone company may make changes in its communications 
facilities, equipment, and operations procedures, where such action is 
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reasonably required in the operation of its business and is not 
inconsistent with the rules and regulations of the Federal 
Communications Commission. 

The Sensaphone Model 1000 should not be used on coin telephone 
lines. Connection to party line service is subject to state tariffs. 

If trouble is experienced, disconnect the Sensaphone Modell 000 from 
the telephone line to determine if the unit is causing the malfunction. If 
the Model 1000 Is determined to be malfunctioning, its use should be 
discontinued until the problem has been corrected. We suggest that 
you do the following: 

1) Refer to Appendix F, TROUBLESHOOTING. 

2) Carefully write down your observations 01 the Modell OOO's 
malfunctioning. 

3) Call Phonetics' Technical Support at 1-215-558-2700 if any 
instructions are not clear or if you have any questions. 

If your Sensaphone is programmed to dial to an emergency number 
(Le. the police), you must do the following when testing: 

1) Remain on the line and briefly explain to the dispatcher the 
reason for the call before hanging up. 

2) Perform such activities in the off-peak hours, such as early 
morning or late evening. 

PART 15 - This equipment has been tested and found to comply with 
the limits lor a Class B digital device, pursuant to Part 15 of the FCC 
Rules. These limits are designed to provide reasonable protection 
against harmful interference when the equipment generates, uses and 
can radiate radio frequency energy and if not installed and used in 
accordance with the instruction manual, may cause harmful 
interference to radio communications. Operation of this equipment in a 
residential area is likely to cause harmful interference in which case the 
user will be required to correct the interference at his own expense. 

CHAPTER 1 
INSTALLATION 

POWER SUPPLY INSTALLATION AND TELEPHONE CONNECTION 

Plug the provided AC transformer into any standard 110 VAC outlet. 
Next, install the 6 D-cell alkaline batteries (not included). They enable it 
to continue functioning when AC power is removed. 

Before putting the batteries into the unit, be sure that the AC 
transformer is plugged into an outlet. Remove the battery compartment 
door on the back of the Sensaphone. Install the 6 D-cell batteries in 
accordance with the diagram below: 

[:----\ [:-------J \ + -I 

\- +\1- +11- :J 
Finally, replace the battery compartment door. See Figure 1. 

0+0 
+~~ 

, 

fiGURE 1 BATIERY INSTALLATION 

.i' 
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Next, plug the provided male modular telephone jack into any standard 
modular telephone outlet (RJ11W for wall-mounted phones, RJ11C for 
other phones) (see Figure 2). 

On the back of the Sensaphone is a female modular telephone jack . 
This is provided so that a telephone may be used on the same line as 
the unit. It is not necessary to hook up a telephone for the Sensaphone 
to operate. 

If you do not have a modular telephone extension at the Model 1000's 
location, contact your local telephone company to have one installed 
(there Is a nominal charge for this service). If you have four-pin jacks, 
adapters are readily available to convert them to the modular plugs. 
Contact your local telephone company or electronics parts store. 

fiGuRE 2. PLUGGING IN THE AC TRANSfORMER AND THE TElEPHONE JACK 

IMPORTANT! 
The Sensaphone Model 1000 will operate with all standard telephone 
systems that accept pulse or tone dialing. 

Certain private telephone systems and public switching equipment may 
not accept Sensaphone dialing or may generate an unacceptable ring 
signal. In those cases, a dedicated line may be required for the 1000. 
Consult the supplier of your telephone system if you encounter 
problems. 

The Sensaphone Model 1000 cannot be used on an extension line to 
dial its own telephone number. It should not be used on the same line 
with any telephone answering devices, such as modems and 
answering machines. Also, it may not be installed on a party line or pay 
telephone line. 

CHAPTER 1 INST ALUI. TION 7 

CAUTION 
Never install telephone wiring during a lightning storm. Never install 
telephone jacks in wet locations unless the jack is specifically designed 
for wet locations. Never touch uninsulated telephone wires or terminals 
unless the telephone line has been disconnected at the network 
interface. Use caution when installing or modifying telephone lines. 

You should use power surge suppression devices on both the 110 VAC 
power supply and the telephone line. Please refer to page 3 of the 
INTRODUCTION for further information. 

MOUNTING THE SENSAPHONE 1000 

The Sensaphone Model 1000 can be mounted on a wall with two 
screws, using the keyholes on the back panel of the unit. To do so, 
place two screws or bolts 313/16" apart at the desired height from the 
floor. Position the Sensaphone's keyholes over the screwheads. Slide 
the unit down towards the lIoor. 

~311i~'~ 
~ ~ 

~ 

"-
'\ 

FIGURE 3. MOUNTING THE MODEl 1000 

The 1000 can also be placed on top of a desk or any other horizontal 
surface. 
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THE ALERT INPUTS 

The Sensaphone Modell 000 has three digital alert input terminals (see 
Figure 4). They are designated Alerts 1. 2. and 3. 

An alert input can be used with any normally open (N.O.) or normally 
closed (N.C.) input device. Open is when there is no contact and 
closed is when a contact exists. The Model 1000 will adapt to N.O. or 
N.C. sensors when the unit's 10 number is programmed (see Chapter 
2. page 18). 

CONNECTING A SENSOR TO AN ALERT TERMINAL 

Each alert input consists of two screws. marked "ALERT {I. 2. or 3)." 
Directly above each screw is a number that designates the terminal 
number. For example. Alert 1 is terminals 7 & 8. 

Tf"" AlLRT 3 AlLRT 2 ALERT 1 

G·tI213141'516I Grla 

~~~~~~~~ 
FIGURE 4: TERMINAL STRIP 

You must determine what type 01 sensor will be connected to each alert 
input. For types. refer to Appendix C. 

After you have selected the sensor. loosen the two screws of the alert 
input to which it will be connected. Two wire leads are used to connect 
any monitoring sensor. Fasten one lead to one screw and the other 
lead to the second screw. Tighten both screws. The Sensaphone may 
say "Alert condition (1. 2. or 3) exists" as you connect the sensor. If it 
does. just press any key and it will stop speaking. 

17f21 ;141~;1 7 I B I 

FIGURE 5. CONNECTING A SENSOR TO AN INPUT TERMINAL 

CHAPTER 1 INSTALLATION 9 

NOTE: 
Do not use sensors. switches. or relays that supply any voltage or 
current to the Modell 000. 

Any N.O. or N.C. sensor can be attached to the Model 1000 using 22 
gauge wire. The sensor can be several hundred feet from the unit. as 
long as the total resistance of the circuit is not greater than 50 ohms. 
Use wire appropriate for the application. 

After all of the sensors are wired to the Sensaphone. and are in a 
normal (OK) position. the 10 number must be programmed. When the 
10 number is programmed. the Sensa phone scans all the alert inputs. 
and whatever the unit sees at that time is the normal position lor the 
inputs. This will set the normality 01 all the alert inputs. See Chapter 2 
page 19. 

The Sensaphone Model 1000 may have more than one sensor 
connected to the same terminal. However. the normal condition lor 
each sensor on the same terminal must be identical (either N.O. or 
N.C.). 

MULTIPLE NORMALLY CLOSED SENSORS 

To have more than one normally closed sensors on one input. they 
must be connected in series. Connect one lead from the first sensor to 
the odd-numbered terminal of the alert pair. Next. take the other lead 
Irom the lirst sensor and connect it to one lead lrom the next sensor. 
Continue connecting sensors end-to-end until you have connected all 
01 your sensors. Take the second lead Irom your last sensor and 
connect it to the even-numbered terminal 01 the alert pair. ReIer to 
Figure 6. 

Multiple N.C. inputs are typically magnetic reed switches 10 monitor the 
security of windows and doors. 

~~ 
Magnetic Reed Switches 
(Normally Closed) in 
Series Circuit. 

Alert Occurs When a 
Switch is Opened. 

FIGURE 6. CONNECTING MUL TIPLE N C SENSORS TO ONE INPUT TERMINAL 
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MULTIPLE NORMALLY QPEN SENSORS 

To have several normally open sensors to one alert input, c(\nnect them 
in parallel. To do so, take one lead from each sensor and &.iach it to 
an odd-numbered terminal. Then, take the second lead from each 
sensor and attach each to the corresponding even-numbered (see 
Figure 7). 

Multiple N.O. inputs are typically TEMp· ALERTs * to monitor the 
temperature in several different locations simultaneously. 

FIGURE 7: ATIACHING MUl TIPLE N 0 SENSORS TO ONE INPUT TERMINAL 

* trademark of Winland Electronics, Inc. 

CHAPTER 2 
KEYBOARD OPERATIONS 

The Sensaphone Model 1000 stores the following important 
programmable information in its memory. Set these parameters using 
the Sensaphon9 Modell 000 keyboard (see Figure 8). 

Time 
Four telephone numbers automatically called in emergencies 
Tone or pulse dialing 
Number of rings before the Modell 000 answers the 

telephone to give a status report 
High and low temperature alarm limits 
The 10 number 
Silencing the local speaker during dial-out and call-in 

I W~~T ILJEJIOFFI 
[=] L~] e=_J L] 
DDLJC] 
I ~~~~E . LJ [O~~ ] I ~'~NTER,j 

MUTE AM PM 
._---

L~J l~~~] C::J l~J 
fiGURE B THE SENSAPIIONE 1000 KEYBOARD 
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The keys on the Model 1000 are mentioned often in this clupler. In 
text, they will always be symbolized by BOLDFACE, CAPITALIZED 
letters. The sentence "Press SET, then RINGS" is read as "Press the 
key with the word SET on it, then press the key with the word RINGS on 
it. " 

Two of the keys are multi-functional. In programming instructions, only 
the word for the specific parameter being programmed will be used. 
For example, the sentence "Press 9, then PAUSE" is read as "Press the 
key with the number 9 on it, then press the key with the words 
PAUSEfTONE/MUTE/AM on it." In illustrations, the parameter being 
used will be boldface, while the other parameter(s) will be normal 
typeface. So, "Press 9, then PAUSE" will be shown as follows: 

D PAUSE 
TONE 
MUTE AM 

Every time a key is pressed, the unit will beep. The beep is high­
pitched when information is being entered. Any time you make a 
mistake in programming, the 1000 will say "Error." 

To begin programming your unit, verify that your unit is fully installed 
and ON. 

THE TIME 

The Sensaphone Model 1000 has a built-in clock. Once the current 
time is programmed, the unit will monitor the time. If the AC fails, the 
clock will continue to keep time until the back-up battery is depleted. 
When both the AC power and the back-up battery fail, the clock will 
reset to 12 AM. 

SETIING THE TIME 

To set the time, press SET, followed by TIME. Enter the numbers for 
the correct time. Since there is no colon (:) key on the unit's keyboard, 
the time must be entered as numbers only. If the time is AM, press AM, 
then ENTER. If the time is PM, just press ENTER. 

For example, to set the time to be 8:45 AM, press the following keys: 

LJLJDD[5=-J 
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PAUSE uNTER 
TONE 
MUTE AM PM 

To set the time to be 2:00 PM, press the follo,,!,ing keys: 

13 

LJl~DDD 
~ 
~ 

CHECKING THE TIME 

To check the time, press WHAT IS, then TIME. The unit will say "The 
time is (number, AM or PM). 

~ 
~ C~] 

Referring to the two previous examples, the unit should respond with 
"The time is 8:45 AM" and "The time is 2·.00 PM," respectively. 

THE TELEPHONE NUMBERS 

The Sensaphone Model 1000 has the capability to store up to four, 16-
digit (or smctller) telephone numbers in its memory. They are known as 
Phones 1, 2, 3, and 4. These are the alarm dial-oul telephone 
numbers. They are automatically called in sequence when an alarm 
condition occurs. You can program the Sensaphone to dial the P~lOne 
numbers using pulse (rotary) or tone dialing. 

The telephone numbers are programmed in the sequence in which you 
want to have them called. They are programmed into Phone positions 
1, 2, 3, and 4. Therefore, the number to be called first would be Phone 
1, the number to be called second would be Phone 2, et cetera. 
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IMPORTANT! 
Try to avoid programming dial out phone numbers that might be 
answered by an answering machine. There is no electrical or 
operational problem if an answering machine answers a phone call 
made by the Sensaphone, but if all the dial out phone numbers are 
programmed to call answering machines, the unit can potentially dial 
out forever, leaving the alarm situation unacknowledged. 

Instruct key people at each telephone number about the Sensaphone 
Model 1000 and about what actions they should take if called with an 
alarm. If necessary, instruct switchboard operators to handle alarm 
and acknowledgement calls. Do not have the alarm call answered by a 
person who is unable to acknowledge the alarm or to take prompt, 
effective action to deal with the situation. If appropriate, conduct 
periodic drills to familiarize personnel with the operation of the unit. 

In some areas, municipal services (Le. police, fire, medical) will not 
respond to automatic voice messages. Check with your local municipal 
services. 

SE7TING A DIAL-OUT TELEPHONE NUMBER 

The Sensaphone can dial out using pulse dialing or touch-tones. It will 
normally dial·out with pulse, but can be switched to touch-tones by 
inserting TONE as the first digit of the telephone number. The 
PAUSE/TONE/MUTE/AM key will only indicate tone dialing when it is 
the first digit of a telephone number. If PAUSE is inserted in the middle 
of a telephone number, it produces a 4 second pause during dial-out. 

To set a pulse-dialed telephone number, press SET, then the Phone 
number (1. 2, 3, or 4). Press the keys corresponding to the digits of the 
telephone number. Finally, press ENTER. 

To set a tone-dialed telephone number, press SET, the Phone number 
(1,2,3, or 4), then TONE. Press the keys corresponding to the digits 
of the telephone number. Finally, press ENTER. 

For example, to set Phone 1 as 1-215-555-8379, press SET, then 1. 
Press the keys corresponding to the digits of the telephone number. 
Finally, press ENTER. 

uD[~OD 

~ 
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LJDCJDD 
LJDD~ 

For example, to sel Phone 2 as 1·215-555-9387 and lone-dialed, press 
SET, 2, then TONE. Press the keys corresponding to the digits 01 the 
telephone number. Finally, press ENTER. 

~O~~U:EE DO ~ MUTE AM 

uClDDD 
[~=ll~=IDDGJ 

USING PAUSE 

With some telephone systems, you must first dial an access number to 
reach an outside line, then pause for the connection before dialing a 
regular telephone number. The Model 1000 also has this capability. 

The 4-second pause can be programmed as part of the telephone 
number. To do so, press SET, and the Phone number (1, 2, 3, or 4) 
(for a tone-dialed number, then press TONE). Next, press the keys 
corresponding to the digit(s) of the access number, then press PAUSE. 
Now press the keys corresponding to the digits of the regular 
telephone number. Finally, press ENTER. 

For example, to set Phone 3 so that the Model 1000 will tone-dial 9 to 
access an outside line, wait for the dial tone, then tone-dial 1-215-555-
4523, press the following keys: 

r~E~T~J LJ PAUSE l~~l PAUSE TONE TONE 
MUTE AM MUTE AM 
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LJDDDCJ 
DDDDD 
DEJ 

USING A POUND AND ASTERISK 

When calling some phone systems or beeper systems, a pound tone or 
an asterisk tone may be required. To incorporate a pound tone within 
the dial-out phone number, press SET at the appropriate position within 
the phone number. To incorporate an asterisk tone within the dial-out 
phone number, press WHAT IS at the appropriate position within the 
phone number. 

DELETING A PHONE NUMBER 

To delete a telephone number from memory, press SET, the Phone 
number, then ENTER. 

For example, to delete Phone 31rom memory, press the lollowing keys 

LJDEJ 
CHECKING A DIAL-OUT TELEPHONE NUMBER 

To check a telephone number, press WHAT IS, then the Phone 
number you want to check. The Model 1000 will state the telephone 
number. 

For example, to check Phone 1, press the following keys: 

~D LJ 
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When you check a telephone number that is tone-dialed, the 
Sensaphone will beep before it states the telephone number. For 
example, to check Phone 2 in SETIING A DIAL-OUT TELEPHONE 
NUMBER, press WHAT IS then 2. The Sensaphone will beep, then say 
"One, two, one, five, five, five, five, nine, three, eight, seven." 

When you check a telephone number that has a programmed pause, 
the unit will state the access number, be~p when the pause is 
programmed, then state the rest of the telephone number. 

For example, to check Phone 3 from the example in USING THE 
PAUSE KEY, press WHAT IS, then 3. The Model 1000 will beep, say 
"Nine," beep again, then say "One, two, one, live, live, five, five, four, 
five, two, three." 

If there is no dial-out telephone number in the unit's memory, it will say 
"No number. For example, to check Phone 3 after it has been deleted, 
press WHAT IS, then 3. The Model 1000 will say "No number." 

THE RINGS UNTIL ANSWER 

The Rings Until Answer are the number 01 rings that must occur belore 
the Model 1000 will answer the telephone in response to a cal/-in. The 
number of rings can be programmed to be from 1 to 79. 

SETIING THE RINGS UNTIL ANSWER 

To set this number, press SET, then RINGS. Enter the number 01 rings 
desired, then press ENTER. 

For example, to set the of Rings Until Answer, press the following keys: 

LJLJLJ[=J~l 
If you do not set a Rings Until Answer, the Modell 000 will set it to be 4 
rings. 

CHECKING THE RINGS UNTIL ANSWER 

To verify the number of Rings Until Answer, press WHAT IS, then 
RINGS. The Modell 000 should repeat the number you have entered. 

~ 
~ El 



18 SENSAPHONE SECURITY MONITORING SYSTEMS 

Referring to the above example. the Model 1000 will say "Twelve." 
THE TEMPERATURE LIMITS 

The temperature limits determine the high and low readings at the 
temperature probe which will cause the Model 1000 to automatically 
dial-out with an alarm. The range of the temperature probe is +0" F to 
+128" F. The Model 1000 has high and low temperature limits of 
+98' F and +55" F, respectively, until you set in your own values. 

SETTING THE TEMPERATURE LIMITS 

To set the temperature limits, press SET, then TEMP. The unit will 
respond with "Enter high temperature limit." Enter the number, then 
press ENTER. The 1000 will then say "Enter low temperature limit." 
Enter that number, then press ENTER. 

HI NT: 
00 not set the limits too close to the normal room temperature. Minor 
changes in temperature would cause frequent and unnecessary alarm 
dial-outs. 

Setting the high temperature limit to 128" F and the low temperature 
limit to 0" F will disable the alarms and the Sensaphone will not dial-out 
with a temperature alarm. 

For example, set the high temperature limit to be +94 0 F and the low 
temperature limit to be + 10· F by pressing the following keys: 

LJEJDD~J 
DQu 

CHECKING THE TEMPERATURE LIMITS 

To verify the temperature limits, press WHAT IS, then 10 lor a status 
report The status report is given in CHECKING THE 10 NUMBER (on 
page 19). 
OBTAINING CURRENT TEMPERATURE 

To obtain the current temperature, press WHAT IS, then TEMP. 

I 
f 

I 
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EJ 
The unit will state the temperature at -the thermistor (or remote 
temperature probe). 

THE 10 NUMBER 

The unit's idenlitication (10) number can be trom 1 to 16 digits long. 
Typically, it is the telephone number where the unit is located, although 
it does not have to be. The 10 number should be programmed into 
the unit only after all sensors are wired to the unit and are in their 
normal state. This will establish the normal condition of the alert 
input sensors in the Model 1000's memory. Any change in these 
states will cause an alert dial-out. 

SETTING THE 10 NUMBER 

To set it. press SET. then 10 Press the keys corresponding to the digits 
of the 10 number. Finally. press ENTER. 

For example. to set the unit's 10 number to be 1-215-555-4687. press 
the following keys: 

EJLJCJDD 
L-JDClDD 
D[~DL;J 



20 SENSAPHONE SECURITY MONITORING SYSTEMS 

DELETING THE 10 NUMBER 

To delete the 10 number from memory, press SET, 10, then ENTER. 

[~I LJ 
CHECKING THE 10 NUMBER 

~ 
~ 

To check the identification number, press WHAT IS, then 10. 

~ 
~ LJ 

The unit give you a status report, which follows: 

STATEMENT 

tiello 

This is telephone number 

The time is 

The temperature is ____ degrees 

The electricity is 

Sound level 

Alert condition 

(battery condition) 

High temperature limit ___ degrees 

Low temperature limit ___ degrees 

COMMENT 

(the TO numuer·) 

(time, AM or PM) 

(local temperature 
at Model 1000) 

ON 
OFF 

OK 
HIGH 

OK 
1 EXISTS 
2 EXISTS 
) EXISTS 

BATTERY CONDITION OK 
BATTERY CONDITION LOW 
REPLACE BATTERIES 

(High temp. limit, t·) 

(Low temp. limit, . F) 
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Referring to the example in SETIING THE 10 NUMBER, the Model 1000 
would say "Hello. This is telephone number one, two, one, five, five, 
five, five, four, six, eight, seven," then give the rest of the status report. 

If there is no 10 number programmed, the unit will say "No number" 
alter the phrase "This is telephone number" when it gives the stalus 
report. 

MUTING THE SENSAPHONE DURING DIAL-OUT AND CALL·IN 

The Sensaphone has a programmable mute as a security feature. The 
mute will only be in effect during dial·out and call·in; in other words, it 
will not affect programming the unit. The mute turns off the local 
speaker when the Sensaphone is dialing out with an alarm or accepting 
an incoming phone call. 

To program the mute, press MUTE before you program the 10 number. 
For example, to mute the speaker while programming the 10 number to 
be 1-215-555-4687, press the following keys: 

~ I~I ~~~SEE . ~l PI 
~~ MUTEAM~~ 

LJD[~JDD 
[4=] L=J l~~J r=1 ~J 

When you check the 10 number, the Sensaphone will say "Hello. This is 
telephone number," beep to indicate that the mute is programmed, then 
continue on with the rest of the 10 number and status report. 

NOTE: 
Another security leature 01 the 10 key is leaving the building that the 
Sensa phone is in. When you press WHAT IS, then 10, tt1e 
Sensaphone will begin giving the status report, which takes 
approximately 30 seconds. During those 30 seconds, the 1000 will not 
sense any changes in the alert inputs, though it will still acknowledge 
high/low temperature and AC power failure. This means you have 30 
seconds to leave the building without tripping an alert condition. 



ON/OFF KEYS 

CHAPTER 3 
OPERATING FUNCTIONS 

There are two keys on the 1000's keyboard marked ON and OFF. 
They are used to activate and deactivate the unit. 

EJ 
When you press ON, the red light on the 1000 will begin to glow while 
the unit says "Hello," states any existing alarms, then say "The time is 
twelve A.M.'" If the unit is already on, it will just beep. 

This activation state enables the Model 1000 to receive incoming calls 
and automatically dial-out in the event of the failure of a monitored 
condition. The red light will always glow while the unit is in the 
activation state. 

IOFFI 
When you press OFF, the Sensa phone will say "Have a good day" and 
the red light will stop glowing. All functions are disabled. If any alarm 
condition occurs, the Model 1000 will not dial-out. However, the clock 
will still keep time. An AC and battery back-up power failure would 
result in the loss of all memory, which would necessitate the 
reprogramming of the unit. 

It is recommended that the 1000 stay ON, unless it is necessary to 
disable the unit temporarily. To store the 1000, remove the batteries, 
otherwise, the unit will drain the batteries, even if it is OFF. 

• if the time was previously set, the 1000 will state the current time 
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MICROPHONE 

The Sensaphone 1000 has a built-in microphone. It has two important 
functions: 

It will continuously listen for a high sound level that 
increases 10 db over the normal sound level at a 
frequency of 1000 Hertz or more. If this sound level 
exists for 10 consecutive seconds or longer (such as a 
smoke alarm or burglar alarm), then the Model 1000 will 
dial-out with an alarm message. 

During both a cal/-in and an automatic dial-out, the 
microphone allows a 15-second listen-in to the Model 
1000's location. 

The location of the smoke or burglar alarm in relation to the 
microphone is extremely important. Normally, the 1000 and the audible 
alarm must be in the same room. The maximum distance can vary 
considerably depending on the alarm, the acoustics, and the size of the 
room. 

NOT E: 
Please note that short duration or intermittent alarm signals may not 
trigger the alarm dial-out. 

Au\RM CHECK 

Alter the Sensaphone and the alarm have been positioned, activate the 
alarm for 15 seconds. The Model 1000 should say "Sound level high" 
and start its dial-out procedure. Press any key to halt the dial-out. 

II the unit fails to respond, the Sensaphone and the alarm must be 
moved closer together. You must wait 60 seconds between tests to 
allow the Sensaphone to readjust. 

IMPORTANT! 
The ability of the unit to react to an audible alarm must be checked 
upon installation and periodically verified I 
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THE CALL-IN STATUS REPORT 

You can call-in to the Modell 000 anytime 10 obtain a verbal status 
report. The unit will answer the telephone alter it rings the the number 
programmed as Rings Until Answer. You will receive the lollowing 
message: 

STATEMENT 

Hello 

This is telephone number 

The time is 

The temperature is ___ degrees 

The electricity is 

Sound level 

Alert condition 

(battery condition) 

COMMENT 

(the ID number) 

(time, AM or PM) 

(local temperature 
at Model 1000) 

ON 
OFF 

OK 
HIGH 

OK 
1 EXISTS 
2 EXISTS 
) EXISTS 

BATTERY CONDITION OK 
BATTERY CONDITION IDW 
REPLACE BATTERIES 

The Sensaphone will repeat the status report, then say "Listen to tile 
sound level lor 15 seconds." Alter the 15 second listen-in, the 1 000 will 
say "Have a good day" and disconnect from the telephone line. 

If you call-in for a status report after an alarm dial-oul tlas been 
properly acknowledged but the alarm condition still exists, you will also 
be told: 

STATEMENT 

Warning message received by __ _ 

COMMENT 

(Phone number unit 
dialed prior to 
acknowledgement call) 

This statement will go away wtlen the alarm goes away. 
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AUTOMATIC DIAL-OUT 

The Sensaphone Model 1000 will automatically dial-oul to the four 
telephone numbers you had programmed into its memory when one 
(or more) of the following conditions occur: 

The AC power goes OFF for at least 5 minutes. The unit 
waits this long because short duration electrical lailures 
are common in some areas. During the 5 minute period, 
the speaker will announce "The electricity is OFF." every 
15 seconds. 

The temperature varies beyond the higtl or low limits you 
have programmed. The Sensaphone will say "The 
temperature is high" or "The temperature is low," 
respectively, for 30 seconds. 

A high sound level occurs whose duration is 10 seconds 
or longer. The 1000 will say "Sound level higt)" for 30 
seconds. 

Alert condition 1 ,2, or 3 is activated when the status 01 a 
sensor on Alert input 1 ,2, or 3 changes lor at least 200 
milliseconds. The Sensaphone will say "Alert condition 
(1,2, or 3) exists" for 30 seconds. 

High or low temperature, high sound, and alert conditions will Cause the 
1000 to state the detected condition through its speaker lor 30 seconds 
belore starting to dial-out. If the mule is programmed, the unit will be 
silent during those 30 seconds. 

AC power failure must exist for 5 continuous minutes for an alarm 
condition to exist. During those 5 minutes, the Sensaphone will 
announce "The electriCity is off" every 15 seconds. However, the unit is 
capable 01 normal functioning during those 5 minutes. You can call-in 
for a status report, but you will be told the power is off even though it 
has not been off for 5 minutes. After the power has been off lor 5 
minutes, the Sensaphone will dial-out. To cancel tile dial-out during the 
5 minute recognition period, press OFF, then ON 

The Model 1000 will dial Phone 1, deliver its alarm message and status 
report, then state "Indicate you have received warning message" ancl 
pause for 5 seconds. During the five second pause, the unit will wait lor 
a Touch-Tone acknowledgement If the Touch-Tones are not received, 
the unit will then ask for an acknowledgement call-back and wait sixty 
seconds for the call. If the alarm is not properly acknowledged, the 
1000 will call Phone 2 and go through the same procedure. II there is 
no call-back, it will call the Phone 3 and repeal the procedure. If thai 
call is not acknowledged, the unit will call Phone 4. II there is no 
acknowledging telephone call, the Modell 000 will then begin the entire 
procedure again, starting with Phone 1. If any Phone number is not 
programmed, Ihe unit Will skip to the next sequential programmed 
Phone number without any delay. 
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The Sensaphone begins talking atter the last eUgit of the phone 
number Is dialed. Therefore, when you answer the phone, the 
Sensaphone could be at any point within its dial out message, 
depending on how quickly you answer the phone. 

If there Is only one telephone number in memory, the Sensa phone 
will dial-out to 15 times, then stop, in accordance with FCC 
regulations. 

The message you will receive is the following: 

STATEMENT 

Hello 

This is telephone number 

(warning message) 

Hello 

This is telephone number 

(warning message) 

Hello 

This is telephone number 

The time is 

The temperature is ___ degrees 

The electricity is 

Sound level 

Alert condition 

(battery condition) 

Listen to the sound level 
for 15 seconds 

COMMENT 

(the ID number) 

(the ID number) 

(the ID number) 

(time, AM or PM) 

(local temperature 
at Model 1000) 

ON 
OFF 

OK 
HIGH 

OK 
I EXISTS 
2 EXISTS 
) EXISTS 

BATTERY CONDITION OK 
BATTERY CONDITION LOW 
REPLACE BATTERIES 

(15-second listen-in) 
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STATEMENT COMMENT 

Indicate you have received (5 second pause for 
warning message Touch-Tone response) 

Dial telephone number ( ID number) 
within 60 seconds 

If an alarm condition comes into existence wllile the 1000 is dialing-out 
for a diHerent alarm condition, the Sensaphone will add the new 
condition to its dial·out report. 

This cycle can be stopped at any time by pressing any key on the 1000 
keyboard. 

ACKNOWLEDGEMENT OF ALARMS 

Locally - At any time during an alarm dial out, the alarm may be 
acknowledged locally by hilling any key on the keypad. This will stop 
the dial out procedure and the unit will indicate that the warning 
message was received by its 10 number. 

Touch·Tones - At the end of the dial·out alarm message, the unit will 
say "Indicate you have received warning message" and then pause lor 
five seconds. During those five seconds of silence, you may 
acknowledge receipt of the alarm by preSSing 5, 5, 5 on any Touch­
Tone telephone. This will stop the dial-out procedure. When the 
Sensaphone receives the Touch·Tones 5,5,5, it will respond by saying 
"Warning message received by telephone number ." and will 
disconnect from the phone line. If the unit does not receive these toucl1 
tones, it will continue by stating "Diat telephone number (10 number) 
within 60 seconds". 

Call back - At the end of the dial-out alarm message, the unit will say 
"Indicate you have received warning message", pause for five seconds, 
and continue with "Dial telephone number (10 number) within 60 
seconds". When acknowledging an alarm by calling back, the first ring 
of your call-back must occur within 60 seconds after the Sensaphone 
completes its alarm call and hangs up. The telepl10ne must then ring 
10 times. After the tenth ring, the unit will answer and state "Warning 
message received by (the telephone number it had just dialed),'· 
'ollowed by a status report. The 1000 will then discontinue lurther 
dialing-out for this alarm condition. 

During the 60 second countdown, the unit will beep every second, 
unless the unit has been programmed to be mute upon an alarm dial­
out. Once the first ring of the acknowledgement call· back is received, 
the unit will only beep every time it receives a ring signal. 

If that condition reoccurs or if any other alarm occurs, the automatic 
dial·out procedure starts again. 



KEY 

WHAT IS 

SET 

ENTER 

TEMP 

RINGS 

ID 

TIME 

PAUSE 

MUTE 

TONE 

AM 

PM 

APPENDIX A: EXPLANATION OF KEYS 

FUNCTION 

-Used in interrogation of unit. 

-Used in programming of unit. 

-Used in programming of units to enter 
information into the Model 1000's memory. 

-Used with SET to set high and low temperature 
limits. 

-Used with WHAT IS to check the current 
temperature. 

-Used with SET to program the number of rings 
before the unit answers the telephone. 

-Used with WHAT IS to check the number of 
rings. 

-Used with SET to enter the identification 
number of the unit and normal status of alert 
inputs. 

-Used with WHAT IS to get a status report on 
the conditions that are being monitored. 

-Used with SET to enter the present time into the 
Model 1000. 

-Used with WHAT IS to check the time. 

-Used to set a pause into a telephone number 
when required to access an outside telephone 
line for a dial-out. 

-Used while programming the ID number to 
program the Sensaphone to silence the 
speaker during call-in and dial-out. 

-Used to deSignate tone dialing for a telephone 
number. 

-Used when programming time to indicate the 
period between midnight and noon. 

-Used when programming time to indicate the 
period between noon and midnight. 

APPENDIX B: VALID KEYBOARD SEQUENCES 

NOTE: Commands inside brackets [J are optional 

INTERROGATION COMMAND SEQUENCES 

WHAT IS TEMP temperature 

WHAT IS 

WHAT IS 

WHAT IS 

WHAT IS 
WHAT IS 
WHAT IS 
WHAT IS 

RINGS 

10 

TIME 

1 
2 
3 
4 

rings until answer 

ID number 

lime 

Phone 1 
Pholle 2 
Phone 3 
Phone 4 

PROGRAMMING COMMAND SEQUENCES 

SET TEMP (PAUSE) (number) ENTER JPAUSE) (number) ENTER temp. limits 

SET RINGS (number) ENTER nngs ulltil 
answer 

SET 10 (MUTE) (number) ENTER ID number 

SET TIME (number) AM ENTER AM time 

SET TIME (number) PM PM time 

SET (TONE) (number) (PAUSE) (number) ENTER Phone 1 
SET 2 (TONE) (number) (PAUSE) (number) ENTER Phone 2 
SET 3 (TONE) (number) (PAUSE) (number) ENTER Phone 3 
SET 4 (TONE] (number) (PAUSE] (number) ENTER Phone 4 

DELETING PARAMETERS 

SET 10 ENTER 10 number 

SET ENTER Phone 1 

SET 2 ENTER Phone 2 

SET 3 ENTER Phone 3 

SET 4 ENTER Pholle 4 



APPENDIX C: ACCESSORIES 

The sensors listed are the most commonly used input devices. 
However, there is a virtually unlimited variety of sensor/switch input 
devices available at commercial or industrial electrical supply houses. 
They can provide a device to monitor virtually any condition that might 
be required for your business, industrial or residential needs. Contact 
Phonetics' Sales department at (215) 558-2700 for more information. 

MODEL NUMBER 

FGD 0004 

FGD 0005 

FGD 0006 

FGD 0007 

FGD 0010 

FGD 0011 

FGD 0022 

FGD 002] 

FGD 0027 

SENSOR/SWITCH 

Water Detection Sensor 

Remote Temperature Sensor 

Magnetic Reed Switch 

Passive Infrared Motion Detector 

Accessory Wire (50 foot coil) 

optical Pick-up 

TEMpoALERT™ 

ISOTEL™ surge protector 

Humidistat 

APPENDIX D: APPLICATIONS 

There are many ways to apply the Sensaphone Model 1000 to your 
needs. Listed below are some of the ways our customers have used 
the Modell ODD, employing the built-in sensors for power failure, high 
sound level, and temperature, plus the additional sensors listed in 
Appendix C. 

PURPOSE LOCATION SENSORS/INPUTS 

SECURITY RESIDENCES MAGNETIC REED SWITCHES 
VACATION HOMES 
MOBILE HOMES PASSIVE INFRARED 
BUSINESSES MOTION DETECTORS 
OFFICES 
BUILDINGS 

TEMPERATURE RESIDENCES REMOTE TEMPERATURE 
OFFICES SENSORS 
FACTORIES 
REFRIGERATORS TEMpOALERT™ 
HVAC SYSTEMS 
GREENHOUSES TEMPERATURE SWITCHES* 
ANIMAL BUILDINGS 
POULTRY BUILDINGS POWER FAILURE ALERT 
FANS/BLOWERS 
COMPUTER ROOMS 
TELECOM ROOMS 

FIRE RESIDENCES SMOKE/FIRE ALARMS* 
OFFICES 
FACTORIES 
REFRIGERATORS 
HVAC SYSTEMS 
ANIMAL BUILDINGS 
POULTRY BUILDINGS 
COMPUTER ROOMS 
TELECOM ROOMS 

----
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PURPOSE LOCATION SENSORS/INPUTS 

HUMIDITY LABORATORIES HUMIDISTATS 
TEST CHAMBERS 
FACTORIES 
GREENHOUSES 

FUMES/GASES MINES FUME/GAS ALARM'" 
FACTORIES 
LABORATORIES POWER FAILURE A[~RM 
BOATS/SHIPS 
CHEMICAL PLANT 
FAN VENTILATORS 
ANIMAL BUILDINGS 

LIQUID BOATS/SHIPS WATER SENSOR 
LEAKS PUMPS/VALVES 
AND LEVELS BASEMENTS POWER FAILURE ALARM 

STORAGE TANKS 
COMPUTER ROOMS 
WATER TREATMENT 

FACILITIES 
---------

"'Not available through Phonetics 

APPENDIX F: TROUBLESHOOTING 

PROBLEM 

Unit does not talk. 

Unit does not 
dial out 
automatically. 

Unit does not answer 
incoming calls 
after the prescribed 
number of rings. 

Unit does not function 
normally. 

Invalid temperature reading. 

POSSIBLE CAUSE 

-Unit not ON. 
-Wall transformer not plugged 
into a 110 VAC outlet. 

-No telephone numbers 
entered in Phone 1 through 
Phone 4. 

-Unit not ON. 
-Telephone jack not connected 
-Wall transformer not plugged 
into a 110 VAC outlet. 

-Wall transformer not plugged 
into 110 VAC outlet. 

-Incompatibility with telephone 
system. 
-Unit not ON. 
-Telephone jack not connected. 

-Unit programmed or installed 
incorrectly. 

-Unit was exposed to power 
surge through power and/or 
telephone lines. 

-Sensors and/or wiring 
damaged or defective. 

-There is a bad or broken 
temperature connection 
between the Model 1000 and 
the temperature sensor. 

If the temperature reads O· . 
the circuit is open. II the 
temperature reads 128· • the 
circuit is shorted. 
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PROBLEM 

Unit does not talk. 

Unit does not 
dial out 
automatically. 

Unit does not answer 
incoming calls 
after the prescribed 
number of rings. 

Unit does not function 
normally. 

Invalid temperature reading. 

POSSIBLE CAUSE 

-Unit not ON. 
-Wall transformer not plugged 
into a 110 VAC outlet. 

-No telephone numbers 
entered in Phone 1 through 
Phone 4. 

-Unit not ON. 
-Telephone jack not connected 
-Wall transformer not plugged 
into a 110 VAC outlet. 

-Wall transformer not plugged 
into 110 VAC outlet. 

-Incompatibility with telephone 
system. 
-Unit not ON. 
-Telephone jack not connected. 

-Unit programmed or installed 
incorrectly. 

-Unit was exposed to power 
surge through power and/or 
telephone lines. 

-Sensors and/or wiring 
damaged or defective. 

-There is a bad or broken 
temperature connection 
between the Model 1000 and 
the temperature sensor. 

APPENDIX FffROUBLESHOOTlNG 35 

To service your Sensaphone Model 1000, do the following: 

1) 

2) 

Carefully reread the instruction manual to be certain 
that all connections and programming were done 
correclly. 

Check to see if the Model 1000 was damaged by a 
power surge. 

a) 

b) 

c) 

d) 

Remove the AC power supply from the 110 
VAC wall outlet and remove the batteries. 
Allow the unit to remain unpowered for 10 to 
15 minutes. 
Restart and reprogram the Model 1000 in 
accordance with the instructions in this 
manual. 
Retest all functions and sensors. 



APPENDIX G: RETURNING YOUR UNITS FOR SERVICE 

In the event that your Model 1000 does not function properly and you 
cannot reprogram it, we suggest that you do the following: 

1) Reier to Appendix F, TROUBLESHOOTING. 

2) Carelully write down your observations 01 the Model 1000's 
malfunctioning. 

3) Call Phonetics' Technical Service at 1-215-558-2700 il any 
instructions are not clear or il you have any questions. 

" the unit must be sent to us for servicing, do the following: 

1) Unplug the AC power supply from the wall outlet, remove the 
batteries, and disconnect all sensors Irom the alert inputs. 

2) Carelully pack unit into its original container or a sturdy shipping 
box. Be certain to use sufficient cushioning material to avoid 
damage in transit. 

3) Address package to: 

SERVtCE DEPARTMENT 
PHONETICS, INC. 

901 TRYENS ROAD 
ASTON, PA. 19014 

4) Ship it prepaid and insured via UPS or US Mail to ensure a 
traceable shipment with recourse lor damage or replacement. 

5) If your Sensaphone is under our One Year Limited Warranty, 
include a copy of your sales receipt, check, or charge slip to serve 
as your Prool of Purchase. A copy 01 our One Year Limited 
Warranty appears on the back cover 01 this manual. 

6) Include a letter explaining the Model 1000's problem. "the 
problem appears within 1 year after purchase, the unit will be 
repaired at no charge. "the unit is out ot the one year warranty, 
you will be sent an estimate 01 the cost to repair. At that time the 
charges can be put on a credit card, we can wait tor a check or 
your unit can be returned UPS C.OD. 

7) l)nder normal conditions, your Model 1000 will be in our shop lor 
approximately 10 to 15 working days while it is being repaired, 
tested, and shipped back to you. 



SYSTEM STARTUP , OPERATION 

1. Open airstripper influent and effluent butterfly valves. 

2. Make sure airstripper blower and process air heater switches 
are "OFF" at main control panel. 

3. Turn main control panel main disconnect switch "ON". Blower 
low pressure alarm light (red) should glow. 

4. Turn Process Air Heater main disconnect switch "ON". 

5. Turn blower control switch to "AUTO", blower should start 
and blower run light (green) should glow. Blower low 
pressure alarm lights should cease glowing as soon as 
pressure in the airstripper sump comes up. Read blower/sump 
pressure (in inches water column) on gauge at main control 
panel. Reading should be about 5 - 7 inches. At this 
writing, blower outlet damper should be about 50% open. 

6. Turn process air heater enable switch to "ON". Heater run 
light (green) should glow. Check to see that the keyed 
heater "HIGH/LOW" switch is in the correct position for the 
chosen GPM rate (at this writing should be set at t:li~GH"). 
IMPORTANT: It should be noted that at this writing 
approximately 68% of the heater elements have been disabled 
by removing three #CJ-60A 60 amp fuses from their clips in 
the heater control box (fuses are resting in the bottom of 
the box). This was necessary because at the time of 
installation there was insufficient power available at the 
Process Air Heater main disconnect. While there is 
currently 30 amps, 3 phase available, the heater requires 60 
amp, 3 phase service to operate at it's full total capacity 
of 52 kilowatts. The remaining 32% of the heater elements 
will operate together in parallel at 6 kilowatts when the 
"HIGH/LOW" switch is in the "LOW" position. This same group 
of elements will operate in series at 17 kilowatts when the 
"HIGH/LOW" switch is in the "HIGH" position. During setup 
and adjusting it was determined that operating the heater at 
17 kilowatts in the "HIGH" setting (with 68% of the elements 
disabled) yields more efficient heating of the process air 
stream (flowing at about 500 CFM). For future increased 
demand on the heater to accommodate higher water and air 
flow rates, the service at the Process Air Heater main 
disconnect must be increased to at least 60 amps, 3 phase. 
The green heater run light will glow only when the heater 
elements are on and heating. This light will go off and on 
with the normal cycling of the heater thermostat. 

(continued) 
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SYSTEM STARTUP AND OPERATION I PAGE 2 

7. Check the blower and heater for proper operation. 

8. There are two dual-scale Magnehelic gauges mounted on the 
airstripper offgas ducting near the blower. These gauges 
are connected in parallel to a pitot tube in the blower 
inlet duct. When reading these gauges, refer to the bottom 
scale on the gauge to determine blower inlet duct air 
velocity. The top gauge, with an air velocity range of 300-
2000 feet per minute, is intended to register blower inlet 
velocity when the blower is operating in the low cubic feet 
per minute (400-500) range. The bottom gauge, with an air 
velocity range of 500-4000 feet per minute, is intended to 
effectively extend the range of the top gauge and to 
register blower inlet velocity when the blower is operating 
in the high cubic feet per minute (3600) range. When 
operating the blower in the high CFM range, the top gauge 
will "peg" to beyond maximum scale readings. Due to the 
unique design of these gauges, no damage to the "pegged" 
gauge will occur. 

Reading the appropriate gauge, check (adjust if needed) the 
12" butterfly ducting damper so the gauges read the FPM 
(feet per minute) velocity required for the proper ACFM 
(actual cubic feet per minute). At this writing, the LOW 
RANGE gauge should read about 500 FPM. with 500 FPM x 1.05 

: (cross-sectional area of the blower inlet ducting, in square 
feet) you will get about 525 ACFM. This measurement is 
taken at the center of the inlet ducting and will be 
slightly higher than the true CFM. 

9. The system is now ready to accept water for processing. The 
upstream pumps may now be started (see manual provided by 
others). For automatic operation, make sure the pumps are 
run in the "AUTO" mode. Failure to do this could result in 
untreated water being released to the drain and/or a flooded 
airstripper building. 

10. Once pumps have been started and stabilized, check the water 
level in the airstripper sump sight glass. This level 
should be constant with little variation. 

11. Recheck the air velocity gauge(s) to see if the desired CFM 
is being forced into the airstripper. Adjust if necessary. 

(continued) 
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12. Once all systems are operating and stabilized, the 
autodialer should be turned "ON" and checked for proper 
programming (see autodialer data sheets). The autodialer 
1.0. number is 1 (612) 572-2440. Temperature limits should 
be set at 110 (high) and 32 (low). The numbers to be called 
upon alarm status are already programmed into the 
autodialer. 

Shutdown 

1. Follow startup procedure in reverse. As a rule the blower 
and process air heater should be the first items turned on 
and the last items turned off, and the autodialer should be 
the last item turned on and the first item turned off. 

2. When shutting down the system, allow the blower and heater 
to run after the well pumps have been shut down. This will 
continue to treat the water still left in the tower as it 
drains down to the sump. When sump level no longer drops, 
the airstripper is through draining and the blower and 
heater can be shut down. 

3. If at any time the process air heater is turned on while the 
blower is not running the heater will overheat causing an 
internal heater thermal shutdown. This is a safety feature 
built in to the heater. When the heater cools down enough 
the thermal switch will allow the heater to operate. If the 
heater "ENABLE" switch at the main panel is not shut off the 
heater will continue to cycle between overheating and 
thermal shutdown. This situation should be avoided. 
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MAINTENANCE 

Blower 

a. System should be shut down once a month and the blower 
bearings lubricated, at this time the vee-belts should 
be inspected and replaced if necessary. Refer to 
blower specification sheets for details. 

b. During operation, check the blower for excessive noise 
or vibration. These conditions could indicate a loose 
or unbalanced fan wheel or loose fan housing. 

c. For future increased air flows (to accommodate future 
increased water flows) the drive pulleys on the blower 
motor may be adjusted to increase blower wheel rpm from 
2207 to 2579 rpm. See blower specification sheets for 
details. 

Airstripper 

a. While the system is shut down for monthly blower 
maintenance, the packing in the airstripper should be 
checked for fouling. Remove the top access manway in 
the lower FRP packing section and visually inspect the 
packing media balls for sludge and "slime". If 
possible, take one or two photographs to document 
progression of fouling between inspections. It will be 
a judgement call as to when the packing appears to be 
fouled or clogged enough to need cleaning. Failure to 
maintain the packing could result in complete fouling. 
Packing fouled to this degree can be very difficult to 
clean while in the tower and difficult to remove from 
the tower for cleaning or replacement. Another 
indicator of fouling is the blower pressure magnehelic 
gauge in the main control panel. Regular reading of 
this gauge may show a gradual increase in airstripper 
back pressure as fouling increases. 

b. Connections have been provided in the airstripper 
piping to allow hookup of an external pump for 
recirculating an acid washing solution in a closed 
circuit through the tower. The influent and effluent 
butterfly valves must be closed before acid washing. 

(continued) 
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Usually a 10% solution of hydrochloric acid is added to 
the water collected in the sump section of the 
airstripper. The solution is then pumped out of the 
sump and up through the riser pipe to the top of the 
tower in a closed circuit recirculation until foaming 
(visible in the sight glass) has stopped. This 
procedure may have to be repeated to effectively remove 
matter from the packing. It may possible to operate 
the blower during the acid wash to strip VOCs from the 
solution. Depending on VOCs in the used solution, the 
spent solution may have to be pumped out to a remote 
tank for storage and/or proper disposal or treatment. 
IT IS RECOMMENDED THAT CARBONAIR BE CONSULTED TO 
PERFORM OR ASSIST IN THIS PROCEDURE IN ORDER TO 
DETERMINE PROPER AMOUNT OF ACID TO BE USED. 

Carbon Adsorber 

a. The only maintenance required for the GPC-70 gas phase 
carbon adsorber is to monitor the discharge airstream 
for breakthrough, and to remove the spent carbon, 
replacing it with fresh carbon. Before removing a 
vessel containing spent carbon, a Spent Carbon 1.0. 
sheet (SeID) must be completed and submitted to the 
selected reactivation facility for acceptance. 
Transportation must also be arranged. To minimize down 
time be sure the replacement vessel containing fresh 
carbon is mobilized and ready to be installed. 

b. To remove the vessel containing spent carbon the system 
must be shut down. Disconnect all six inlet ring­
flange connectors and install the six inlet shipping 
covers. Let the flex ducting hang down out of the way 
to allow removal of the vessel. Disconnect the two 
discharge ring-flange connectors and install the two 
discharge shipping covers. Pull the discharge flex 
ducts up out of the way and secure to allow removal of 
the vessel. 

c. Using a vehicle and cable hooked to the GPC-70 hook, 
slowly pull the disconnected GPC-70 out of the building 
onto the driveway. Make sure the lifting eyes are 
threaded securely into the top of the vessel. 

(continued) 
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A crane must be available (20,000 LB capacity) to lift 
the vessel onto a truck for transport to the 
reactivation facility. When lifting the GPC-70, USE 
SPREADER BARS WHENEVER POSSIBLE. 

d. Have the fresh GPC-70 delivered on a roll-off truck. 
Grease the guide rails on the driveway and in the 
building. The yellow guide rails will aid in dropping 
the vessel on the driveway. Once off the truck, the 
vessel can be pushed into position in the building. Be 
careful not to let any of the flex ducting get hung up 
on the vessel as it is being moved into position. 

e. Remove the shipping covers and connect the six inlet 
and two discharge ducts to the fresh vessel. Take care 
that the gaskets are in place and seated properly. 
While tightening each flange ring, tap around the 
outside edge of the ring with a hammer to prevent 
binding. This will allow maximum tightness and minimum 
air leaks. System is ready for startup. Check for air 
leaks. Tighten or re-seat gaskets as needed. 

Alarms/Failures 

a. A blower low pressure alarm is indicated by a glowing 
red "BLOWER LOW PRESSURE" light on main control panel 
and glowing outdoor red light. This alarm will trigger 
autodialer call-out and will shut down the well pumps 
and the process air heater. The blower low pressure 
alarm is designed to indicate blower failure. 
Determine the reason for failure before re-starting the 
system. After determining and rectifying the cause of 
blower failure, depress the "RESET" button on the main 
panel and re-start the system. 

b. A sump high level alarm is indicated by a glowing red 
"SUMP HIGH LEVEL" light on main control panel and 
glowing outdoor red light. This alarm will trigger 
autodialer call-out and will shut down the well pumps. 
The blower and process air heater will continue to run 
until they are shut off manually (this is to continue 
to strip contaminants from the water remaining in the 
airstripper as is drains down). The sump high level 
alarm is designed to indicate flooding in the 
airstripper sump. 

(continued) 
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Determine the reason for failure before re-starting the 
system. After determining and rectifying the cause of 
sump high level, depress the "RESET" button on the main 
panel and re-start the system. 

c. The autodialer will also callout to the preprogrammed 
phone numbers if any of the following conditions occur: 

1) AC power failure lasting longer than 5 minutes. 
2) Bldg. temp. above 110 or below 32 degrees F. 
3) Higher than normal noise level in the building. 

The autodialer is currently programmed to call 
Carbonair Services first, then 3 key Carbonair 
personnel if there is no response from Carbonair's main 
office. If Carbonair's involvement with this system 
ends, these numbers must be deleted from the autodialer 
and new numbers programmed in. See the autodialer 
specification sheets for instructions. 
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~ion-Proof 18-lPIX Series 

-. . . . ~ -. . ' ~. . .~ -' ~ -;:.~ r~ 
. -. ~. 

digitol indicators includes fT1<>deb, 18·lPf with ~{;' 7 dig': 
display, 18-1Pt--4 with 4'/2 digif display and 18-LPI·1V with 3I 
digit disploy and lESS THAN ONE VOLT DROP, 
All of the obove models may be instoUed incio)rs or ourdoon apc 
are packoged in stvrdy, NEMA-d.X polycm\x,nole hou5.jng~; Th,= 
units ore available with various mounting options. ~ "Produc: 

feature$ and Optiom." on facing page. A s~ial fwt\Jr~ of tt,e : 2· 
LPI-l V provides the user with 0 unique lnternd colibrotior, C::'Cuii +,c 
allows ~eld calibration Of' range change witho\Jf disconnectil-'9 InDI; 

circuits. Direct meter readout values of .4 to 20mA bop ~jgr''\Jls, i" 
engineering units such as '}C, ')F, RPM, pH, etc, are prO'o'ided by tirl(~ 
series 18·lPl indicators. 
The large 0,5 inch high liquid crystal display fm:illtales eow 
reodoblility, @Vef1 in a !trong ambi€!nt light, thereby redlJc.jn~~ pete;' 
no1 reeding errors. 

Loop-Powered Indicators enclosed in explosion-proof housing are 
cyoiloble in model!. 18·LPtX 'Nith 3! h digit display, lS-lPIX-l V with 
~"/2 digit display and LESS THAN ONE VOLT DROP ond 18·lPlX·4 
v:jm 4'/ ~ digit display. All indicators are installable at any point 
clong Cl .4 to 2OmA-signal loop and do not require on outside power 
source. 
tJI models are eosi1y field calibrated using D.!.P, switches and non­
interodive offset ond span potentiometers. These explosion-proof 
rYlodels read volue~ directly in engineering units such as, but not 
knifed to Q(, of, RPM, pH, etc. liquid crystal displays, 0_5 inches 
h'gh ore feotvred on 3'12 digit mode. 4'12 digit models provide 0,4 
i",h high numerals, 
A wide variety of feorures and options are avoiloble. See Product 
Feafures and Options chart on foc:ing page. 

Transmitter Indicator M371 
The tran$mi1ter Indicator, M371 incorporate~ 0 3'/< digff di$pioy mK, 

is supplied in on expbsion'proof housing o~ stondord. T~e trom;"';" 
fer component features Devor minj-pok temperoture transMitters ~:'i' 
thermocouple or R.T.D. sensors, field-proven pH and ORr> !>ig:1al 
analyzers or frequency !ligna! converters. Readings vlilizins! \·-arid.,,!;: 
resistance slidev.rires also provide a simple, loco!, valve FX)sition 
indication. M:J7 feotu~s<'/M;)opproved dual cham~r .. NLM 'I,-J 

design with the indicator ~imply plugging into connection~ pr.;,·wir'!K' 

to the transmitter Qutput, The indicator may also be position€J br 
rotating it to facilitate viewing, regardlf~ss of /he housing ~Olmtin.; 
p<»ifion, 

For detailed inbmotion, ask for oor bulletin on '''2,·Wire, Mini·Pok 
Transmitters", N\odel , 8-265A pH/ORP & 18-166 frequenc!' 
transmitter. 

~~~!(\, Devor 3>1 dig" indicolQrs ore'.~~'· Qpproved ond intrinsically safe for ell. Diyi~ion 1, GP, A. 5, C, & D. 
fxpto,s,on-prOQf, watertIght rtlodefs or-e NEMA·7 rOled CI~51, Groups B, C & D, Division 1; Cio~ II. Group5 t. F (~G. OiVls/or, I 
U~tailed mounting and spe(,ficati~ ore outlined on inside spreod 
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j::'olamy IndicatIOn 

Jverrange 

:~3nge 

Calibration 

Span Range 

Offset Range 

Performance 

Resolution 

Accuracy (25"C) 

i emp. Effect Zero 

Temp. Etfect Span 

Operating Temp. 

Storage Temp. 

~ample Rate 

Fipple Rejection 

1 ~LPI·1 V (31/~ Oigif( 
...... _.'-_._-_. -

.....------~--+------------------... -, 
4 to 20mA 

I-------------~:__----------__r-------.----..... -, 
.98V @ 20mA. 25':C I 3.0VDC @ 20mA 

1 oomA Forward~r R&v;;;e·- 1! 

7 Segment. 3.5 LCD 7 Segment, 4.5 LCD 7 Segment, 3.5 Digit Lee , 
~---~-I 

0.5 in 0.4 in, 05 fn : I---------------il-------------. -+----- -- . __ ... -J 
1.8,8.8 18.8.B.S 

3 Position or Absent 4 PosItion or Absent 
SWitch Selectable Plug in Jumper Selectable 

1.8.8.8 

3 Position or Absem 
Switcn $electa.bl(: 

I---------------+-.-----------~ .... -----.~--- ._-, 
Blanks Least 3 

Significant Digits 
Blanks Least 4 

Significant Digits 
Blanks Leasl 3 

Significant Digits 
+_._----

"--_~ _______ __'\'-_---------.. -.-'----:...1..~99 to .19~ ~. __ I 

o to 3998 Counts 0 to 39998 CO\Jnts 0 to 3998 Counts 
3 Ranges. Switch Selectable 16 Ranges, Switch Selectable 3 Ranges, Switch Selects.b\e 

Fine Adjustment on Fine Adjustmoot on Fine Adiustment on 
15 Turn Span Trim Pot , 5 Tum Span Trim Pot 15 T urn Span Trim Pot 

Non-interactive with Non·interactive with Non-Interactive with 
ZERO POT ZERO POT ZERO por , I----------------t-------------+-._---- .-~-.~-, 

·1999 to + 1999 Cts. -19999 to .. '9999 Cts. 
3 Ranges Switch Selectable 16 Ranges Switch Selectable 
Fine Adjustment on 15 Turn Fine Adjustment on 15 Turn 

Zero Trim Pot. Non'lnteractive ,Zero Trim Pot, Non·lnteractive 
with SPAN POT with SPAN POT 

-1999to +1999Cts. 
3 Rangeos, SWItch S@.lectab~e, I 

Fine Adjustment O!~ 15 Tui'n 

Zero Trim Pot. Non·inte:"aC~!'i'~ 
with SPAN POT 
'-"-'-- -----

~-------------------+------------------------------,------~---~, , 
Better than 1 Count 

~-------------------+----------------------r-------------~---"-"-~ HAj~l"Iirln ±3 Counts .. ~.:_l_o~CI ~~~ean ~1!;, :t.; C ~ i 10.1'% of CIS., l:1 Ct. 

to.l Count I °C t(.OOO3% Span + 0.4 Cts.) Typ. :1:0.1 CO:lf1t / °C 
(Per °C) i 

t(.OO16%Span + 1.2 Cts.) Max. j 
L...-. __ :tO~-_.o_'_o/._o_s_p_an_1 o_C~_-H-.........;.. __ 1'_.o.;...o_,_%_s_p_a_n.;..T_Y_p_. __ +-_±_O·o." o/~ OfSP-.;. _n° C~unt.,.. ·_'C.'; 
r- (Per °C)t .009% Span Max. 
1--____________ .-....;.-+'-____________ 5_8_o....;F)~ __ ._20.~~~C (-4~ to +15ac~, i 
1--____________ -ir_.4_0_\>_to_+8_6_Q_C.....:(_-4_0_0_to_._l_8_5_.,F..:.)~ __________ .. _~ 

2.4 Per Sec. " Per Sec, j 
<: 0.01 % of Span Less than 1 COllnl WHr. ! 

1 mA, 60Hz. Ripple at Input 1 inA Peak 10 Fnak. ( 
60HZ. Ripple at ~-J 

F:'nclosures & Weight I ....... ___________ .:..-__ ~:--......:...----_--:.':::~>rl-.froo' (2,a_~.) __ . .-3 
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in the latter pages. 

Maximum benefit when checking installation will be de­
rived from this manual when preliminary tests are made as 
outlined on Page 18 before referring to the trouble shooting 
procedure. 



• 7 a1 

~"-,I -II IIPPLICIl'J'ION_________________ ~ 

~ 
Single Phase Motor Specifications 

11PE IIII1Il -. 
PIIEFII .. VIllI lIZ I.F. 

2443020 VJ 115 60 1.75 

2443030 VJ 230 60 1.75 

4 2443040 \.'I 115 60 1.60 
INCH 
TWO 
WIRE 24430SO \.'I 230 60 1.60 

2443070 It. 230 60 1.50 

2443081 1 230 60 1.40 

2443091 1\.'1 230 60 1.30 

2143024 VJ 115 60 1.75 

2143034 VJ 230 60 1.75 

4 2143044 \.'I 115 60 1.60 
INCH 

THREE 
WIRE 2143054 \.'I 230 60 1.60 

2143074 It. 230 60 1.50 

2143081 1 230 60 1.40 

2243001 1\.'1 230 60 1.30 

2243011 2 230 60 1.25 

4 
INCH 2243007 1\.'1 230 60 1.30 

3 WIRE 
W-RUN 

CAP. 2243017 2 230 60 1.25 

2243027 3 230 60 1.15 

2243037 5 230 60 1.15 

2261109 5 230 60 1.15 

2261119 7\.'1 230 60 1.15 

6 
INCH 2261129 10 230 60 1.15 

2261139 15 230 60 1.15 

(1) Measure main windiIO resistance - black ID yaIIow 
Measure start winding resistance - red ID ,eHaw 

(1) ......... .......... ... u. • 
(I.E I.11III La U. ..... 

III CZI ...... 
MIll - ... -... I • IIIIt 

7.0 500 8.9 780 300 1.5-1.9 

3.5 500 4.4 780 300 6.0-7.4 

9.6 700 11.9 1050 300 1.0-1.3 

4.8 700 5.9 10SO 300 4.2-5.2 

6.4 980 8.0 1420 300 2.7-3.4 

8.2 1240 9.6 1700 650 2.2-2.8 

10.6 1780 13.1 2400 650 1.5-1.9 

Y 8.9 1.5-1.9M 7.0 500 88.9 no 300 5.7-7.15 R 0 
Y 4.4 6.0-1.4M 3.5 500 84.4 no 300 23.4-28.65 R 0 
Yll.9 1.0-1.3M 9.6 100 811.9 1040 300 3.8-4.7S R 0 
Y 5.9 U-5.2M 4.8 700 85.9 ,040 300 15.5-19.65 R 0 
Y 8.0 2.7-3.4M 6.4 980 88.0 1400 300 11.0-13.65 R 0 
Y 9.6 2.2-2.8M 8.0 1240 89.6 1100 650 9.5-11.75 R 0 
Yll.5 1.5-2.3M 10.0 1100 811.0 2150 650 6.2-12.OS R 1.8 
Y13.2 1.6-2.3M 10.0 2100 811.9 2750 650 5.2-7.15S R 2.8 
Yll.6 1.5-2.3M 10.0 1700 811.0 2150 900 6.2-12.OS R 1.8 
Y13.2 1.6-2.3M 10.0 2100 812.0 2800 900 5.2-7.15 R 2.8 
Y17.0 .9-1.5M 14.0 3150 814.5 3700 900 3.0-4.95 R 4.5 
Y27.5 .68-1.0M 23.0 5200 823.2 6100 900 2.1-2.85 R 9.2 
Y29.5 .55-.68M 23.9 5070 828.4 S820 1500 1.3-1.65 R 4.0 
Y42.0 .36-.5OM 36.5 7300 840.5 8800 1500 .92-1.25 R 5.4 
Y51.0 .27-.33M 45.0 9800 847.5 11300 3500 .80-.995 R 8.9 
Y72.0 . 17-.22M 62.0 13900 862.5 17500 3500 .68-.935 R16.9 

Table 1 
0 

';"~"~!J' 
~ ....., .. '* -.... .... 

-.--;-:~, .-';"-: ..:. "::;." .-.. ... 
U PoL. .,. U lL "1- MIll "" -- .. 
57.7 SO_5 44.5 n.0 62.1 54.5 48.4 5 25 10 

57.7 SO.5 44.5 n.o 62.1 54.5 24.2 5 15 5 

59.0 53.7 48.1 78.0 &3.8 55.8 62.4 R 30 15 

59.0 53.7 48.1 78.0 &3.8 55.8 31.2 R 15 7 

62.0 57.2 52.0 76.8 66.0 58.5 40.2 N 20 9 

62.9 60.5 56.1 78.2 67.6 59.0 46.0 M 25 12 

65.0 62.8 59.4 79.7 74.2 66.1 56.8 L 35 15 

57.7 50.5 44.5 n.o 62.0 54.5 32.8 N 20 8 

57.7 50.5 44.5 n.0 62.0 54.5 16.4 N 15 5 

59.0 53.5 48.1 78.0 &3.7 55.8 46.0 M 30 15 , 
59.0 53.5 48.1 78.0 63.7 55.8 23.1 M 15 7 , 
61.9 57.2 52.0 76.8 66.0 58.5 33.1 M 20 9 

62.8 60.5 56.1 78.0 67.5 59.0 42.0 L 25 12 

67.9 66.0 62.0 81.4 74.4 66,1 52.8 J 30 15 

70.0 71.0 68.8 93.1 90.5 86.7 51.0 G 30 15 

67.9 66.0 62.0 81.4 74.4 66.1 52.8 J 30 15 

70.0 71.0 68.8 93.1 90.5 86.7 51.0 G 30 15 

70.9 71.8 69.6 98.0 97.5 96.0 71.0 F 45 20 

71.1 71.9 70.0 97.5 96.4 94.0 118.0 F 70 30 

75.2 75.5 74.5 91.1 90.7 88.7 102.0 E 80 35 

73.4 74.4 74.2 91.0 90.4 87.2 165.0 F 100 45 

76.2 76.8 76.3 95.8 95.8 95.3 204.0 E 150 60 

79.4 80.3 79.7 97.3 97.9 98.2 303.0 E 200 80 

J 
(2) Y - Mow !lid, lilt amps 

8 • 1IIIcII!IId, I1IIin windiIg 3fIIIIS 
R - Red !lid, start or lUXiliaty windIIg amps 



Three Phase Motor Specifications Table 2 
........... ......... MIl. Ullil ..., .. ....,.. .. I.ICIIIIII N ,.. ... 

II.F.. UIL UII IIIIIr 

ICI1III CIt. ..... ... I11III 
PIIEfII II' .... lIZ I.F. ... ... ... ... ..... ..... I.F. EL .. I.F. F.L .. ... Ce* -- ElI. 

2343014 \1'2 200 60 1.6 2.8 635 3.7 900 300 6.64-7.3 66.4 59.4 53.3 76.6 64.1 56.5 17.3 N 10 5 

2343114 I'l 230 60 1.6 2.3 635 2.9 900 300 9.5-10.4 66.4 59.4 53.3 76.6 64.1 56.5 15.0 N 8 4 

2343213 I'l 460 60 1.6 1.2 635 1.6 900 300 38.4"'1.6 66.4 59.4 53.3 76.6 64.1 56.5 7.5 N 4 2 

2343024 ¥. 200 60 1.5 3.7 920 4.7 1250 300 4.66-5.12 67.5 63.0 57.7 79.5 69.0 66.0 24.6 N 12 6 

2343124 ¥. 230 60 1.5 3.3 920 4.1 1250 300 7.24-7.84 67.5 63.0 57.7 79.5 69.0 66.0 21.4 N 11 5 

2343223 ¥. 460 60 1.5 1.6 920 2.0 1250 300 27.8-30.2 67.5 63.0 57.7 79.5 69.0 66.0 10.7 N 5 3 

2343031 1 200 60 1.4 4.5 1140 5.7 1520 650 4.1-4.5 69.3 67.0 63.0 79.1 71.0 63.4 31.0 M 14 6 

2343131 1 230 60 1.4 3.9 1140 4.8 1520 650 5.2·5.6 69.3 67.0 63.0 79.1 71.0 63.4 27.0 M 12 6 

2343231 1 460 60 1.4 2.0 1140 24 1520 650 21.2-23.0 69.3 67.0 63.0 79.1 71.0 63.4 13.5 M 6 3 

2343041 1\1'2 200 60 1.3 6.1 1570 73 2000 650 2.4·3.4 75.0 74.0 70.9 SO.O 73.0 64.5 39 K 20 9 

2343141 1\1'2 230 60 1.3 5.2 1570 6.3 2000 650 3.2 .... 1 75.0 74.0 70.9 SO.O 73.0 64.5 34 K 20 8 

2343241 11'l 460 60 1.3 2.6 1570 3.1 2000 650 11.3·15.0 75.0 74.0 70.9 SO.O 73.0 64.5 17 K 15 4 

2343341 11'l 575 60 1.3 2.1 1570 2.5 2000 650 17.6-23.4 75.0 74.0 70.9 SO.O 73.0 64.5 14 K 15 3 

2343047 1"" 200 60 1.3 6.1 1570 7.4 2050 900 2.4-3.4 75.0 74.0 70.9 SO.O 73.0 64.5 39 K 20 9 

2343147 1"" 230 60 1.3 5.3 1570 6.4 2050 900 3.2-4.1 75.0 74.0 70.9 SO.O 73.0 64.5 34 K 20 8 
2343247 1"" 460 60 1.3 2.7 1570 3.2 2050 900 11.3-15.0 75.0 74.0 70.9 SO.O 73.0 64.5 17 K 15 4 

2343347 11'l 575 60 1.3 2.2 1570 2.6 2050 900 17.6-23.4 75.0 74.0 70.9 SO.O 73.0 64.5 14 K 15 3 
2343051 2 200 60 1.25 7.7 2050 9.3 2580 650 1.9-2.4 69.5 69.5 67.4 84.4 79.0 71.2 53 L 25 10 

2343151 2 230 60 1.25 6.7 2050 8.1 2580 650 2.4-3.0 69.5 69.5 67.4 84.4 79.0 71.2 46 L 20 10 

2343251 2 460 60 1.25 3.4 2050 4.1 2580 650 9.7·12.0 69.5 69.5 67.4 84.4 79.0 71.2 23 L 15 5 

2343057 2 200 60 1.25 7.7 2150 9.3 2690 900 1.9-2.4 69.5 69.5 67.4 84.4 79.0 71.2 53 L 25 10 

2343157 2 230 60 1.25 6.7 2150 8.1 2690 900 2.4-3.0 69.5 69.5 67.4 84.4 79.0 71.2 46 L 20 10 

2343257 2 460 60 1.25 3.4 2150 4.1 2690 900 9.7-12.0 69.5 69.5 67.4 84.4 79.0 71.2 23 L 15 5 
2343357 2 575 60 1.25 2.7 2150 3.2 2690 900 15.1-18.7 69.5 69.5 67.4 84.4 79.0 71.2 18 L 15 4 

2343067 3 200 60 1.15 10.9 29SO 12.5 3420 900 1.3-1.7 75.5 75.2 73.2 81.5 n.8 69.5 70 K 35 14 

2343167 3 230 60 1.15 9.5 2980 10.9 3420 900 1.8-2.2 75.5 75.2 73.2 81.5 n.8 69.5 61 K 30 15 

2343267 3 460 60 1.15 4.8 2980 5.5 3420 900 7.0-8.7 75.5 75.2 73.2 81.5 n.8 69.5 31 K 15 7 

2343367 3 575 60 1.15 3.8 2980 4.4 3420 900 10.9-13.6 75.5 75.2 73.2 81.5 77.8 69.5 24 K 15 6 

2343077 5 200 60 1.15 18.3 5050 20.5 5810 900 .70-.94 74.0 74.0 72.2 84.0 81.0 73.0 120 K 50 24 

2343177 5 230 60 1.15 15.9 5050 17.8 5810 900 .93-1.2 74.0 74.0 72.2 84.0 81.0 73.0 104 K 45 20 

2343277 5 460 60 1.15 8.0 5050 8.9 5810 900 3.6-4.4 74.0 74.0 72.2 84.0 81.0 73.0 52 K 25 10 

2343377 5 575 60 1.15 6.4 5050 7.1 5810 900 5.6-6.9 74.0 74.0 72.2 84.0 81.0 73.0 42 K 20 8 
2343087 7"" 200 60 1.15 26.5 7360 30.5 8450 900 .46-.57 76.2 76.0 74.0 83.2 SO.O 72.2 158 J so 35 
2343187 7\1'2 230 60 1.15 23.0 7360 26.4 8450 900 61-.75 76.2 76.0 74.0 83.2 SO.O 72.2 143 J 70 30 
2343287 7\1'2 460 60 1.15 11.5 7360 13.2 8450 900 2.4-3.4 76.2 76.0 74.0 83.2 SO.O 72.2 72 J 35 15 

2343387 7"" 575 60 1.15 9.2 7360 10.6 8450 900 3.5·5.1 76.2 76.0 74.0 83.2 SO.O 72.2 57 J 30 12 
2343297 10 460 60 1.15 17.0 10100 18.8 11700 900 1.8·2.3 75.2 74.5 72.0 79.2 75.5 67.1 116 K 45 20 

2343397 10 575 60 1.15 13.6 10100 15.0 11700 900 2.8-3.5 75.2 74.5 72.0 79.2 75.5 67.1 93 K 40 20 

2366506 5 200 60 1.15 17.5 4700 19.1 5400 1500 68·.84 79.5 79.1 77.2 82.0 79.5 73.8 98.9 H 50 24 

2366006 5 230 60 1.15 15.0 4700 16.6 5400 1500 .88-1.09 79.5 79.1 77.2 82.0 79.5 73.8 86 H 45 20 

2366106 5 460 60 1.15 7.5 4700 8.3 5400 1500 3.53-4.37 79.5 79.1 n.2 82.0 79.5 73.8 43 H 25 10 

2366206 5 575 60 1.15 6.0 4700 6.4 5400 1500 593-716 79.5 79.1 n.2 82.0 79.5 73.8 34.4 H 20 8 

2366516 7\1'2 200 60 1.15 25.1 7000 28.3 8000 1500 .39-.48 79.8 SO.O 78.7 83.0 SO.5 73.8 149.5 H 70 30 
2366016 7\1'2 230 60 1.15 21.8 7000 24.6 8000 1500 .57-.71 79.8 ·SO.O 78.7 83.0 SO.5 73.8 130 H 70 30 
2366116 7\1'2 460 60 1.15 10.9 7000 12.3 8000 1500 2.17-2.68 79.8 SO.O 78.7 83.0 SO.5 73.8 65.0 H 30 15 

( 
• 2366216 7"" 575 60 1.15 8.7 7000 9.8 8000 1500 3.65-4.41 79.8 SO.O 78.7 83.0 SO.5 73.8 52 H 25 12 

2366526 10 200 60 1.15 32.7 9400 37.0 10800 3500 .33-.42 79.2 79.4 78.0 85.5 83.2 n.2 197.8 H 100 40 

2366026 10 230 60 1.15 28.4 9400 32.2 10800 3500 .44·.55 79.2 79.4 78.0 85.5 83.2 77.2 172 H so 35 
2366126 10 460 60 1.15 14.2 9400· 16.1 10800 3500 1.76-2.17 79.2 79.4 78.0 85.5 83.2 n.2 86.0 H 40 20 
2366226 10 575 60 1.15 11.4 9400 12.9 10800 3500 2.87-3.47 79.2 79.4 78.0 85.5 83.2 n.2 68.8 H 35 15 

3 



4ppLlcarION ________________________________ _ -
Three Phase Motor Specifications Table 3 .\ 

.: ....... ",i,.: ... U.II 
4 .... ... .. ..... u. ... ...... ...,.. .. ..... -... JLIIII. Cd. .... Ac.. -... 

PIIERI • .... III I.F. ... .... ... .... 1IIIIIt ILIIIII U IL l' U IL • .... c.. .- ... 
2366536 15 200 60 1.15 47.8 13700 54.4 15800 3500 .22-.27 81.0 81.5 80.2 84.9 82.8 76.5 306 H 150 60 
2366036 15 230 60 1.15 41.6 13700 47.4 15800 3500 .27-.33 81.0 81.5 80.2 84.9 82.8 76.5 266 H 125 60 
2366136 15 460 60 1.15 20.8 13700 23.7 15800 3500 1.07-1.32 81.0 81.5 80.2 84.9 82.8 76.5 133 H 60 30 

2366236 15 575 60 1.15 16.6 13700 19.0 15800 3500 1.70.2.10 81.0 81.5 80.2 84.9 82.8 76.5 106.4 H 50 25 

2366546 20 200 60 1.15 61.9 18100 69.7 20900 3500 .14-.17 82.0 82.3 81.6 86.8 84.8 79.5 416.3 J 200 80 

2366046 20 230 60 1.15 53.8 18100 60.6 20900 3500 .20-.25 82.0 82.3 81.6 86.8 84.8 79.5 362 J 175 70 
2366146 20 460 60 1.15 26.9 18100 30.3 20900 3500 .76-.94 82.0 82.3 81.6 86.8 84.8 79.5 181 J 80 35 
2366246 20 575 60 1.15 21.5 18100 24.2 20900 3500 1.22-1.52 82.0 82.3 81.6 86.8 84.8 79.5 144.8 J 70 30 
2366556 25 200 60 1.15 77.1 22500 86.3 25700 3500 .11-.14 82.8 83.0 82.0 87.0 85.0 79.2 552 J 225 100 
2366056 25 230 60 1.15 67.0 22500 75.0 25700 3500 .15-.19 82.8 83.0 82.0 87.0 85.0 79.2 480 J 200 90 
2366156 25 460 60 1.15 33.5 22500 37.5 25700 3500 .59-.73 82.8 83.0 82.0 87.0 85.0 79.2 2~ J 100 45 
2366256 25 575 60 1.15 26.8 22500 30.0 25700 3500 1.01-1.25 82.8 83.0 82.0 87.0 85.0 79.2 192 J 80 35 
2366566 30 200 60 1.15 90.9 26900 104.0 31100 3500 .10..12 82.5 83.0 82.6 87.5 85.4 80.3 602.6 J 300 125 
2366066 30 230 60 1.15 79.0 26900 90.4 31100 3500 .12-.15 82.5 83.0 82.6 81.5 85.4 80.3 524 J 250 100 

2366166 30 460 60 1.15 39.5 26900 45.2 31100 3500 .48-.60 82.5 83.0 82.6 81.5 85.4 80.3 262 J 125 50 

2366266 30 515 60 1.15 31.6 26900 36.2 31100 3500 .78-.95 82.5 83.0 82.6 87.5 85.4 80.3 209.6 J 100 ~ 

2366176 40 460 60 1.15 53.5 35600 62.0 42350 3500 .32-.40 83.2 83.4 82.9 85.8 83.6 n.6 397 J 150 70 
2366276 40 575 60 1.15 42.8 35600 49.6 42350 3500 .53-.59 83.2 83.4 82.9 85.8 83.6 n.s 317.6 J 125 80 
2366186 50 460 60 1.15 67.7 45100 n.o 52200 3500 .25-.32 82.5 83.0 82.7 85.2 84.0 80.0 414 H 200 90 

2366286 50 575 60 1.15 54.2 45100 61.6 52200 3500 .39-.48 82.5 83.0 82.1 85.2 84.0 80.0 331.2 H 150 70 

2366196 60 460 60 1.15 80.5 53500 91.0 61700 3500 .22-.27 84.2 84.5 84.0 85.0 83.3 78.0 518 H 250 100 

2366296 60 575 60 1.15 64.4 53500 72.8 61700 3500 .35-.39 84.2 84.5 84.0 85.0 83.3 78.0 414 H 200 80 
" 

2391006 40 460 60 1.15 53.0 37000 60.0 42000 10000 .264-.292 82.0 81.3 79.3 87.3 86.4 83.7 342 H 175 70 

2391106 40 575 60 1.15 42.4 37000 48.0 42000 10000 .424-.468 82.0 81.3 79.3 87.3 86.4 83.7 274 H 125 60 

2391016 50 460 60 1.15 66.0 44000 75.0 51000 10000 .194-.216 84.4 84.0 82.5 85.5 84.5 81.0 433 H 200 90 
2391116 50 575 60 1.15 52.8 44000 60.0 51000 10000 .300-.332 84.4 84.0 82.5 85.5 84.5 81.0 346 H 150 70 

2391026 60 460 60 1.15 77.0 53000 89.0 61000 10000 .150-.166 85.5 85.0 83.5 87.5 86.1 83.6 560 J 225 100 

2391126 60 575 60 1.15 61.6 53000 71.2 61000 10000 .240-.268 85.5 84.0 83.5 87.5 86.7 83.6 448 J 200 80 
2391036 75 460 60 1.15 97.0 66000 110.0 76000 10000 .114-.126 85.2 85.0 83.6 87.1 86.0 82.7 750 J 300 125 
2391136 75 575 60 1.15 77.6 66000 88.0 76000 10000 .180-.198 85.2 85.0 83.6 87.1 86.0 82.7 600 J 225 105 

2391046 100 460 60 1.15 128.0 87000 148.0 102000 10000 .080-.088 86.5 86.0 84.2 86.8 85.1 81.0 1000 J «JO 175 

2391146 100 575 60 1.15 102.4 87000 118.4 102000 10000 .118-.130 86.5 86.0 84.2 86.8 85.1 81.0 800 J 300 150 
2391056 125 460 60 1.15 165 109000 189 125000 10000 .057-.063 86.3 86.0 84.2 83.6 82.0 n.o 1300 K 500 225 
2391156 125 575 &0 1.15 132 109000 141 125000 10000 .090-.100 86.3 86.0 84.2 83.6 82.0 n.o 1040 K «JO 175 

2391266 150 460 60 1.15 193 128000 221 146000 10000 .049-.054 88.0 87.6 86.0 85.0 83.0 78.0 1600(1) K 600 250 

2391966 150 575 60 1.15 154 128000 m 146000 10000 . 073-. oal 88.0 87.6 86.0 85.0 83.0 78.0 128O(1} K 450 200 
2391276 175 460 60 1.15 218 150000 250 173000 10000 .045-.050 87.2 87.0 85.7 87.0· 86.0 82.8 ~85O(1) K 700 300 
2391976 175 575 60 1.15 174 150000 200 173000 10000 .067-.074 87.2 87.0 85.7 87.0 86.0 82.8 ~48O{1) K 500 225 
2391286 200 460 60 1.15 245 169000 286 194000 10000 .038-.042 88.2 88.0 87.2 87.2 86.6 84.3 2100(1) K 800 350 
2391986 200 575 60 1.15 196 169000 229 194000 10000 .060-.066 88.2 88.0 87.2 87.2 86.6 84.3 ~1) K 600 300 

.-.... 

I 

(1) For 6 Lead Wyt connecIICI motor + by 3. 
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Overload Protection Of Three Phase Submersible Motors 
The characteristics of submersible motors are different from 
standard motors and special overload protection is required. If 
the motor is stalled, the overload protector must trip within 
approximately 10 seconds to protect the motor windings. For 
three phase submersible motors, the installer must use Sub­
trol or the quick trip protection tabulated below. All recom­
mended overload selections are of the compensated type. 

60 HERTZ 4-MOTORS 
"-IIIrs For o-to.d ....... 

~ 
NElIA .w.,. -- "- AlIen cu.. ....... , 

HP ¥alia .. (N11111, ...., (NIIII1t ... ilia. 

Y2 200 00 K31 J16 L380A 3.13 3.4 
230 00 K29 J15 l343A 2.76 3.0 
460 00 - J8 L174A 1.38 1.5 
575 00 - J5 - 1.10 1.2 

~ 200 00 K36 J19 L510A 4.23 4.6 
230 00 K33 J18 L463A 3.68 4.0 
460 00 K23 Jl1 L232A 1.84 2.0 
575 00 K21 J8 L193A 1.47 1.6 

1 200 00 K37 J21 L618A 5.06 5.5 
230 00 K36 J19 L561A 4.42 4.8 
460 00 K26 J12 L282A 2.21 2.4 
575 00 1<23 Jl0 L211A 1.75 1.9 

1.5 200 00 K43 J24 L825A 6.81 7.4 
230 00 K41 J22 L750A 5.89 6.4 
460 00 K29 J15 L380A 2.94 3.2 
575 00 K27 J13 L310A 2.39 2.6 

2 200 0 K50 J26 LlllB 8.46 9.2 
230 0 K43 J25 L910A 7.36 8.0 
460 00 K33 J18 L463A 3.68 4.0 
575 00 K29 J15 L380A 2.94 3.2 

3 200 0 K54 J29 L135B 11.2 12.2 
230 0 K52 J28 L122B 9.75 10.6 
460 0 K37 J20 L618A 4.88 5.3 
575 0 K33 J18 L463A 3.86 4.2 

5 200 1 K61 J34 L220B 18.4 20.0 
230 1 K61 J32 L199B 16.0 17.4 
460 0 K49 J25 Ll00B 8.00 8.7 
575 0 K42 J23 L825A 6.44 7.0 

7.5 200 1 K68 J38 L322B 27.0 29.3 
230 1 K67 J36 L293B 23.5 25.5 
460 1 K55 J29 L147B 11.8 12.8 
575 1 K52 J27 L122B 9.38 10.2 

10 460 1 K58 J32 L181B 14.8 16.1 
575 1 K55 J30 L147B 11.9 12.9 

FOOTNOTES: 
NOTE 1: Fumas intermediate sizes between NEMA starter sizes 
apply where (1) is shown in tables, size 1:v. replacing 2,21,02 replacing 
3, and 31,02 replacing 4. Heaters listed apply to Innova 45 designs and 
Definite Purpose Class 16 starters through their available range, and 
to standard starters in larger sizes. Overload relay adjustments 
should be set no higher than 100%, unless necessary to stop nui­
sance tripping with measured amps In all lines below nameplate 
maximum. 
NOTE 2: General Bectric heaters are type CR123 usable only on 
type CR124 overloed relays. Adjustment should be set no higher than 
100%, unless necessary to stop nuisance tripping with measured 
amps In all lines below nameplate maximum. 
NOTE 3: Adjustable overtoad relay amp settings apply to approved 
types listed below. Approval of other types may be requested from 
Franklin Electric. Relay adjustment should be set at the specItIed 
SET amp8, and only if tripping occurs with amps in all lines mea­
sured to be within nameplate maximum amps should the setting be 
increased, not to exceed the MAX value shown. Some approved 
types may only be available for part of the listed motor ratings. When 
relays are used with current transformers, relay setting is the 
specified amps divided by the transformer ratio. Approved manu-

For submersible motors ambient compensation is necessary 
to provide adequate locked rotor protection at low air temper­
atures and to avoid nuisance tripping at high air tempera­
tures. 
The tables below list correct selections and settings for sev­
eral manufacturers. Approval of other types may be re­
quested from Franklin Bectric. 

60 HERTZ rMOTORS 
....,. For o-to.d .....,. 

AIIII II - .w.,. .... "-- ... cu.. ....... , .. ... - ..... 1) ...., (NIIII1t ... ilia. 

5 200 1 K61 J34 L220B 18.4 20.0 
230 1 K61 J32 Ll99B 16.0 17.4 
460 0 K49 J25 Ll00B 8.00 8.7 
575 0 K42 J23 LB25A 6.44 7.0 

7.5 200 1 K68 J38 L322B 27.0 29.3 
230 1 K67 J36 1..2938 23.5 25.5 
460 1 KSS J29 L147B 11.8 12.8 
S75 1 K52 J27 Ll22B 9.38 10.2 

10 200 2(1) K72 J40 L4268 34.0 37.0 
230 2(1) K70 J38 L390B 29.6 32.2 
460 1 K58 J32 L181B 14.8 16.1 
S75 1 KSS J30 L147B 11.9 12.9 

15 200 3(1) K76 J43 L622B 50.1 54.5 
230 2 K75 J42 L520B 43.8 47.4 
460 2(1) K84 J35 L.265B 21.8 23.7 
575 2ili K81 J33 L220B 17.5 19.0 

20 200 3 K78 J45 L787B 54.1 69.7 
230 3(1) K77 J44 L710B 55.8 60.6 
460 2 K89 J38 l.3S2B 27.9 30.3 
575 2 K54 J35 1..2938 22.3 24.2 

25 200 3 K86 J71 L9SOB 79.4 86.3 
230 3 K83 J46 l.866B 69.0 75.0 
460 2 K72 J40 L4268 34.5 37.5 
575 2 K69 J37 l.3S2B 27.6 30.0 

30 200 4(1) K86 J72 Ll07C 95.7 104.0 
230 3 K87 J71 L107C 83.2 90.4 
460 ~:~l K74 J41 L520B 41.6 45.2 
575 K72 J39 L390B 33.3 36.2 

40 460 3 K77 J44 L710B 57.0 62.0 
575 3 K74 J42 L593B 45.6 49.6 

50 460 3 K83 J46 l.886B 70.8 n.0 
575 3 K77 J44 L701B 56.7 61.6 

60 460 4(1) K87 J71 Ll07C 83.7 91.0 
575 4ili K78 J45 L787B 67.0 72.8 

facturer types include: 
AEG series b17S, b27S 11-17A and 15-23A, b27-211-17A and 
15-23A. 
ASEA type RVH4O. 
Allen Bradley bulletin 193. 
FanaJ types K7 or K7D through K400. 
General Electric CR4G1T-, CR4G1W-, CR4G2W-, CR4G3W-. 
KIockner-MoeIIer types ZOO, Z1, Z4, PKZM3. 
Lovato RC-22 to Rc-ao. 
ATE Delta types DO, LR1-D. LR1-F. 
Sprecher and Schuh types CT, cn. CTA1. 
Siemens types 3UASO. -52. -54, -58, -59, -62. 
Square 0 Class 9065 types TUP, MR, TD. TE, TF, TR, T JE. 
Telemecanique type LR1-D, LR1-F. 
Westillghouse types FT13, FT23, FT33, FT43, K7D, K27D, K67D. 

Other relay types from these and other manufacturers mayor may 
not provide acceptable protection, and they should not be used with­
out approval of Franklin Electric. 

NanCE: WARRANTY ON THREE PHASE SUBMERSIBLE 
MOTORS IS VOID UNLESS SUBTROL OR PROPER 
QUICK TRIP PROTEC11ON IN ALL 3 MOTOR UNES IS 
USED. 

5 



appLlcaTION ______________________ --------___ ~ 

60 HERTZ rMOTORS ...... Far o-to.t ....... •• ~I 
NElIA ....... ...., .v- ..... G.E. ........ , .. valla ... CNc*1, ....., (MIMI» ... -. 

40 460(4) 3 Kn J44 L710B 57.0 62 
575 3 K74 J42 L593B 45.6 49.6 

50 460(4) 3 K83 J46 L866B 70.8 n 
575 3 Kn J44 L710B 56.7 61.6 

60 460(4) 4(1) K87 J71 L107C 83.7 91 
575 4(11 K78 J45 L787B 67.0 72.8 

75 460(4) 4(1) K89 J73 L126C 101 110 
575 4j1i K86 J70 L950B 81.0 88 

100 460(4) 4 K94 J76 L155C 136 148 
575 4 K87 J73 L142C 10e 118 

60 HERTZ r IIOI'ORS.) 

......Far.,...... ....... ... II - :'" ,~ ....... ...... ~ ... .... ........ , .. ... ... (MIM1, ......, .... .. --125 460(4) 5 K29 J15 L1UB 173 189 
575 5 K26 J13 L910A 139 151 

150 460(4) 5 K32 Jl1 Ll22B 203 221 
515 5 K28 J14 Ll00B 163 In 

175 460(4) 5 K33 J18 L147B 230 250 
515 5 K31 J16 L1UB 184 200 

200 460(4) 5 K34 J20 L165B 263 286 
575 5 K32 Jl1 Ll358 211 229 

FOOTNOTES: Refer to page 5 for footnotes 1, 2, & 3. 

(4) For 50 Hz, 380, 415 or 440 Volts, use the same heater or setting 
as 60 HZ 460Y. 

Cable Selection (5) ~~ ~~ are used on all overload relays for starters 

SINGLE PHASE TWO OR THREE WIRE CABLE, 60 HZ (SERVICE ENTRANCE TO MOTOR) 
IIDbw RIiItng c....- ..... -

VoIla .. 14 12 10 • • • I I 1 • • .. .. 
115 '1:1 130 210 340 540 840 1300 1810 1960 2390 2910 3540 4210 soeo 

'12 100 160 250 390 620 960 1190 1460 1180 2180 2630 3140 3no 
'13 550 880 1390 2190 3400 5250 8520 7980 9880 11m 
I"z 400 650 1020 1610 2510 3880 4810 5880 1110 8120 
¥4 300 480 180 1200 1810 2890 3580 4310 5330 8410 7810 
1 250 400 830 990 1540 2380 2980 3610 4410 S380 8520 

230 1.5 190 310 480 no 1200 1810 2320 2850 3500 4280 52<CO 
2 150 250 390 620 970 1530 1910 2380 2930 3820 4480 
3 120 190 300 410 150 1190 1490 1850 2320 2890 3810 
5 0 110" 180 280 450 110 890 1110 1380 11<CO 2110 2880 
7.5 0 0 120" 200 310 490 610 750 930 11<CO 1410 1120 

10 0 0 0 160" 250 390 490 800 150 930 1180 1430 1780 
15 0 0 0 0 110" 210 340 430 530 fI80 820 1020 1260 

1 fOOl = .3048 meIer 

[~~:~:l Use of wire size smaller than listed will void warranty. 

FOOTNOTES: 
(1) Lengths marked" meet the U.S. National Electrical Code ampac­

ity only tor individual conductor 75'C cable. Only the lengths 
without " meet the code for jacketed 75'C cable. Local code 
requirements may vary. 

(2) Maximum lengths shown maintain motor voltage at 95% of ser­
vice entrance voltage, running at maximum nameplate amperes. 
If service entrance voltage will be at least motor nameplate volt­
age under normal load conditions, 50% additional length is per­
missable for all sizes. 

(3) This table is based on copper wire. H aluminum wire is used It 
must be two sizes larger. Example: When the table calls for #12 
copper wire you would use #10 aluminum wire. 

(4) Single phase control boxes may be connected at any point of the 
total cable length. 

(5) Cables #14 to #0000 are AWG sizes. 

In applications where two different cable sizes can be used 
The example below is for reference. Depending on the in- In a replacement installation, the well already has 160 feet 

stallation, any number of combinations may be used, as long of buried #10 cable between the service entrance and the 
as the total percentage length of the two cables used does well head. The question is: What size cable is required in the 
not exceed 100%. This is to insure that adequate voltage will well with a 3 HP, 230 volt, 1 PH motor setting at 310 feet? 
be supplied to the motor. 1. According to the table # 10 cable is large enough for the 3 
EXAMPLE: 3 HP, 230 Volt, 1 PH Motor HP motor, SO the percent of the maximum allowable cable 

used by the 16O-foot run is 160 + 300 = 53.3%, since 300 
feet is the total allowable. I. 160 R. AWG 10 I 

r-__ ~r---- (53.3% 01 ~ c.bIe) ----i.~ (46.7'% 01 rd Allowable CIIH) 

LJ 'c.bIe 

PUMP MOTOR 

2. With 53.3% of the total allowable cable already used be­
tween the service entrance and the wefl head, only 46.7% 
is left for the weft. Therefore, the 310 feet needed in the 
well can only utilize 46.7% of the total feet allowed in tr 
table. 

3. From the table, 46.7% of the 470 feet for #8 cable equals 
only 220 feet, SO 8 larger size is needed. For #6, 46.7% of 
750 feet = 350 feet. As 8 resutt, #6 can be used for the 
310 feet in the well. 
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THREE PHASE THREE WIRE CABLE, 60 HZ 200 AND 230 VOLTS (SERVICE ENTRANCE TO MU I Uti} 

IIatar ,.,. ~ ..... _(I) .C'·' 

Valla HP 14 12 1O • • 4 S 2 I 0 • -- -3DO 310 .. 100 
1~ 710 1140 1800 ~ 4420 

~ 510 810 1280 2030 3160 
I 430 690 1080 11.10 2670 4140 5140 

5 311 500 790 1260 1960 3050 3780 
2 240 390 610 970 1520 2360 2940 3610 4430 S420 

200V 3 180 290 470 .1.40 .1160 1810 2250 2760 3390 4130 

60Hz 5 I' 170 280 440 690 1080 1350 1660 2040 2490 3050 3670 4440 ~ 
Three Phase 7.5 0 0 200 3' 490 no 960 1180 14SO 1770 2170 2600 31SO 3560 
Three Wife 10 0 0 ISO' 230 370 570 720 880 1090 1330 1640 1970 2390 2720 3100 3480 3800 4420 

IS 0 0 0 160' 2SO 390 490 ~- .140 910 1110 1340 1630 18SO .2100 23SO 2570 2980 
20 0 0 0 0 190' 300 380 460 570 700 8IIIL 1050 1270 1440 16SO 1850 2020 2361: 
25 0 0 0 0 240' 300 370 460 570 700 84C 1030 1170 1330 1500 1640 1900 
30 0 0 0 0 0 2()0~ 250' 310 380 470 580 700 850 970 110 1250 1360 1590 
V.! 930 14911 2350 3700 57l!O 8910 
:v. 670 1080 1700 2680 ..!.111Cl 6480 8080 lI8IIO 
1 560 910 1430 2280 3520 5480 8780 8290 

1.5 420 670 1080 1670 2810 4050 5030 11180 7530 9170 
230V 2 ~ ~1Q. 810 1280 .~10 3130 3890 4770 58110 7170 8780 
60Hz 3 240 390 820 990 1540 2400 2880 3880 4480 5470 88110 8020 9880 

ThraePhase 5 140' 230 3711 590 1120 1430 1710 2190 2110 3290 4030 4850 5870 6660 7560 8480 9220 
TlveeWn 7.5 JL 160' 280 420 850 .!~. 1270 1_ 11120 2141 ~ 3440 ~180 4710 5340 5870 ,~. ]~I.IL 

10 0 0 190' 310 480 780 1150 1170 1440 21t 2810 3180 ,~ 4100 4800 5020 5840 
IS 0 0 210- 330 520 850 800 880 141 1780 21 SO 2440 2780 3110 3400 3940 
20 0 0 0 180" 250' 400 500 810 .180_ 11. 1_ 1880 1910 2180 2450 2880 3120 
25 0 0 0 0 200" ~ 400 500 &10 750 ~ 11~. 1380 1540 1780 1980 2160 2520 
30 0 0 0 0 0 280" 330 410 51~ 82CI 780 930 1130 1280 1470 1850 1800 2110 
'12 3nc 602C 9460 

", 273Q. 43SO 68SO 
I 2300 3670 5no 9070 
.5 1700 2710 4270 6730 

2 1:!QQ. 2070 3270 51SO 8050 

3 1000 1600 2520 .EO 6200 
460V 5 590 9SO 1500 2360 3700 57SO 

60 Hz 75 420. 680 1070 1690 2640 4100 5100 6260 7680 
Three Phase 10 310 500 790 12SO 1960 3050_ 3800 4680 51SO 7050. 
Three Wire IS 340' 540 8SO 1340 209(1 2600 3200 3930 4810 5900 7110 

20 0 0 410 ~ 1030 1610 2000 2470 3040 3730 4580 5530 
25 0 0 330' 530 830 1300 1820 1990 2450 3010 3700 4470 S430 
30 270' 43(1 681) 1070 1330 1640 2030 2490 3060 3700 4500 5130 5860 
40 0 0 0 320' 500' 790 980 1210 .1490 1830 ~ 2710 329Il. .~73O 42SO 
SO 0 0 0 410' 640 800 980 1210 1480 1810 2190 2650 3010 3>120 3830 4180 48SO 
60 JL 0 0 0 0 540' 670' 830 1020 12SO 1540 1850 2240 2540 2890 3240 3540 4100 
75 0 0 0 0 0 440' 5SO' 680' 840 1030 1280 1520 1850 2100 2400 2IQO_ 2950 3440 

100 0 0 0 0 500' 620' 760' 940 1130 1380 1560 1790 2010 2190 25SO 
125 0 0 0 0 0 0_ 0 0 0 600' BIl'. 899' 1000 1220 1390 1560 1700 1960 

ISO 0 0 0 0 0 0 0 0 0 0 630' 760' 920' 1050 1190 1340 1460 1690 
175 0 0 0 0 0 0 0 0 0 0 670' 810' 930' 1060 1190 1300 1510 

200 0 0 0 0 0 .0. 0 0 0 0 JL 590', 10' 810' 920' 1030 130 1310 
V.! 5900 9410 
:V. 4270 6810 
1 3630 5800 , 912Q. 

1.5 2820 4180 6580 
2 2030 3250 5110 8080 
3 1580 2S3O 3980 -&g70 

575V 5 920 1480 2330 3880 57SO 
60Hz 7.5 660 1060 1880 2850 4150 

ThraePhase 10 490 780 1240 .1...950 3080 .4mL 5840 
ThraeWn 15 330" 530 850 1340 209(1 3280 4080 

20 0 410' 850 1030 1610 Z520 3140 3880 4760 5830 
25 0 0 520 1!30 1300 2030. 2530 3110 3840 4710 
30 0 0 430" 680 1070 1870 2080 2560 318Cl 388Cl 4770 5780 7030 8000 
40 0 0 0 500" 710 1240 1540 1900 2330 2860 3510 4230 5140 5830 
SO 0 0 0 410" 640" 1000 1250 1540 1890 2310 284!l 3420 .~ 4700 5340 5890 6530 .1580 
60 0 0 0 0 S4O" 850 1060 1300 1600 1960 2400 2890 3500 3970 4520 S070 5530 6410 

75 _Q. 0 Q. 0 0 690' .~. 1060 ~10 1600 1970 2380 2890 3290 37SO 4Z2O 4810 5370 
100 0 0 0 0 0 0 640' 790' 970 1190 1460 1770 21SO 2440 2790 ,~14O 3430 3990 
125 0 0 0 0 0 0 0 630' mI' 950' 1180 1400 1680 1920 2180 2440 2650 3070 
ISO 0 0 0 0 0 JL 0 0 660' 800' -~ 1190 1440 1630 1860 2080 Z270 2640 
175 0 0 0 0 0 0 0 0 700' &70' 1050" 1270 1450 1850 1860 2030 2360 

200 JL 0 0 0 0 0 0 0 0 0 780' 920" ",0- 1280 1440 1820 1780 2050 
460V-60 Hz ISO 0 0 0 0 0 0 420 510 630 no 950 1140 131lQ. .1570 1790. .1QQQ. 2180 . .2~ 
Three Phase 75 0 0 0 0 0 450 550 660 830 1000 1220 1390 1580 1780 1950 2270 

S'x WIre 200 0 0 0 0 Q. JL 1) 0 480 590 730 880 1070 1210 1380 1550 1690 1970 

575\1-6lHz ISO 0 0 0 0 0 520 850 800 990 1210 1480 1780 2180 2450 .PIICl 3120 341g. 3950 
Phase 175 0 0 0 0 0 570 700 880 1080 1300 1570 1910 2170 2480 2780 3040 3540 

Six Wore 200 0 0 0 0 0 ..Q. 500 610 .780 930 1140 1370 1670 1680 2180 2420 2640 3070 
1 fOol = .3048 meter E§ Use 01 wire Size smaller lnan IIsled Will VOId warranty. 

FOOTNOTES: 

(1) Leng1hs marked' _ the U.S. National Electrical Code arnpeciIy only lor IndlYidual 
conductor 7S"C cable. Only the lengths withou1 ' _ the code lor jacketed 7S"C 
cable. Local code requirements IIIIIY vary. 

(2) Maximum lengths shOwn m."'lain motor vollage al 95% Of service __ nee YOIIage. 
running al m8JUmum nameplate amperes. H service _anee YOI1age WIll be ., least 
motor nameplale YOIIage under normal lOad condI1iOnS. 50% additiOnalleng1h is per­
mlssabte lor all sizes. 

(3) This !able is based on copper wire. " aluminum wire is used ~ musl be 1wo sizes larger. 
Example: When the !able calls lor #12 copper wire you would use #10 aluminum WIre. 

(4) The portion 01 the totaI_ which is _the service _anee and .3. motor 
SW1er should not exceed 25% 01 the total maximum length to assure reli8ble SW1er 
operation. 

(5) Cables #14 10 I0000 ... AWG sizes. and 2SO 10 500 are MCM sizes. 7 



4PPLIC4TION ______________________________ __ 

Transformer Capacity 
Required For 
Submersible Motors 
TABLE 6 

...... KYA ...... , 

lull ... 3"- ........... Open WYII • DB.1'A 
1IIIIor ........ KYA ....... 2 ........ _ 

1.5 3(1) 2 
2 4(1) 2 
3 5(1) 3 
5 7.5(1) 5 
7,5 10(1) 7.5 

10 15(1) 10 
15 20(1) 15 
20 2S 15 
25 30 20 
30 40 25 
40 50 30 
50 60 35 
60 75 40 
75 90 50 

100 120 65 
125 150 85 
150 175 100 
175 200 115 
200 230 130 

(1) KVA required lor srogIe phae moiOIS alSo. 

.... ,. ..... ,-
WYII • DB.1'A 
3,.. .... '_. 

1 
1.5 
2 
3 
5 
5 
7.5 

10 
10 
15 
20 
20 
25 
30 
40 
50 
60 
70 
75 

Reduced Voltage Starters 
Although starting torque is reduced at lowered voltages, 

motors will reliably start pumps if the supply meets running 
voltage limits. With maximum recommended cable length, the 
cable voltage drop will reduce starting current by about 20%, 
and torque about 36% compared with having rated voltage at 
the motor. On some installations this cable drop may reduce 
inrush current enough that installations normally requiring re­
duced voltage starters will not need them. 

Reduced voltage starters may be used on larger three 
phase motors where required to reduce the starting line cur­
rent, but it is recommended that the motor be supplied with 
55% of rated volts minimum to ensure adequate starting 
torque. 

Since standard motors have only three line leads, wye-

Use of Phase Converters 
There are a number of phase converters on the market 

which are intended to allow the use of three phase motors on 
single phase lines. They usually consist of a tapped winding 
static or rotating transformer and an adjustable bank of 
capacitors. Phase converters often cause the windings of a 
three phase motor to draw considerably higher current than 
they were designed to carry due to poor design, inadequate 
taps to balance, varying line or load, or faulty installation. 

Phase converters cannot possibly be made to work equally 
well on all types of motors, even though the horsepower and 
voltage ratings are the same. Motors of different makes, and 
deSigned for different purposes, vary considerably in their 
electrical characteristics and it is therefore impossible to 
make a universally applicable converter for a given horse­
power and voltage rating of motor. 

Some converters are equipped with a calibrated relay to cut 
out some capacitance after the motor comes up to operating 
speed. For every different make and type of motor, even 
though the horsepower and voltage ratings may be the same, 
8 

Power Factor Correction 
In some installations, power supply limitations make it 

necessary or desirable to raise the power factor of a submers­
ible pump. This table lists the capacitive KVAR required to in­
crease power factor of large Franklin three phase submers­
ible motors to the approximate values shown, at maximum 
input loading. 

TABLE 7 

IIOTOR .... nd KYARfar ...... of: .. .... .....AJ'. .. .. tJIII 

5 60 .82 1.2 2.1 4.0 

7.5 60 .83 1.7 3.1 6.0 

10 60 .85 1.5 3.3 7.0 
15 60 .85 22 4.7 10 

20 60 ,87 1.7 5.0 12 

25 60 .87 2.1 6.2 15 

30 60 .87 2.5 7.4 18 
40 60 .86 4.5 11 24 
50 60 .85 7.1 15 32 
60 60 .85 8.4 18 38 
75 60 .87 6.3 18 43 

100 60 .86 11 27 60 
125 60 .85 17 36 n 
150 60 .85 20 42 90 
175 60 .88 9.8 36 93 

200 60 .87 18 48 110 

delta type reduced voltage starters cannot be used, and resis-
tance type or autotransformer type are the only common suit- ' 
able types. Either can be used, but the autotransformer type 
is recommended because it draws lower line current for the 
same starting torque. On a 65% tap, disregarding cable drop, 
both the autotransformer and resistance starters will provide 
42% of full voltage starting torque, but percent of full voltage 
line current is 65% for reSistance type and only 42"10 for auto­
transformer type. If the cable length is less than 50"10 of the 
recommended maximum, either the 65% or 80% tap of a typi-
cal starter may be used, but over 50"10 of maximum cable only 
the 80"10 tap should be used. 

The duration of the reduced voltage is not critical, but 1 to 3 
seconds is recommended. 

the relay must be adjusted to operate at proper speed. Even 
with factory trained technicians using proper test equipment, it 
is very difficult and in some cases even impossible to adjust 
the relay to the proper winding cut-out speed. For some types 
of load even the best adjustment of the relay will not give 
proper operation with the result that the motor may at times 
operate abnormally and cause damage to the motor windings. 

One type of phase converter has taps for adjustment of a 
transformer and capacitors which enable the current in the 
three phases to be nearly balanced at one given load. How­
ever, as the load fluctuates either below or above this point, 
the current in the three phases becomes severely unbal­
anced. Other types can be reasonably balanced and change 
less with loading, but are still difficult to maintain adequate 
balance over long periods of time. 

It should be emphasized that the troubles mentioned above .. 
do not necessarily result from poor design of the phase 
converter, and satisfactory applications can be made with 
proper equipment and careful installation. 

It is strongly recommended that phase converters not be 
used in connection with three phase submersible motors if it 



can be avoided. Faulty or improper operation is likely to result 
and may cause motor failure. If three phase power is not av­
ailable, use a single phase motor when possible. When a 
phase converter must be used, select one rated for a motor at 
least as large as used, and avoid putting other loads on its 
output. 

THE WARRANTY ON All THREE PHASE SUBMERSI­
BLE MOTORS IS VOID IF OPERATED FROM SINGLE 

Use of Engine Driven Generators 
Where power lines are not available and submersible 

motors are operated from a gasoline or diesel engine driven 
generator, the rating of the unit must be selected to assure 
adequate capacity for the rating submersible motor needed. 
Ratings and types of engine driven generators, or portable 
power plants as they are sometimes called, vary with different 
manufacturers and it is recommended that whenever possible 
the manufacturer be consulted. especially on the larger sizes. 

Two generator types are available, externally regulated and 
internally regulated. Internally regulated is a generator that 
has an extra winding in the generator stator to sense 
generator output current and automatically increase the exci­
tation and output voltage of the generator. 

Most other generators on the market would be referred to 
as externally regulated. They normally use an externally 
mounted voltage regulator that senses the output voltage of 
the generator. As the voltage dips at motor start up, the reg-

TABLE 8 

PHASE POWER THROUGH A PHASE CONVERTER UN­
LESS 3-lEG AMBIENT-COMPENSATED QUICK TRIP 
OVERLOAD PROTECTORS ARE USED AND COMPLETE 
DETAilS ARE SENT IN WRITING TO FRANKLIN Customer 
Service Dept. at the date of installation, including operating 
amps and volts on all phases at all known load and line condi­
tions, and make and type of converter, overload, and heaters. 

ulator increases the excitation and output voltage of the 
generator. The capacity of these generators in terms of motor 
HP per generator KW is about 50"10 less than the internally 
regulated type and consequently a larger KW rated generator 
is required to limit the voltage dip at start up. 

Generators should be sized to deliver at least 65"10 of rated 
voltage to the motor circuit during starting conditions. This will 
insure adequate motor starting torque. 

The following table lists recommended generator ratings, 
based on typical eeoc rise continuous duty generators. with 
35"10 maximum voltage dip during starting the specific 
Franklin 3-wire motors, single and three phase. This table 
should be used when specific generator recommendations for 
35"10 maximum voltage dip with the starting KVA code of the 
Franklin motor are not available from the generator manufac­
turer. Manufacturers motor starting recommendations which 
do not specify dip and motor KVA are not adequate. NOTE­
For best starting of two-wire motor minimum generator rat­
ings 50"10 higher than shown are recommended. 

Submenlble Motor HP .. nlmum Rdng of 0. .... 

Single or 1hrN Phae 
~-' 
KW 

Y3HP 1.5 
VzHP 2.0 
:V.HP 3.0 

1 HP 4.0 
1¥.! HP 5.0 

2HP 7.5 
3HP 10.0 
5HP 15.0 

7VzHP 20.0 
10HP 30.0 
15HP 40.0 
20HP 60.0 

25HP 75.0 
30HP 100.0 
40HP 100.0 
50HP 150.0 

60HP 175.0 
75HP 250.0 

100HP 300.0 
125HP 375.0 
150HP 450.0 
175HP 525.0 
200HP 600.0 

Frequency of Starts 
The average number of starts per day oyer a period 

of months or years influences the life of the motor and 
even more the life of control components such as 
starters, relays, and capacitors. The pump size, tank 
size, and other controls should be selected to keep the 
starts per day as low as practical for maximum life. 
Excessive cycling accelerates motor bearing and 
spline wear, pump wear, and control contact erosion. 

KVA 
1.9 
2.5 
3.8 

5.0 
6.25 
9.4 

12.5 
18.75 

25.0 
37.5 
50.0 
75.0 

94.0 
125.0 
125.0 
188.0 

220.0 
313.0 
375.0 
469.0 
563.0 
656.0 
750.0 

TABLE 9 

.......... 
Upto~HP 

1 HPto5HP 

~HPto30HP 

40 HP and aver 

'ReguI8l8d 

KW KVA 
1.2 1.5 
1.5 1.9 
2.0 2.5 

2.5 3.13 
3.0 3.8 
4.0 5.0 
5.0 6.25 
7.5 9.4 

10.0 12.5 
15.0 18.75 
20.0 25.0 
25.0 31.0 

30.0 37.5 
40.0 50.0 
50.0 62.5 
60.0 75.0 

75.0 94.0 
100.0 125.0 
150.0 188.0 
175.0 219.0 
200.0 250.0 
250.0 313.0 
275.0 344.0 

A ............ IIII ... ,.MHr.~ 

..... "- ."... ..... 
300 300 

100 300 

50 100 

100 



APPLICATION __________________________ __ 

Control Boxes 
Single phase three wire submersible motors require the use 

of above ground control boxes for starting and thermal protec­
tion. Operation of motors without control boxes or with incor­
rect boxes can result in failure of motors and voids warranty. 
Make sure control box and motor rating match. 

Control boxes contain starting capacitors, starting relay, 
overload protector and in some sizes running capacitors. The 
overload protector is mounted inside the starting capacitor 
case in control boxes with manufacturing date code prior to 
H-'85 through 1 V2 HP, and separately on larger ratings. 

Ratings through 1 HP may use either a solid state, current 
or a potential type starting relay, while larger ratings use p0-

tential relays. All Franklin control boxes contain connection 
diagrams and checking instructions. 

J ~~k~?EJBe certain that control box HP and voitage 
match the motor. 

Comparison of Operation of Relays 

Solid State Switch-Used in control box models 
28010-4910 & 28010-0110. 

Control boxes through 1 HP starting in early July 1985 use 
a solid state switch. This printed circuit board switch uses 
motor current and phase angle to open the starting circuit as 
the motor comes up to speed. 

Current Relays - used in control box models 280-----03 
Before power is applied the starting relay contacts are 

open. When power is applied the high main winding current 
through the relay coil immediately closes the contacts, ener­
gizing the start winding and starting the motor. As the motor 
comes up to running speed, current through the relay coil 
gradually drops and allows the contacts to open the start 
winding circuit, and the motor completes acceleration and 
runs on the main winding. 

Potential Relays - used in all other models 
Before the power is applied the starting relay contacts are 

closed. When the power is applied, both start and main motor 
windings are energized, and the motor starts. At this instant 
the voltage across the start winding is relatively low, not 
enough to open the contacts of the starting relay. 

As the motor comes up to speed, the voltage across the 
start winding (and the starting relay coil) increases enough to 
pick up the starting relay and open its contacts. This opens 
the starting circuit and the motor continues to run on the main 
winding alone, or the main plus running capacitor circuit and 
contacts remain open. 

All Franklin control boxes should be mounted upright for 
best operation. Mounting in other poSitions may cause relay 
malfunction and overload trip at high or low voltage or load 
conditions. 

Mounting Control Box in Extreme Temperatures 
The control box should never be mounted in the direct sun­

light or in high temperature locations, as this may cause short 
capacitor life or unnecessary tripping of the overload protector. 
The control boxes are designed to operate in a maximum am­
bient temperature of sooC (122"F). 

When the control box is mounted in extremely cold loca­
tions, there will be a reduction in the motor starting torque be-

2-Wire Motor Solid State Controls 
Solid State Starting Switch 

The solid state starting switch energizes the starting circuit 
when power is applied to the motor. When the motor has ac­
celerated to running speed, the switch opens the starting cir­
cuit. The switch operation is properly matched to each motor 
for reliable starting with varying line voltage and pump inertia. 

When the motor is de-energized the switch will reset and 
be ready for the next starting cycle. This "reset" time is the 
length of off time that is required before the motor can be re­
started. Reset time is approximately one to five seconds to 
assure a positive restart of the motor, depending on motor 
temperature and other factors. 

The starting switch on and reset time has been designed to 
prevent the start winding from overheating in the case of an 
extremely fast start and stop cycling. (Due to a waterlogged 
tank.) 

Winding Protection 
The thermal protector is positioned on the motor winding, 

which responds to current passing through it and heat re­
ceived from the motor winding and ambient temperature. 
When the protector reaches a predetermined point corres-

10 

cause of the action of the cold on the electrolytic starting 
capacitor. At minus 25°F, the starting torque is about 80% 
normal immediately and 90% after a few seconds. We rec­
ommend that when the control box is mounted where the 
temperature may go below minus 25°F, that a small enclosure 
be built around the control box and a small light bulb be left 
burning inside the enclosure. 

ponding to a maximum safe winding temperature, the protec­
tor opens and interrupts the circuit. When the winding tem­
perature returns to a more reasonable safe limit, the protector 
will automatically reset. 

Extreme Fast Cycling (Due to Water-Logged Tank) 
The solid state starting switch will reset within one to five 

seconds after the motor is stopped. If an attempt is made to 
restart the motor before the starting switch has reset, the 
motor may not start; however, there will be current flow 
through the main winding until the overload prntector inter­
rupts the circuit. The time for the protector to reset is longer 
than the reset of the starting switch. Therefore, the start wind­
ing switch will have closed and the motor will operate. How­
ever, in just a few cycles the same condition will occur. 

When a severely water-logged condition does occur, the 
user will be alerted to the problem during the off time (over­
load reset time) since the pressure wi" drop drastically. When 
the water-logged tank condition is detected the condition 
should be corrected to prevent nuisance tripping of the 
overload protector. 



.. ' 

Grounding Control Boxes 
It is recommended the control box grounding terminal al­

ways be connected to circuits which include a grounding con­
ductor. In fact, this is a requirement of the National Electrical 
Code. If the circuit has no grounding conductor and no metal 
conduit from the box to supply panel, use a wire at least as 

large as line conductors and connect the grounding terminal 
to a metal drop pipe, casing, water pipe, or driven ground rod. 
WARNING: 
Failure to ground the box frame can result in a serious 
electrical shock hazard if a circuit fault occurs. 

Grounding Lightning Arrestors in Control Boxes 
When the box has a lightning arrestor, it must be 

grounded, metal to metal, all the way to the water strata for 
the lightning arrestor to be effective. Grounding the arrestor to 
a driven ground rod provides little or no protection for the 
motor. 

Following are three acceptable ways of grounding above 
ground lightning arrestors: 
1. The best possible protection exists when metallic well cas­

ing extends within at most 20 feet of the motor. In this for­
tunate situation, the arrestor should be grounded to the 
well casing with a No. 12 or larger wire. See Figure 1. 

2. If the well casing is plastic or terminates more than 20 feet 
above the motor, and metal drop pipe is used, then the 

best available protection is provided by grounding the ar­
restor to the metal drop pipe. See Figure 2. If the pump is 
electrically insulated from the motor as it would be with a 
nonmetallic pump adapter bracket, then a wire should 
connect the drop pipe to the motor studs. See Figure 3. 

3. If the well casing is nonmetallic or terminates more than 20 
feet above the motor and nonmetallic drop pipe is used, 
then protection is only provided when the arrestor is 
grounded to a No. 12 or larger bare copper wire run with 
the power cable to the motor and connected to a motor 
stud. This wire should also connect to the top of the well 
casing if metallic. See Figure 4. 
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IlPPLICIl'l'IO" ________________ _ 

Auxiliary Running Capacitors for Noisy Installations 
The addition of auxiliary running capacitors as a method of 

reducing noise in submersible installations is not a reliable 
method in all cases but in some cases does reduce the noise 
to an acceptable level. In some cases, there is space in the 
control box to add the additional running capacitor or 
capacitors. In others, there is not room and the additional 
capacitor(s) should be mounted in an auxiliary box and used 

TABLE 10 

1ICIrIMI ......... ........... 
~., .. ".. MId. ..... 

Y, 115 0 40(1) 

Y, 115 0 60(1) 

y, 230 0 10(1) 
..., 230 0 15(1) 

~ 230 0 20(1) 

1 230 0 25(1) 

1.5 230 10 20 

2 230 20 10 

3 230 35 10 

5(4") 230 60 None 

5(6") 230 30 30 

7.5 230 45 45 

10 230 75 30 

15 230 135 None 

(1) Do not add running capacitors to standard production YJ through 1 
HP control boxes which use current relays or solid state starting 
switches! Adding capacitors will cause relay failure. H the control 

in conjunction with the regular control box. Added capacitors 
must be connected across "Red" and "Black" control box 
terminals, in parallel with any existing running capacitors. 
Given below are the values of additional running capacitors 
most likely to reduce noise in cases where it may be a prob­
lem. The tabulation also gives the running capacitors origi­
nally supplied in each rating control box. 

-...y RunnIng c • .1 a ... ....... ........... 
..... YaIIa ............. 

236 One 155328104 

236 Two 155328108 

370 One 155328102 

370 One 155328101 

370 One 155328103 

370 One ea 155328101 
155328102 

370 One 155328103 

370 One 155328102 

370 One 155328102 

370 One 155327101 

370 One ea. 155327101 
155328101 

370 One 155327101 

box is converted to use a voltage relay, the specified running 
capacitance can be added. 

Storage of Prefilled Submersible Motors 
The Franklin Electric prefilled submersible motor is de­

signed for trouble-free operation and a minimum of attention 
and restrictions, in storage and installation, as well as opera­
tion. However, reasonable care should be obserVed in 
storage. 

The motor is provided with a pressure equalizing dia­
phragm to allow for expansion and contraction of the filling 
solution. The filling solution is suitable for temperatures down 
to -400C (-40°F) and motors should be stored in areas that 
do not go below this temperature. The solution will partially 
freeze as temperature goes below -3°C (27"F), but no 
damage occurs. Repeated freezing and thawing should be 
avoided when possible to prevent the possible loss of filling 
solution. 

Extended storage of the motors, either with or without 
pumps, may also result in loss of the filling solution. This loss 
occurs mainly at the check valve and shaft seal, and while it 

12 

may not be discernible because the rate is extremely slow 
and it evaporates as fast as it comes out, in time the loss can 
be enough to cause possible damage. When the storage 
temperature does not exceed 1000F, storage time should be 
limited to two years. Where storage temperatures reach 
130°F, storage time should be limited to one year. 

A few drops loss of liquid will not damage the motor since 
an excess is provided when the motor is filled at the factory 
and also because after the motor is in service, the Franklin 
Filter-Check will allow the liquid lost to be replaced by filtered 
well water. If the above storage recommendations and limits 
are followed, there will be little or no liquid loss and no need 
for concern. If however, there is evidence of considerable 
leakage or there is reason to believe there has been leakage, 
the motor should be returned to a Franklin Electric Service 
Shop for checking or they should be contacted for instructions 
on checking. 



-
-('" Downward Deflection of Motor Shafts Under Thrust Load 

The thrust bearings of Franklin Electric submersible motors 
are designed for high load capacity with very low losses and a 
minimum of shaft deflection under thrust load. Any permanent 
deflection is already set by the factory thrust test, but there is 

TABLE 11 

elastic deflection reducing shaft height as thrust is applied to 
the motor. All pump clearances should be designed to allow 
for this deflection, which is shown for each motor type in the 
table below: 

MotorTYDe AnI of DeIIec:IIon 1bI8I DeIIec:IIon ........ TII.-

4". 300 lb. '13 thru :v. HP .002" per 100 lb. .006" at 300 lb. 

4".650 lb. 1, 110'2 and 2 HP .0013· per 100 lb. .009· at 650 lb. 

4·. 900 lb. 110'2 thru 10 HP .0005· per 100 lb. .0045· at 900 lb. 

6'".1500 lb. 5 and 710'2 HP .0005· per 100 lb. .0075· at 1500 lb. 

6". 3500 lb. 10 thru 30 HP .004· per 1000 lb. .014" at 3500 lb. 

6". 3500 lb. 40 thru 60 HP .006" per 1000 lb. .021" at 3500 lb. 

8". 10.000 lb. 40 thru 200 HP .002" per 1000 lb. .020" at 10.000 lb . 

. 004 inch = .10 millimeters 

Use of Check Valves 
It is recommended that check valves be used in all sub­

mersible pump installations. A line check valve should be in­
stalled in the discharge pipe within 25 feet of the pump, if the 
pump is not made with a built-in check valve. 

Immediate motor or pump failure, or shortened service life 
can be the result of the following conditions: 

a. Backspin - when no check valve is used or when a 
check valve becomes defective, the water in the drop 
pipe can flow back down when the pump stops. This 
backflow can keep thrust on the motor while it comes to 
a stop which can cause excessive thrust bearing wear. 

b. Up thrust - when no check valve is used or the valve 
leaks the pump starts each time at no head. Many 
pumps exert an upward thrust on the impeller stack at 

Pump Mounting Position 
Motors are suitable for operation in mounting positions from 

vertical shaft up to horizontal. If 4 inch motors thru 2 HP, are 
started more than 10 times per day, it is recommended the 

Water Temperature 
TABLE 12 Reduced motor loading In water over 3cre (86°F) 

low heads which can lift the rotor of the motor until the 
developing water column causes down thrust Re­
peated up thrust at each start can cause wear and fail­
ure unless the pump construction prevents upward 
shaft movement. 

c. Water hammer - if the lowest check valve is more 
than 30 ft. above the well water level, the weight of the 
falling water column draws a vacuum or evacuates a 
void below the check valve when the pump stops. On 
the next pump start, water moving at a high velocity fills 
this void and strikes the closed check valve and the 
stationary water in the pipe causing a hydraulic shock. 
This shock can split pipes, break joints or damage the 
pump and motor. 

shaft be tilted up at least 15° from horizontal to minimize 
coast-down wear of the upthrust washer. 

Apjw"'''' AIOINIIIe%of ................... Aunpe With proper water flow past the motor, 
Franklin submersible motors are designed 
to operate up to nameplate amperage rat­
ing in water as hot as 86°F (30°C). If the 
water temperature exceeds 8SO, reduce 
the load by changing pumps or throttling 
the pump discharge. 

................ 'IIIrougIIa .. ........ 1 ... 0-1 ... 

35"C ( 95"F) 100% 100'% 90% 

4O"C (104"F) 100% 90% 80% 

45"C (113"F) 90% 80% 70% 

sere (122"F) 80% 70% 60% 

55"C (13O"F) 70% 60% 45% 

Do not UM IUbmeraIbIe motors In water OYer 55"C (13O"F). 
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appLJCaTJON ________________________________ _ 

Submersible Motor Cooling 

Maximum 
Inches 

COOUNG FLOW REQUIREMENTS 

INCH 

16 r-----~------~----~----~~----~----~ When the pump is set below any screen 
openings or below the bottom of the casing a 
top feeding well condition can exist which re­
duces the rate of cooling water flow past the 
motor. Sleeve 12 

If the flow rate is less than specified a flow in­
ducer sleeve or an alternate method of increas­
ing water velocity past the motor must be used 
for proper cooling. 

MINIMUM VELOCITY PAST THE MOTOR 
4W dia. motor- .25 ft./sec. 
6w dia. motor -.5 ftJsec. 
8w dia. motor -.5 ft./sec. 

A flow inducer sleeve should always be used 
when the pump is in a large body of water. 
Make sure that such an installation is grounded 
as wamed on the inside of the front cover. 

FLOW INDUCER SLEEVE 

or 
easing 
1.0. 

A flow inducer sleeve is a tube over the motor, closed off 
above the pump intake and extended to the bottom of the 
motor or lower. The sleeve material is corrosion resistant 
metal or heavy plastic. 

14 
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FLOW INDUCER DISCHARGE TUBE 

If the casing is too small for a flow sleeve and the pump 
cannot be raised a tube may be installed as follows: 

a) Tap a 1/4" tube (10) into the pump outlet (below check 
valve). 

b) Clamp it to the pump and motor. 
c) Aim tube upward so flow is introduced 1 foot below the 

motor. 
d) Protect tube with spacers and angle iron. 



r- Head Loss From Flow Past Motor 
The following table lists the approximate 

feet of head loss from flow between an av­
erage length motor and smooth casing or 
sleeve. 

TABLE 13 

IIIDIar(NonIIMI) ~ ~ ~ 

c:.IngLD. ...... .". r r 
25 0.3 

GPM 50 1.2 

100 4.7 0.3 

150 10.2 0.6 0.2 

200 1.1 0.4 

250 1.8 0.7 

300 2.5 1.0 

400 

500 

600 

800 

1000 

1 inch = 25.4 millimeters 

r r 
r r 

1.7 

3.7 

6.3 0.5 

9.6 0.8 

13.6 1.2 

23.7 2.0 

3.1 

4.4 

Splicing Submersible Cables 
When the drop cable must be spliced or connected to the 

motor leads. it is necessary that the splice be water tight. This 
splice can be made with commercially available potting or 
heat shrink splicing kits or by careful tape splicing. 

Tape splicing should use the following procedure. 
A) Strip individual conductor of insulation only as far as 

necessary to provide room for a stake type connector or a 
neatly twisted joint. H a twisted joint is used. it is essential 
that it be soldered. Tubular connectors of the staked type 
are preferred. (If connector 0.0. is not as large as cable 
insulation. build-up with rubber electrical tape.) 

B) Tape individual joints with rubber electrical tape. using two 
layers; the first extending one inch beyond each end of 
the conductor insulation end. the second layer one inch 
beyond the ends of the first layer. Wrap tightly. eliminating 
air spaces as much as possible. 

C) Tape over the rubber electrical tape with #33 Scotch elec­
trical tape. Minnesota Mining Co. (or equivalent). using 
two layers as in step "B" and making each layer overlap 
the end of the preceding layer by at least one inch. 

r 
r 

0.2 

0.4 

0.7 

1.0 

r r 
Lt" , .. 

6.8 

10.4 

14.6 

24.6 

37.3 0.6 

52.2 0.8 

1.5 

2.4 

In the case of a cable with three conductors encased in a 
single outer sheath. tape individual conductors as described, 
staggering jOints. 

Total thickness of tape should be no less than the thickness 
of the conductor insulation. 

~ Staked Connector 

A. t ~r:c~-===-~ ~ 

I 2" I I 2" I <' Rubber Tape 

B. t -y IIZ/IZB 1 
I 2" I I 2" I 

c. c:::i5\\\\\~\\:O 
PVC Electrical Tape 
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Tightening Lead Connector Jam Nut 

4" Motors - 15 to 20 Lb. Ft. 
6- Motors - 60 to 70 Lb. Ft. 
r Motors -120 to 150 Lb. Ft. 

Pump to Motor Coupling 
Assemble coupling with non-toxic waterproof grease such 

as Mobil FM2, Texaco Regal AFB2, or equivalent. Besides 

It is recommended that a new lead assembly be used when 
one is removed from the motor, because rubber set and pos­
sible damage from removal may prevent resealing. 

prolonging spline life of motor and coupling, it prevents abra­
sives from entering the spline area. . 

Three Phase Power Unbalance - Line Connections 
A full three phase supply is recommended for all three 

phase motors, consisting of three individual transformers or 
one three phase transformer. So-called "open" delta or wye 
connections using only two transformers can be used, but are 
more likely to cause problems from current unbalance. 

Transformer ratings should be no smaller than listed in 
Table 6 on page 8 for supply power to the motor alone. 

Open Wye or Delta systems often suffer from line unbal­
ance, which can cause poor motor performance, nuisance 
overload tripping, or premature motor failure. 

Phase designation of leads for CCW rotation viewing shaft 
end. To reverse rotation, interchange any two leads. 

Phase 1 or ''A" - Black Motor Lead 
Phase 2 or "B" - Yellow Motor Lead 
Phase 3 or "C" - Red Motor Lead 

NOTICE: Phase 1, 2 and 3 may not be L 1, L2 and L3. 

Procedure for checking and correcting rotation and current unbalance. 

1. Establish correct motor rotation by running in both direc­
tions. Change rotation by exchanging any two of the three 
motor leads. The rotation that gives the most water flow is 
always the correct rotation. 

2. Current readings in amps should be checked on each leg 
using the three possible hook-ups. Roll the motor leads 
across the starter in the same direction to prevent motor 
reversal. 

3. To calculate percent of current unbalance: 
A. Add the three line amp values together. 
B. Divide the sum by three, yielding average current. 
C. Pick the amp value which is furthest from the average 

current (either high or low). 
D. Determine the difference between this amp value (fur­

thest from average) and the average. 
E. Divide the difference by the average. 
F. Multiply the result by 100 to determine percent of 

unbalance. 
4. Current unbalance should not exceed 5% at service factor 

load or 10% at rated inpu1load. If the unbalance cannot be 
corrected by rolling leads, the source of the unbalance 
must be located and corrected. If, on the three possible 
hookups, the leg furthest from the average stays on the 
same power lead, most of the unbalance is being caused 
by the power source. However, if the leg furthest from aver­
age moves on each of the hookups with a particular motor 
lead, the primary source of unbalance is on the "motor 
side" of the starter. In this instance, consider a damaged 
cable, leaking splice, poor connection, or a faulty motor 
winding. 
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Hookup 1 Hookup 2 

Starter 
Terminals 

L1

1
L2

1
L3

1 
L1

1
L2

1
L3

1 
T1TT2TT3T T1TT2TT3T 

Motor 
Leads R B Y 

R= 51 amps 
B= 46 amps 
Y=~amps 

Total = 1SO amps 
..;.3= SOamps 

-46= 4 amps 
4..;. 50 = .08 or 8% 

Y R B 

Example: 
Y= SOamps 
R= 48 amps 
B=~amps 

Total = 1SO amps 
..;.3= SOamps 

-48= 2 amps 
2..;. SO =.04 or 4% 

Hookup 3 
L1

1
L2

1
L3

1 
T1TT2TT3T 

B Y R 

B= SO amps 
Y= 49 amps 
R=.21amps 

Total = 1SO amps 
..;.3 = 50 amps 

-49 = 1 amps 
1 ..;. 50 = .02 or 2% 

, 



Three Phase Starter Diagrams 
Three phase starters have two distinct circuits, the power circuit and the control circuit. The power circuit 

consist of a circuit breaker or a line switch with three identical sets of fuses, contacts, and overload heaters in 
series between the incoming power lines L 1, l2, l3 and the three phase motor. 

The control circuit consists of the magnet coil, overload contacts and a pressure switch or other control de­
vice, which when the contacts are closed, the contactor closes, applying power to the motor. Hand-off-auto 
switches and start timers may also be in series with the control circuit. 

Line voltage control Fig. 1, is probably the most common type of control encountered. Since the coil is c0n­

nected directly across the power lines 11 and l2, the coil voltage and frequency must match the line voltage. 

L1 L2 L3 

FUSES 

CONTACTS 

PRESSURE SWITCH OR 
OTHER CONTROL DEVICE 

OVERLOAD 
HEATERS 

O.L.CONTACTS 

BASIC DIAGRAM LINE VOLTAGE CONTROL 

FIGURE I 

Control circuit transformer Fig. 2, is used when it is desirable to operate push buttons or other control de­
vices at some voltage lower than the motor voltage. The transformer primary must match the line voltage and 
the coil voltage must match the secondary voltage of the transformer. 

L1 L2 L3 

PRESSURE SWITCH OR 
OTHER CONTROL DEVICE 

FUSES ...... +--+---~-~~:O O.Lj~ONTACTS 
TRANSFORMER ~~ 

CONTACTS 

W
OVERLOAD 
HEATERS 

BASIC DIAGRAM CONTROL CIRCUIT TRANSFORMER 
TOR 

FIGURE 2 

External voltage control FIQ. 3. Control of a power circuit by a lower control circuit voltage can also be 0b­
tained by connecting to a separate control voltage source. The coil rating must match the control voltage 
source. A typical example of this would be 24 volt control. 

L1 L2 L3 

crm::ggg 
PRESSURE SWITCH OR 
OTHER CONTROL DEVICE 
/~O.L.CONTACTS 

r----6~OI .H TO SEPARATE 
CONTROL VOLTAGE 
SOURCE 

OVERLOAD 
HEATERS 

BASIC DIAGRAM EXTERNAL VOLTAGE CONTROL 

FIGURE 3 17 



Preliminary Tests 

WHAT IS TO BE DONE APPLIES TO HOW IT IS TO BE DONE 

Measure resistance from 1 Ph. Ohms will be per Table 14. 
any cable to ground. 3 Ph. page 19. 
(insulation resistance) 

Measure resistance 1 Ph. Ohms will be per Tables 
between all leads. 3 Ph. 1.2. or 3 and 15. 
(Winding resistance) 

How to Measure Ohm values Between Leads And 
Ground (Insulation Resistance) - See Figure 5 

1. Set the scale lever to R x 100K and set the ohmme­
ter on zero. 

2.[:::E.~~!!:§~ ::: ] ~!~e~~~:~~:~:~~~~ ~~~~~-
box or pressure switch (0-0 type control. remove lid) 
to avoid damage to meter or electric shock hazard. 
Connect one ohmmeter lead to anyone of the motor 
leads and the other to the metal drop pipe. If the drop 
pipe is plastic, connect the ohmmeter lead to the well 
casing. See Fig. 7, page 20 for the 0.0. type control. 

"Q-O" means "Quick-DiscomecI" Control Box 

How to Measure Resistance Between Leads - See 
Figure 6 

1. Set the scale lever to R x 1 for values under 10 ohms. 
For values over 10 ohms. set the scale lever to R x 
10. Zero balance the ohmmeter. 

2·1: :: ~~U!I~~: ] ~6nenne~~:~~:~~~~~~ ~~~~~-
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box or pressure switch (0-0 type control, remove lid) 
to avoid damage to meter or electric shock hazard. 
Connect the ohmmeter leads as shown in Figure 6. 
See Figure 7, page 20 for the 0.0. type control. 

WHAT IT MEANS 

1. If the ohm value is normal. the motor wind-
ings are not grounded and the cable 
insulation is not damaged. 

2. If the ohm value is below normal. either the 
windings are grounded or the cable insulation 
is damaged. Check the cable at the well seal 
as the insulation is sometimes damaged by 
being pinched. 

1. If all ohm values are normal. the motor wind-
ings are neither shorted nor open. and the 
cable colors are correct. 

2. If any one ohm value is less than normal. the 
motor is shorted. 

3. If any one ohm value is greater than normal. 
the winding or the cable is open. or there is a 
poor cable joint or connection. 

4. If some ohm values are greater than normal 
and some less on single phase motors. the 
leads are mixed. See page 20 to verify cable 
colors. 

FIgureS 
MEASURING INSULAllON 

RESISTANCE 

!iF' I~~~-I II! II ... J@'---J" 
JU l ___ ~. 

Drop 
Cable 

~~1 n~ 
il~ 

FIgure' 
MEASURING WINDING 

RESISTANCE 

~. 

LLJ 
Q -•.. ~:-

::.J~L:. 

Ii 
~======="" 
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Insulation Resistance Readings 
TABLE 14 Normal Ohm and Megohm Values Between All Leads and Ground 
Insulation resistance does not vary with rating. All motors of all HP, voltage, and phase rating have the same value of insulation 
resistance. 

CONDmON OF MOTOR AND LEADS OMM VALUE MEGOHM VALUE 

A new motor (without drop cable). 20,000,000 (or more) 20.0 

A used motor which can be reinstalled in the well. 10,000,000 (or more) 10.0 

MOTOR IN WELL. Ohm readings are for drop cable plus motor. 

A new motor in the well. 2,000,000 (or more) 2.0 

A motor in the well in reasonably good condition. 500,000-2,000,000 0.5-2.0 

A motor which may have been damaged by lightning or with damaged leads. Do 20,000- 500,000 0.02-0.5 
not pull the pump for this reason. 

A motor which definitely has been damaged or with damaged cable. The pump 10,000- 20,000 0.01-0.02 
should be pulled and repairs made to the cable or the motor replaced. The motor 
will not fail for this reason alone, but it will probably not operate for long. 

A motor which has failed or with completely destroyed cable insulation. The less than 10,000 0-0.01 
pump must be pulled and the cable repaired or the motor replaced. 

Total Resistance of Drop Cable (Ohms) 
The values below are for copper conductors. If aluminum 

conductor drop cable is used, the resistance will be higher for 
each foot of cable of the same size. To determine the actual 

resistance of aluminum drop cable, divide the ohm readings 
from this chart by 0.61. This chart shows total resistance of cable 
from control to motor and back. 

FEET 
OF 
CABLE 

1500 

1250 

1000 

750 

500 

250 

TABLE 15 

• I • 
• II 

: 

... 

" , 
I 

, 
I 

II II 

II 

III .,. 
IJ 

BllJ . ., , 
'~I 

JjIIII 

r" 1000 
~ 

o .5 

~ 
I J , 

rl 

I'" 
1 rI 

II IJ 

II 'I 

II .., .., 
iii'" 

II " 
iii'" I.; 

IIJ" """,I"" 
~ 

~ ~ 

L..o"'" 
", 

1.0 

II 

" J ~ 
~ 

':'1 ~ 

" " ". ", :v·, 
.... " .., 

~ b.\ !'-~ , 
" Ci' 

" ~~'fI' 

I.; 
I"" 

~ '''' L..oI "",'" 
I"" ,-

~ ... 
~~ 

~ 

1.5 2.0 2.5 

DROP CABLE OHMS 

~ 

" 

, 
!i'" 

~ 

JiI" 

.... 1"" 
~ 

1000 

3.0 

'fI' 
ioI!I 

.... 1"" 
~ 

4.0 

.... -
-,t' 

4.5 

Winding 
Resistance 
Measuring 

When measured as 
shown in FlQure 6 page 
18, motor resistance only 
should fall within the val­
ues in Tables 1, 2, or 3, 
on pages 2, 3, or 4. 
When measured through 
the drop cable the size 
and lerlgth of the cable 
must be known and the 
correct cable resistance 
from Table 15 subtracted 
from the ohmmeter read­
ing to get the winding 
resistance for com­
parison with Tables 1, 2, 
or 3, on pages 2, 3 or 4. 



Single Phase Control Boxes 
Identification Of Cables When Color Code Is Missing 

(FOR SINGLE PHASE 3-WlRE UNITS ONLy) 

Procedure 
If the colors on the individual drop cables cannot be found; 

that is, if no colored threads are visible and no identifying ribs 
are present and the leads cannot be identified, proceed as 
follows: 

1. Disconnect all three drop cables from the control box. For 
temporary identification, tie tags to them and give each a 
number - 1, 2 and 3. 

2. With an ohmmeter, measure the following three values of 
"unknown" ohms. Then match the item with the "un­
known" item on the left with the "known" item on the right 
to determine the color of cables 1, 2 and 3. 

"Unknown" "Known" 
Cable 1 to cable 2 (---ohms) Lowest-Black to yellow 
Cable 1 to cable 3 (----ohms) Intermed.-Red to yellow 
Cable 2 to cable 3 (---ohms) Highest-Black to red 

3. Note that "yellow" cable is that used to obtain lowest and 

intermediate readings and that "red" cable is that used to 
obtain highest and intermediate readings. 

Example 

Suppose that the ohm reading were: 

1 to 2 measures 6 omms (highest) 
1 to 3 measures 4 ohms (intermediate) 
2 to 3 measures 2 ohms (lowest) 

The actual ohm values are not important. What is important 
is which reading is highest, intermediate and lowest. This 
method will work regardless of the actual value of the ohm 
readings. 

Cable 3 was used to obtain both the intermediate and low­
est ohm reading. This is the yellow cable. 

Cable 1 is the cable used to obtain the intermediate and 
highest ohm readings. This is the red cable. 

Meter Connections for Motor Testing 
FJg.-7 figure 8 figure 9 

Q.D. Control Box Non Q.D. Terminal 
Board 

Q.D. Control Box 

To Power 

NOTE: FOUR TERMINAL STYlE 
IS SHOWN. LATEST 
PRODUCTION HAS AVE 
TERMINALS, WITH L2 
AND YELLOW SEPARATED. 

Amperage ,Currenll Tesls 

To Power 
Supply 

Amperage ,Current) TeSls 

CHECKING MOTOR WITH "Q.D." TYPE CONTROL BOX 

1. Remove cover to break all motor connection. 

CE.~~f.!9.:{J L, and Lz are still connected to power. 

2. To check VOLTAGE: Use vottmeter on L1 and u as shown 
in Figure 7. 

3. To check CURRENT (amps): 

20 

(a) Connect test cord (150961 901) between control box 
cover and wall plate (See Fig. 9). 

(b) Use hook-on ammeter as shown. 

OR - If test cord is not available, without removing control 
box cover, use hook-on ammeter at fuse box or pressure 
switch. 
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Single Phase Control Boxes 
Checking and Repairing Procedures 
CAUTION TURN POWER OFF AND DISCHARGE CAPACITORS BEFORE USING OHMMETER 

Test or Procedure Non 0.0. Control Box 0.0. Control Box 

A. General Procedures 1. Disconnect line. 1. Aemove cover to disconnect motor line. 
2. Inspecllor damaged or bumed parts, loose connections, etc. CAUTION L, and L2 are stili connected to 
3. Check lor misconnections against diagram in control box. power source. 
4. II problem has not been lound, check motor per Table 1 and control box 2. Same. 

as indicated betow. 3. Same. 
4. Same, except motor leads are disconnected when 

cover is removed. 

B. Use 01 Ohmmeter 1. Ohmmeter such as Simpson Model #372 or #260, Triplett Model #630 or tfI666 may be used. 
2. Whenever scales are changed, short ohmmeter leads and "zero balance" meter. 

C. Ground (Insulation 1. Ohmmeter Setting: Highest scale (usually A x lOOK or A x 10,(00). 1. Same. 
Aesistance) Test 2. Terminal Connections: One ohmmeter lead to "Ground" terminal on con- 2. One ohmmeter lead to frame 01 control box lid and 

trol box and touch other lead 10 each 01 the other terminals on terminal other to terminals on control box lid. 
board. 3. Same. 

3. Ohmmeter Aeading: Pointer should remain at (00) and not deflect. 

D. Overload Protector 1. Ohmmeter Salli~: A x 1. 1. Same. 
2. Terminal Connections: Connect one ohmmeter lead to Terminal Black 2. Terminal Connections: Connect ohmmeter leads be-

and other lead to: tween Terminals Black and line terminal with blue 
(a) Terminal L, in Iour·terminal boxes. wire. 
(b) Terminal u in live-terminal boxes. 3. Same. 

3. Ohmmeter Aeading: Should be 0 to 0.5 ohms maximum. 

E. Capacitor Tests 1. Ohmmeter Setting: A x 1,000. 1. Same. 
2. Terminal Connections: One ohmmeter lead to relay terminal #1 and 2. Connect leads to Black and Orange wires out 01 

other to black terminal on terminal board. capacitor case. 
3. Ohmmeter Aeading: Pointer should swing toward "zero" and "fIoaf' back 10 (00). Capacitor is shorted if pointer does not move back 

to (00), open if it does not move from (ao). 
4. If reading is not as above, disconnect capacitor from overload and test each component. 

F. Aelay Coil Test 1. Ohmmeter Selling: A x 1,000 (or A x 100). 
(potential relays only) 2. Terminal Connections: #5 and 112. on Aelay. 

3. Ohmmeter Aeading: 
For 115 Volt Box. For 230 Voh Box. 

G.E. .7·1.8 (7()()'1800 ohms) 4.5· 7.0 (45()().7000 ohms) 
Cardinal .55· .85 (550- 850 ohms) 2.8 - 4.2 (2800-4200 ohms) 

G. Aelay Contact Test Most cases 01 inoperative relay contacts can be detected as 1001ows: 
(potential relays only) 1. Ohmmeter Selling: A x 1. 

2. Terminal Connections: Terminal *1 and Terminal #2 on Aelay. 
3. Ohmmeter Aeading: Should be ··zero·'. 
Note: This test verifies "making" 01 contacts. 11 it is desired to test "opening" and closing 01 contacts: 
a. Connect control box components in control box as indicated on diagram Same for all, except attach five conductor test cord to 

in control box cover. connect control box lid to wall mountad terminals for 
b. Connect three leads from motor 01 correct rating to control box terminal reading currant in red lead. Check current as shown 

board. on page 2. 
c. Connect power source voltage to L, and u. 
d. Current in Aed lead should momentarily be a high value -then drop 

(within one second) to values on Page 2. 
H. Aelay Coil Test 1. Ohmmeter Selli~: A x 1. 

(current relays only) 2. Terminal Connections: *1 and #3. 
3. Ohmmeter Aeading: Less than 1 ohm. 

I. Aelay Contact Test 1. Ohmmeter Selling: A x 1000. 
(current relays only) 2. Terminal Connections: #2 and fI4. 

3. Ohmmeter Aeading: Infinity (00) 
4. Aelay contact test verifies that contacts are open. 

To check closing 01 contacts, attach 5 conductor 
test cord to connect control box lid to wall mounted 
terminals. While applying power, monitor current in 
Aad lead, current should be a high value then drop 
within one second to zero amps. 

J. Triac Test 1. Ohmmeter Setting: A x 1000 
(solid state switch only) 2. Conriect the leads to "A" (start) terminal and to 

orange lead terminal on start switch. 
3. Ohmmeter Aeading: Infinity. 

K. Coil Test 1. Ohmmeter Setting: A ., 1. 
(solid state switch only) 2. Connect leads to "Y" (common) and u terminal. 

3. Ohmmeter Aeading: Less than 1 ohm. 
4. To verify proper operation of switch with motor 

connected. Attach 5 conductor test cord 10 conned 
control box lid 10 wall mounted terminals. While 
applying power, monitor current in red lead, current 
should be a high value then drop within one sec-
ond to zero amps. 

L Contactor Test 1. Discomect one coil lead. 
2. Ohmmeter selling A x 100. 
3. Check coil resistance: 180 10 1400 ohms. 
4. Remove contact cover and inspect contacts. 
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Control Box Parts List 
Q.D. CONTROL BOX COMPONENTS TABLE 16 

.......... 
orCurrWII SoIId .... (1) 

HP Volt (1) .....,(1MC) SwIII:h 

115 155 031101 or 152138 905 
155252103 

Y.s 
230 155 031102 or 152138 901 

155252101 

115 1550311010r 152138 906 
155252105 

'h 
230 1550311020r 152 138 902 

155252102 

~ 230 1550311020r 152138 903 
155252103 

1 230 1550311020r 152138 904 
155252104 

FOOTNOTES: 
(1) Control boxes supplied with voltage relays are designed to opere 

ate on nominal 230v systems. For 208v systems or where line 
voltage is between 200v and 210V substitute 208v relay part no. 
155 031 103 and cable 2 sizes larger, or use boost transformer. 
Control boxes supplied with solid state relays are designed to 0p­
erate on nominal 230v systems. For 208v systems or where line 
voltage is between 200v and 210V use cable 2 sizes larger. 
Voltage relay kit 155 031 903 may be used to replace current re­
lays used on 208v systems. 

(2) Capacitors and capacitor-overload ass'y. are provided in plastic 
cases. Two inch diameter assemblies may be substituted for old 
style 10/. dia. assemblies by bending control box terminal bracket. 

REPLACEMENT INSTRUCTIONS 

B 

TO REPLACE A RELAY (VOLTAGE OR CURRENT) 
WITH A SOUD STATE SWITCH 

, 
I 
I 
I 

BLACK' 

y R 

, ,- - - - - ------ -- - - --""""" 

L2 

\ 
\ 
I 
I 
~ 
I 
I 

I 

....,-- ---- --- -- ----------~ 
ORANGE 

BLUE 

CONTROL BOX WIRING DIAGRAM WITH SOLID STATE SWITCH 

1. Disconnect power to control box. 

Ll 

2. Remove control box cover. Disconnect all leads from the relay and 
terminal strip. Discard all loose leads. 

3. Plug solid state switch into center terminals (Y, R, L2) on the side 
of the terminal strip nearest to the capacitor. 

4. Connect all three leads from capacitor as follows: 
A. Blue lead to the "L1" terminal. 
B. Orange lead to the terminal on the solid state switch. 
C. Black lead to the '"'B" main terminal. 

5. Replace cover on the control box and reconnect the power. 
NOTE: Do not add running capacitors to standard production 'II 
through 1 HP control boxes which use current relays or solid state 
starting switches. Adding capacitors will cause failures. If the control 
box is converted to use a voltage relay, the specified running capaci· 
tance ~ be added. 

22 

........... IIT.I ..... 13I 
~ o-tMdor 

c:.pecIIar (2)(5) o-tMd,.., (1M., o-tMd KIt (I) 

275461 122 or 151033973 151496973 
275464125 305091901 
11OV, 159-191 mfd. 

275 461123 or 151033974 151496974 
275464126 305091902 
~ 43-53mfd. 
275461 101 or 151033 975 151 496 975 
275464101 305091903 
11OV, 250-300 mfd. 

275461 108 or 151 033 976 151 496 976 
275464105 305091904 
~ 59-71 mfd. 
2754611060r 151033978 151496978 
275464118 305091905 
~ 86-103 mfd. 
275461 107 or 151 033 979 151 496 979 
275464113 305091906 
22<N 105-126 mfd. 

(3) Super stainless control box parts may be used on MT & MT·3 
motors. 

(4) Voltage relay kits, 115 volt, 155031 901 and 230 volt, 155031 902 
will replace either current, voltage, or solid state switch relays. 

(5) Capacitor's with part number prefix 275461 are designed for use 
with overtoad's. 

(6) Q..D control boxes produced H85 or later do not contain an over· 
load in the capacitor. On windin$! thermal overloads were added to 
three·wire motors rated '1.1-1 hp In ASS. If a control box dated H85 
or later is applied with a motor dated M84 or earlier, overload pro­
tection can be provided by replacing the capacitor with a 
capacitor / overload assembly or adding an overload kit to the 
control box. 

B 

BLACK 

TO REPLACE A SOUD STATE SWITCH 
WITH A VOLTAGE RELAY. 

y R L2 

CAPACITOR 

Ll 

CONTROl.. BOX WIRING DIAGRAM WITH VOLTAGE RELAY 

1. Disconnect power to the control box. 
2. Remove the control box cover. Disconnect orange lead from the 

solid state switch. Disconnect the blue lead from the "u" terminal. 
3. Remove solid state switch from the three center terminals. Install 

voltage relay next to capacitor. 
4. Connect orange and blue leads from capacitor as follows: 

A. Orange lead to relay terminal #1. 
B. Blue lead to "L2" terminal. 
C. Black lead stays on "B" (main) terminal. 

5. Make a red jumper wire and connect it from "R" (start) terminal to 
relay terminal #2. 

6. Make two yellow jumper wires. Connect one jumper from "Y" (com· 
mon) terminal to relay terminal #5. Connect other jumper from 
relay terminal #5 to "U" terminal. 

7. Replace cover on the control box and reconnect power. 
Note: Voltage relay kits include necessary jumper wires and mount· 

ing hardware. 
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INTEGRAL HORSEPOWER CONTROL BOX COMPONENTS • 230 VOLT TABLE 17 .... CcnnII ~~ RIlIng "(1) ....... 1IodII .... ,.. .... 
1 \+4" 282 3007 202 or 2754611075 

2823007102 275479102 R (5) 
282 3007 203 or 2754611075 
2823007103 155328 102 R 

2-4" 2823018202 2754841135 
275 479 105 R (5) 

282 3018 203 or 2754841138 
282 3018103 155328103R 

DlX 2823019103 2754641138 
155328103 R 

3 - 4" 2823028 202 2754631115 
275481 102 R (5) 

282 3028 203 or 275463111 8 
2823028103 155 327102 R 

DLX 2823029103 2754631115 
155327102 R 

5- 4" 2821139 202 2754681188 
275479103 R (5) 

2821139 203 or 2754681188 
2821139003 155327101 R 

DlX 282 1139 303 or 2754681188 
DLX 2821139103 155 327101 R 

5 - 6" 
2822009202 275468117 5 

275479 103 R (5) 
2822009203 2754681175 

155327101 R 
DLX 2822009303 2754681175 

155327 101 R 
7'h - S" 2822019202 2754681175 

275479 103 R (5) 
2822019203 2754681175 

155 327101 R 
155 328101 R 

DLX 2822019303 2754681175 
155 327 101 R 
155 328101 R 

10 ·6· 2822029202 275468117 5 
275479 103 R (5) 

2822029203 2754681175 
155 327 101 R 
155 328 101 R 

2822029207 2754681195 
155327101 R 
155328101 R 

2822029303 2754681175 
155 327101 R 
155328101 R 

DLX 2822029307 2754681195 
155327101 R 
155 328 101 R 

15 -S" 2822039303 2754681195 
155327101 R 
155 328101 R 

FOOTNOTES: 
(1) Lightning arrestor 150 814 902 suitable lor all c:ontroI boxes. 
(2) 5: 5tart R: Run L: UIl8. 

DLX : Deluxe c:ontroI box wi1h line contactor. 
(3) Capacitor and over1oad ass'y, 
(4) 2 required 
(5) These parts may be replaced as follows: 

Old New 

............ 
105 -126 

10 
105 -126 

10 
104·126 

2D 
104·126 

2D 
105·126 

2D 
208· 250 

35 
208·250 

35 
208·250 

35 
218·258 

15 
218·258 

30 
218·258 

30 

130 - 154 
15 

130- 154 
30 

130-154 
30 

130·154 
15 

130·154 
30 
15 

130·154 
30 
15 

130 - 154 
15 

130-154 
30 
15 

270-324 
30 
15 

130-154 
30 
15 

270-324 
30 
15 

270·324 
30 
15 

275479 102 155 328 102 
275479103 155328101 
275479105 155328103 
275481 102 155 327102 

(6) May be replaced wi1h 155 031 601 heavy duty relay. 
(7) For 208v systems or where line voltage is beIM«1 200v and 210 wI1s spa­

ciallow voltage relays are required. Use relay part 155 031103 in place 01 
part 155 031 102 and use relay part 155 031602 in place 01 part 155 031 
601, and use cable 2 sizes larger: or use boost transformer. 

o-tIIIIII~ .... QIy. ... .... 
220 1 151496 922 
370 1 151033946 (3) 
220 1 151496922 
370 1 151033946 (3) 
22D 1 275411107S 
370 1 275411112R 
22D 1 2754111078 
370 1 275411113R 
22D 1 275411107S 
370 1 275411112R 
220 1 2754111088 
370 1 275406120R 
220 1 2754111088 
370 1 275406120R 
220 1 2754111088 
370 1 275406120 R 
330 1 275411102S 
370 4 275406103 R 
330 1 2754111028 
370 2 275406103R 
330 1 2754111028 
370 2 275406103R 

330 2 155249102 
370 2 
330 2 155249102 
370 1 
330 2 155249102 
370 1 
330 3 155248101 
370 3 
330 3 155 248101 
370 1 
370 1 
330 3 155248101 
370 1 
370 1 
330 4 155249103 
370 5 
330 4 155249103 
370 2 
370 1 
330 2 155409101 
370 2 
370 1 
330 4 155 249103 
370 2 
370 1 
330 2 155 409101 
370 2 
370 1 
330 2 155409102 
370 4 
370 1 

:'. """(7) c..c.rClt 
,0 ....... ,.. .... 

155031 102 

155 031 102 

155031102 

155031102 

155031102 155325102L 

155 031 102 

155 031 102 

155 031 102 155 325 102 L 

155 031 102 (6) 

155 031 102 (6) 

155 031102 (8) 155325102L 

155 031601 

155 031 601 

155 031601 155 325102 L 

155031801 

155031801 

155031601 155328101L 

155 031601 (4) 

155 031 601 (4) 

155 031102 155 325102 5 

155 031 801 (4) 155326102L 

155031102 155326102L 
1553251025 

155031102 155429101 L 
1553251025 
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Single Phase Control Box Diagrams 

B_ 

4" 
2AND3HP 
STANDARD 

2823018103 
2823028103 

4" 
5HP 

STANDARD 
2821139003 

24 

Y CCOOIIIl R 1ST AII1l 

4" 
%-1 HP Q.D. 
280 1 ().4 910 

L2 

Sixth digit depends on HP 

'.JSlC. 
5*·1(" 

OR 
(·"CUl· 
eAfu,[" 

Ll 

LI LI =­!:. 

....... --0IIcm. ---

.. --
4" 

11hHP 
2823007103 

4" 
2AND3HP 

DEWXE 
2823019103 
2823029103 

4" 
5HP 

DEWXE 
2821139103 

r ) 



Single Phase Control Box Diagrams 

6" 
5HP 

STANDARD 
2822009203 

6" 
TIzHP 

STANDARD 
2822019203 

6" 
10HP 

STANDARD 
28220292a1 

6" 
10HP 

DEWXE 
2822029307 

6" 
5HP 

DEWXE 
2822009303 

6" 
TIzHP 

DEWXE 
2822019303 

6" 
15HP 

2822039303 



System Trouble Shooting Procedure 
Motor Does Not Start 

cause of 1\'ouble CheckIng Procedure 

A. No power or incorrect Using voltmeter check the line terminals. Volt-

voltage. age must be ~ 10% of rated voltage. 

B. Fuses blown or circuit Check fuses for recommended size and check 
breakers tripped. for loose, dirty or corroded connections in fuse 

receptacle. Check for tripped circuit breaker. 

C. Defective Pressure Check voltage at contact points. Improper con-
switch. tact of switch points can cause voltage less 

than line voltage. 

D. Control box malfunction. For detailed procedure, see page 21 for single 
phase. 

E. Defective wiring. Check for loose or corroded connections. 
Check motor lead terminals with voltmeter for 
power. 

F. Bound Pump. Locked rotor conditions can result from mis-
alignment between pump and motor or sand 
bound pump. Amp readings 3 to 6 times higher 
than normal will be indicated. 

G. Defective cable or motor. For detailed procedure, see pages 18 and 19. 

Motor Starts Too Often 

A. Pressure switch. Check setting on pressure switch and examine 
for defects. 

B. Check valve, stuck open. Damaged or defective check valve will not hold 
pressure. 

C. Waterlogged tank. Check air volume control or snifter valve for 
(air supply) proper operation. 

D. Leak in system. Check system for leaks. 

26 

eorr.ctIve ActIon 

Contact power company if voltage is in-
correct. 

Replace with proper fuse or reset circuit 
breaker. 

Replace pressure switch or clean points. 

Correct faulty wiring or connections. 

If pump will not start with several trials, it 
must be pulled and the cause corrected. 
New installations should always be run 
without tuming off until water clears. 

Reset limit or replace switch. 

Replace if defective. 

Clean or replace. Drain and recharge 
tank. 

Replace damaged pipes or repair leaks. -.... 



MIlINTENIlNCE ______________ _ 

System Trouble Shooting Procedure 
Motor Runs Continuously 

e.u .. of 'nouble CheckIng Proc:ecIuM eonec:uv. ActIon 

A. Pressure switch. Switch points may be "welded" in closed posi- Clean points or replace switch, or readjust 
tion. Pressure switch may be set too high. setting. 

B. Low level Well. Pump may exceed well capacity. Shut off Throttle pump output or reset pump to 
pump, wait for well to recover. Check static and lower level. Do not lower if sand may clog 
drawdown level from well head. ' I pump. 

C. Leak in system. Check system for leaks. Replace damaged pipes or repair leaks. 

D. Wom pump. Symptoms of worn pump are similar to those of pun pump and replace worn impellers, 
drop pipe leak or low water level in well. R. casing or other close fitting parts. 
duce pressure switch setting, if pump shuts off 
worn parts may be at fault. Sand Is usually 
present in tank. 

E. Loose or broken motor No or little water will be delivered if coupling Check for damaged shafts if coupling is 
shaft. between motor and pump shaft is loose or if a loose and replace wom or defective units. 

jammed pump has caused the motor shaft to 
shear off. 

F. Pump screen blocked. Restricted flow may indicate a clogged intake Clean screen and reset at less depth. It 
screen on pump. Pump may be installed in may be necessary to clean well. 
mud or sand. 

G. Check valve stuck No water will be delivered if check valve is in Replace if defective. 
closed. closed position. 

H. Control box malfunction. See page 21 for single phase. 

Motor Runs But Overload Protector Trips 

A. Incorrect voltage. Using voltmeter, check the line terminals. VoIt- Contact power company if voltage is in-
age must be within ~ 10% of rated voltage. correct. 

B. Overheated protectors. Direct sunlight or other heat source can make Shade box, provide ventilation or move 
control box hot causing protectors to trip. The box away from heat source. 
box must not be hot to touch. 

C. Defective control box. For detailed procedures, see page 21 for 
single phase. 

D. Defective motor or cable. For detailed procedures, seepages 17 and 18. 

E., Wom pump or motor. Check running current per tables 1, 2, or 3. Replace pump and/or motor. 
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Shaft Height and Free End Play 
TABLE 19 

~ 

IIDIDr SlWlHeIgId 

4· &.- StaIrw. 1~· 

4·900# 1W 

4· 900# UniSInIc 1~· 

fI' 21tI. 

fI' 4· 

fl'xfl' 2'11. 

1 inch = 25.4 millimeters 

Table 19 lists correct shaft height and end play for new 
motors. If the shaft height measured from the pump mounting 
surface of a motor is low and/or end play exceeds the limit, 
the motor thrust bearing is possibly damaged, and should be 
replaced before installation. 

28 

EImeI ..... 
ShIIft HeIght 

1.!i08" --1.488" 

1.!i08" --1.488" 

1.!i08" 
1.488" 

2.87s---
2.868" 

4.000" 
3.1180" 

2.87s---2.868" 

FrwEnd ..... ..... ..... 
.010" .04S" 

.010" .04S" 

.rrilI1' .04S" 

.f13I1' .050" 

.fBI' .G2f1' 

.fBI' .G2f1' 

-... 



TOLL FREE HELP FROM A FRIEND 
Phone Franklin's toll free SERVICE HOTLINE, for answers to your installation questions on submersible pump motors. When you call, a 
Franklin expert will offer assistance in troubleshooting submersible systems and provide immediate answers to your motor application 
questions. 

Franklin Electric SERVICE HOTLINE 800/348-2420. In Indiana - 8001552-2322 

&. Franklin Electric V Blutfeon. Indiana 46714 

?q 
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II INDUSTRIAL ELECTRIC COMPANY 
ELECTRICAL CONTRACTORS 

F.M.C. 

NIROP 

OPERATION AND MAINTBNANCB INSTRUCTION 

1. Sequence of Operation 

2. Trouble Check Procedure 

3. Equipment List 

4. Power and Control Diagram 

SOO SOUTH NINTH STREET 
MINNEAPOLIS, MINNESOTA S5404 

TELEPHONE 339-1288 
FAX NO. 339-70311 
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P2 

F QU ] PME Nil I ~'> T 

Siemens - Number *8Q~H424MR40hOSrGBGU* 
Three pnase 480 volt 60 amp main CIrCUIt nrpaker 24 
CIrCUIt. 

Factory SerVIces: (612) q~2'8888 
After hours: (800) 241-44~3 

Note: No spare parts recommended 

31smens - Number "BQ2jIMBllOOSIGbGlJ* 
One phase three WIre 120/240 volt 100 amp main 
CirCUIt breaker 18 CIrCUIt 
Factory Servlce: Same as above 

Not.e: No spare parts recommended 

Transformer 

SIemens ITE - Number IDIYOl5ST 
480V three phase to 120/240 volt SIngle phase 15 KVA 
Factory SerVIce - Same as above 

Note: No spare parts recommended 

Motor Starters and Fuseable DIsconnects -- ... --~--. _.- -~.-- ---- ---.--,-.---~- ---------- -- -----

Heater 

SIemens - World SerIes Full Voltaqe 
NonreVerSlnq 
Class Sc F 
Coil Voltaqe 110V 
Control Transformer 480/1?OV 
Factory Service - Same as Above 

Motor Starter Recommended Spare Parts: 

110 Volt COlI $98 
480/110V Control Transformer $54 

Berko - H.V.H 524TA-240V 
1500W - HorIzontal Down Draft 
Factory SerVIce - Vlkinq ElectrIC, (612) 289-0660 

No spare parts recommended. 



PUMP DOES NOT RUN - TROlJBLE CHECK PROCEDURE 

1. Check power at combination starter disconnect various 
locations. 

2. Check power line side of starter fuses. 

3. Turn selector switch to on if pump does not run, check 
starter reset. 

4. Starter on but pump still does not run, qualified 
electrician should check for power at well head. 
If power is O.k. at well head, contact personnel to 
check pump motor. 

5. Pump runs with selector switch on but not in automatic 
position. At the well head, check float switches. 

File: 2923 



~~c ~IRuP ---------

SEQUENCE OF PUMP OPERATIONS ATI, AT2, AT3 and AT4 

I. Selector switch in on position, pumps run continuous. 

2. Selector switch in auto position -

A - Water level raises to high level float - pump 
starta. 

B - Water level drops below lower float switch - pump 
turns off. 
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FEATURES: 
• Available in 4' and 8' lengths. 
• Reflectors have 15% uplight. 
• Spring loaded turr.t lampholders. 
• 8" lamp spacing. 
• For ind;viduaJ or continuous row mounting. 
• Channel ends double as joiners. 
• Reflector end closures available. 

Mounting Accessories 

~ 
<:d 

5·18 

'.: 

e' J!"' 

" 

/KL240 
KL240·8 

DYNAMO INDUSTRIAL 
TWO LAMP 

RAPID START 

TYPE __________________________ __ 

JOB INFORMATION 

SPECIFICATIONS; 
BALLASTS 

40 watt Rapid Start thermally protected. automatic 
resetting. Class P. high power fact~ CBM, sound rated .f_ 

A. unless otherwise specified.- ~I ~/o d'1- ta b._.l 
HOUSING 

Heavy stnl with longitudinal reinforcing ribs for extra 
strength. 

REFLECTOR 
Die emboSMd with transverse ribs for maximum rigidity. 
Smooth extruded apertures for 15% uplight. 

FINISH 
All parts pr .. painted with high gloss baked white 
enamel, minimum reflectance 86%. applied over iron 
phosphate pre-treatment for maximum adhesion and 
rust resistance. 

LABELS 
All fixtures carry the U. L. label. 

~ ~ ~Y ~. ~~. . '. 

~ 
ZT·2F ZT-2 Cl·2 

KEVSTDNE ____________ ,I...IG""' 
~O~l]:::={]ijO(ND@ PO. 8Qx 11700. Bristol. Pennsyl.,an;1I 19007 TEL (215t 788-081 1 1-1 
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30 

25 

32 

'. 
" .. 

F40T12 40 

~:. 

-
" J.~':-..:-~ " .. , 

~ ':~ 

34. 35 

s.. 32 

121 F40T12 

RAPID START 160 Hz,) 

TWO LAMP-HIGH POWER FACTOR 

120 
50 RM-2SP30-lP 1.2 .68 
0 RC-2SNO-11' 2.5 .75 

277 
50 VM-2SP30-11' 1 .30 

0 YC-2SP40-lP 5 .33 

120 60 .... 2SP30-lP 2 .83 

277 60 Vll-2SP30-11' 

50 RQII.ZS40-11' 1.2 
1IS-ZS40-11' ..... n 1.2 

120 RM-2S40-11' CM.tc OJ 1.2 
1I-2MO-11' 1MB m, 

.. 

10 Vc.2S40-lP 
50 ~2S40-lP .... J)', 1,2 

277 10 Vll-2S40-lP __ 1,2 .34 
50 TP ... IID 1.2 .32 
0 VC-2IP4O-TP 5 .33 

RQII.2S40-lP 2 .72 

120 eo _2S40-11' I .... D 2 .70 
.... 2S40-11' ... m 2 .88 
lI-2540-lP ... WI 2 

VOII-ZS40-11' 2 

277 eo VS-2S40-lP .... n 2 .31 
Vll-2S40-11' IM.rtI 01 2 .30 
Y-2S40-11' ,.... WI 2 .27 

RQM.ZS40-11' 2 .70 
1IS-2S40-11' IMMEIJ 2 .68 

120 eo 
... 2S40-lP IMMI OJ 2 .68 
11·2540-11' ........ mJ 2 .81 

240 eo YOII-2S40-11' .35 

VQM..ZS40-11' 2 .30 

277 eo VS-2S40-11' ...... 2 .30 
VM-2S40-11' IM.tI m 2 .29 
V·ZS40-lP IM.rtI m, 2 .26 

TWO LAMP - HIGH POWER FACTOR - REOUCEI:' LIGHT OUTPUT 

R·2S3I5-TP 
Y·2S35-lP 

.... " 
-.~ :c ... 

... :n. 

... 
. ~,: 

AOVAN, 
BALLASTS 

10 
35 
39 

10 
35 
39 

10 38 

10 
37 
38 

33 

10 
34 
35 

10 
38 
37 

33 
34 

10 
35 
37 

10 

34 

10 
35 
38 
37 
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PANELBOARD AND DISTRIBUTION BOARD seCTION 

OF THE 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 

MEMBER COMPANIES 

Challcn,er Electrical f.quipmenl Corp. 
Molvern. PA 19J~~ 

Crouse· Hind. Disuibulion Equipmenl 
A. Division Cooper Industries 

Earlysville. VA 22936 

Penn Ponel ODd Bo. Compony 
CoilinadoJc. PA I902J 

Power Conlrol •• Inc. 
Commerce. CA 90040 

~' 

The Prinalc Elcclricol Manulacturin, Co. 
CU5Iom Swilchlcar and Conuols. Inc. 

SanIII Clara. CA 94m I 
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FOREWORD 

This publlc8IIon II • guide 01 prw:tlcllllrllornwtlon c:ontaInIng lnalruc:tlonllor IIIe proper InstalIIllton. oper.uon. 
WId IMlnten.nc:e 01 ~dI r.led 800 voila Of Iesa. Thne recomrnendlliions 0I11Ie P..,..bcNlrd .nd 
Dllirtbulion ao.rd Seclton 0I11Ie Nallonm Eleclrlclll MMU'llCIurera ANoc:I.1ton will be .ound use.ul by .r­
efIIIed •• eIec:IItc* ...-.. electrlclll COIIIrK1Ora. eIecIrIcIM8. IMlnten.nc:e engI_ .nd Ollie,.. 

II II MCOIIIrMIIded IN! work dHcrIbed In IhIa HI oIlAllructlons be performed only by qu .. 11Ied Pllraotlnel 
IMIIIw willi the COIIIIruCIIon Md aperIIIIon 0I..,~ Md ttwt IUCh work be PIII10rmed only'" rNIIng 
IhIa -.- eel 0I1nIIruc:tIcIM. 

FurtheI.1I the rMIntenMce I*--' t.v.1PIICIfIc quaellarw noI-.d by IheIe IAllruc:tIoIw. lhey •• 
urged to c:ontec:I the menuI8durer 01 the ..,1IIboInI dInIcIIy. 

n- In.IrUCIIone will be reviewed periodically by the SectIon lor the PUrpoM 01 upd.llng lhem 10 reflect 
advwIdng I~ ........ MIdreH My commenIa Of ~ you me)' have on the 1II1II10: 

~. EngIneering o.p.rtmenl 
NIIIIoneI ElectrlcIII Manul8cturera Ae8ocIIIIIon 
2101 L SIrwt. N.W. 
WHhlngDI. D.C. 20037 

Pullllcmlon No. P8 1.1-1 ____ WId.,.,.,..... P8 1.1-11179 



SCOPE 

Thla Standards Publication covers single paneiboards, or groups 01 panel unlls suilable lor assembly in'· .­
Ihelorm 01 single panelboards, Including buses, and wllh or wilhoul swdches and/or aulomalic overtoad pro· 
lecllve devlc:n (fuses or ctrcuh braakara,. Thesa un"s are usad In the distribution ot electricity lor light, heat 
and power at: 

600 volts and less 
1600-ampare mains and less 
12OO-ampara brllllCh clrculla and less 

Specilicatly eMcluded are live-Iront panelboards, panelboards employing cast enclosures lor special servo 
ice condhlona, and panefboards designed primarily lor rellidential and light commercial service equipment. 

\'.3 

Section 1 

. , GENERAL 
~ 

The successful operalion 01 panelboards is dependent upon proper ,nslallalion, operallOn, and mainlenance, 
Neglecting lundamental installation and maintenance requirements may lead to parsonal injury as well as 
damage to alectrlcel equlpmenl or olher property, 

QUALIFIED PERSONNEL 

Therelore, InalallallOn, operallon and mainlenance 01 panelboards should be conducled only by qualified 
personnel, 

For purposes 01 these guidelines, a qualilied parson is one who Is lamiliar wilh Ihe inslallation, conSlruc· 
lion, and operalion Dllhe equipmenl and Ihe hazards Involved. In addilion, lhe person is: 

a, Trained and aulhorized 10 lesl, anarglze, clear, ground, lag, and Iockoul clrcuilS and equipmenl in 
accordance whh .. Iabllahad salety practic .. , 

b, Trained In Ihe proper care and usa 01 protective equipment such as rubber gloves, hard hat, salety 
gl ..... or lace shlekla, end ftaah reelstant clothing In accordance whh established salety practices, 

c, Trained In rendering first eld, 

WARNING-THERE IS A HAZARD OF ELECTRIC SHOCK OR BURN WHENEVER WORKING IN OR 
AROUND ELECTRICAL EQUIPMENT, TURN OFF POWER SUPPLYING THE EQUIP· 
MENT BEFORE WORKING INSIDE, 

CAUTION-Hydrocarbon spray propellanls and hydrocarbon based sprays or compounds may cause degrada· 
"on 01 certain plasUcs, Contact lhe panelboard manufacturer before using those products to clean, 
dry, or lubricate panelboard componenta during Installation or maintenance. 

Section 2 

INSTALLATION OF PANELBOARD CABINETS (BOXES) 

Install the cabinet In a neal and workmanlike manner, Follow lhe manulacturer'alnslallallon Inslructlons. 

1, Loca/ion ill B~ildin,. Locate the cabinet so that h la readily ecceastbla and noI eMposad 10 physical 
damage, 

2, Flu"",.,"', Matrnal. Locale the cabinet well away Irom lIammable malerlal. 

Unwuul s"rvicr Condi/ions. Do noIlocala the cabinet where " will be elCposad to amblenllemperalures 
I above 41l"C (104"F), corrosive or exploeiYe lumee, dust, vapors, dripping or slanding waler, abnor· 

mal vibralion, mechanical shock, high humidity, Ilhlng, or unusual operallng condillons, unless Ihe 
cablnatlpanefboard combinallon has been designed lor lhese condltlona, 

4, Indoor Damp Loca/ions, Locate or shield the cablnel so as 10 prevenl moislure and waler Irom enler· 
ing and accumulating therein, Mounllhe cablnel so lhat there la at least 114 Inch 01 air apace bet· 
ween the cablnel and lhe wall or other IUpportlng aurlace, 

5, w./ LocaIiOfU, Cablnela should be apecllicatly approved lor wellocalions, Mounllhe cablnel so Ihat 
thera I. alleast 114 Inch 01 alr apace between the cabinel and lhe wall or Olher supporting IUriace, 

8, C/tarallct from C.i/ill" Do noI locale the cablnel againSI a non-fireprool caillng; allow a apace 01 
3 .... between the c:ellng and cabinet unleea an adequale "reproof shield Is provided, 



7. SpGc. A"""'" 1M CAIIi,..,. When aeIecIlng a location, provide lufflclent 1ICC811 and working IIP8' 
wound ilia cabinet (See NEe SectIon 11~18·). The width of the WOI1dng space In lront of t . 
paneIboard Ihould be at Ieut30 Inchea and thll space Ihould not be UMd u storage. The workIn" ~ ,~_, 
~ IhouId have adequate lighting and a minimum heed room 01 &-114 IMI. 

8. MOUIJII", of CAlliMI. The cabinet ahouId be rallab1y aacured to the mounllng surface. 00 not depend 
on wooden plugs driven InIO hoIn In muomy, c:oncrete, pIu1er or similar materlela. (See Seetlnn 
11~13 01 the National Elec:ttlcel Code.' 

II. FIIuh MOfUtliIl, ill WaiL In walla of ooncrate, tile, or other nonoornbuallble material, Install the cabinet 
eo thatlte Iront edge will not MI bKk more than 114 Inch trom the IInIahed surface. In wala 01 wood 
or other combua1lb1e material, CIIbIneIa IhouId be IIuIh with 01 project beyond the IInIahed aurIace. 
(See SectIon 373-3 01 the NatIonII EIecIrIc* Code., 

1 0 . Urwud 0,-;11,. In CAlli,..,. Effectively c:Ioee unuaed openings In the cabinet 10 provide protection 
which Ia aubII1antlelly equlvalenllO that eIIorded by the nil 01 the C8binel. 

1 1 . Gmtuodi", of l'aMlbotud CAlli,..". Ground the cabinet or box u spec:11Ied In Arllcla 250 of the Na· 
tlonel Electrical Code. When ilia cabinet 01 box c:ontaIna aervtc:. equipment, It wII be -'Y 
to bond the box to the grounded (neutral) auppIy conductor. 

Section 3 

INSTALLATION OF CONDUIT AND WIRES 

I. Conduits should be Installed 10 u to prevenl moIsiure or waler lrom entering and IICcumulaling 
within the encIoaure. Provision lhould be made 10 protect conductore trom lIbralion In accordance 
with AI1IcIe 373 01 the National Electrical Code. 

2. Knockouta should be l-ad U loIIows: 

IMPORTANT: ~ knoc:koull, ONE AT A TIME, anemallng INWARD and OUTWARD. 

FIRST: ~ center knockout INWARD. 

a. Place ac:rewdriver blade 19a1llII point lart,,", Irom \le and strike INWARD (FIgure 3-1). Bend 
bacIc and lorth 10 break \le. 

NEXT: Ratoove rlnge ONE AT A TIME without straining remaining rings. ._ 

b. Pry IIraI ring OUTWARD with screwdrtver midway between \lea, using pllerllIat a~I.l . ...J 
..... ac:rewcI"- (Figura 3-2). Bend ring aec:tIonI OUTWARD with "'*' then back"'""" ~ 
to braIIk tiel (figure 3-3). 

c . ~ ~ ring INWARD by attIklng acrewdrIver (with blade agelnst point midway be­
'-1 tiel) then InaIdng ring aec:tIonI Inward and bKk and Ior1h 10 break tiel. 

3 . Be aure that ilia luge .,. suitable and approved lor use with the cable being connected 10 the 
paneIboard. See Item 7 01 SectIon 4 lor making proper oonnectlona. Batore pulling any cabI .. Into 
lhe box, make aure \hal the temperature rating 01 the wire oompIln with the job spec:1llca1lon8 and 
the paneIboard InletIor nwtdng, " _1IIibIe. 

"NFPA Pub. No. 70-l1li4, available from the National Fire Protection Auoclatlon, Banerymarch Park, 
QuIncy, ~ 022eII. 
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4. Keep conductor length. to a mlnlmum within the wiring guner. Excessive cable lengthl will result 
In additional hMUng and may result In overheating. How_, cables Should be long enough to reach \. 
the terminal location In a manner that avoidl IIrain on the connecting lug. 

5. Exercise care to maintain the largelt practical bending radlul 01 conductors: otherw188 tna Insula­
tion may be damaged or terminal connections may beCOrIIe looeenad. 

BectIon .. 

INSTALLATION OF PANELBOARD 

1. Prorwr Slora.~ Store tha panelboatd In • clean, dry place located eo that mechanical damage 
lrom work personnel In the ..... not likely 10 happen. 

2. Unpackin, Care Should be exercised In unpacking the panaIboard to prevent damage. 

3. 'n..".elion. Check lor shipptng damage and check to maM aure that the panatboard .. the coroect 
one tor installation In the cabinet. 

WARNIHO-BE SURE THAT ALL POWER IS TURNED OFF AND REMAINS OFF DURING THE FOLLOW­
ING INSTALLATION PROCEDURES. 

4. aNAin,. Clean the cabinet 01 all lorelgn materlall prior to inatallatlon 01 the panalboard. II parIa 
at connac:tlon poInII are apanarad with celMOl, plaster, paint or other foreign material, ~e 
the foralgn mat ..... with gr .. t cera to avoid damaging platad surt_. 

a. Mtuulj"acrMryr', '",Irwrioru. Caralully loIIow the manufacturer', Instructions and 1abeII. 

8. /lIIIiJIltulon 

a. Adjuat the alignment devIcn where provided. 

b. lne ... the IMlnelboard, finalize It, alignment, and tighten II aacUlely In the cabinet. 

c. Unlela otherwItIe Instructed by the manufacturer, adjust the panaIboard eo thai the nstum flange 
01 the daadIront IhIaId II no more then 3/ 18 Inch Irom (1) the Iront 01 the box for aurIace moun­
ting or (2) the IOOIIIIIICIIng wall aurtacea lor IIuah mounting. 

7. Coouwt1 UJV IIItII .rrIItdr Conducr.... . 

a. C....,.,..... uae care In atrtpping Insulation Irom condUCtor, eo u not to nick or ring the ii-....-1I 
du«*II'. For aluminum. clean .. Oldde Irom the IIrtppect portion and apply • Joint ~~ 

b. DIatrI:IIR and arrange conduc:tore neatly In the wiring guttera. (SM SectIOn 3.) 

c . Be .... that the luge are suitable and apprvved for UN with the catq before being connected 
10 the 1*I8fboIIId. 

d. TIghten .. luge. U .. the manufacturer', torque velUM, " luml,hed.(See Section 5, Item 1.) 

•. G--' "-/board. (See SectIOn 3114-27 01 the National Eleclrtcal Code.) 

a. CabI_. ar-MIthe panaIboard cabInaI In _daMe with Item 11 01 Section 2. 

• 

b. E4iuipmenJ Groundin, Contbu:tors. Prepare equipment grounding conductors In accordance with 
It am 7 .• and connect tham to the equipment grounding terminal bar. Check to be sura that 
tha tarmlnal bar II securaly bonded to the cabinet or panalboard Irame and that II Is not con­
nected to the neutral bar excapt at MrVice equipment as required by Section 250-53(a) 0' Ihe 
National Electrical Coda. 

S. When lnataliing clrcuh breakars or Iuaee, anaure that they are 0' the proper type or clue and raHng. 

1 O.CI .. n the cabinet 01 III debrIa which has accumulated during the panatboard Installation. 

1 1 .In order to protect the panelboard belore completion 01 the Job, cut and inatall a ~ 01 cardboard 
to lit the outline 01 the box. " the Job Is complete, petform the stepa In Section 5 and then Install 
the cabinet Iront, per Section 8. 

Section 5 

STEPS TO BE TAKEN BEFORE ENERGIZING 

1. Tighten all accaaIbIa alectrlcal connections to the manulacturer'storque epedflcatlons. " luch In­
lormatlon II not providad with the equipment, consult the manulacturer. 

2. Make certain that all blocks uaad lor shipment have been removed Irom all component devices and 
the panelboard. 

3. Manually exercl .. all ,w1tchaa, circuli breakers, and other operating mechanlsml to make certain 
that they operat. Ireety. 

4. To maka aura thatlhe ,yllem IIIrN Irom short circuits and grounds, conduct sn Insulation lealstance 
t .. t phaN to ground and p/IUe to p/IUe with the awitchaa or circuit breaksrl In both the open and 
c:IoIad poaItlon •. "the rtllillanca reaclliau than 1 magohm while telling branch cllcult devices 
In the open poaItlon, the ayIIem may be un,,'e and ,hould be Investigated. 

5. Check to determine that aft grounding connections are properly made, II the panatboard II uaad 
u aervIce equipment, make certain that the neutral Is properly bonded to the encIosule. 

8 . Remove all debris, acrap wire, etc., Irom the panalboard and cabinet belore Installing the cabinet 
lront. Make certain that 1111 cIeadIrontllhlaldlara property altgned and tightened. Inllallthe cabinet 
lront In _dance with Section 8. 

u Section. 

INSTALLATION OF CABINET FRONT 

The cabinet front or trtm pacIcage .. deaIgnad to ~ damage to the front durtng shipment and handling. 

1. Unpadin,. ear. Should be uaad wt.l unpacking and handling the cabinet Ironl. 

2. Toum-IIP. A suitable paint or other corroaton-rNlatant IInIah Should be applied to "-ptacea where 
the finish II damaged . 

3. Frotfl Ali,_nJ, The cabInaIlront may be ptOVldad with an adjusting means to align It aquarely with 
the building even though the box may be IIIgh1Iy out 01 plumb with the building. 

7 



Section 7 

ENERGIZING EQUIPMENT 
\...-~. 

1. Energizing a panelboard lor the Ilrst time aher initial Installation or maintenance Is potentially 
dangerOUIl. Therelore, qualilled electric;al personnel should be present when the equipment Is ener· 
glzed lor the lirat time. IllIhort circuits caused by damage or poor Installation practlcel have nol 
~ detected In the proceduree apecllIIId In SectIons I.e, _1ouI damage can occur when the power 
Is turned on. 

2. There should be no load on the panelboard when h Is energized. Turn on all 01 lhe downstream 
1oadII, including thoM IUCh .. other peMIboardi Md deuIcM which are rarnote from the panetboard. 

3 . The equipment should be energized In 88Quenca by starting at the source end 01 the system and 
working towards the load end. In other words, _rglze the main devices, then the leader devlcell, 
and then the branch-drcult devices. Tum the deuIcM on with a linn poeItlve motion. Protective devices 
which are noI quick-acting IIhoukI noI be "teased" Into the ctoead position. 

4. Aher all main, leader, and branch circuit devices have been cloeed,loada such .. "ghting circuits, 
contactors, healers, and motors may be turned on. 

Section 8 

CARE AND MAINTENANCE 

A care and maintenance program lor panelboards should be conducted on a regularly scheduled bull 
In accordance with the IoIlowIng: 

1. A panetboard which has been carrying Its regular load lor at least 3 hours Just prior to Inspection 
should be lleld tested by laeting the deadlront surfaces 01 circuit breakerl, switches, Interior trims, 
doors, and enclOSure IIldee with the palm 01 tha hand. II the temparature 01 these surfaces does 
noI permit you to maintain contact lor at least 3 aeconds, this may be an Indication 01 trouble and 
'"-ligation Is nllC8lNry. 

WARNING-BEFORE PERFORMING ANY OF THE FOLLOWING OPERATIONS, TURN OFF ALL POWER 
SUPPLYING THE PANELBOARD. CHECK THE VOLTAGE OF ALL INCOMING LINE TER­
MINAl-S TO POSITIVELY ASCERTAIN THAT THE EOUIPMENT IS TOTALLY DEENERGIZED. 

CAUTION-Hydrocarbon spray propellants and hydrocarbon based spraYI or compounds may cause degrada­
tion 01 cer1a1n plastics. Contact the panelboard manulacturer before using those products to ctean, 
dry, or lubricate panelboerd components during Inltallatlon or maintenance. 

2. InIpact the paneIboard once each year or aher any severe shor1 circuit. 

a. Look lor any moiaIure or IIgns 01 pravious wetness or dripping Inside the panelboard. ~ 
.. lion In conduhl or dripping lrom outside sources is one known cause 01 ma"unctlon. 

(1) Seal oft any conduhl which have dripped condensate, and provide a me_ lor lurther con­
deNata to drain .. ay Irom the panalboard. 

(2) Seal oft any crICks or openings which have allowed moisture to entar the enclosure. 
Eliminate the IOUn:I 01 any dripping on the enclOSure and any other source 01 moisture. 

( 3) RapIace or thoroughly dry and clean any Insulating malerial which is damp or wet, or shows 
an accumulation 01 deposited material Irom previous wenings. 

b. "there Is an accumulation 01 dust end dirt, ctean out the panelboard by using a brush, vacuum 
cIeanIr, or ctean InI-Ir .. rags. Avoid blowing dust Into cln:uII braakers or other components. 
Do noI UBI a blower or compresaad air. 

• 

c. Carelully Inspect all visible electrical loints and terminals. 

( t) Tighlen bolts and nuls al bus joints II there is any sign 01 overheating or looseness. (See 
Section 5, Item 1.) II joints appear to be badly discolored, corroded, or pitied, the parts 
llhould be dilllSll8mbled and replaced or cleaned. 

CAUTION: DO NOT REMOVE PLATING ON ALUMINUM PARTS IN JOINTS. REPLACE DAMAGED 
ALUMINUM PARTS. 

(2) Examine all wire or cable connections 'or evidence 0' looseness or ovarheating. Torque 
il necessary. (Sea Section 5, Itam I.) It major disco'oration or cable damage is apparent, 
replace lhe damaged parts and remova the damaged portion 0' the cable. 

( 3) CioII8ly examine luse Clips. It there Is any sign 01 OY8fheating or looseness. check the spring 
pressure, tightness 0' clamps, etc. Replece the luse clips i. the spring pressure comperes 
unlavorably whh that 01 other identical luse clips in the panelboard. 

( 4) Retightan plug 1_. 

( 5) Look lor ligna 01 deterioration in insulating material or matting 01 sealing compound. Raplaca 
luch Insulating parts, and assambIIes where saaHng compound has melted. 

(6) BE SURE THAT THE CONDITION WHICH CAUSED THE OVERHEATING HAS BEEN 
CORRECTED. 

d. Check the operation 01 all mechanical componenls. 

( I) Exercisa switch operating mechanisms and external operators lor circuit breekers 10 deter­
mine thet they operate Ireely to their lull on and on positions. 

(2) Check the Integrity 01 all electrical and mechanical Interlocks end padlocking mechanisms. 

(3) Whenever practlcel, check all devices lor missing or broken parts, proper spring tension, 
Iree movement, corroelon, dirt, and axcessive wear. 

( 4) Adjust, clean, and lubrlcata or replece parts as required. 

e . Aller a savera Ihort circuit, examine all davIceII and bus supports lor cracks or braakage. Replece 
.. required. 

3. Lubrlcata the operating parts 01 switch mechanisms, elc., according to the manu'acturer's instruc· 
tions which ara usually printed on diagrams or labels. 

a. Use cIHn, nonmetallic, light gr_ or 011 .. Instructed. 

b. Do nol lubricate parts 01 rnoIded case circuit breakers. 

c. II no Inslructions are given on the davices, sliding coppar contactll, operating mechanisms, and 
Interlocks may be lubricated with cIHn, light grease. 

d. Wips 011 excess lubrication to II1IOkI accumulation 0' dirt. 

4. Operate each ewltch or circuit braaker lIBYeral tlmas to ensure that all mechanisms 8ra Irea and 
In proper working order. Replece .. required. 

5. ChICk circuit breakers and luses to ensure they have tha proper ampere and interrupting ratings. 
Ensure that noncurrent~lmltlng davlcas are never used .. replacements lor current-limiting devicas. 
Never anempt to deleat rajaclion mKhanlams which are provided to pravent the Installation 0' tha 
Incorrect ct ... 01 Iusa. 

• 



8. Check In8uIelIon r .... \8nC8: 
\..~. 

e. II e __ IhoI1 clrcu" hu occu"lICI. 

b. "" hu lIMn --.ry 10 ,.- I*U or elMn Irwulllling aurfK ... 

c. "IN peMlbc*d hu lIMn expoMd to high humidity. CCIIlMnUIIon or dripping moIeIu,.. 

Section • 

PERMISSIBLE LOADING OF PANELBOARDS 

TM nIIlo of IoIId cu~nllo IMllml*e reUng of 1M overcut~1 protecllve device determines lIs operellng 
IIIII1perelu,.. In compIIence with SectIon 384-18 of 1M Nelionel EIecIrIcel Code, 1M continuous IoIIda 01 
peneIboerd clrcub Ihould be noC more then 110 percenl of IN rellng of 1M overcu"enl protective device, 
unr- IN merklng of 1M ct.vIce 1ndIceI_ thelitis IUl\eblllIor contInuoua duly • 100 percent of lie ,.ung. 
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NEMA STANDARDIZATION 

The purpose of NEMA Slaodards, lheir classificalion and stalus, are sel forth in cenain clauses of the NEMA 
wrdiUUion 1'00ici" and I'roctdMrls manual and are ~ferenced below. 

PUrpoM 01 Stendllrele 

National Electrical Manufactu~ Associalion staodardo ore adopted in the public inle~1 and ore designed 10 eliminale 
misunderstandings between the manufactu~r and the purchaser and 10 assisl purchasers in selecling and oblaining Ihe 
proper prnducl for their paniculor needs. Existence of a National Electrical Manufaclurers Associalion staodard does 
not in anJ respect preclude any member or nonmember from manufacturing or selling products not conf~ing \0 the 
ltandard. (SlandardiUUion 1'00ici~s and I'roctdMr~s, p. II 

Definition 01 e Stenderel 

A standard of the NMionaI Electrical ManuflClUrers Association defines a product, proc .. s, or procedu~ with reference 
10 one or more of the followinl: nomenclalu~, composilion, construction. dimension •• lolerances. safety. operaling 
characteriSlica. performance. ratinl. lCSIinl. and the service for which they are designed. 

(Srandardiuuion 1'00ici~s and I'roctdMres. p. 21 

Dlmen8Ione 

Whe~ dimension, ~ liven for inlen:hanleabilily purposes, a1lernale dimensions laIisfyinl the other provisions of 
the Standards Publication maJ be capable of otherwise equivalenl performance. 

(Standardiuuion 1'00ici .. and I'roc~dwr~s. p.81 

c.tegortee 01 Stendllrele 

National Electrical Manufactu~n A!sociation Standards are of Iwo classes: 

I. NEMA Standard, which relat .. 10 a product. proc .... or procedu~ commercially standardized and subjecl 10 
repetilive manufactu~. which atandard has been approved by al least 90 percent of lhe members of lhe Subdivi· 
sion elisible 10 vOle thereon; 

2. Sunested Standard for Future Desian, which may not have been regularly applied 10 a commercial prodUCl, 
bul which aull"" a sound enlineerinl approach 10 fulU~ development. which staodard has beeo approved by 
al leu! lwo-thirda of the memben of the Subdivision elilible 10 VOle thereon. 

(StandardiUUion I'olici~s and I'roctdMr ... pp. 7 & 161 

AuthorIIed Engineering In'OIII1IIlIon 

Authorized Enlineering InformatiOll aHlSislS of explanalory data and OIher engineerinl informalion of an informative 
character not fallina within the clasaiflCllion of NEMA Standard or Suglested Standard for FUlu~ Design. which stan­
di . beeo approved by M IeuI lwo-thirda of the memben of lhe Subdivision elilible 10 VOle on the standard. 

(Srandardiuuion 1'00ici~s and I'roctdM"s, pp. 7 & 161 

0ffIcIIII • ....,. PropoMI 

An Official Standards Proposal is an offICial draft of a proposed staodard which is formally recommended 10 an 
OUl5ide organizalion(!, for cOllsideratiOll, comment, andIor approval. and which has been approved by at least 90 per. 
cenI of the memben of the Subdivision c1ilible 10 vOle the~. 

(SrarrdDrdiuul"" Polici~s and I'roc~dl"". pp. 7 & 161 

Identification 01 Statue 

Slandards in NEMA Slandards Publications are idenlified in lhe foreword or following each standard as "NEMA 
Standard" or "Sunesled Standard for Fulu~ Design." These indicale lhe stalus of lhe standard. These words are 
followed by a date which indicates when lhe standard was adopted in ils presenl form by lhe Associalion. 

The material identified as "Authorized Engineerinllnformalion" and "Official Standards Proposal" is designaled 
similarly. 

ScpoIrfllbn II. I" 
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SIEr,tfiNS 
:d 
I 

l-=fe-I! ~ li'ansformers 

, . t 

Speclflc"~ 

CAT. NO. 

1C1V01UT 
1D1YOIIST , 
10tY0378T i 
101Y0SG8T 

, 
101Y075ST ! 1C1Y1008T 

! 101Y117ST 

:rxr 
~~IMtFCAN& 4-2',,_ FCBN 

IC\a I 

~lOec NIC II": 
15 12 10 ! 
2S 21 

" 37.5 • .6 21 
ISO .q 31 

15 • 54 
100 17 72 
187 tlO 117 

Wiring Diagram 
Low .... 
1201240 "' , 

.. 

10HZ 
TAPe 

IICAN ; Fe .. 

1 

j 
2-h" "2"~ 

I 
........... 
I I • 

It 

Cora ..... Col: : *" wound colton gr"n~rtellllld non-egtng _Micelle .... cor-. 
. ~ •• 1IMfnIaty ilOlad 110m enclolure tftrotql vtbndlon 
.... nlng ... 

VOL1I CONNICTIONI LlHlLIADS I 

~: 

....... : 
1'trIniNta: 

. I 

.·C UL lINd IneuIatiOn ayIIem. 1&O-C rna.dmum temperature ria 
~ 

Ifsdoor wntilMed heavy gauge ..... nclolur. wrth ~ front 
.,., ,.., ...... Arranged for ... ndard floor or platform mounting. 
! 

~
. companmentslocated benind remowole cove,. with fully 
~ arranged 10 eoGePI'nstaller's cabte CGnnectori. 

. IbIe graundlng Itrap poided between COt. and core utembly 
tndCMN'e wiI\ Itud for .. m ground connection. 

~: _ramf'ftll/c nameplate includes ... rating data and provldel wiring : fa8ram~ connection point I~. --. 

-, . ~z trr.\ LISTED 
sr • ., ~ 

i 

.ounce ~ ~Iformen aN guaranl_ flO meet the maximum sound IewI 
lremna II tltabllahed by ANSI Standard C89.2 II follows: 

~45db 
·150 ~50db 
'-300~5edb 

104 2to3 - 3to. 
410 "'toS .... ltol 
411 lto7 
4rW 7to8 -I 

ltot 
212 2to "1. :"0 H2 
M) CtoH1,IIOH2 
ZIt IIGHt.1IOH2 
21. lIOH'.IIOM2 

2.0 X2toD 
1ao X11OX3.xatoX4 

14ON20 X2toXS 

-~~TO CC,1RECilOHS 
. -J :r.E PROVISIONS OF 

-: .~ -:~~;riCAiIONS. 

4 
DEC 3 1 i93J 

H10H2 
H1·H2 
H'·H2 
H1·HI 
H1.H2 
H1·H2 
H1.H2 
H14'42 
H1oH2 
H1·H2 

)(1·)(4 
X1·~ 

X1-X2·X. 

1 
I 

I 
I 

I 

I 



Dime 
Single P ..... a-1$O°C Rise 

15-50 KV~ 

I~ 
~ 

I . ~ 

• 

75-167~ . i 

, 
l • I 

I 

t 
t 

; t 
r. 
F 
i 

~ .... ~ ... -
t#II a ur,.,...... 

"V- ·M·OIa. 
ut-;l· .... 

1:> .... ~ _anawn .,..IIIC'" 

K'" ' 

IIV.~""" 
1ft - 'J'" 
IJI- .. · .... 

A I 8 I C 

• 

D ! 

,.'-\ 4 
'7'~ .',i 
'7',oi 1'4 
lr.~ 5'4 

D I ! 

75 .to'" 121~ I"'h 19 : ,. 
100 .. ~ 11'h I 20 '14 
187150 I 3114 , ,~/. ; 29\,; I 17'14 

:l)AII CIImenIiOnI_1NMn 1II111C11 ••. 

G H J 
10 'A, 
10 ~~. 
10 "A. 
10 ,~. 

! F Q , 
H ! J K WT.(L,liir; , • I 3 'A. ~. 430 , • 3 ~. 'A. l 515 

1 
I • 3 ·A. ~. 835 I 
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World Series Full Voltage Non-Reversing Combination Starters 
w/Fuslble Disconnects0 • Class SCF 

I SelectIon and ordering data 

NEMA 
Size 

1.5 1.5 00 7,5 

7.5 10 

10 15 

7,5 
t5 20 

75 
10 10 

10 7.5 
25 25 

10 15 
50 25 25 

20 
40 

Rating Definition. 

Ordering InformaUon 
• To complete Catalog No. replace the two dots ( .. ) with 

apprcpnate coil voltage suffix. Sae Coil Voltage Suffix 
Table below. 

• ~ a control power transformer is required, replace the two 
dots (.,) with the control transformer --*Y voIDge 
suffix using the coil voltage suffix table below. Add the 
appropriate transtormer suffix numDel', lcund in !he staner 
modilicabons section, 10 !he end of !he numDel', 

'JOA/'SN 
'JOA/f#:N 

'JOA/25(N 
3OA1f#:N 

3OA/2'SIN 
lOAlf#:N 

30A/2'SIN 605, 
lOAlf#:N 619, 
6OA/250V 619. 

lOA/25fN 658. 
30A1f#:N 672. 
6OA/25fN 672 
60AlfIXN 686, 

6OA/25fN 786 
6OA/600V 796. 
l00A/25fN 930 
l00Alf#:N 930. 

,," '~-, -" '<' , 

· ,~,,~~;:~'~\,--, 

Additional Reference • 
• For factory and field modificIIlions refer to page 115, 

• For dimension drawings and wiring dl8grams refer 10 
Section D, 

• When coil is 120 YOIIs or less, uni1 is WIred lor separale 
control, unless CPT is used. 

• Contactor Iype 3TB40-43 inCludes 1 N,O. auxiliary 
contact. . 

• Contactor Iype 3TB44-56 includes 2 N.O. and 2 N,C. 
auxiliary contacts, 

• Fuses nol included. 

1,627. 
1,466. 

1,470. 
1,484. 

1,480. 
1,494. 
1,494. 

826 
840. 
840. 
854. 

990. 
1,002. 
1,134. 
1,134, 

MaL H.P.-Maxlmum H.P. ratings for which the contactor can be used as tested by Underwriters Laboratory test procedure U.L. 508. 

NEliA Aatlng-Maximum H.P. rating according to the National Electrical Manufacturers Association ICS2 standards. 

Coil Voltage Suffix Table 
Rated COil Voltage 

AC V 
50 Hz 60 Hz 

240 
110 

220 

380 

<Ii 
240 
277 
480 
600 

c.a.Iog No. SuIIix 
(EumpiI) 

UL1 ... 17 .... · 

Coil Voltage tolerance 85 to 110% 01 rated voltage. 

0NEMA Type 12 enclosures are UL IoSled lor NEMA Type 
3R applications, Waler light hubs or eqUIY8!en1 provisions 
lor wafer tight connectoon al !he conduit entrance shall be 
used, 

®For NEMA Type 4 painted steel enclosure, replece the 5th 
digil .. S" in the catalog numDer WIth "4". 

Siemens 

The rallngs In above Table are NEMA slandard molor rallngs 
and only apply II Ihe code lener of the motor IS Ihe same as 
shown In the table below or If the code leHer IS earlier In the 
alphabet. If lhe molar code lener occurs laler In lhe 
alphabel, a larger sIZe contaclor or molar Sianer may be 
reQUIred Consulilhe local Siemens sales office 

Motor H, P -Rallng Max. Allowable MOlor Code Lener 

1)',-2 L 
3-5 K 

7'h and above H 

®Rei8CllOn type fuse clips are supplied as standard, fuses 
nol Included. 

024 vol! coil nol available on NEMA sizes 4 & 5. 

Dlecount SChedule AC-10 

Size 0 SCF 1B 4210 A8 5200 P1-08 
Size 1 SCF 1B 4417 A8 5400 P1-08 
Size 2 SCF 1F 4617 A8 5800 P3-08 

®AI __ ..... 1IIraugII480V _ U.L. ...... fOr 
100,Il00 ............. rdntIe _.......-. 100ICA 
......... rdntIe- ........ fOr ..... 1II NElIA 
1, ... 4 {JIIIIntiId ..... or ......... ....., 8IId 12 only. 

65 



I 

) 

J 

SelectIon and ordering data 
Modlflcalion Desc"pllOn 

PIlOt DevIcee@ 
On·Off Pushbunon 

Start-Slop Pushbunon 

Start-SlOP Pushbunon 

FOfWard-Aewne-OH Pushbutton 

Pilol Ughl wilh Green Lens "Off" 
(Does Include Eleclrical Interlock) 

Pilol Llghl wilh Red Lens-"Run" 
(2 InIeI10CkS for Reversing) 

PreSIIO Tesl Pilol Lighl wi1h Red Lens "Run" 
(Does Nol Include EleC1ncal InlerloCk) 

PresIIO Tesl Pilol Llghl wilh Green Lens "Off" 
(Does Include Eleclrical Inlerlock) 

Key Operaled Setec10r SWilch 
(Specify Marking and Key Wllhdrawal Posillon) 

IlIumlnaled Selecled SWIlch (Specify Marking) 

IIlumlnaled Pushbunon (Specify Marking) 

Single Oillighl Pushbutton (SpeCify Marking) 

Overload Relay '"T"p" Alarm Llghl 

°ilol Ughl W,lh Red Lens "Off" 

. 'ilot Ught With Green Lens "Run" 

Pitot With Green Lens "On" 

Em. Au.-y eon.. BIocIIa@ 
FactOry Inslalled 1 N.D. 
Factory Installed 1 N.D. & 1 N.C. 

Instatled 2 N.D. & 2 N.C. ....... 
Ammeter (IncludeS Currenl Transformer if necessary) 
Vonmeter 
Ammeler wnh SWitch Wllh Three Current Transformers. 
Vollmeler With SWllCh 
Elapsed Time MeIer 

Contra! 
208/ 120V wllh I 

208/120V W,lh 2·P"mary and I·Secondary Fuse 
240/ 120V Wllh 2·P"mary and I·Secondary Fuse 
480/120V With 2·P"mary and I·Secondary Fuse 
575/120V Wilh 2·P"mary and I·Secondary Fuse 

Contra! T .. I8fonMr, with EIIII'II CItpHIty 
Wllh Addillonal 100VA Wilh 2·P"mary 

and I·Secondary Fuse 
With Additional 150VA With 2-P"mary 

and I·Secondary Fuse 

Non-Standard or 

Note: 
CD The standard control Iransformer supplied for starters 

NEMA SIZes 0 thru 2 will be rSled 45 VA and have the 
appropriate secondary fuse. Primary fuses Will not be 
supplied as standard. For pnmary fuse op1lOn seIeC1 
'pprop"a1e suffix from 18b1a. According 10 N.E.C. 430-72. 
50-3. and U.L. 508. section 32. pnmary fuses are not 

reqUired tor control transformers rated leu than 50 VA 
and are Inher8n1ty pro1eC1ed. 

®Specity pnmary and secondary \IOI1age on order. 

Siemens 

U S/Worid Series Factory Modifications 
Full Voltage 

87. 87. 

87. 87. 

141. 141. 

240. 240. 

87. 87. 

141. 141. 

141. 141. 

141. 141. 

141. 141. 

141. 141. 

207. 207. 

273. 273. 

183. 183. 

249. 249. 

168. 168. 

222. 222. 

222. 222. 

141. 141. 

207. 207. 

207. 207. 

141. 141 . 

141. 141. 

420. 420. 
1,188. 1.188. 
2.220. 2.220 
1.800 I.BOO 

348. 348. 

162. 162. 
162. 162 
162. 162. 
162 162 

294 294 
294. 294 
294 294 
294 294 

420. 420. 

522. 522. 

30. 30. 

®Cataiog suffix for 24V secondary control Iransformers. 
Same price as 120V secondary control transformers. 

@The U S Series Staners NEMA SIZe 0 & 1 are supplied 
With 2 N.D. & 2 N.C. auxiliary contacts as standard. This 
IS the maximum number of auxiliary contacIS than can be 
in51.tled on the size a & I. NEMA lize 2 thru 5 alao come 
wi1h 2 N.D. & 2 N.C. Awciliary con1aCIS sa standard but an 
additional 2 N.D. & 2 N.C. auxdiary interlOCkS can be 
added tor. rrWClmum 10181 of 4 N.D. & 4 N.C. auxdlary 
contacIS. 

Starters & Contactors 

4 5 
3TF50-52 3TF54-56 

87. 87. 87. 141. 

87. 87. 

141. 141. 141. 141. 

240. 240. 240. 240. 

87. 87. 

141. 141. 141. 141. 

141. 141. 141. 141. 

141. 141. 141. 141. 

141. 141. 141. 141 

141. 141. 141. 141. 

207. 207. 207. 207. 

273. 273. 273. 273. 

183. 183. 183. 183. 

249. 249. 249. 249. 

168. 168. 168. 168. 

222. 222. 222. 222. 

222. 222. 222. 222. 

141. 141. 141. 141. 

207. 207. 207 207. 

207. 207. 207. 207. 

141. 141. 141. 141. 

141. 141. 141. 141. 

66. 66. 66. 66. 
132. 132. 132. 132. 
264. 264. 264 . 264. 

840. 840. 1,188. 1,188. 
1,188. 1,188. 1,188. 1,188. 
2,220. 2.220. 2.220 2.220. 
1.800. 1.800. 1.800. 1.800. 

348. 348. 348. 348. 

228. 
228. 
228. 
228. 

360. 468. 540. 594. 
360. 468. 540. 594. 
360. 468. 540. 594. 
360. 468. 540. 594. 

504. 600. 660. 720. 

618. 714. 774. 774. 

30. 30. 30. 30. 

@Modifications nol cowred by • CatalOg No. Suffix shOuld 
be ordered by de8crip1lOn. 

@Pilot IighlS are full \IOI1age type as standard. To order 
transtormer type add S12. LiaI and order by descrip1lOn. 
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SIEMENS 

Schutze 
Contactors 
Konta ktorer 
Contacteurs 
Contactores 
Contattori 

Betriebsanleitung/lnstructions 

T echni.che O •• en 

• ~f'.,r'oe!~leos~tro"'" I .. AC-' (55 C) 
• Ma. MC~lJr·Npr"lels: .... !lg (AC-3) 
BetatIQuno<;s::'a'inuno o;;.ene Maanelspuie 
A,oe.:sbe;"",.:-'" a€"! Mac"'e!spuie 0,8 1 1 ~ U$ (Standard-
adstu hru"9 -

• Mal. Kurzschlu8.ich.rungen ('It'lne Uberlastrelal5 
(~H SiC .... ~·~-cc~ 8p~··O:~9.lasse :Jl 1 

I \lPfsr., ..... el·iwng Q£'''''"'2'~ VDE 0660 I(Ia~t;e a" lula!'sig 
II VP·sc'": .... e- -: ... ng ge"'1a'~ VDE: O£'OO Kla~s(' c .. zulassH;J 
III S('hWf"I·~;·E'!. 'OUx· .. 
I\' ScnwPI:"t> :. -. 10('),. 
K..;·:schL':<;.:",f'· ... 'a€'''' .~. Sc"'~..t: ~I! Ubcdastrel~I"- siche 
A..,g3be .... d- Rela,-c; \,\('o.~ : rat'" Tat">eUe • n'l"'! LJbe· 
sen. pile"" 

MOlo'lchul. du,ch Ut>e,laat,ellil JUA/3UB 
Bel TdSlf"r:>P:a~'.l~,.,,(l :le- S(!'·H.:Zt? "':""'('I~ auch Ubf"[,'1slrelals' 
~I: a~t('~a: s,--'e' Ruc",s'€'~'''''''9 .... ,.. ...... ~.,noe! wc'de:": Bf'IDa.j 
~rlCan!al\:G~i."~ .... ~. UOfl'.a<::'p1dl';;' ... ,: H,Jr"drucll..stcil ..... c.; "e'· 
NPt'lOP'" rl'-'""PI~ <I ..... qe·a\~ bf'i'Jc .... IP,.,· Rel.£lls~kdlc a....f Mo 
1,J,,.,,.nn<;:'r: - e''''Slpller-

C.ract.ristiqu •• techniQue. 

S CO_Ha": ·o~'nal a .""~Io, I, AC-1 (55 C) 
.... UISSJ .. :(" -~""w"al~ ""'2). des moteurs (AC·3J 

TE'nSIO'1 oe cC' .... rnar.a .... ',-." bob,,'e 
DOr.1aIN' a .:C~IOr: :i€~ :'-~~~I"'es (1 ~ a 1 1 . U, (Version stan 
oa~a:' 

• Calibr. mall. de fu.ible pOur conta("leurs sans rei ellS ;:k 
s~rcl-)drcf' 

(cao:our,,,,:o5- '\!H clas~" F Spn/l':P ali 
I SO:..Jo.J'C' "E''\;' conla.:·s st'lor VDE 0660 classe "d·' aam,!>, 

SIOle 

,: So~o .. ·~ 'Je" :~~Ia.::s selo .... VDE 06nO cia sse '·c· 80ml!" 
slbl€' 

Iii Sans :':w::_'[- de~ ::":act5 I. 100)(1. 
IV sans S:_'::_'€ ;)'?<: .-:.,"a-:::5 I •. 10rh.l. 
Caiiore OE"S - _So,OlpS riO _. ":0" ~~C lfo.,'S a ..... ec relals de S:Jrchan 
qe Sf' ~f-'~'- a .. , Irl') :::;~ c ..... s 'i-l"i3"'~ 31.,;' Ie relals .,~ pfl"-
aepas!.'pp 'o?<:.- " ;;.E' ..... ~ 1 ;::" -aOleau-. 

Protection thermiqu. d. moteur par rel.i. de lurcharge> 
3UA/3UB 
Lor<;Q~H" it'c, : :-~a -~t:'~'!5 ;~f\C r:O'T"'anol''' oar ,~p,",ls!or!; 0" 
DC' .• : ... :11,';;'0=0 ~w<;~ (]E'~'~ .lj~? f·:-.1·~l"''''ert a;,.,lomatIC.If' ~c .. · 
Ips. c·-,"·,,::··- .:; a ~:::- -a"(1' ....,,:H!"!('''UP~ ..JUlr~a"" a~~' ('j(-!, 

',!",.:tl'- n r -·_""'O"'.J .E'?' .... ~ • ..,' .. '...,: IT': <1rlUf"1 Resf"H"'(t!'-. 1,.·<:, 

\~'C:I(":'\.·· • _; .. '2"" 5 .... • '-::' 't:1'3'C; Re.;Jlf' le-cheUe U~. 'f·1al<; "',.' 

• 
~TFJh ,;:.""\ .. 

I .. 
.~TF.l~ '·C .. 

-'it-oaR 'c ~ 

-:-";:50 " 

- ---'---' 

c S!e'T"-;-"C: AG '..:'J;;:~ 

3TF46,3TF47,3TF48,3TFSO 

Uj AC 1000 V 
VDE 066C 

IEC 158 
BS 542 

Bestell-Nr.lOrder No.: GWA 4NEB 526 4592-10 

T ..... nic.1 d.la 

• Rated operatong ,u'rent I, 'AC 1 (55'-C) 
• Maximum moto' output rating (AC-3) 
Control voltage marked on cOil 
Cod operating range' 0.8 to 1.1 • U .. (standard arrangement) 

• M •• imum fu •• '.Ii .... without ov .. 108d reI.y 
(HRC !usPs duty class gl) 
I Permissible contact wekJing according to VDE 0660 class 

~ a'· 
Pe;m,ssible contact weiding according 10 VOE 0660 class 

II! No co~:act wt:'ldlr:~ t~ ,_ lO(h..1. 
IV Nu cor.!ar1 'o'welolr.r. I.e ~ lOOxi. 
Fuse fatlnas for con~,L ~ars with Q\erl.J~d rel.J..,. a'e speCified 
O~ thp relay Value! to tab'e • mus! not be exceeded 

MoIO' prolection b\ _,.erioaa rela, 3UA--3UB 
A self·resP! rei"!'. s-"'c.Jld be used tor momt;a"ialv-cantact 
cantrollf.'d COI"IC)..::;v-; a:1d a "an""l r'l!set relav !C'r "'alntained­
contact cantrollea c,-"':actors Rc'e'!:,'1ce S .... C~;Ic: be made to 
t.'1e notf' on the feL~\ Set relay scale 10 !he mo!:;r rating 

E.spa r o1 

D.I08 lecnico. 
eln1ens,dad nominal' "~ervlclc I,. " c a. (55~C) 
• Potencla nominal n'lin'.. del motor {3 c a i 
T pn$lon de excltaCIQf'I VCi!i.f- la bobma 
Margen de operac.lon d£' la bcbtna o.e 1 1 .. U~ 
(E,ec'U("lon f"st;itndar) 

• FUlible mal. de proteccion contra cortocircuitol Sin 
'(>If' de <.;obrt'c.arga 
;' olstblf>s NH elase de "e"VICIO gl~ 
I Adrnl~\ble la soldaGl.rtl df.' la cla~~ ~aM segu" VDE 0660 
II AdlT1~<;lble la soldatkra de 1;::1 cld~f' "c" segun VDE 0660 
j' ~II' ~O!dadura I~· 10(h.l, 
!\ e:1" sol~adiJra I~ • 11..'0)1.1. 
;,-\',j los !uslbles oe protecclor. CO'lna UlrtOClrc.,1I10 del con­
;?c!or cel' re-Ie de sobrecarga. veanse la~ \'"1dlca:lones en el 
·'·'e. r.() sobrepasar el .... alo' I segun la tabla. 

Proteccion d.1 motor "'eolu.,te de felf" Of' sOD'..:carga 3UA: 
3J8 
S· lOS contactores Sf' acclcna'" co ... pulsado:t"~ ~e pueder. 
.... sa f reles de soorecar~a co'" re00Slcror aJ:or:"'a!lca SI el 
,-::"'ac~o es pp-r!T'ar:e~!t' el rele dp sucr8ca'9a se rE"Po~dra a 
"',We) Observar 1",,5 Ind\~d:I'jnes ~n ~I rei€" a!US~d· 5 ... escala a 
, !"te1"'s'oad nO""'''ldl 0'" ""'-1:"'01 

1 

• I 
! 

::".' V ,J(, \ 380 V 415 V 500 V : 660 v , 

T .kni.k. d.la 

• Mar,drlltstrom 1,'AC·1 (55-C) 
• Max nomoneli ",otorelle.t (AC-3) 
Manove~spallnin9 se Magnetspole 
Magnet,oolens arbetsomr~de O,A _ 1.1 > U, (Standaro 
urtorande) 

• M .... k"".lutning •• ikring., utan overlaslreta 
(lcnlvsakn"gar driftklass ali 
I S.ets e"1 VDE 0660 Klass "." till Attig 
II Svets enl VDE 0660 Klass" c· tiliAtlig 
III Utan s"'etsnlng I •. < lOOxl~ 
IV svets'n I. ~ 10(h:lf' 
Kortslutnmgssaknngar far ka!'ltaktar med Qverlastr@'la. se upp­
gifter pa relaet. Vardt' I , Tabell • Iilr e) overskrodas 

Molo,.kydd g.nom iv ..... lrelil 3UAl3UB 
Vtd tar.ge"tma"ovren"'9 av kontaktorerna lean man OCI(S~ 
~nvanca overlastrelaer med automatlsk aterstallntng Vid k.Of' 

tlnuerhg I(ontaktgrvning anvsndas barB ovena5lfelaer m~a 
manuel: a!erslallnmg_ Ge akt ~ anVlsnt"gen pa felaet

' 
Stali Ir" 

relaskala.., pa motorns markstrom. 

r---------. 
L_~i~r,Q I 

D~ lecnici 

I Co"e"te nomon"lp d'impiego I.JAC-1 (55'C) 
Potel"lza "oml1latf> masslma oel moton (AC·3) 

TenSlonf" 01 comando v. bOb ina 
Campo d, lavoro della bob;na 0,8 ~ 1,1 • U. 
(Esecunone standard) 

• Prot.zion. contro corti circuiti de, contatton senla rel€' 01 
SQvracca'l(:o 
Cartucct" NH. classe 01 funzlonamento gl 
I saloa~.;ra del contat" ammlss.bile sec VOE 0660 ciassf' 

'·a" 
saJoa~:...~a eel CO!":tJ~!1 ar.~mls.slbile sec VDE 0660 classe 
"c·' 

III ~es!. .. ~a saidatura eel contaUI II( .... l00xL 
IV ness·_ . ...,a sCiIdatwra Oel Contattl II( ,~ 100xl,. 
Le car.::..,~ce da Imolegare per la pr01ezione contra cart 
CIfC:.!ltl eel conlattOr'l ca~ (Pip dl sovraccanco sono l!'ldLtaa 
sui ,pie. ;: \, alore I sec tabella. no!" dev'essere sorpassato 

Prot.zion. d., motor. mediante reJe dl SOVla":;CBnco 3IJA 
3UB 
Per conta~t.:"rj con CHc;.lIto dl cornanoo ad Impulso 51 POSSOrlC 
Impiega'~ ~""cne rele cor rlprlS~JnO automahCo. ':0:1 Clre',lIto d 
COMaf"lOC 2 :~'tattc pern1al"el1tc SOlO relay co'· ~ese: rnan~:a 
Ie V IS~' ... ,:0'.(' Sui rele' Agglustare I. scala ael rele s",J!c 
corre,.,te r,C'monale ael motore 

! - -------
T • ! 

1000 V III , IV 

" .w lC, ... W ::: 1o..'~'J ~5 kW 30,1\' 39 -.w I 160 A 100 A 50A 63 A , 
I :""f' ! 2C! hp .:~ "p 33110 40 hp S2 t"p , 

-". II\' , 2(1 kl'V )0 ,,~ oJ .,\ J 1 ,1"1 55 kl\' 160 ~ 125 A 63A 80A 
;'..! nD i ~7 hp "0 "0 "'5 r.D 55 hp 74 ho i 

I ! 
I 

" . 2.J IrW 37 \ \.: ... ,2 11.\\' 50lW 67 oW 39.W I 250 A 16(1 A 100 A 125 A 

-" ~.~ "P ..;~ '10 5~ hp 67 hp 89 hp i 5: "D 

! 
i '" 37'W ::-5 io.\V .:..z,i..W 76.W 100 ,1"1 i 55 "''''' 

315 A 2SO A 160 A 200 A 
..; ..... ..". ~~ I-)~ ~:. I.p 9~ h~' !01 hP 13-1 hp I 73 ""t' i 

~ 

--------------~--- .---~-



Montage 
o :~La<;Slg~ ~ -~;j_:'lgf:: - :-';'-11(', -l--,-- ~ ,pc 
Bel 90 ·Dre ....... -~ ~·plp, ~('::lI .. :IC' ...... rJ( ::'f" 5(";;;L" . ',a o(-·,' 
u .. c je~ mect':.a"-'.,-,n .. " LP["lp"s;M"Je'~:::_' :'Ip~.-·I(;=j'~ - . ",:5:' 

... ·aubtJefe~~II?~,..,.g alJl p:aner ver'.'l:r.:~· Bf.'Irc;I'Q.;";c.··~,f''lP 
~ Schra-.;t€-'· ScwawoC''' r!;I' 5::""'.::":(''''' ...J!\(1 F~J('" "ge" 

.." !j€,ff'!-otlgu .. gssc~ralJOf>"· 

• Ma)l: AI"!N:·"a·-:"mo""'~": 
Bel Verschr."..I~z;.,ngsgcfahr std'l(el"'" S·c:.,!")anfdll (/1"" ':'99'PS 
!;,ve' AtmO";p~dre ScnLti Ir GehaiJse '" - t'd~er, 

An.chlu8que,.chnitte Tv Schu:ze Y'-e Ubeilas:'e:a'" ~"'I! 
Uoer,as~relals sleh[ Bctflebsanl~r:urg S~: Uberlast'eia:"; An· 
scnliJf3 \Ion ZWf?1 Lellern mogllc~ 

H.upUeite, 
• ie' .... d'"ah!'g 'el'lorahtig mit Ade'e"~~ ..Jlse 
• ~enrOrar!19 e,~drahtl;; 

: 

AOI501,eria"Qe 
Ar.z,ehdre ... ..;,cmpr.! 

AnachlieBen der H.uptlei1e, 
3TF46. 3TF.1?, 3T F48, 3TF"50 Ansch1uG .... 1· Rahrne"l(lelT'mf"n 
• 3TF50 U~ das Anschllel3en stan:e'e' Leiter i"u prlelc'Hem 
IS! a:e Klemme !eilbar 
a) Tell 2 durc~ lelct1ten D~uck nach vorr'le \10'1 Tel: 1 loser" 
b) Letter vo~ :le' Selle el'"1legp~ 
c) Tell '2 seltllc r In led 1 elnSf"tzen <..I"a mil le,c~.~~"'" Drl."'~1c 

nach nlr'!p·- eH,raster 1\lem."ensc"'3:.Jben tes::'e"en 
Die 1<.1('""'",,(".'"' be"'!' 3TF5G IS: fur OP' A,,,sChlul) '.:;" Kab~1 
schuher :-::e~ A'1!'chl.,lsc:'"l!f·ne" a::-'";'!'''~ba' 

l-_~~anc;~~_ 
Montege 
• POSition de montage- admiSSible tlo"es oe la ootllne e~ 
haUl 
Une tnc"nalsC'~ de 90 pd' ra;)port a Ja ve'11cale e"!ra;"e une 
reductlor. de la Trequence de man~_·.·e et de I e.,curancE' 
mecanlQue ':vo~r c:a~alog:..e f\JS 2j 

FllI.a~lon pa': "IS S:Jr su"acp :>Ia,"-;- e' .. e--:lcale Fre,"e r les VIS 
a ... r10ve" Of 'o"op\les :;i3les et de '::-'Jelles Gr:)we l 

"'\ VIS de fl).atIO'-
:oup!~ oe senage ""tt .. 

¥ a rlSQ ... e .j e~lcras~e'"'"'e": P·'::~ ... :'-:'O:1 !mpO'1.ante de 
.,JI;SSlfre 0 ... o'p<5e"ce c atmosD:,e''!:' :0r'OSI .... e ,....c ... u .. Ie 
contacteul oars J:1 bO;~te' 

S.ction d •• conduct.ur. ~our CO"·3.::~eu·'5 ~a~s 'elal~ de 
s .. rcna"ge ;::Jc ... ' IeS ":Ontac:~€' ... 's a .... e:·~ ~IS de Su·~-~·gc, .. Olr 
tl'"\stluC~ton5 Of!" service d .... 'ela.s de s .':'" 3'ge) P05-~lolhte de 
'3::cordeme~~ je deuJ( co"ou:te..:'s 

Conducteu,. princip.u. 
• a"T"te So..:p,€' a""":e so ... pte avft'c E' ..... :;:. ... ~ 

I a~e nglc~ .:a!:,,'ef> 'T1 ass I .... e 
'of'!g!.Je ... · ~e-~ .... aee 
cOuCle Oe se·'age 

Conduct.ur. IUlililire. 
• a-"e !""'ass,.e 
• iI'"!'">e souOle ~~'e, e""'bo,,' 
• v':, de se'''age 
• c.:'uple oe se-"'aOf> 

Aeccordemen' d •• conduct..,r. principlul 
3Ti:46 3TF4 .... 3'7~4o 3iF:'C~ DO' ... ·f'j,:; :J,ll? 

• 3TF50 \e~ O"''1e~ peL.Ne"~ ~:'f' Cl@-:'-'ees c·o" '3CLlI~f!r Ie 
racc:c'dpmE""'~ oe CO"Ol.cte\,·s plu~ eo=! s-
a) detac"·e' 'a partll"' 2 pa' It!ue'e p·et:.s 0" \Ie's I ava"'~ 
b) j"t·odLwp;e .:C'~duc~e~' :ar II'! ::-:r 
CI relr"t·oa .... ··p la Dgrll( : O,J"'s. !a oa"" ~ 1 e~ I e'1.;:IIC.Je!e' 08" 

lege'e o'esslc"" ve'o;:. i ~·',e'e Se'~' ,ec: VI'" 
Sur 3TFS:' 'es C;vnf' , ;:'"''';lIe'''t P~'f> '~"re!'s 00 ... · .,e·,.....e~tr(­
Ie- ra::cc.·ce'""lf> .. : :la' {"esse" 0_ C;" :=JCI"e!:~~s 

In&taUdtion 
Of', .. 
1,_,:) 

II Ih\, 'or':dC:-::' L'-.. ~,!Ir.C,J '~'8u0h 90 1'5 per~,,'!,sslble S.WI:Cti 
Ing f'~qil(>""'. a"o T"'1eC-7"',~-al III,' 'hIP be reduced (s~e Cat 
N52) 

Scr~w mO''''''·'''.G ,Jr, tid' "e':lcal surt,-.ce 'h.,:~ twO scre ..... s 
Alway!:> sec..;'€, \0,..: .... plair- a'1d spw"\g w.:sners 

• F'J("'q S':'€,V.'; 

• Max t'g~I"";''''~ toro ... ,=, 
Fit contaClo' !"side a ~G .... sl1"lg If It IS f ,posed to conta~lr.a· 
lion, dust Or ar. aggress,ve atmospneH-' 

Conductor .izes for cc"':aC!OrS w.thou: o .... erload rela\' (tor 
contactor~ Wlt~ o .... erloac feidV see relay ooerattng tns!ruc· 
lions) Co~"e:llon of !W: ':o:1duc1ors posslole 

Main conductor. 
• F,nelY stra"Oea fmeh 5~~anded w,~" eno sleeve 
• Stranded solid 
" StnppeCl Ie 1"1 gt p'. 

• Tigh!ef"llng torque 

Au.ili8rv conduct .... 

I 
Solic (onductor 
F'f"I('l.., slranOeO WIH'. e'1d slee .... e 
Tplrnlnai screws 
llg.,tenlr"l9 torque 

Connection of matn conductorl 
3H46. 31F47 3TF48, 31F:'O ConnectIon witI'! box termon.ls 
• 3TF50 To faclhtate '''e COnt"lectlon of conouctors With 
large' cross-section. the :ermlnal Cln be d,vided 
a) Apply sl'ght pressure 10 pull oft Pi1rt 2 from part , 
b) Insen conouctor fro"" t"e SIde 
c) Itlsel! pa"~ 2 lateral!>, I" ~a~1 1 and Jooly slight pressure to 

pusn It ,,,to OOSltIO~ T Ig"l'en te-rm"13t screws 
The tEHl"'"ltl"lals of 3TF5 .... can be rerr'.,~ved to con"ect cabte 
L.JCs or !~rmlnals bCi''5-

Montaje 

• P05IC:O" ad~tSlble de ."'ontaJ~ Ter,...'I"ales de la bobu'Ia er 
ta pane :;upertC r 

En cas" de ol'a' e" 90 SE" 'ecluce I. fre: JenCla de mamOOra 'y 

la Vida me::al'lca (vease e-' catalogo f\.S 2) 

Fi)8CIOn co .... 2 tornillos a u"a superfic'f' ola"a y verttcal Los 
tornlilos se ,"....,o .... thzan cor 8ranoelas pla"8S V elastlcas 

I To~r\1l1os c~ fl)aclor, 
Ma, par oe a;:>flf!te 

5, extSle pehg'C oe enSUClam'ento, lbundantf> desp'endl· 
mlento de 001\10 C attT'os'era agre-sNB ,. ontar el co.,tactor e" 
una GaJa 

Secelon •• d. con.xion WG:oJ contc.:l.lorps sir lelalS dE'" S0' 

brecarg~ (SI 5e lTIor,!a relats ae sobrecarga, veanse sus 
Inst!UCCIQneS de serv,c!:~ e'-.. :"losible conE"c~ar dos conduC­
tores 

Conductor •• luxilieres 

: 

monoflta'es 
Flewlbles ':0"'· ~ c;,l'\a ~er:"~·tI,...al 

: 

10rl"'IIIos ce cor.e"llIC'''' 
Pa' ae a="le~e 

Cone. ion de 101 conductore. Ictivoa 
3TF4€ 3TF.17 :'--:'"F48.3,.t.5"::, Cone-J(lon con barnes de bnda 
.3iF50 Pa'a tac,lila' :a co .... eJ(IO'" de co.,ductores de rr·a",·o~ 
seCClor el Oc .... ~ se Dl,ie;:e OIVIO ' 

a) Solta' la ple~:3 2 ce ta Olela 1 pres'ol1ado hge~aIT"P:"\!e 
hae;a aoeta-'f' 

b) COlocar el =- 'J"duc~c;' late'CtI~ef'Lt(' 
c} Galaca· la:f.'·at. .... er~~ ia o,e=a 2 e'-' ia 1 .., el'lcaJarla e:c~cler 

00 ... na "9("-= prec::o- - '=:Ia 2!1a!' Ap'e!a' los lor1111:05 
Los bor~f's ae 3TF~": so'" O('<:;I"'lOl"'taoleo:; para conec!a' 
lerml"als oe 105 caO'E'S ° las t·arras 

Monlering 
o rd ' .!" ~ '"".)"t"'Ii'.;J-I.~~· - 0:;,) I"r: _ ..... ''.1' 

VI(' I~(I · ... ·'1: "'U 'f'O,,' 1""1' ~()=--:::LI~Q_"r',,\( ·-or.' J~ - U.=.,- '"; f­

I(u:-Io;~;l ! "~"~-(-;'::l(," {Sf' 1(,1!5IOS; P-...S 2 

Sll.ru'wta!:.'e ""pc! 2 ~kr ... 'Jd· pa pia' .e·fli<al v~a Sa"'d $<';.Jva' 
na med O',r:k.("H oc~ l)aoerbrIO.o' 

• Fastsl('~J'w']' 
• Mal a~cr.lqn,n9smo"'enl 
Bvqg In kO!'ltdt,.torr ' p'1 kaca VI.J (lsI<" .0' neasmut~.'llng 
aarnmflnhoO'1lng pile' agqresshl mil).:' 

Analutningsareor tor ~ontc:\ktor~' utan o .... erlastrela (med 
overla~I'cla se dllf:Sln5'~LJl\.honpn fo' overlas~"ela!':), 2 iedare 
..:ar1 anslu:;)c, 

Huvudled.re 
• Ft"traol~ j'''t'#JdI9 IT\eo tra(1and"ll~a 
., Flertraolg ertrad'g 
o Anslulr.:"'gS'5ke-n O ' 
• Atdragmngo;moment 

Hjiilpledar. 

I 
entladlg 
Flntradl9 med tradandnvlsa 
Anslutnl"9SSkruvar 
Atdragr:,ngsmomef1t 

Analutning .v huvudled.ma 
31F4E. ~TF47 31F48 3TF50 anslutnlng mea andtolSlutnlng 
.3TF50 For at! undeda!ta anslut~\ln9 a\l k'"att'Q.He !edare ar 
klammar. delbal 
aj Lassa D~I 2 Iran Del 1 genom att 10lSlotlg: t"lcka den 

hamat 
b) Lagg I ledarer. fr:t:"l sidan 
c) Satt I Del 2 , Del 1 h:tn sidan oen snapD fast de" med ett 

Ian Ir-.,:: .. ba~."H Dra at kontaktsl(ruvarna 
Kla..""..crna P,"1 31FSO kan anvandas f6r ansl..;tning dV Ka­
bels!.o' {"lief ar.shJtf'lf1gssJ,;eno~ 

Mom.ggio 
• POslZlo:-oe dl monlagg'o con I attacco deila boblna malta 
S"e II conlattore v.ene ruotato 0190 puo veflflcar-s: una nduZIO­
ne del ru ....... ero d. mano\lre e cella durata meccanlca dell'ap­
pa'ecch.o (v anche ca!alogo ~S 21 

F1ssagg'o s_u 5UPt"riICte oiana verticale con 2 VI!I (da aS5.cura· 
re con ... ..,a rondella ser'"1plice ed una elast!ca~ 

• Viti dl ~lssaQQlo 
• MaSSI'lla coper,a dl s~rr8gglo 
In presenza dl SudlclUlT'e. Ool\lefOSlta elevata a atmostera 
aggresslva usare un cor.~attorE' con CL.;stodla 

Sezloni d.i conduttori PPI CO'1~at!o:"1 senza 'elf> di sovracca' 
'';-.0 (pel ccntattO'i CG," rele d, sOVroCC,J'IC: 51 ved.:J'"'o Ie 

1,!rUZ'IOl"'1 per t USu del rele d, sO';racca'lco) 51 POSSOf'lO 
coUegare due condutto~. 

Conduftori principali 

I 
a coroa f~sslb.le it corda flessibile con puntahno 
a cor~3 nglda i:t fdo ... nlCO 

L:.J"9~f·'::~ dl spel2!ura 
COPr:'l13 .:.1: ser'agg'o 

Conduttori au.iliari 
• a filo :':~,U'l 
• a cora,~ 'lfOsSIDlte CO" our.tallno 
• Viti 01 aHacC'o 
• cOPpla dl se" ag9'0 

Colleg.mento dei conduftori princip.li 
3"TF46 3TF47 3lF~S 3TF5U colleod~e- con ""o·setl. oassantl 
• 3TF5C per collegdre cor>aJtlO~1 di dlame!'c maggiore il 
morSe't:') puo esserp. sl..::::tdlv!so 
a) prerne"do leggerl'T"e.,te 1'- a\la~tl Sl stacca la parte 2 dalla 

parte' 
D1 Inseme It conduttnre da u'"' lato 
C: nmettere la par~e 2 taterajP'O'lel"\te '1ella ps'te , e fissarla a 

scano sctngendCl Indletrc 
Avvttare Ie Vlt. del morsetto 
! !TIo'sett, del t,po 3TF50 ::'osso .... o e~sere toit l per coll~ga­
re delle capacoraa a sbar~a coUettrlCi 

-~---------: -- -----, 
0 • ,,~ . 0 Non ; 0 ",,,,I, 0 m..,', 0 :. Nm i 

. ---, -~---- t--------l----1 10m",,· '."'-' Om." --...I--.. --~- - -. 
3lt:4f, M4 -' t 

\ :;J MJ ~"I 

~." i· ~. M" ,·2 

I I 
3 452,5: 0 75 1,5 i M3.5 lo,s 1,4; 

I 

3TF46 

3TF47 25 6 35 16·' 

3TF48 
I 

3;1= ~.~ M-::- '(I::; [ ~~F5~ - 25--~-;' 70 22 < 
L ___ ~._ . 

45 i 
_________ 1 ____ I __ ......J 

• 0; bl 

---------------



~~~~a:~~rJ' .... , p'" 

C . "kf'i "'=':!;;':.' 'r; ~ 
.... ,.:~~ ""dC"';j·~f-·tf'r (Jr.-' ''''''", S'-h.JI~-;:,,·· .... 'J,,~. .;"";r 
v.,...rr OIF 1\:' 'c.!;!:.';!"">" ~c I\.PI~ :.bn"r:~n""n: 51 .... -: c")', C.j 

Mall!~131 ']e'S :'~gf-'" !~~',·.'·'5~ ~':-"'~t1a'-· ... ~rc 8('1 L~'~"~ _ "";If' ~ 
cnelT' Arl~r;;"'c ,~! f'~ z~ a~'.jJg ('lr·zelTlf' SCtl.JI',::;:~:.(.' 'll;::';:_ 
tu...iC;Cf'f'~ 

f'oa:-'" KurZ~C"'I~ -: ,n df" ;"""-30(' Hauprs;:rl,1!tc,!IJ! ~'" ,.~ernrli'l:"· 
l..'nc .. ·~'s-:r."",c, "" Sc"',al·:"::,,;~.c """" Sctl~a";Df"lore·'~· l'p ... r·f-h 
Bes,:~ i1 :Jig~C 1..':-" !Dug!" ~ ... 3-,rle" a .. S: ::iUscnel1' 

AUllaulch der Haupilchalillucke 
8ewf'ohches S : ... aj:s! .... -::- Scr'.al'.o;lu::': a"nebc'" Q'er'\t:>'1 u ... ·c 
he"':IlJszlehe.- ~"('UF.'t' S-::"al!s~lJc" el"~chleb('~' b,s :'If" 81t.-1( 
I(f"nnal~er r""Il!!T(.: E'!f"as'e: Auf lelci"'le Be ..... eqllc!"'kt?I:. In Elf' 
schall'ICh!Ung ;es S..:." .. ::es ac.,te~ -
Fesles Scr·E!I:Si .. CIo. oP'es!I'JJgsschraubt' ",-". SC'd,!: 
Scr.raubend'e"'er lose'- Sc"sl:stucl( S81T'! B(>jc:;!ja_')a~ 
sc"rauoE' dUSIO'.I~c~sel" -.-;..:es Scnaltstuck lest a~s':-"Jub(-~ 

AUltausch der Hilfs.chalt.r 
A-r. SChl.o:z Slr= Lwei ~111;7;:'"'Ia'lemlocke mit lew~,ls lS - 10 
Oder 2S - 20 vorna'1u~' Be: Bedad HtlfsscnalterolOCI( a .. :;;:' 
lauscher 
• Beim Abbau Klinke im Ichwarzen Feld beliiligen (so""e 
P'ell~ 
Jeder HIIIsSChaltert>loc" 1 S - 10 ... .3"lr du~c"'. I-"I~z:.Jluge'· 
elnes welle'ef' Hilfssc!-:al!erOloc.;;s '5 - 10 aul 25 - 20 
erwe,te.t we,de'l 
Hllfsschalte'bIOCII:€ svm~etnsch ar.O;L .. en da em unS'_""tmelrl' 
scher A~bal. :<. ... Storwr:ge~ fdven ..... "11 

Austaulch der Lichtbogen"ammer 
liilan der Schnellbefelligung, 
Di. 2 Bolzen mil Schraubendreher hineindrucken und um 
90 nach links drahen. Die lichlbogenkammer kann al>­
genommen werden. 
Bafe.logung, L.chlbogankammer aufaelZen; die 2 Bolzen 
bis zum An.chlag hinelndriicllen und um 90 nach rechts 
drehen; darauf Bchten. da8 die lolzen .inr •••• n. 
Bei .bgenommener Lichtbogentr.ammer iat da, Schutz 
mechani.ch verri.g.lt. Spulen."..gung ilt in di ... m Zu­
.tand unzul ••• ig. 

Entreti.n 
El,m,ne' fes oepo!s de po .. ssle'£Io a I aspirale;.;.r 
Les cor:ac:s "!~lrCIS Ou ·\.Ia~eu .. re (')e'1erl pas Ie +cr::~IOl'lne· 
mer: "e pa.,:. les retouc;:"!:!' ... , les - o'atsse' Re:':)lol:e~ les 
co·~~a:::s. lorsq ... '? leu~ re-ve:er-,e": es:- uSE" "l.o po~r~ ~-= lalsse' 
apDa~a:~'e Ie ma!enau 0 ... :>O~E"·co~laCl E., cas;:: .... Surf' ,re­
gal€' 'i est pe'"'ls de ne ~~-'placer Ql.!e cerlams canla:!s 
4.C're~ .. W oec'e'lc"emen: !: .. ' ... '1 CO:..ri'CI'CUlt ve-rd,e' Ie::: cc" 
laCIS Orl .... ::loa:..k e: se;Ja'€" les contacts souces avec u" 
lc.:'''eVI'> Re ..... :llace' le5- : .. a ..... C"('s ce scufflage t'1":lomrr'3' 

9~es 

R.mplac.men1 d •• cont.et. princlpaul' 
Contac 'TlCDtle soule ... e" e cO-lac; Ie ~o~'ne' p' tf' SO~!i' 
Irlrod ... lre Ie "o ... veau ':.J":~:~ • ... s.Ju a Cf aut" IF:""?' s er,eIi 
aueHe en OOS':'O'" """ed,3 ..... \le,dle' la r10b,l,te c1f'5 r:ontacts 
aa"'s Ie se!'ls oe la terrne!~'(-
Cc"!ac~ f,;(e oesse"rer la '.'5 oe hllatLc" a I aide c ... ~ tou'l1e· 
VIS Re~oja:e" ie co"tac' et sa "'I~ de iL.atlor' BIC''' \ Isse' Ip 
..,cJ ... f"a .... CO~~2:· 

R.mplac.ment d •• bloc. d. cont.ct. au.iliair •• 
le c~"'!a:~e .... ' ~5; ~:."'I oe :Je ... >.. olec:;. 0, ;:2.r!9cts a ... II.~I~e~ 
cC!'T'I;:or.a'"' c"'a(.~n 1 r\.C - : '\is Ou 2 NC - ,2 \S ~e.-,pl2 
ce' I€,S ::<I(\-::S o€ ::o-:a::" J .. x,l:atres IOiS:1..:e ce~a s ave'e 
neceS5al'f' 
• Avant I. depo •• , manatuvr.r I. levi.r d.n. la lone 
noir. ,vO" 'lec"e 
l~s OIOCS Oe :c",acls i. \, 'a,'es i ~C - 1 NF pe~ ... e~t eHe 
co""pletes d w- 5e-:01''0 ~,:: :::e :-o":a:-:s a .. xlhalres ' '\0 -
1 ,\F p:)..;i -:lO~e"''' ..:'" bic,; ::e ::'~:a:::: 21,,)..!il<::trres 2 ,\c, - 2 ..,F 
.... 1c"'Lte· ips :'IOC5 Of! ma" f'" ~\ ~c~·'\.;.Je ur rr:O' ~.3~e -:)~ 
~y""et',a'JP pe .. ~ p·ovoo .. e' ce~· ;:.e':wroa:I.)"s 

Remplacemenl de la chambr. da .outllage 
D •••• rrag. d. la tix.tlon raplde: 
enfoncer I •• d.uJ. tig •• de filaflon • ".ide d'un tourn.yis 
et I •• tourn.r d. to yer. la g.ueh •. La ch.mbre de 
.ouHI.g8 peut m.inten."1 ttr •• nl.Yee 
Fixation: me"r. en pl.c. la ch.mbre de .0uHlage: .nfon· 
cer 'e. d.ux fig.' JUlqu'. I.u' but ... t I •• tourn., d. 90 
v.,. la droite. S· ••• ur.r que I •• tig ••• '.nclique"_nt. 
Lor.que la ch.mbre de loufflage •••• nlev •• , Ie contae· 
t.ur •• t v.rrouille mec.ntqu.men1. Tout •• lim.nfatlon de 
I. bobine est .Iors in.dmi •• ible. 

-----.--

Maintenance 
'"'~,.- J." ~'.J(",t n, !' Jl t, -" 
;)1$( 01",,'f'd u',j :;:< .. ...;- CSI :~c:~ dre s~;,: :"~ .... :c::eahlf' d~::! 
"h(),~'r. "I'~ rp or(,SSN; 0' greosea R"!plac(. o"!ac:s whO~c 
cc":aC ;Jlf>ces nil"'''" erOtJ€'.1 Sr:' rr"'uC" !~Q~ ~hplr s,~ppcrt" r.<:!~ 

;)1' ·.('('ro :~, 1'"'(' ca .. e Of .,Un·Uf'llor ..... e'OSlcn I: IS O~''':1ls5Ible!c 
repldCf' 1r:(J'vloual co~~ac: ;J'eCE:s 
Check. ""'31" co"larts a~i€,r n snor~'CI'CUlt r,as occurred al"!(j 
Setid'a'(- ..... eloec eon:ac!~ w.tr a sC'ewdrtve r Replace darT'· 
aget1 ar~ ('~u;e 

Replacement of main contacts 
Mo","~g cOl1tact Ld! tur,'-' a~a p;;11 o..;! tne contac: Insert a 
new : ...... rtact up to the POlr:t .-mere !"'le cor.tdC! holoer lat(;hes 
In Mall:€ sure Il1at the contac~ can'Tlove easily in the C1051'19 
dlfeCilor, 
FllIeo CO"1tact Loosen the fl.xlnQ screw With a slotted screw­
Orl .. er Re.,.,ove th~ co~tact togethe' WIth !"e lu(!r,g screw Fit 
ne'W ':0"':13:-: and hgn!en trriTIly mto POSition 

Replacemenl of auxiliary conlacl block. 
Tne C'onta::lor IS prevlden Wit., two auxiliary contac: blocks 
NCO wltr 1 NO and 1 NC cor,tact D. 2 NO and 2 NC 
contacts If necessary replace the COrfiDlete auxiliary contac~ 
bloc. 
• For replacemanl, sctuale the pawl in Ihe black field 
(sf'e arrow) 
Each a:uolJary contac! olock With 1 "JO - 1 NC co..,tact car. 
Oe extended by addlny a"otner blOCk SO that 2 NO and 2 NC 
contacts are obtain eO 
Fit fht: aUlIlllary contact blocks symmetrically as otherWIse 
faults WIll OCClJr 

Replacemenl of arc chute 
Undoing Ihe quick fUlaninll device, 
PUlh in Ihe two pinl with a Icrewdriver and lurn them 10 
tha lell Ihroullh 90 . The arc chute can now be dal8ched, 
Fixing: Fil Ihe arc chute; pUlh in the two pinl al far al 
Ihey will go, lurn Ihem through 90 , and anlure thallhey 
engage. 
Wh.n the .rc chute i. removed. the contactor is mech.ni­
cally inlerlocked. Coil excilalion nOI parmilled under Ihe­
s. condition •. 

Mant.nimjento 
Qultar los sPOlmentos de Dolvo (,asoirarios ) 
Las p,ezas oe conelllO~ n.:gosas y oscu'ecloas estan e"'L 
condlCloroes de fUnClo.,amle.,:C' f'!O reoasarlas nl e~grasarlas. 
CambIa' las plezas de CO'lelilor. c.;ando las Supe~lcle5 de 
contactc se h.yaf" oesgastaoo oor Quernaau~a hasta tal 
PWl'lto QlJe se yea en parte e! ~atenal de base 5. el desgaste 
oor OJel"l".adura no fl..lera iJr,tforme serla admlSlble recambiar 
olezas de conexlon !r.oMo;,;ales 
Despues de Que haya haoloo ur cortOClrCulto p.n la Instala· 
':,O!·· C~o;"!pfooar las ~: :::.J~ de cone,'o'": p r l:1Clp.:;lcs y, Sl SC 
--:an soldado, sepa~arlas ec"'. un destc~rljllador ILa~ camaras 
de ext'-cIO'" oete'loradas deoef" reca.,.,blarse l 

Rec.mbio d. 10. contacto. princip;ale. 
Co~tactc ""0 ... 11 Levar~a' e' :ol"'ta:::to glrarlo 'Y ex!raerlo 
lr:troo ... cl' el nuevO I"asta Que el puer.te enganche en el 
:el1t ro ,Observar la libr,,? movilldaa £10" el senllOO de conexlon 
oe, co"!:aclar' 
CO"ld':!O 'I.;) Sol~a' el tO~nlUc de fLaclon con un ces!ornlila· 
O,J' ·eca.-.,Olar el CO"'Lta:'C' Inciuslve :;J,!,,.1I0 V flJa! ef nue .... o 

Ree.mbio de loa contacto. auxili.re. 
E' ::O~·.~Cor Ile\la dos ol':--:l..Je!= oe cc"!ac!os au.tllares COl" 
. '\IA - :.:., 2 ~'JA \ 2 r-..:: C: .. a~oo seE! :lreC','::iO recarrblar el 
:JIOU ... e 

• P.ra dHmontar, ac1uar .obr. el r •• orte d. la p.r1. 
negra ,.ea~e tiecna). 
Teeos '::)5 oloQues oe :J"'~R:!OS a;")(;:lares i NA'I' 1 I'\:C Sf 
~'.Jeoe'" a ..... oha· a 2 NA " :. ...... C 1:1:orocra"c.:~ O!'O oloQue Of' 
:.oI"'!a:7CS i",'lhares cc· 1 I\jA \0 1 f\lC 
I..CS b:ocue<; de conla:: ::,~ aUA:it8'es se 'TIc .. tapa r ae 'orrna 
SI~eT"IC2 DueSlu c:.;e ~ .... :: s~ oose-.·? la sl'TIe~' a DoOnan 
s ... ·g:· op.~~..irbaclones 

Recambio de I •• climaras de •• tincion 
Soltar la fij.cion por resorte 
Can .un de.tornillador introduclr 10. 2 p.mo. y sirer a 
uzqulerda. 90 . La c.mara de •• tineion pued. en.once. 
quit.r •• , 
Fij.cion: Coloesr la camara de .xtlncion; empujar heeia 
adenlro 10. 2 pernol ha .. a ellopa y girarlol 8 derachal 
90 , cu.dando de que .a ancalen. 
Cuando •• ta de.montad. la c.ma,a de axtincion, el 
cont.ctor qu.da .ncl.v.do mac.nic.mente. En .l1e 
..tado e. in.dmi.ible excil.r la bobina. 

Unde,hall 

ut ce"!' -<.' ":)"~c=r~:."" ';. -.il:'!''' "'f'''! sa I", ... r,· ;0" • d' 

kar. se ~3'eqa!(>:" (i'lc"I'f',1 v,~ (JI.-,"~n: 5.1,:ag;" ~_c' ',1' 
e~s~a"~ ·c-:"io:!<;'.':!lf"· 
Eftc' ... Qr"::' ... tnlnc.;' <:yS!f"'TC~ 9,11' '·I_ ... UO ... .:..~:c.:,·." 
troUeras. :JC" sve~sr:a,' "L"'~.l":S~Vr-k~r, 5k.:lldC, .,-" n-,C<, 

""'e'C;e~ E. .... ~ \.~ ~l(aa<Jc". :! .. sbage ... ,:~m<J't 

Byla av huvudkonlaklolyckena 
R(j'hg~ I(Q~,:3I(tS:',.[I(e I',i: itOr'lalr;:S~v::I(€! v',:: :--.., n·.,_· 
5,;:./ Ir ... :~ ')\":: S:yC'H~ 5.<1 lo1ng: a~~ hvgel" sraD;Jt~~ !,-:' 
mitten j(on!~ollera a:! l(oDpllngsmekl1l1lsrTU'''' ':1' S'C IJ" 
obenlno"a: -
Fast kO~~aK!5t'voC lossa fastSIo.·lJ\len "lPO P'- .l ""1"1 ,~ 
nyd.el. r:; .. : 1(0nlal(lstY'::'kc> rlf'd tasTs!(,·:.. ... ocr s",r . .a·a fd'-' 
nya stye"€" 

Byle 8V hjalpkonlakler 
Pa !(o!')ta.:o'·' 1'''''5 !va t:~dlpl(ontaktblcc" ,;"C: var(1e'a . 
1 0 elle~ 2S .. 20 Deo:;sli slo.al! v: be"ov bvtas ... 1 o Tryck pa klinkan i del Ivarta filiial vid nedmonle"n~ 
(se pili 
Va~le h!aio!(ontaktbloo mea 1 5 ~ 1 0 ka~. ~,t"'cJgas tdl 2~ 
20 ge"'~- hUagg d\' ynelhgarc e:l olocl( 15 - 10 Mr.r: 
blacken s"mmetnSk:~ eftprsorr osymmetnSIl rr::;ntcn'-'g 
forOTsa.ca sto,,"',ngar 

Byle av Ijulbagekammare 
LOl .. Inebb"i.lel pa liillande liiH, 
Tryck in de bada Ilillen mad Ikruvmellel och vrid d, 
90 mol vanller. Nu kan Ijulbagekammaren lal av. 
FallliiHnlng' 5iiH pa Ijulb.gekammaren, Iryck in 
bild8 lIillan •• I'ngl deillilr och vrid 90 mol hager. S. 
aH llillen Iniippar f .. l. 
Nar Iju.b.gek.mmar.n ilr avt.gen ar kontak.orn mel 
nilkl reg lad. I deH_ laga fir man ej magneiller. "PO', 

IIaha!": 

M.nut.nzione 
Toglle~e eve~:uajl oepoSltl d, polvere co~ I'aspiraoolvf:"€ 
Conraftl a:'111ent' 0 ruvld, sono ucualmente eff'Clentl 
rtpassarl, c..c Ir:grassarh SoshtUire I contattl se ta lorc 5,-P~ 
cle e tal"rente Consumata da rendere vlslb,le In parte Ii """ 
nale dl Su~P0'10 11'1 ::aso dl conSu:TIO dlfterente e perme~,j( 
sostl:ulre solo alClJnl J 

Dopa og!": dlsmserZtone In COrlOCIrcultO. contreltare I CO"!; 
prtrClpail P.. all O::'CGfrer·za separarll con ur caCClaVI!e 
505\1tUlS:~-O Ie ca'"l1e re spegnla'co dannegglate 

Soatituzion. d.i cont.tti princip.1i 
Con~atto ..... obtle s.Jllevare. ruotare e sftlare II CO'l:a!:c I'lS~ 
~e Ii CO~18:!O nuO\lO e premete hnche la sta+~a 01 serra~( 
S'tnnes:l a s:atto "e! meno Fare attenztone ehe I: cor1 tat':c 
muO"'! hbe~a"'ente nella dlreZlone dl cl1llJsura del cO":a!~c 
Contat~c· TiSso. sVltare la I/Ite dl hssagglo con u~ caccia ... 
SOS:,tulre cC'"taI:O assleme alia Vile e 'laV'w,:3'£" II ~ .... l 
contatlc 

So.tituzione dei cont.tti .usili.ri 
11 cco;!ap':'e e P:-Ovvlstc dl due blocchel!! dl cor:at!1 awslil, 
Clasc-.;rc :cr; 1 l - 1 ROOD 2 l ... 2 R SOStlt.JI'P!t btoc'le! 
se recessa'lU 
• Par logllera i blocchalli .zionar. la leva sui panna 
n.ro (\I j't.'::C:3\ 

09:--1 bic:("'''etto 1 L - 1 R ouo essere amplla:c :~ L - ~ 
aggiu--:ge~.Jo wI" hlc,::cr-.elto oa , l - 1 R 
i biocc"'I?::, dp.! cor:rlt~1 auSill8 rl devono esse'e asser-t; 
S'tTl!"'\e~',::3--e'"!~e da evltare al"o"".ahe 

Sostitulione della cam.r •• pegniarco 
Dilfa .. il fil"ggio: 
con un cacci.vite pr.m.r. indietro i 2 bulloni e ruotarh 
90 in •• nlO .ini.trorlo. L. cam.ra .pegnt.reo puo , 
•••• re tol1a. 
Fi ••• ggio. riappHe.re I. cam.ra .pegni.rco; r.in.em 
2 bulloni fino .lI'arT.lto e ruet.rli di 90 in •• nIO de'lr 
10. SI facc:i •• "enzlone eh. i bulloni .·inne'tlno. Con 
cam.ra Ipegnlarco toli. il eonta"ore e bloceato mecca 
cament •. In que.1a condizione I. boblna non dev'.ls4 
.ccit.t •. 
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Spulenaultaulch 
.3TF4h 3TF·r :"'= 2We' Bc;eS~'9,.ngs::chra ... bf"'· (1) Ill" ~,~. 
Boae:'1platle (5) Ics~'" Scr'_:ls::~l{el (2: "a:r- OD€'~ ab"e-bf-r 

Spule (3) ~I! A"~:I'.; ... r; (4; ""eraU'snehme" Neue S~ule ""~ 
AnSChluf3 In dte A._sspar ... ~ge" de' Bodenplalte el~I~gen 
Senutzsockel (21 wieder au~setze~ und die BOdenplaMe (5) 
~estscnrauben 
., 3TF4B 3TF5C Doe Bef"s!rguogsschrauben (1) lur das 
BOC1enblecn (4) ic..se'", Schl..tzsc-ck:el (2) nach oben abhebp.11 
Spule (.3) austal..:s:l"ler. Sc+; ... ~zsockel Meder autsetze('l und 
das BOdenblech festschraube n 

E, .. lzteile 

I Haup!schal~gh~oer LlcP,tbogenk.a .... ...,e l 

Soule 

I Hrltsschalterblc:k 15 - 10 I.nl(S 
Hllfsscha!te~bio:1( , 5 - , C 'echts 

•• Angaoen If" oe' lwel!e'" Ze.le fur E",*ellel'-Lf"Igsolocl( 
15·10 

A .... pl.c.m.nl d. I. bob;". 
• 3TF46. 3TF47 cesserrer les aeux vos de hxahon (1) de la 
plaQue de base (5; Souleve" Ie soc~ (2} du conlacteur 
Retire, la bObtne (3} avec ses Domes (4) Disposer la nouvefte, 
boblne avec ses oomes dans I ~¥tdement de la place de 
base Remettre e~ olace Ie sode (2) du contacteur et revtsser 
la plaque de bcs~ {5; 
• 3TF48. 3TF50 cesserrer les vos de fixat.oe (1) ~ la tole ae 
fond (4) SouievP" It! socle (2,' du conracteur. Rem~ace' la 
boblre (3) Re""e!tfe en place Ie socle du ContactltLor et 
revlsser Ie tole de to-no 

Pi.c •• d. ,ech.ng. 

i 
Contac!~ C"!"C,::l3UI( 

Ct--a.mbre oe 5C _ '+Iage 
Sab.ne 
BloC' de ,:o:lta('~s auxiha .. es 1 t-...IO .. 1 ~F de gaucne 

• Blor: oe corta:ts 3uXliiaires , NO - 1 NF Ile dro·te 
•• deu)(leme "gr-e blo: ~ ~O - 1 NF d eJ'tenSlor 

• 

(1) (2) 

~ 0 .;, 

Aeplacement of coil 
• :;F~F ~lr':~ Rcrr.cvt: t~e ~wo fixlrq SCI('W'" (1' fr,)I''''' ~hf­
ba5eola'~ (~) Lift off the con!actor base (2, li'lke O~~ ·!'-e celli 
(3: :oqp!ner wtth the termina: conneclton (4) FI! a "'ew COl! 
wr~" tcrl"lInal In :he cutouts t:-- the bas{l-plat£ Refl! co"tactor 
b~se (2) and firMly bolt or. the baseplate (5) 
• 3TF48 3TF50 Remove the IlXing sc.pws (1) of 1"e base· 
plate (4) LtH of4 the contactor base (2) Replace COIl {3: Reftt 
tl'1e contactOr Dase and screw down th-:- baseplate 

Sp.'e p.rt. 
• Mam cortaelS 
• A'c chule 

I CO'I 
Auxol,ary contae: block w,t~ 1 1\:0 and 1 NC left 
Au-.:tI.ary contact block with' NO a.,d 1 NC, right 

• • Data In the seco"d line tor eICtenSIOr'1 block Witt-: 1 NO 
aco 1 NC 

Recembio d. I. bobin. 
• 3TF46. 3TF47 Soltar los dos tornillos de l.jaciOn (Il para la 
placa de base (5) Levantar elzocalo del COntactor (2) Sacar 
la bobtna (3) can sus term,naleS (4). Colo car en el alolam,ento 
de la piael de base ts nueva bobtna con sus terminates 
Volver a montar el %6calo del contaclor (2) y atornillar la placa 
de base (5) 
• 3TF48. 3TFSO Sollar los tornillos de f'lae,on (1) para la 
chapa de base (4) Levanlar e1 zOcale del contactor (2) 
Camb'ar I. boo,na (3) VoIv"r a colocar elzocalo del conlac· 
10' y alom,lIar la chap8 ~ base 

Pie ••• d. ,._.10 

I 
Cor.:a:::los pnnClpaies • 
Camara de extlnclon 
Boblna 
BloQue de contaclos au ... iliares., NA - , NC ala IZQl.lerda 
Btocue de c-=,ntactos. auxrha'es 1 NA - , NC, a la oerecha 
• '''dlcaclones en la segu"da linea pafa bloQue de- 8t"1"1plia· 
C,On 1 NA • I NC 

-_ .. __ (3) 

__ (4) 

(5) (I) 

• • 
37F4E 3';' -~I:'( ·(lA -:'~y " 4f-. 3T\'/~~~I'" -, -S61 lA ~~YJ~~" '6 

q ..... ~,61 lK -:-~'7S(11 : c 

3T~~7 ,3""'t - .. 7:' CIA "~I .. . - ,~ 

3T'48 3" ·ol8L'·'JA /4' . .to. 'I' ~..:~.;.: :.. 

3TF50 3TY-SJO·OA ~ ·v:-5 " .1\ -BOt.. 

--------.- . -- ----- --' _ ... _-

Spolbyte 
.3Tf4c 371=':7 Losc;a de :Jada :ac.·~lo.r ... "arn;:;,· 'a' bouer 
pia:tan :5~ LV·' OJ· .... kC'l"!t8I( i O'Socke-'" \,21 uDP.:'i: :a ... ~ ~polp" 
(3; mE:d io:.or:tsl<tplat (4) Lag9 If" er ny snol~ 1'T""'('1 \(ol1:ak:o!~' 
urt3ger'l • bOI:~"Dlatla:-: Sat! aler pi! )(ol"ltaklorsockel~ '''I ocr 
sy.ru .... a fast octlenplatta r (5) 
• 3TF48. 3TF50 Lossa fas!s'rcvarr.a (1: lor b~tte"Dlatt.r 
(4) Lylt av kootaktorsOCKelr (2) upoal By1 soole (3, Salt ale· 
pa kon~aJ,;tors'1ckeln ocr Sl(ruva fas! oott~rlpla:ta:" 

A ••• rYdela, 
• H:"IIL..dko,.,ti2Kfstycker-: 
• :"'oJsbagekd~mare 
• 500le 
• Hjalc(ontal(tolock 15 - 10 lIansler 
• H)a!:'I(Ontal(tbloCk 15 - 10 hcger 
•• Ucpgtfte r pa andra raden tor kornpletlPrmgsbloCk lS -

10 

So.lituzione d.n. bobin. 
• 3TF46, 3TF47 staccare Ie 2 v,lo d, f'ssaggio (1) dalla p.astra 
base (5) e sfilare 10 ZOCCOIO del conta"ore (2) verso l'al10 
Togl ... 'e la bab,na (3) 8ssoeme aWallacco (4; R,mellere la 
beblna nueva con attacco neUe incavature deUa plastra base 
R,apph~are 10 zoccola (2) della bobln8 (5) " naw.tare "' 
piastre 
• 3TF48. 3TFSO toohere Ie v,t. d, h5sagg'0 (1) dalla p.aw. 
base (4) Sfiiare 10 loecolo del conlallore (2) verso I"alto 
Soototu"e la bob,na (3) R,appheare 10 zoccola del conlattor. 
e rravvitare Ie PI astra base 

Pezzi di ricambia 

I 
Contat:! principal. 
Cat"l"lera spegnrarco 
Boorna 
Bloc.:nfl'tto contattr auslhan (' L - 2 R), SI!"IllStre. 

I Blocche~tc :o"tatti aJ$luart (l l - 1 R), destrc 
• Awertenze nella 2:: nga per un blccchetto d. a'T'tphame~ 
to (I L - , R) 

-----. - .- (3; 

(2) (4) 



Schaltpliine 
Klemme~belelchnu"g nac'" E".; 50012 
• "."t Hllf5schalt~r 25 ~ 20 
• mit Hlltsschalier 4S ... 40 
• Tast~rOetatlgur.g 
• Dauerkonl.ktgaoe 
• I.8l1e de, Anachlu8ateilen 

: 
Ma8bilder (m",) 
Tvp·GroGe 

') Mlntiestabstand von Isoherter: Bautel~n .3 mm 
von geeroeten Ba~1ellen 10 mm 

" Francais! 
'----

SCM"''' .I_rique, 
Repe'age des borne. confo"". a EN 500t2 
• avec bloc de contacts aU)ull.1re-s 2 NO • 2 NF 
• avec bloc de contacts auxlhslres 4 NO • 4 NF 

: 
commande par ImpulSion 
commande ma"'H~nue 

• Diepo,ition d .. bome, 

• EncO"'br_. nta (mm) 
" T yp •. 'T ~ille 
) Distance mlnlmaNP au" parties mlses iii la terre 

aux parttes Iso'ees 3 mm 
au. partie mise, a la terre 10 mm 

• • 
L 1 

Fl 

-i------· 
-\-~! F2 "~. l t~~F2 

~O·-

,. 
51-- K 

JL 11 

At At 
I( I( 

A2 A2 
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• 
OAi OAlO 
1/11 3/L 2 51L3 
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000 
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9. C>: 
,- 17 1 
3 0 1 
.. 8<' 
o ~J 

Tec"nISC"E' Anderunger" voropr.;i 

SL.:bl~c~ to ct'oa~ge w.~lo.oul p·,o· "~':I~\' 

• 
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Circuit diagram. 
Tetmlf~~1 designation to EN 50012 
• wi!7'. 2 NO and 2 NC contac!s 
• wl!h 4 NO and 4 NC contac!s 
• MO"T1entarv-contact opera!eo 
• MaIntaIned-contact operated 

• Location of tarminala 

I Dimen,ion drawinll' (mm) 
Type/Size 

., Minimum d,stanc lP iSOlated parts . .3 mm 
ea~hed pa~s 10 "1m 

I Espanol-i L _____ ~· 

Eaquem .. de conellione, 
Deslgnaclon do los bornes seg':'n EN 50012 

I 
CO"l centaetos i1uQiares 2 NA .... 2 NC 
can centactos nu •• ieres 4 NA ... 4 NC 
E)(C'lac'c:'n por pulsador (Impulso) 
b.~ltacion por contacto permanp.nte 

• Po.icion de 10. borne, de cone.iOn 

• Croqul, _lado, (mm) 
• Tlpo.lamano 
I) DistanCIS minima aialadas 3 mm a peeles 

pueltas a tierra 10 mm 

• 
I , 

I I I 1J it 31 .J 

~-\-\-~~-1-r~ 
2 4 6 t~ 22 J7 44 

• 

a.' a, h b. 

90 i 13 70 , I. 100 

'0( , '2S 80 130 I 110 

~ 22 'J3 100 150 ' 130 

• 

KopphngSlchemor 
Kontaw;~~e~€':knlnga' e": E~ 500"12 

I me-j h,alplcon:a.:te· 2S - 2c) 
meCl n,alpw:on!alC'ter 4S - 40 
rranovertanger : 

• ko.,trnuerllg lr.o.,!a.~gl\lf"I"g 

• An,lulning'punklam .. placering 

: 
Man,ki, .. r (mm) 
Tyo Storie. 

') M!I's~a 8ystand ffa~ Iso~raoe komponenler 3 mm 
har :ordade komponenter 10 mm 

Schemi circuitali 
Numerazlone ael morsettt sec EN 50012 

i 
cor blocchetto 2 L • 2 R 
con blocchetto 4 L • 2 R 
comando ad Impuisl 
comar'ldo a con~atto permanente 

• Punti di anacco 

: 
Di .. gni d'ingombro (in mm) 
Tipo! Grandezza 

.) DistanZ8 minima da parti Isolate: 3 mm 
da partl collegate a terra. 10 mm 

c},-\~~-~~¥HH-H' ; 
1 ~ 6 I~ 1] 37 44 \4 61 72 s.o 

I-

f---f 
~g-i 
I ' 

m 

... tell-Nr.' GWA 4NEB S26 4592-10 
AG 1098500 E 5 De·En·SvFr·Sp·lt 



SiEMENS 
C.J;'1trOI P~cducts 
Division 

WORLD SERIES 
CONTACiORS 3T8 

CAT NO. 3T844 NEMA Size 1 

DESCRIPTION 
The contactor has thre~ .:ower poles and ue to 4NO & 2NC 
auxiliarl contacts (se~ ':"uxiliary Contact O~:ior.s c~art). 
Terminals for these cor.:acts are marked on the contac· 
ter arc chute. Terminals f:Jr the coil are marked A1 & A2 on 
either side of the conta.:.:::r iust aco'le the coil terminal lugs. 

INSTALLATION 
Mount the contac:c~ en ::. vertical surface. Two sc.ews are 
r-s·~uireo (see Dimer.sior.s\. The contac:cr may also be rail 
mcun:ec (ss-e Rail ~.~c~~~i!"!;). At m2.:(I~U~ tHt of 22.5 
'JS';:"c:5 ~iOr. ~t:~ 1':~~~a.1 ;s :=:r:;:SS!':~= .. ::~c!=c: =':j"~::C' 
::r in a ,cic::sr anc:,:,s\..i:C \'ih=n c:-:=~i!cc.i ,j:" c!ust .. !aoeri 
3.'Ii10S0neres prevail. Dimensicr.s ai.C arrangement ot 
mounting are snown c,-; inside oag:5. 

if the ccntae:,"r is ;"l0! ir~:alled imli:e-:ialely, ~,ore i: in a 
c:ean cry ::!ace ::rctec:ed from succe" c~anges in tem· 
per:llUre. Permissible ambient :emoera,ure is - 25'C to 
~ 55-C. 
Ins::ec: to ensure that no wire cuttings a.e left inside the 

• contac:or o. enc:osura .;:on comcie,icn of installation. 
Tighte:1 all terminal scre'NS firmly inclucing those that are 
not usad. 

MAINTENANCE 
Fg~ioOicaily ins:::ect a:.1 ::ean tr.e ccntac:or. This si':ould 
:e C::Jne fr=cue~t1"f in .:a::::.f se'/sre ~'::i::::in~ cu::, or a 
caci'l corHamlna,so arr:":osone's. M.::~t Imoortantly. the 
c::Jmac:s shoulo be insoec:ea. Note tnat contacts whic:1 
a:;:sar darK. rougn. or bc~h artsr thg ::rst te'.'l weeks of 
c::eration are normal and they should not be filed or 
dressed. The most important item to c::eck is the thiCK· 
ness ot the contact tips (see Fig. 2). 
If the contactor hums. dust may have accumulated on the 
magnet pole faces. These pole faces can be cleaned by 
disassembling the contactor. (See section on Coil Re­
placement.) Clean the pOle faces with a lint free cloth. Do 
not use a degreasing agent, nor scratch with a pointed 
ocject. A contactor that is beginning to hum or rattle after 
a prolonged period of operation should be replaced since 
it has reached the end of its service life. Check main 
contacts after short circuits and separate them with a 
screwdriver. if necessary, and examine for possible need 
of replacement. 

Contact Replacement 
See Fig. 3. To replace the stationary contacts. loosen 
terminal screw (1) but do not remove screw from terminal. 
Remove the contact complete with its screw (2). Firmly 
tighten the replacement contact. Remove movable con· 
tact by rotating it 90· and pulling it straight out. Insert 
contact by gently pUShing it below the soring retainer. 

CP 3052.8 

Effective 
July, 1986 

25·127 ·~OO·205 

HAZARCOUS VOLTAGE 
c;..N C~USE :L!CTRIC~L SHOCK 

':'NO BURNS. 
DISCONNECT POWEll BEFORE PROCEEOINCi 

WITH ANT WORK ON THIS EQUIPMENT. 

i=:;. i 

NEW CONiAC75 

,.-----. ,.------~ ~ 

AE?LACa 

Fig. 2 

Fig. 3 



Coil Replacement 
See Fig. 4. Loosen the two mounting screws (1). Remove 
the top half of the contactor base (2) together with the arc 
:hute. Remove the coil (3) by slightly twisting it. Install 
the new coil by locating the cone shaped bosses on the 
springs and pressing into lower contactor base (4). Coil 
will snap into position. Place coil leads in slots and in­
sert coil terminals (5) into the recesses (6). Be sure the 
wire clamps are oriented properly. Replace the top half 
of the contactor and tighten the two mounting screws . . 

Auxiliary Contact Replacement 
One auxiliary contact block is mounted on each side of 
the contac:or. The block contains 1 NO and 1 NC contact. 
TNO screws hold ths t::!ock in elace. Shculd contact ra· 
;Ilacemer.t ever t:eco~a necassary, ~ete~ to instr:.Jctio:1 
sheet C? 3080 packed with eacn replacement auxiliary 
contact kit. 

DIMENSIONS. 

- -· 'r--- .... 

-'G;~ 
RAIL MOUNTING 

MOUNTING 

AlB : C : 0 IE! FiG I H ! 
INCHES 2.7615.;0 ~ ,&.10 14.13: 3.35 j .31 ; 2.95 11.971 
MM 70 i 145 ! ;0.51105,. as , 8 i 75 I 50 I 

The contactor may be rail m~unted by hanging the hook 
(A) over the top of the rail and pushing In and down on the 
front of the contactor until the bottom catch (8) is caught 

_ under the bottom raised lip of the rail.. ... . . 
To remove the contactor from the rail, use a screwdriver 
to pry the catch (8) In the direction of the arrow. Then lift 
the contactor otf the rail. 

Fig. 4 

Fig. :; 

INSTALLATION 

• 



ELECTRICAL DATA 
I CONTAC'rOR UL IEC MAX. HP·RATING; NORMAL OUTYa> 

CATALOG MAX. RATINGS MAX. RATINGS I NUMBER AMPS AMPS S.·PHASE ! THREE PHASE: MOTOR VOLTAGE 
OPEN ENCLOSED le/AC1 le/AC3 115 230 200 22Om01 380 460/500 575 660 

I 
45 42 - - MAX HP 3 5 10 10 - 25 25 -

3T844 - - 45 32 KW - - - 8.5 15 18.5 - 15 - 27 - - NEMA SIZE t HP 2 3 7'12 7'12 10 10 10 --.. 

COIL DATA~ COIL SUFFIX TABLE$ 

P.·CONSUMPTION OPERATING TIME VOLTS 

INRUSH SEALED CLOSING OPENING 60Hz 24 48 120 240 208 480 600 
VA VA MS MS~ AC L8 H8 A8 C8 BS 08 E8 

76VA 10.5VA 10·4() 5·25 50Hz 24 48 110 220 380 500 -
pf =0.79 pt. =0.3 AC . . A8 C8 08 E8 -

• refer to factory 

AUXILIARY CONTACT (STANDARD) TIGHTENING TORQUES 
CATALC.G NUMBER I 

3T84412 I lNO 

2NO 

INC Connection 

2NC 

Screw 
Size I rC1rque Inch· Lb. 

Mln.·Max 
3T84417 I Line Terminals: 

Load Terminals: 
M5 
M5 

I 21-2 . 26.5 
I 22.1·26.5 

RENE\NAL PARTS and ACC::SSORIES 
rlE?LAC:::i,tENT PAnTS ! C':'i':'LCG NO. 

Main Contact Kit: 
Six (6) Stationary C.Jntacts K:.1Cl 
with terminals 
Three (3) movable contacts 

Auxiliary Contact Kit I NO -+ 1 NC KAX1All 

Arc Chute KAC1 

Surge SUDpressor 3TX6 406~0 

AC COILS 24V 60Hz 3TY4803·1AFS 
48V 60Hz 3TY~803·1AHS 

120V 60Hz 110V 50Hz 3TY 4803·1AA8 

20SV 60Hz 3TY4803·1A88 

2~OV 60Hz 220V 50Hz I 3TY~03·1ACa 
4S0V 60Hz ~80V 50Hz 3TY4803·1A08 

600V 60Hz SOOV 50Hz 3TY 4803· lAE8 

AUXILIARY CONTACT RATING® 

VOLTS CURRENT RATING (Amps) 
CAC) Make Break 

120 60A SA 
240 30A 3A 

480 151. 1..5A 

600 12A 1.2A 

I 
I 

Scntroi Terr.::nals: 
Auxiliarf C~ntac:!: :"v13.5 

WIRING DIAGRAM 

STANDARD OPTION(3) 

(Ll) (L.2) (L3) -........-- ----

1 3 5 13 21 '3i -431 S3 6J 

-.lli \ I \ I \ I I 11'1: I I 

9.--\T\l-Ytrl : 
2 4 5 14 22 Il2 44 I ~9 64 

(7n (T~ (T:n (3) L _ ..J 

7·1c.a 
i·9 

11) Shaded AmP-tatlngs per UL; Nonsftaded ~p-ratings are maJci~o curTe;,ts for Standard MotOrAPp.lcailons"., lee ii8iv-OEo66o; 
le/AC3. All Hp or Kw·~ngs .,. band on a Motor Service Factor of 1.0. 

~ Coil YOltag. tolerance is 0.8!5 to 1.10 tim .. rated YOltage at 60Hz. 
~ Does not Include arcing time of 10 msec. 
, Continuous duty: 10 amp. 

=or 3td and .. th auxiliary contact block only KAX1A10 (1 NO only) may b. used on each sid .. 
l1li For OC operated contactors ref.r to factory. 
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SIEMENS 

Controls Division 

Installation & Maintenance .. ~ .. 
~. 

Description: 

The following transformer kits consist of: 

A. KT8050, 9050 and H050: 
• Control power transformer rated 45V A. with 

integraly mounted secondary fuse clips on 
the top. 

• One time delay, non-rejection type, midget 
secondary fuse rated 250 volt. 

• Mounting hardware and cable ties. 
• Two primary wires (black), two secondary wires 

(red) end one ground wire (green) all crimped 
with the appropriate terminals. 

• One fuse rating label. 
B. All Other Transformer Kits: 

• Control power transformer with integrally 
mounted primary and secondary fuse block. 

• Two, time delay, rejection type, class ce, 
midget primary fuses rated 600V. 

• One time delay, non-rejection type, midget 
secondary fuse rated 250 volt. 

• Mounting hardware and cable ties. 
• Two primary wires (black), two secondary 

wires (red) and one ground wire (green) all 
crimped with the appropriate terminals. 

• Two fuse rating labels. 

The Siemens transformer rating table shows the recom­
mended transformer kits for use with Siemens across­
the-line contactors or starters. However, the transformer 
rating may vary with the type of starters and the options 
to be fed directly from the transformer. Also, the table 
indicates the sizes and rating of the primary and secon­
dary fuses selected according to NEe article 430-72 and 
450-3 (b). 

Installation 

All enclosed combination and enclosed non-combination 
starters are provided with pre-drill mounting holes to 
accept the installation of a control transformer kit, with the 
exception of the NEMA type 1 lift-off enclosed non-

Control Transformer Kit 
Cat. No's KT8XXX, KT9XXX, KTHXXX 

CP3245 
April 1990 

Issue .03 

. 
AWARNING 

HAZARDOUS VOLTAGE 
CAN CAUSE ELECTRICAL SHOCK 

AND BURNS. 
DISCONNECT POWER BEFORE PROCEEDING 

wmt MY WORK ON THIS EQUIPMENT. 

combination starters. Most starters have provisions for 
oversized transformer kits. Select the appropriate kit and 
install as follows: 

• Mount transformer to the plate using enclosed 
#10 or 1/4- self tap screws. 

• Wire transformer and fuse block in accordance 
with the appropriate wiring diagram (usually 
affixed to the inside cover of the enclosure). 
Use the wires with lug terminals to make the 
connections - black wires for the primary side 
of the transformer, red wires for secondary 
side of the transformer, and green wire for 
ground. Loop, tie or trim excess length of 
wires needed. 

NOTICE: For the Dual Primary Voltage Transformers, 
two stacked metal jumpers are provided and 
connected between primary terminals H2 and 
H3 which is the appropriate connection for a 
460 volt primary application. For 230 volt 
primary application, REMOVE the two jump­
ers between H2 and H3. Reconnect one 
jumper between H1 and H3, and the other 
jumper between H2 and H4. 

• Check that all connections are properly wired 
according to the wiring diagram and screws 
are well tightened to provide secure connec­
tions. Special care need to be taken so that 
ground connector has made continuity to metal 
surface of the plate. 

• Affix fuse rating labels to the panel in a place 
close to the transformer to identify fuses, if 
needed. 

May 1990 



Siemens Transformer Kits Rating 

Primary Secondary VA Standard for Transformer Secondary Primary 
Voltage Voltage Rating Contactor NEMA Kit Cat. Fuse Amp. Fuse Amp. 

Style Size No. J ~ 

230/460 115 45 3TB40-3TF47 0-2 KT8050 0.6 N/A 3 
230/460 115 50 3TB40-3TF47 0-2 KT8050P 0.6 

'.' 

0.25 
230/460 115 100 3TF48 3 KT81 00 1.12 0.5 
230/460 115 150 3TF50 - KT8150 1.8 0.8 
230/460 115 200 3TF52 4 KT8200 2.25 1.0 
230/460 115 300 3TF54 - KT8300 3.5 1.5 
230/460 115 500 3TF56 5 KT8500 5.6 3.0 

575 115 45 3TB40-3TF47 0-2 KT9050 0.6 N/A 3 . 
575 115 50 3TB40-3TF47 0-2 KT9050P 0.6 0.25 
575 115 100 3TF48 3 KT91 00 1.12 0.25 
575 115 150 3TF50 - KT9150 1.8 0.5 
575 115 200 3TF52 4 KT9200 2.25 0.5 
575 115 300 3TF54 - KT9300 3.5 0.8 
575 115 500 3TF56 5 KT9500 5.6 1.0 

. 
208 115 45 3TB40-3TF47 0-2 KTH050 0.6 N/A~/:' 
208 115 50 3TB40-3TF47 0-2 KTH050P 0.6 0.5 
208 115 100 3TF4B 3 KTH100 1.12 0.8 
208 115 150 3TF50 - KTH150 1.8 1.0 
208 115 200 3TF52 4 KTH200 2.25 1.5 
208 115 300 3TF54 - KTH300 3.5 2.0 
208 115 500. 3TF56 5 KTH500 5.6 3.0 

~.D Time delay, non-rejection type, midget fuse rated 250V . 
. 2; Time delay, rejection type, Class CC, midget fuse rated 600V. 
'3"., According to N.E.C. - 430 - 72,450 - 3 (b) and UL 508, section 32, primary fuses are not required for control transformer rated 
.~ 

less than 50 VA and are inherently protected. 

CONTROL SOURCE 
NOTE: Q) CONTROL FUSING ACCORDING TO NEe 430-72 AND 450-3. 

L2 L1/1 L2 L1/1 L2 
DUAL PRIMARY A DUAL PRIMARY A SINGLE PRIMARY 

115V 

Siemens Energy & Automation, Inc. 

3333 State Bridge Road 
Alpharetta. Georgia 30201 
(4(J4) 751·2000 

---v 

X2 X2 X2 

X2 
115V 

X2 ---v X2 

Typical Transformer Wiring Diagram 

These Instrucllons do nol purpon 10 COVe( aH details or vanabOns In eqUipment. nor 10 ptOVlde 
lor every POSSOble conllngency 10 be mel In connectIOn W1Ih InSlallaloon. ooeraloon. or malnle· 
nance. Should lurther InlOlmanon be deSlfed. or should partICular ansa which are nol covered 
suHICMlnliy lor the purchasers purposes. \I1e ~ s~ould be relerred 10 Ihe lOcal SI8(nens 
Energy & AutomaliOn. Inc. Sales 0II0at. 

The conlentS 01 Ihis Ins\rucI1on sheet shall nol become oert 01 or mOdify any prior or e XlSUng 
agreement. commitment or relatIOnshIP. The sakiS contract COntains Ihe enure obligatIOn of 
Stemens Energy & Automation. Inc Tne warranty conla~ned In rhe contract between the parnes 
IS ttle sole warranty of Sl8tT1ens Energy & AUlomanon. 1f'\C ~ny S1atements cortalned t1ere.n do 
nol create new warrannes or modify the e1l1511:"19 warr anly 



SIEMENS 
Siemens Energy & Automation, Inc. 
Wilmington, N.C. 28403 U.S.A . 
Assermled in Mexico 

Installation Procedure 

ADANGER 
Hazardoul voltage. 
WID cau .. aevwe 
i'*"Y or de ..... 

Tlom off and lock 
out ... poww before 
installing or 
I~. 

A SAFETY INSTRUCTIONS 

NOTE: This instruction outlines the 
AICOmmended iMtallation procedure. 

1. Tum off and lockout all power before installing or 
servicing. 

2. These devices are approved for use with external handle 
opendDrs. Ref. to Siemens basic catalog numbers 
FDH10, FHOHS, RHOH and aslOCi8led 
operating mechanism. 

3. Locate switch as required by handle operating mecha­
nism. DriH and tap the switch mounting holes (4 holes) 
as shown in Fig. 1. 

4. Loosen ICnIWS and remove the Rne shield (Item 1) to 
access the switch top mounting holes. Note that the 
switch should be in open position to access lower 
mounting screws. Position the unit over the mounting 
holes. Use 10-32 x 112 screws with Ioc:kwashers to 
mount the switch. Torque all mounting screws to 25-28 
in. bs. 

5. Reinstall the line shield (Item 1) and tighten using the 
screws provided. 

6. Non-Fused: 
When non-fused applicalion is desired, use TMK606 
coMecfDr kit. See Pg. 3, Fig. 3, and Pc. No.600010-A 
instruction sheet. 

7. Fused: 
For fuse instaUation refer to Pg. 2-

8. For overfusing installation refer to OFCK661 instrudion 
sheet. Pc. No. 116804.-A.. 

Type MeS 3D/GOA 
Disconnect Switches 

Page 1 of 3 
Piece No. 116422-A Rev. 5 

DISCONNECT SWITCH CAT. NO. 

Catalog ~ Volts Horse power 
No. Max. 

MCS603R 30 600 20 
MCS603L 30 600 20 
MCS606R 60 600 50 
MCS606L 60 600 50 

Table 1 
Itbave cataJog numbers also rated for 250V DC. 

Fig. 1 

.s. lIlA. 
,~. IIF-II 
1m ta...D 



Siemens Energy & Automation, Inc. 
Wilmington, NC 28412 USA. . 
Assenmled in Mexico 
Page 2 of 3 
Piece No. 116422-A Rev. 5 

, Installation Instructions 

9. Using Table 2, locate the proper fuse block 
Cal No. for the type of fuses you are using. 
Read across until you locate the dimension 
necessary to position the fuse block at the 
proper distance from the switch. 

10. Using 5132- or no. 21 drill, drill two holes 
and tap .10-32 for mounting saews pro­
vided with fuse block kit. Align the fuse 
block parallel to the bottom of the discon­
nect switch before tightening saews to 2S-
28 in.lbs. 

11. Using Figure 4, Install the fuse clips pro­
Vided, on the disconnect device with '10-32 
x S/16 long panhead machine screws and 

torque screws to 25-28 in./bs. 

12. For Cat. No. FCK203 & FCRK203 use Fig. 
S, install fuse clip & strap on disconnect 

Catalog 
No. 

FCK203 
FCRK203 
FCK206 
FCRK206 
FCRK206 
FCJK603 
FCK206 
FCRK606 
FCJK606 
FCK606 

Table 2 

device. I. 

13. For Cat. No. FCJK603 & FCRK606 refer 
to Fig. S & 6. Note Fig. 6 must be install­
ed in center pole. 

14. Install the proper class fuses before 
turning power on. 

• • 

Fig. 2 

FUSE BLOCK KITS 

Fuse 
~ ~ Volts 

H 0-30 240 
R 0-30 240 
H 31-60 240 
R 31-60 240 
R 0-30 600 
J 0-30 600 
H 0-30 600 
R 31-60 600 
J 31-60 600 
H 31-60 600 

A DANGER 
HuM:Iaua-.. WII __ 

...,Ot-.n. 

Tim 011 lind IDcII 
OIl! II po.- lIeIore 
r.&eingOt 
MrVIcing. 

Dimension 
-A-

3.62 
3.62 
3.38 
3.38 
5.50 
3.88 
5.50 
5.88 
3.88 
5.88 



Siemens Energy & Automation, Inc. 
Wilmington, NC 28412 USA 
Assermled in Mexico 
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Installation Instructions 

Torque to 
25-28 in. 
Ibs. 

Fig. 3 

Fig. 5 

• 

Torque to 
25-28 in. 
Ibs. 

Fig. 4 

Torque to 
25-28 in. 
Ibs. 

Fig. 6 

I , 
~ 

A DANGER 

HGardaua .... WII __ 

~orCIMII. 

Tum all end IDcII CIUI .. 
.......... iIIUIaIg 
orNMl:*l;. 

Torque to 
25-28 in. 
Ibs. 



SIEMENS 

Control Products 

Installation Instructions 

AWARNING 
HAZARDOUS VOLTAGE 

WILL CAUSE ELECTRICAL SHOCK 
AND BURNS. 

DISCONNECT POWER BEFORE PROCEEDING 
WITH ANY WORK ON THIS EQUIPMENT 

SIIM,.S 

HOlES. WITH HOlE PLUG. FOR PJO DEVICES. 
NOTE STOP BUTTONS MUST ALWAYS BE ON 
BOTTOM. 

B • WIRE TIE SUPPORT LOCATION. 
FIG. 1 

General Instructions 

1. Remove hole plugs or knockouts from desired number 
of pilot device mounting holes. If the mounting hole is 
not provided for flange mounted type. see Fig. 2. next 
page for instructions. 

2. Remove the locking ring. Slip the operator into the 
mounting hole from inside of the enclosure; position 
legend plate and secure locking ring on outside of en 
closure. It is easier to connect the wires to the 
terminals of the pilot device before the device is 
secured to a flange type mounting. 

3. For a typical circuit. refer to the wiring diagram on the 
inside of the enclosure door or refer to the component 
circuit shown at right. 

4. Use SOOV No.1 4 AWG for control wiring. Measure wire 
from pilot device(s)to starter or contactor. leaving 

3S806 Pilot Device 
Installation 
Door or Flange Mounted 

CP 3300.01 
February. 1988 

enough slack for door swing when door mounting is 
used. Then cut to length. 

5. Attach all wires to the control device terminals on the 
door. Also for door mounting. the wires from the pilot 
device terminals are put through the plastic sleeving 
provided in the kit in order to provide protection for 
the hinge section. Mount one pressure sensitive adhe 
sive back wire tie support as shown by Fig. 1. Item A. 

S. Make the proper connections to the starters or 
contactors. Then tighten all connections. Finally. apply 
wire ties and second wire support as needed. 

\ 

A CAUTION 
HAZARDOUS VOLTAGE 

CAN CAUSE ELECTRICAL SHOCK 
AND BURNS. 

DISCONNECT POWER BEFORE PROCEEDING 
WITH ANY WORK ON THIS EQUIPMENT. 

Typical Wiring of FVNR Devices 
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Separate Control 
START 
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0-0 .:--0 

803 

.So' CUSTOMER'S 

Ilz \ ~SO~RCi I 
1 STOP 2 
~ 

TI 

<1 
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Tl n 
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CONTACT 
BLOCKS 

Flange Mounting 

Xl 

12 804 

• R = RESISTOR 
T = TRANSFORMER 
See back page lor lull 
catalog number. 

FLANGE MOUNTING 

SEE BACK PAGE fOR 
01 MENSION LAYOUT 
TEMPLATE, 

FIG. 2 

ENCL, 

RUBBER WASHER 

LEGEND PLATE 

OCTAGONAL 
MOUNTING 

RING 

I---DEVICE 

FIG. 3 

AWARNING 
HAZARDOUS VOLTAGE 

WILL CAUSE ELEcrRICAL SHOCK 
AND BURNS. 

DISCONNECf ~EII I£FOIIE 'IIOCEEDING 
WITH ANY WOIIK ON THIS EOU.,IIENT 

,. Prepare hole(s) for 35803 pilot device(s) in the 
desired location in the enclosure flange, using the 
dimensional layout shown. 
NOTE: For NEMA 1-11 knockouts are provided, 
remove only the number required for pilot device 
Installation. 

2. Connect all wires to the pilot device(s) before securing 
the unit(s) into the flange. (See typical circuit.) 

3. Remove retaining ring and nameplate from units(s). 

4. Determine required rubber washers depending upon 
enclosure thickness. 

5. Place pilot device through the prepared hole(s); add 
the nameplate and then secure unit in position using 
the retaining ring. 

6. Tighten all connections. Then apply wire ties to secure 
the wire bundles, as needed. 

Reverse Starters Showing Control Supply 

Line Voltage Control 

Control Power Transformer 

T' T2 n 



Separate Control 

X2 

II 12 13 

+ ~-C-US-T-OM-f~{i-S-OU-R-CF--~\ 

NEMA 1 HINGED ENCLOSURE 

SIIMINS 

fRONT COVER 

A HOLES. WITH HOLE PLUGS. FOR P30 DEVICES 
NOTE. STOP BUTTON MUST ALWAYS B[ ON RIGHT. 

B WIRE TIE SUP pan r LOCA TlONS 

FIG. 4 

Door Mounting 

1. Remove the knockouts from the desired number of 
pilot device mounting holes (located on enclosure 
door). If knock-outs are not provided, punch holes as 
required. 

2. Remove the locking ring. Slip operator into the 
mounting hole from the inside of enclosure. [See Fig. 
4 and pay particular attention to the stop button re 
quirement (Item A).) Add appropriate legend plate and 
secure each device in place with the retaining ring. 

3. Use 600V, No. 14 AWG wire for control wiring. 
Measure wire from pilot device(s) to inside wall of 
enclosure, to starter or contactor, leaving enough 
slack in wire for door swing. Then cut to length. 

4. Attach all wires to control terminals on door. Put all 
wires from the control terminals on door through 
plastic sleeving provided in the kit. Mount pressure 

sensitive adhesive wire suppor1 on the left Inside wall 

of enclosure IFig.4, Item S.) Make proper connections 
to the starter or contactor. 

5. Tighten all connections. Apply wire-ties to secure wire 
bundles, as needed. 

A CAUTION 
HAZARDOUS VOLTAGE 

CAN CAUSE ELECTRICAL SHOCK 
AND BURNS. 

DISCONNECT POWER BEFORE PROCEEDING 
WITH ANV WORK ON THIS EQUIPMENT. 

Typical Wiring of Reverse Starters 
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581 USING SELECTOR SWITCH. 

• R = RESISTOR 
T = TRANSFORMER 
See back page for full 
calalog number. 
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OFF 
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LG * T • TRANSFORMER 

See back paq" for fun 
cal>lk>g numbp.r 
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REQUIRED ON EACH CONTACTOR 
WHEN ELECTRICAL INTERLOCK 

AND TWO (2) PILOT LIGHTS J 
ARE USED. THIS MAY 
REQUIRE THE ADDITION OF 
CONTROL RELAYS. 
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APPLICABLE ON 48' 
ENCLOSURES 
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Siemens Energy & Automation, Inc. 

Controls Division 
3333 State Bridge Road 
Alpharetta. GA 30201 
(404) 751 - 2000 

Pushbutton Kits 

CONTENTS· LEGEND CATALOG NO. 

1 Each Black P~shbUr1on 1 Eaen . "Start" . PJeNPS03 
3S803·PFH 

P30KBS1 1 Each Red PusnOullon 1 Each - "Stop" - P30NPS04 
35803 PER 

2 Each Black Pushbunon 1 Ead1 - "ForrwarO" - P30NP507 
3SB03-PFB 1 Ead1 . "orr -P30NPS02 

P30KB81 
1 Each Red Pus~bu!1on 1 Ead1 - "Reverse·' . P30NPS08 

3S803-PER 

2 Each Black Pusnbutton 1 Each - "Slow" - P30NPS1 1 
3SB03-PFB 1 Ead1 - "Stop" - P30NPS041 

P30KB82 
1 Each Red Pushbutton 1 Each - "Fast'" - P30NPS09 

3S803-PER 

• Eacn kit contains the approp'lare number of contact blocks for apphcahon shown. 

Selector Switch Kits 

CONTENTS· LEGEND CATALOG NO. 

1 Each-3- Pas. Maintained Sel. "Hands-OlLAuto" 
SW-BLACK 3SB03-S3MKB P30NPS80 P30KS80 

1 Each-2- Pos. Maintained Sel. "Stop-Start" 
P30KSSl 

SW-BLACK 3S803-S2MKB PJONPS51 

1 Each-3- Pos. Maintained Sel. "Rev-Olf-Fwd'" 
P30KS81 SW-BLACK 3SB03-S3MKB PJONPS81 

1 Each-3- Pos. Maintained Set. "SIow-Stop-Fast'" 
P30KSB2 

SW-BLACK 3SB03-S3MKB P30NPS82 

1 Each-2- Pos. Maintained Sel. "Rev.-Fwd," 
PJOKSS3 

SW-BLACK 3S803-S2MKB PJONPS53 

" E""h kit contain, the "PPI'opriaIe number 01 contact blocks for application sha-. 

Pilot Light Kits 

CONTENTS VOLTAGE LEGEND 
LENS 

CATALOG NO. COlOR 

1 Ead1-Reslstor Type 11SVAC Red "Run" 
PJOKLRR1 

Pilo! lIghI3SB03-LRl PJONPS06 

1 Eac:n-XFMR Type 
11SVAC Green 

·orr 
PJOKLGRl PliO! LlghI3SB03-LR 1 PJONPS02 

1 EacI1-XFMR Type 115VAC Red "Run" 
Pilot Lighl3SB03-L T1 PJONPS06 PJOKLRTl 

1 Each-XFMR Type 11SVAC Green "orr 
PJOKLGTl 

Pilot light 3SB03-L T1 PJONPS02 

1 Ead1-XFMR Type noVAC Red "Run" 
PJOKlRT2 

PiiOllighl3SB03-LR2 PJONPS06 

1 Ead1-XFMR Type noVAC Green ·orr 
PJOKlGT2 

Pilot Ught 3SB03-LR2 PJONPS02 

1 Ead1-XFMR Type 460VAC Red 
"Run" 

PJOKlRT4 
Ptlot light 3SB03-LR4 PJONPS06 

1 EacI1-XFMR Type 460VAC Green 
"orr 

PJOKlGT4 
Pilot llghl3SB03·LR4 PJON PSO 2 

Thes. instructions do not purport to cover all deeaitl or variattans In eqUipment. nor to 
prOVIde tor every pOSSible contingency to be",.. in connection WItI'! installation, operation, 
or maln'enance. Shoukl further informahon be desired, or should particular problems ar IS. 
which are not CO\/ered lunicienlly lor the purch_', purposes. the mailer should be 
rwt .. ·red to the local Si_n, Energy & ... uto ..... ian. Inc. Sales OffICe. 

The oonlenls althil instruction sheet shall not become part of or modlly any pIlOr or 
•• ilting agreement commitment or relatIOnship. The sales contract OJntCll"S the .",.,e 
obligatoon 01 Siemens E""'gy & "'utomollion. Inc .. The warranty contained In the contract 
~ the parties is the sole warranty of Siemens Energy & "'utomatlon. Inc . ... ny 
ItatemenlS contamed 1'1 .... 10 do nol creale new Wattanltes or modify the ._.stlng wa,'J.uty. 



SIEMENS 

Controls Division 

Installation & Maintenance 

Description 
The three phase thermal overload relay IS a fast acting NEMA 
Class 10 directly heated ambient compensated adjustable 
bimetallic device. 

In addition to motor overload protection. a unique internal 
mechanism provides voltage unbalance and single phase pro­
tectlon. See Fig. 2. Curve 1 IS the normal three phase Time Cur­
rent Characteristic. 

When anyone of the three phases is opened. the relay senses 
thiS and ItS curve shifts to the left (Curve 2). thus making it more 
senSitive to the higher single phase current. If the relay trips. it 
could be due to either a normal three phase overload or single 
phase condition. 

Integral heaters with adjustable overload set at full load motor 
current value. assures consistent motor protection, The relay 
has one normally closed contact and one normally open con­
tact. The normally closed contact is used in the control circUit. 
The normally open contact can be used for an alarm If desired. 
The relay can be set lor either manual. as shipped. or for auto­
matic reset. Labels and terminal markings are on the relay lor 
wiring and changing the method of reset. Labels also indicate 
trip range. contact rating. and maximum back-up fuse size. 

AddiliOnal features Include a trip indicator and a test button . 
which can be used as a stop button or to test the NC contact. 

Installation 
These relays are lor direct mounting on the following contactors 
or reversing contactors: 3T846147/48. CXL20/30. CRL20/30. 
CRL0846/47/48. CSL0846/47/48. For separate installation. 
use mounting bracket 3UX 1 421. 

The relay can be mounted in any position, Where chemical or 
dust-laden atmospheres prevail. protect the relay in a sUitable 
enclosure. If the relay is not Installed immediately. store It In a 
clean dry place. DimenSions and arrangement of mounting are 
shown on the reverse side. 

Place the three load leads of the relay in the load terminals T1 . 
T2. and T3 of the contactor. being sure the stud at the bottom 01 
the relay is secure in the slot at the base of the contactor. 

Connect the control cirCUit leads in the lollowlng manner: For 
overload protection. wire the control through the normally 
closed contacts marked 95 and 96, Terminals marked 97 and 
98 are normally open contacts which can be used to initiate a 
command or turn on an alarm light. 

Inspect to ensure that no wire cuttings are left inside the enclo­
sure. Tighten all terminal screws firmly. 

NOTE: Do not use automatic reset with two wire control. 

Type3UAS8 
I,;l. )4-

Thermal Overload Relays 
16-25 to 63-80 Amperes 

CP31S6 

Issue No. 01 Effective Date: January 1987 

AWARNING 
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Adjustment 

Marktng on the dial denotes Full load Amps. 

Tripping current is 125% of dial setting 

Motors with a marked Service Factor not less than 1.15 or 
motors with a marked temperature rise not over 40° C: 

Set dial to full load current marked on motor nameplate. 

All other motors noted for continuous duty Including motors with 
a marked Service Factor of 1.0: 

Multiply Motor Full load current by 0.92 and set Overtoad 
Relay dial to that value. This will provide protection of 115% of 
Motor Full Load Current 

DImensIons 
C 

E 
B 

Current Maximum" 
Max. Rating Fonner Circuit Brealier 

Cat. No. Rating Range FuM Size Thermal Catalog 
(amps) (amps)(K5) Magnetic Number 

(am~) 

Low High 

3UA5800-2C 16 25 60 50 OLR2500CS3 

3UA5800-2D 20 32 70 50 OLR3200cS3 

3UA58oo-2E 25 40 80 70 OLR4000CS3 

3UA5800-2F 32 50 100 80 OLR5000CS3 

3UA5800-2T 40 57 100 100 OLR57OQCS3 

3UA58oo·2P 50 63 110 100 OLR6300cS3 

3UA5800-2V 57 70 125 100 OLR7000CS3 

3UA5800-2U 63 80 150 125 OLR8000cS3 

• Where trle fuse size does nOI exceed 225% 01 Ihe rated motorlullioad current. 
a lime delay luse may not be used (see NEC 430-52). 

Siemens Energy & Automation, Inc. 
Controls DiVision 
Box 29265 
New Orleans, LA 70189 

In case of overload relay tripping dUring motor starling or at 
maximum running conditions, Ine Overload Relay seltlng can 
be increased to the maximum value ;n accordance With NEC 
430-34 

1 12 times motor full load current for motors With a marked 
Service Faclor nol/ess than 1 15 
10B limes motor full load current for motors with a marked 
Service Factor of 1 .0 or temperature rise over 40° C. 

NEMASIze2 
A B C 0 E F G H J 

INCHES 3.54 6.93 4.B4 4.BO 4.53 0.94 3.94 2.76 0.19 
Mil 90 176 123 122 115 24 100 70 4.8 

NEMASIze3 
A B C 0 E F G H J 

INCHES 3.94 7.56 5.51 5.04 5.12 0.87 4.33 3.15 0.23 
Mil 100 192 140 128 130 22 100 80 5.8 

NOTE: R.sel Tr..... = 2.18 mm 

TechnIcal Data 

Rated Voltag. Volta AC 600 
Permissible Ambient °c - 25 to +55 
Temperature OF - 13 to + 133 
Selting Range 

from Amps 16 to 25 
to Amps 63 to 80 

Heating of Bimetal 
Elements Direct 
Permissible Frequency 
Range Hz Up to 400 
Power Consumption-
per Current Phase Max. 

at lower setting Walts 1.6 
at upper setting Watts 4 

Wire Size Range 
for Power Consumption 10·1 AWG 
Auxiliary Contacts 1 NO & 1 NC 

Isolated 
Contact 
above 150V 
same polarit.L 

Control Circuit 
Protection 

Type KTK or equivalent Amps 6 
Continuous Current Amps 5 
Contact Rating-
NEMA B600 

make break 
Volts AC (Amps) VA (Amps) VA 
120 30 3600 3 360 
240 15 3600 1.5 360 
480 7.5 3600 0.75 360 
600 6 3600 0.6 360 

Thew ,nstructIOnS do no! purpot1 to cover all delalls 01 vanailOnS In eQU1pmeni. ""r 10 prOvl1le 
for lIYery poSSible conhngenc:y 10 De mel III connectIOn """,nstallatIOn operallOn. or malnt .. 
nance. Stlould lurther InlormatlOn be desIr8d, 01 snould partICular problems allse wnICn are nol 
covered suffICiently lor the purchase,.s purposes. !he man", snould be ra/erred 10 rne local 
S-s Energy & Automabon, Inc. Sales Office. 
The conlents 01 thiS tnstruchOn s~ shall not become pan 01 or modify any pnor or eXlsllng 
agreement cummnment 01 reiallOl1shlp The sales contracl contal~s Ihe enure obllgallOn 01 
Stamens Energy & Aulomallon. Inc The warranty contamed In tna Conlract befWee'l tnepanlllS 
IS tna sole warraNy 01 Siemens Energy & AutomatlOl1.lnc .. Ally stat.ments cOl'talned neretn dO 
not creale new oNarrantles or modify lheextSlInQ warranty. 



SIEMENS 

Controls Division 

Installation & Maintenance 

Description 
The three phase thermal overload relay is a fast acting NEMA 
Class 10 directly heated ambient compensated adjustable 
bimetallic device. 

In addition to motor overload protection, a unique Internal 
mechanism prOVides voltage unbalance and single phase pro­
tection. See Fig. 2. Curve 1 IS the normal three phase Time Cur­
rent CharacteristiC. 

When anyone of the three phases IS opened, the relay senses 
thiS and its curve shifts to the left (Curve 2), thus making It more 
senSitive to the higher single phase current. If the relay trips, it 
could be due to either a normal three phase overload or single 
phase conditton. 

Integral heaters with adjustable overload set at full load motor 
current value, assures consistent motor protection. The relay 
has one normally closed contact and one normally open con­
tact. The normally closed contact IS used in the control circuit. 
The normally open contact can be used for an alarm if desired. 
The relay can be set for either manual. as shipped, or for auto­
matic reset Labels and terminal markings are on the relay for 
wiring and changing the method of reset. Labels also indicate 
triP range. contact rating. and maximum back-up fuse size. 

Additional features Include a trip ,ndicator and a test button 
which can be used as a stop button or to test the NC contact. 

Installation 
These relays are for direct mounting on the following contactors 
or reversing contactors: 3TB44, CXLO. CXL 1. CRLO. CRL 1, 
C21JC. C21JR, CRLOB44. CSLOB44. For separate installa­
tion. use mounting bracket 3UX1 420. 

The relay can be mounted in any position. Where chemical or 
dust-laden atrnospheres prevail. protect the relay In a SUitable 
enclosure. If the relay is not installed immediately, store it In a 
clean dry place. Dimensions and arrangement of mounting are 
shown on the reverse side. 

The top of the relay is provided with a terminal A2 to which a wire 
lead IS attached. Connect thiS lead to the contactor coil terminal 
A2. 
Place the three load leads of the relay in the load terminals T1. 
T2, and T3 of the contactar, being sure the stud at the bottom of 
the relay is secure in the slot at the base of the contactar. 

Connect the control CirCUit leads in the following manner: For 
overload protection, wire the control through the normally 
closed contacts marked 95 and 96. Terminals marked 97 and 
98 are normally open contacts which can be used to initiate a 
command or turn on an alarm light. 

Inspect to ensure that no wire cuttings are left inSide the enclo­
sure Tighten all terminal screws firmly. 

NOTE: Do not use automatic reset with two wire control. 

Type3UA54 
Thermal Overload Relays 
10-16 to 25-36 Amperes A-rf3 
CP3155 

Issue No. 01 Effective Date January 1987 
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Adjustment 
Marking on the dial denotes Full Load Amps. 

Tnpplng current IS 125%01 dial seltlng. 

Motors with a marked Service Factor not less than 1.15 or 
motors with a marked temperature rise not over 40° C: 

Set dial to full load current marked on motor nameplate. 

All other motors noted for continuous duty including motors With 
a marked Service Factorot 1.0: 

Multiply Motor Full Load current by 0.92 and set Overload 
Relay dial to that value. Thiswill provide protecltOn 01115% of 
Motor Full Load Current. 

Dimensions 
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Electrical Data 

Current Maximum' 
Catalog Rating Range Fuse Size 
Number (amps) (amps)(KS) 

Low High 

3UA5400-1G 4 6.3 15 

3UA5400-1J 6.3 10 25 

3UA5400-2A 10 16 40 

3UA5400-2B 12.5 20 50 

3UA5400-2C 16 25 60 

3UA5400-2D 20 32 80 

3UA5400-20 25 36 90 

Siemens Energy & Automation, Inc. 
Controls Division 
Box 29265 
New Orleans, LA 70189 

Maximum 
Rating 
Circuli Fonner 

Breaker Catalog 
Thermal Number 
MagnetIC 
(amps) 

15 OLR0630CS2 

20 OLR1000CS2 

30 OLR1600CS2 

40 OLR2000CS2 

50 OLR2500CS2 

50 OLR3200CS2 
70 OLR3600CS2 

In case of overload relay tripping during motor starting or at 
maximum running conditions. the Overload Relay setting can 
be Increased to the maximum value In accordance With NEC 
430-34: 

1.12 times motor full load current for motors with a marked 
Service Factor not less than 1.15 
1.08 times motor full load current for motors With a marked 
Service Factor of 1 .0 or temperature nse over 40° C. 

INCHES 

MM 

A 

2.76 

70 

B 

5.70 

145 

C 0 E 

4.10 4.13 3.35 

104 105 85 

NOTE: Reset Tr_ = 2.18 mm 

Technical Data 

Rated Voltage Volts AC 

Permissible Ambient °C 
Temperature OF 

Setting Range 
from Amps 

to Amps 

Heating of Bimetal 
Elements 

Permissible Frequency 
Range Hz 

Power Consumption· 
per Current Phase Max. 

at lower setting Watts 
at upper setting Watts 

Wire Size Range 
for Power Connection 

Auxiliary Contacts 

Control Circuit 
Protection 

Type KTK or equivalent Amps 

Continuous Current Amps 

Contact Rating-
NEMA B600 

make 
Volts AC (Amps) 
120 30 
240 15 
480 7.5 
600 6 

F G H 

.31 2.95 1.97 

8 75 50 

600 

- 25 to + 55 
- 13 to + 133 

1010 16 
251036 

Direct 

Up to 400 

0.8 
2.0 

14-10 AWG 

1 NO & 1 NC 
Isolated 
Contact 

above 150V 
same polarity 

6 

5 

break 
VA (Amps) VA 

3600 3 360 
3600 1.5 360 
3600 0.75 360 
3600 0.6 360 

These Instructoons do not purport to COlIer aU detaots or va~aloons In equIpment nor to prOVIde 
to. every poSSIble conhngency to be melon connectIOn Wlt~ InstallatIOn operatl()n. or mainte­
nance Snoold further Informarlon be deSlfed. or snouAd panlCular problems anse wrllch are not 
covered suHocoenrty for :f'Ie purc~aser·s purposes. the maner snouid be referred to the toeat 
SIeMens E~ergy & Autornallon. fnc Sales Othce 
Tne contents 01 th.s InstructIOn Sl1Mt shall not become pan 01 or modify any pnor or eXls!lng 
agreement. commdment or retatlOnsl'op The sates contract contaIns the entor8 oblogaloon at 
Siemens Energy & AuTo~attQn, Inc The 'Narranty cont .. ned In the contract berween me pa,,~s 
IS the sOle warranty of Siemens Energy & AutomarlOf'l, Inc .. Any stalements contamOO herein do 
rol crealenew warrant.esOJ maCh,.., the.XlStlng warranty 
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Most popular fuse for motor branch circuits. Also 
suitable for general purpose protection of 

transformers, service entrance equipment, feeder 
circuits and branch circuits. The time delay 

characteristiC of the Tri-onic fuse allows it to ignore 
normal surge conditions without compromising 

overcurrent protection. 

ThiS is a rejection fuse. Replacement of this fuse 
with a fuse of a lower voltage or lower interrupting 

rating is not possible provided this fuse is 
used with rejection fuse blocks such as those 

listed on page 17. 

The fiberglass body and plated contacts provide 
superior reliability in adverse industrial 

environments. 

-.-~ +p,i¥1:tm:iI'A 

Tri-onic~-Class RK5 
Time Delay Fuses 

lR/lRS 

FEATURES UL Class RK5 
Time Delay 

Current Limiting 
200KA loR. 

250 and 600 Volts AC 
'/,. to 600 Amperes 

UL Listed 
CSA Certified 

MSHA Certified 
DC Ratings 

• Fiberglass body 
for dimensional 
stability 

• Plated contact surfaces 
for contact 
reliability 

• Imprint labeling 
for permanent 
identification 

Standard Fuse Ampere Ratings, Catalog Numbers 

AMPERE CATALOG NUMBER AMPERE CATALOG NUMBER AMPERE CATALOG NUMBER 
RATING 250V IOOV RATING 250V IOOV RATING 250V IOOV 

';'0 TR';'oR TRS'I'oR 2'/. TR2'I,R TRS2'i,R 10 TR10R TRS10R 

,~'oo TR'~'ooR TRS'!\"ooR 2'/2 TR2'I2R TRS2'I2R 12 TR12R TRS12R 

~'o TR'-,.R TRS~,.R 2"". TR2"-,.R TRS2"-',.R 15 TR15R TRS15R 

:y,. TR~,.R TRS3;'oR 3 TR3R TRS3R 17';, TR17'I2R TRS17'i,R 

"110 TR"'.R TRS'i'oR 3~,o TR:W,.R TRS;W,oR 20 TR20R TRS20R 

'12 TR'I2R TRS'"R 3'1, TR3'I2R TRS3'I,R 25 TR25R TRS2SR 

1jI,. TR~'oR TRSe"oR 4 TR4R TRS4R 30 TR30R TRS30R 

1,',. TR"'oR TRS",.R 4"2 TR4'hR TRS4'I2R 35 TR35R TRS35R 

1 TR1R TRS1R 5 TRSR TRS5R 40 TR40R TRS40R 

1 'I. TR1'I.R TRS1".R 5",. TR5"',oR TRS56j,cR 45 TR45R TRS45R 

1" " TR1 ',.R TRS1,R S TRSR TRSSR 50 TRSOR TRS50R 

'~'0 TR1',.R TRS1'·,. S'., TRS'!,R TRSS'/,R 60 TR60R TRS60R 

11,"0 TR1O,'oR TRS1··oR 7 rR7R TRS7R 70 TR70A TRS70A 

11,',. TR 1 0,., oR TRS1··oR 8 TA8R TASSR 75 TR75R TRS75R 

2 TA2A TRS2R 9 TA9R TRS9R 80 TRBOR TRSSOR 

AMPERE CATALOG NUMBER 
RATING 250V IOOV 

90 TR90R TRS90R 

100 TR100R TRS100R 

110 TR110R TRS110R 

125 TR125R TRS125R 

150 TR150R TRS150R 

175 TR175R TRS175R 

200 TR200R TRS200R 

225 TR225R TRS22SR 

250 TR250R TRS250R 

300 TR300R TRS300R 

350 TR3SOR TRS350R 

400 TR400R TRS400R 

450 TR4SOR TRS450R 

500 TR500R TRS500R 

600 TR600R TRS600R 

9 
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GRUNDFOS 
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Grundfos Stainless Steel Pumps 
for Domestic, Commercial, Industrial 

and Agricultural Applications 

Grundfos Pumps 
Headquartered in Clovis, California 
Grundfos Pumps manufactures a full line of 
stainless steel submersibles, convertible jet 
pumps, and sump pumps as well as 
domestic and commercial circulators and 
multi-stage centrifugals. 

Using stainless steel for nearly every vital 
component and highly automated, 
computer-assisted production techniques, 
the Grundfos commitment to quality can be 
found in every pump they produce. Reliable, 
efficient pumps ... built to last. 

For additional information on Grundfos 
SuperStee/er'M submersibles or other 
Grundfos products, contact a Grundfos 
representative in your area, or: 

Grundfos Pumps Corp. 
2555 Clovis Avenue 
Clovis, California 93612 
(209) 292-8000 
Telex: 35-5353 
FAX: (209) 291-1357 

_ :cCT TO COo1rlECilOW 
I _' i c~ ,I. : 0 THE PROVISIONS OF 

I: :-~ ~r~XiCATlON5. 

DEC 2 8 10 ~j ; I 

u.s .. ARMY ENGINEER DISTRICT· 3T. PAULI 
n'lJtg~~! 

GRUNDFOS~iI 
SEr; ATTACHED CCM~ 

Making the Best Even Better! 
Grundfos Pumps Corp. / 2555 Clovis Ave. / Clovis, CA 93612 L-SP-SL-001 
Distribution Centers: A)lentown, PA • Atlanta, GA· Mississauga, Ontario, Canada 

.:. -~.'" , ..' " .. :". .'~ ". - .-1. ..... ". - .: : 
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...... Grundfos ~ff!Jl~~~Jj~IiTM Submersibles 

Stainless steel construction, coupled with 
computer~aided design and manufacturing, 

'assures top performance, reliable 
,': operation, and long life. 

The Stainless Steel Advantage 
PUMP PERFORMANCE - Gruncffos SuperStee/eN '. are 
bUill 10 work hard wllh every companenl designed lor 
maximum hydrauloc elficiency, Wilh Ihe inherenlly smoolh 
surlaces 01 labricaled slainless steet, peak perlormance is 
malnlained over many years 01 service,,, unlike pumps 
made hom plaslic, bronze or cast iron, 

RELIABLE OPERATION - Highly advanced design and 
manulaclurong lechnlques have minimized the number 01 

, : moving pariS, This, plus Ihe SuperStee/er's'· rugged 
) slalnless sleel canslruclion, make II Ihe loughesl. mosl 
, reliable pump on Ihe markel. You gel Ihe waler you need, 
, when you need it! 

: LONG LIFE - Siainiess sleel is Ihe besl available malerial 
, 10 reslS! wear and corrosion in a waler syslem applicalion, 
, Compare SuperStee/er's ~ slainless sleel conslrucloon 10 
, Ihe besl Ihe olher manufaclurers have 10 offer, The 

: , SuperStr:e/e'~ IS deSigned 10 aperale efficienlly and 
", elfeclively lor a long, long lime, 

,Automated Manufacturing 
Compuler-canlrolled 
manulaclurong lech­
niques assure lhal 
each SuperStee/e,'· 
is bUill 10 exacling 
loleranees, Grundlos' 
conlinuing invest­
menl In slale-ol-Ihe­
arl produclion equip­
menl includes an 
exlensive use 0' 
robolics and Ihe most 
advanced qualoly 

", assurance melhods available loday Each and every 
" SuperStee/er'· is bUill 10 maximize performance and 
'" ,eloablloly, 

< 
, , 

rhe 4-inch SuperStee/erN line covers all flow requiremenlS 
Irom 1 1095 gpm, This broad range assures an eflicienl and 
effeclive pump seleclion lor every water syslem applocalion, 

For high lIow and pressure requiremenls, Ihe SuperStee/er~ 
lone includes 6, B, and 1 O-inch models for lIows up 10 1,300 
gpm and Oeep Sel models for well sellings 10 nearly 
2,000 feel. 

Customer Service and Training 
AI Grundlos, cuslamer sallslaclion is jusl as imparl ani as 
pulling Ihe besl submersible pump on Ihe markel, Our 
w,despread dislribul,on nelwork assures prompl deliveries 
and a ready source of produci inlormalion and pump 
seleclion assistance, 
Educalion and Ira,ning play an imporlanl role in our lolal 
cuslomer service package, Formal trainong programs held 
al our laclory and regional dislrobul,on cenlers develop a 
greater apprecialion of Ihe value bUilt Inlo the 
SuperS/ee/e,'· produci line, 

for 6, 8, &... 1 O-Inch and Larger Wel/s. 
:),:,:I'att!'I!l~l,f?jij'j]I ," :: 55fi'ii)M&WMdWPW_i*W 

,-, 

c) ,j 

-N().C()MPROMISE" 
SPECIFICATIONS -
CloIo I_one., high 
Sirengih stalnlell It", 
componentl a.lure top 
per10rmance and many 
rea" at ,.atH MtVic •. 

STA,NlESS STEEL 
IMPEllERS - E_ tho 
1,'g"IS.~· 
lmpe4ferl .,. labricaled 
Irom II"" It .. lot 
.... lmumhyd' .... 
oIIIciency, 
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Pump Selection Guide Features 

'')EL 

dOS 

1355 
2255 
3755 
6005 

10005 

MIN. FLOW 
WELL RANGE 
SIZE (GPM) 

6" 48-110 
6" 75-200 
6" 150-290 
8" 230-500 
10" 350-800 
10" 600-1300 

MAX. 
WORKING 

HEAD 
(FEET) 

845 
835 
680 
310 
420 
575 

MAX. 
WORKING 

HEAD 
(PSI) 

366 
361 
294 
134 
182 
249 

6, 8, &.. 10-lnch 

. I2l Built-in, jam"free check 
valve designed for failsafe 
operation. 

I2l Stainless Steel cable guard 
is designed for easy 
installation and removal. 
Holds tight and provides 
maximum protection to 
motor leads, 

I2l PrecisionFonn'· impellers 
are fabricated from 
stainless steel to provide 
long pump life, maximum 
hydraulic efficiency and 
top pump performance. 

I2l Exclusive Primefndur;~r'· 
on models through tho 
225S provides maximum 
pump protection from dry­
run damage during low 
water situations_ 

I2l Pump inlet is totally 
screened to prevent 
damage from debris. 

I2l All Grundfos submersibles 
are performance tested at 
the factory to verify 
specified performance. 

2000 ~--r-~--r-'--r--------------r--------r-----'----,---,--'--~~-'------~ 
r--....., 

1800 ~--~-+4-~~~--------------~------~-----+----+---+-~--+-~~------~ ..... , 
--...... " 1600 ~~~~~~+,4-~-+--~~~--------~-------4----~----+---+--+--+-~~------~ 

~ 1400 ~--~~~~~~,-+------~,,~.----~-------4----~r---+---+--+--+-~~------~ 

W 1200 ~--~-+--+-4·~~~------~~~---+--------+-----+----+---+--1--+--~+-------~ 
LL 808-08 ~ ~ __ 
o 1000 ~--~-+--+-4-~I'~--------~'--~~I~ ~~~----~----+---+-~--+-~-+------~ 
«IW 800 r-_ r-_ I 1358-08 \ ~ .... ~ ~ . 

~ --~ , 2258 3758 .... 6008 :-...... 
......... " ~ r--- -08 -08 ~ -pSt 1 OOOS -0~+"~~--4 

~ ~ ~Nr---~r-t- "'-.... 
400 I-I---l-- 808 2258 r-... ~ 

1358 " r---r--~ I -... 
200 ft--t---+----i---t--+-t------t---f--I-r---~__"!~ ___ :::::-t 600S r-- 1'OqOS-+----j 

3758 1 1 I a ~ __ ~_L~L_L_~~ __________ _L __ ~ __ ~ ____ ~ ____ ~ __ ~~ __ L_~~ __ ~~~ 

600 

50 60 70 80 90100 200 300 400 500 600 700 800 900 1000 

CAPACITY (GPM) 

3"2 N?TE: For Deep Sel models see Seclion 4. 
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Pump Selection Guide 
4-lnc.h &.. Larger Wells 6, 8, &.. to-Inch and Larger Wells Deep Set 

MIN. FLOW MAX. MAX. 
WELL RANGE HEAD HEAD 

MODEL SIZE (GPM) (FEET) (PSI) 
, 5S c "4~,-,: :1.2-7<\ ;' 870 377-

7S 4" 3-10 680 294 

10S 4" 5-14 '~ 950 411 

16S 4" 10-20 990 429 

25S-;:' "4".'," " 18~32 630 273 

40S 4" & 6" 24-55 755 327 

60S 
., 

, 4" 40-75 .' 505 219 

75S 4" 45-95 460 199 

Pump Performance 

MIN. FLOW MAX. MAX. MIN. FLOW MAX. 
WELL RANGE HEAD HEAD WELL RANGE HEAD 

MODEL SIZE (GPM) (FEET) (PSI) MODEL SIZE (GPM) (FEET) 

. -" 805~ '~.~.: 51! ~.- 48·110· - 845 366 "'j~ 5S~OS /~i4~· '1.2~7:'} 1330 

1355 6" 75-200 835 361 10S-0S 4"&5" 5-14 1550 

2255 6"&8" 150-290 680 294 " 16S-0S .:.~: .. ~ 6""~~: :-1 0-20:~; 1980 

3755 8" 230-500 310 134 25S-0S 6" 18-32 1255 

'. 6005' ~'10~';': 350·800' , 420 182 ~", 4OS-05 'M( 6~;t; '24-55'" 1655 

fTOO05 1 O~JEC 1!JmS 249 805-05 6"&8" 48-110 1745 
I,; !tJ il, TO THE PROVISIONS OF 1355-05 :,~~~-.: 8~":;}; ,~ 75-200' 1910 

225S-05 8" 150-290 1220 

375S-05 ,'C S"!;.: 230-500 10S0 

6005·05 10· 350-800 590 

T;;~ j:-·L:CIFICATIONS. 

A 
DEC 28 193J 

U,S.I\RMY ENGINEER DISTRICT· ST. PAUL 10005·05 "10"'" ,1 600·1300 S60 
\ 

:' 4-INCH 
~-----::-I~~' ...J and Larger Wells 

~ ___ u r::i~;:i1~ I ~n:'L:r~~;I~~~s 

QWJiS .• = •• 

MAX, 
HEAD 
(PSI) 

576 

671 

857 

543 

716 

755 

827 

528 

467 

255 

372 

wea,' 
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Materials of Construction (Standard Pumps) 
(Refer to "Material Codes" below for material specifications.) 

COMPONENT 
;.:, L 

Check Valve Housing 2 2 2 2 2 2 <,- .. . . .. "'r " .. ,. . •.. ...... , .. - .. , ...•.. ..,.~ ... : .. :~~. ""'on"~ ~~"'~JJi ·x·'·&r .... -~··~- '!'~;: .. ':t~-'7"' .. :,,". ~t:JIjf.; .. ~" ". 
~ChE3Ck y~ly.e:L:-;.·;~d"",::';~,:::"~·:.iJjt~~k<;~ ;;';i:;,';;2'..?~.:!' ... ,(l;.'j,' ,~t.E;;g:~~ '~>.J.L .. ;~~.:2,·;~":.l:':~~.,t2~::.;~ '. ,. ·"-::2:.,,,:;:~::':~~~~~·NiIDI 
Check Valve Seat 10/3 10/3 10/3 10/3 10/3 10/2 

Dl®:SefQbaQj£@~;A;l;~~~~~ ~0~"g1R,~ ~I ~.t~B ;"~"EM i~~ 
Top Bearing 10/3 10/3 10/3 10/3 10/3 10/3 
~mPelier~arBTng~~~~Sit.f&: ~Q!?B' ~:Ol?'MlDILQgg ~6i2R¥l Miil~ ~-~ 
SplitConeNut 2 2 2 2 8 2 

rF.".".... ---.. ~ '''''''-''-'''~'w.1>-~';''''''''""'~'';~·O·' ".~ .... .,.,..-.",~\"'!t:.v:': ~~ ~~.~ ~?v.f,~ ':Y{'~~.li '~~'~",r '~. 
;:.SPJ!t.G.9.'l~.l:~~t~~~ 6ill':;'~{·i~~J.~}~e~ :;::.:~: ·<"'Zt\Jf..?;.i!.~li~ ~~~ ~.Hlor.1l£!~J".i :s:zYr2:~ ;::!,.tt1,J~iL{',;-~'i'l.z; l..~ii..c?.::'-.){l·;. 
Impeller 2 2 2 2 2 2 
~~Pi:llCih J6f~j.§Q~!J~.Q\9iI<~;: t,';" ~j~~;:~:1:"~;. ~<i;':~~~~_2! ;~r·;r \iWJ1!i2..'B ·3.l:W;t~.f:~'fZ'11~ :~?~:i!~l ;,:P?-:.:i:.2;~'t1&E '!~:r-t~~ZlC:t 
Inlet Screen 2 2 2 2 2 2 
Fi"LimpShaft .7 . :?~'~~·~=(:rn~'-::·::~·7 .. 7·~·; 7 "';,7' 
Coupling 4/5 4/5 4/5 4/5 4/5 4/5 

, Coupling Key 1/2 1/2 1/2 1/2 1/2 1/2 
Straps 2 2 2 2 2 2 
Cable Guard 2 . ,.:. 2., .:~, 2 3 3 2 
Priming Inducer 2 2 2 2 2 2 
Intermediate Bearinqs '1 n ~.·1 Q:.~ ~,·:':;'.:\i',:: 19 ~ .. ~~, 10 10 10 
8" Motor Adaptor Plate NI·l 9 9 9 NR NR 

NOTES: C: Cylindrical Shaft NR: Not ReqUIred 

Material Codes 
C.ODE 

\ .~} NO,· MATERIAL 

1 302 Stainless Steel 

? -. 2 304 Stainless Steel . , ... 

3 316 Stainless Steel 
i 4.,:?: ~~29.~taiQI~~s.Steel 

5 416 Stainless Steel 
.'. 

. 42.0 S!ain·less. Steel': C 
" .. 6.; .' 

7 431 Stainless Steel 
.' .:' 8 Zinciess Bronze' '. 

9 Ni·Resist '. 
" 10 NBR 

11 PBT (Valox ®) 

12 PPS (Ryton ® PPS) 

NOTES: 

Specifications are subject to change without 
notice. 

VC1lox ~ is the registered trademark of 
General Electric Company. 

Ryton ~ PPS is a registered trademark of 
Phillips 66, 

Submersible Pump Nomenclature 

10805-9 = 1 0 8 05 - 9 

Nominal Flow Rate (GPM)~ I 
Submersible--------· 
Horsepower---------....J 
05='/2 HP 
50=5 HP 
500=50 HP 

Number of Slages--------...J 

3·9 
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. FLOW RANGE 

48 to 110 GPM 
PUMP OUTLET 

3" NPT 

80GPM 
PERFORMANCE CURVES 

EXTRACTION WELL AT-1A 

.;; 
900 

800 

700 

600 

~ 
W 
W 

!:S 500 
0 « w 
I 

400 + 
--+ 

300 

200 

808200-20 (20HP 

_ - 808150-16(1SHP) , 

- - - -.. - .. 

, , , 

I , , , 
,. , 

I 

808150-12 (1SHP) l-+ 

I 

808100-10(10HP) ; 

, . 
80875-8 (7'I2HP) , ;, I 

80850-5 (SHP) CD 

, 
I 

, , 
I 

EFF ("!o) 

, 
, , 

, 
, , 

, , 
, , 

, , 
'I I 

I 

I , ' 

, ' 
Ii. 

I I I I , 
I 

I, , , 

I, 

I: . 

, . 
, , 
, , 

. '--:"'-

, I 

142. 3ft- 80830-3 (3HP) CD I 

k~~c>',: '. : .. ' 
t ~. , 

100 

1:+= 

o 

80820-2 (2HP) CD " 

20 

I I I. 

I I , I I 

, , 

40 60 

I 

CAPACITY (GPM) 

DIMENSIONS AND WEIGHTS 

, ' 

, " , , I 

80 

, , 
, 

NOTES: CD 4-lnch motor. ' , Specifications are subject to change without notice. 

;g-
80 ~ 

>-
70 U 

Z 
W 

60 () 

u.. 
50 u.. 

W 

IrOTAL 
EAD 
EL 

ate 

-\-H-

100 

3-3 



500 

400 

300 
'" I-
W 
W 
L.... 
'-J 

q 
<l: 
w 
I 

200 

100 

0 

TSP16 PERFORMANCE CURVES 

I 

IT-
11 
11 

J 

0 20 

EXTRACTION WELL AT-IA 
TSP16-S 

(SHP) 

,.. 

r-

,.. 

I, 

r-. 

r-. 

f"t-

40 60 80 

CAPACITY <GPM) 

.'.' i",I. " 

" ~~ 
TSPI(,-IO 

:-. 
,... .... 

TSPI('-9 

TSPI6-B 

TSPI('-7 

TSPI6-f. 

TSPI('-5 

TSPI(,-4 

TSPI6-3 
• 

TSPI6-2 

TSPI6-1 

H 

100 

: ' I.. I _____ ... __ _ 

Mo.nuf'o.cturer of SpJCib.l t'y ! pG~ps o.nd Controls GRPH9 



135GPM 
PERFORMANCE CURVES 

gOO 1358300:-18 30HP) NPSH 

o 25 50 75 100 125 150 

CAPACITY (GPM) 

DIMENSIONS 'AND WEIGHTS,- ~~.' ,'; ,.;_,.,.:: '.~ 
, ~/(+:} ;;::\i:··:;·.·,:. 9~ MIN;.wEL.L:~~ ~,LENGTHS MAX. WIDTH 

, ~MODEl NO~: . HP. SIZE (INCHES) t (INCHESn~ if.' (INCHES)f~ 
':J35S50~21j':;·:, 
:.135S50-3 c', 6 ; 

, 6 

6. 'J~ 1'lI)SfOO:6:~~ ,.10. '~. 

~'i56:91t. \;'15~ ~~:' ." 6 ' 
!66~'12' '-20 . , .. 6 

1135S250-15 25 6 

175 200 

135S300-18 30 6 1123/8 5 3/.. 268 
NOTES: <D 4-lnch molor. SpecHicatlons are subJecllo change wllhoul nollco. 
3-4 

FLOW RANGE 

75 to 200 GPM 
PUMP OUTLET 

3" NPT 



TSP27 PERFORMANCE CURVES 

~V~ 
EXTRACTION WELL AT-2 

TSP27-3 
(SHP) 

500 II 

II 
II 

400 I 

I 

II 
1 
I 
I 

300 I ;1 
"...... ~ II WI I 
I- ~I w III IIi"':' w III II lL. 

ll~ I I '-/ 

II I I i' I q 
II J <[ 

II ~ w 
II III I 

200 " III ... - ILl 
~ 

~ 
II 
II II 

TSP27-'3 I I II 
I II 

.! ~ 

100 
I TSP27-6 

I 
TSP27-S 

I TSP27-4 
1 

11 TSP27-3 
II TSP27-2 

I II TSP27-L I I 111111 
0 I I 1IIII1 

0 60 80 100 120 140 160 180 200 
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ModEL' 

2258 
FLOW RANGE 

150 to 290 GPM 
PUMP OUTLET 

3" NPT 

225GPM 
PERFORMANCE CURVES 

13 

DIMENSIONS 'AND WEIGHTS , .. .' " 

. '; .. :- ;·(a~~Y.:·~~ .~~~~~~ ~~ MINWELt::~.i .fl. LENGTH ~~i MAX. WI DTH 
MODEL NO., HPt SiZE (iNCHES) !' (INCHES) \~ . (INCHESf\ 

225550~2 5<D ",: 6 43% 50/8 

225575-3 7% 6 48V2 53/4 . 

225S100-4 10 6 54% 5 3/. 

2255150-6 15 6 640/. 50/4 

2255200-8 20 6 75 1,4 50/4 

225S250-10 25 6 850/8 50/4 

225S300-12 30 ; , 6 96% 5 3/4 

225S400-15 4Q(?) I , ,6 1170/8 5 3/4 

NOTES: <D 4-lnch motor. 
® 6-lnch motor standard; 8-lnch molor optional. 
~n(\r:ifi"'n'innc:: ~Jr~ c,rhln:rt ,,, r"hnnnn wf1hf"U" J""tl"\rjr(\ 

< 
.f· '. ,; ". ,'j' 

", .... ,'l.; .. , - , 

',~)~' APPROX. UNIT,' : . ' 
SHIPPING wr. (LBS.) , 

86 

133 

145 

174 

195 

221 

260 

320 

3-5 



TSP45 PERFORMANCE CURVES 

EXTRACTION WELL AT-3A 
TSP45-6 

(15 HP) 

500 

i I 
TI 
II 

1 
400 ,~ I 1 

!o. I I 
1 
I 
T 

Iii; II 
I II I I 

Nf I 
~ II~ I I I 

II ~ I I 
300 ' , 'I I I, I I I 

" ~ I I II ~ I I I i I I 
I- r'Iool IT i I I W I""" II II I w ~ II ~ ~I I lL. TI II II, 

" 
I 'oJ 

I I I ~ I I I 0 :--~ I I <t: !o. r I w ;o,;r Ii,,[ I 
200 I .... I I, 1"'-

""- I T 
~ 1 

I' 
1 ~ TSP45-8 I , I II 1 , 

~ 1 1 I 

"" ~ 1\ ~ !iiO 
TSP45-6 

"" 
100 I TSP45-S 

I I I,,,,",,, -. ... 1 1'!;P45-4 
I I ~ 
I '" TSP45-3 
1 I .. 

TSP45-2 

I 
TSP45-i 

a I 

--- - -

a 25 75 125 175 225 275 

CAPACITY <GPM) 

. --- - - - ---. 

, .. 
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i 
I 

r 

I 

I 
I 
I 
I 
1 

j , 

FLOW RANGE 

48 to 110 GPM 
PUMP OUTLET 

3" NPT 

80GPM • •• 

PERFORMANCE CURVES 

EXTRACTION WELL AT-4 
1000RIIRtIDITTTIltH8JT:BlJl~I-I~~~~1-~H'~+~~§3I~~0 rv- OPERATING RANGE: q .. 110 OPM l.oIu:;:n I=' 

FOR CAPACIIIES BELOW 48 GPM .:.."':.': 
SEE 4· MOOELS, Ir-IYI 35 W 

900 

800 

700 

600 

i=' w. 
W 
~500-: 
Q I~ « w 
:::r: 

400 

300 

200 

1111.71-r-· ... ,-,-,-, 
100 

~nc::?nn_?n t20HP 

laos150-16 :~5HP 

80S150-12 (15HP 

laOS100-10 [10HP 

I~~ 
~aOS75-8 (7'12HP) 

IRn'~r;n_r; (5HP: 

hlJ~ hI~ 
, 'N l' 1"1 

IIRnc::':\n_1 (3HP) (j) 

1 Anc::?n_? (2HP 

o 20 40 60 7580 
CAPACITY (GPM) 

DIMENSIONS AND WEIGHTS 
MIN. WELL LENGTH MAX. WIDTH 

MODEL NO. HP SIZE (INCHES) (INCHES) (INCHES) 
80S20-2 2(D 6 33 !ifa 50/111 
80S30-3 3m 6 37 7/B 50/111 
80S50-5 5(!) 6 44% 50/111 
80S75-8 7% 6 51 % 51/2 
80S100-10 10 6 56'/4 5112 
80S150-12 15 6 621/4 5'AI 
80S150-16 15 ., 6 691/2 5'AI 
80S2oo-20 20 " . 6 99 5112 

100 

W 
25 ~ 

:::r: 
15 en a. z 

~ 80 ~ 

>-
70 t) 

Z 
W 

60 t) 

50 tt 
w 

"rOTAL 
~ 

I,V. 

Tota 
Desi~tn 
Rate 

125% of 
... Desi~rn 

Flow 
Rate 

APPROX. UNIT 
SHIPPING WT. (LBS.) 

51 

65 

87 

144 

154 

173 

184 

207 
NOTES: <D 4-lnch motor. , ' Speclncatlons are subject to change without notice. 

l' 
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TSP16 PERFORMANCE CURVES 

EXTRACTION WELL AT-4 
TSP16-4 

500 
(5HP) 

T 
400 II'"':". 

III 
I I 

"" I I 
:"':'" I ~ 

I I, 
I T --
I I 
~ I ~ 
ITT T 

300 III Io"j I 

'"' -
. '..!..I ~ 

l- I w I w J L... 
~ II, "" '-J 

II ~ .... II ;"00 (::) IT 
TSPI6-IO <t: I 10., -i'o. w ..... 

II I 
"" 

-I TSPI6-9 
200 I'~ I. I I"- " M I - TSPI6-B 

I to- -
!iio ~ 

I TSPI6-7 -
I -

I ;..;. 
T -.;;; 

~ 
TSPI6-6 I to-

~ 

tRt TSP16-S 
-

100 I, . 
111 I TSPI6-4 I I - - I 
I T 

~ TSPI6-J T T 
I I 

- - I TS~16-2 

1 - TSPI6-1 

- - I I 

0 I 

a 20 40 60 80 100 

, CAPACITY (GPM) 

- - - - -

Mo.nuPoc"turer ,...f' S pee i o.ll: y p'-)r"lPS onc/ Controls GRPH9 --Jt" , 



lIPPLICIlTION --_______________ _ 

[ 60 HERTZ 8" MOTORS 
Helle", For Overload Relaya 

NEMA 
Starter Fumes AII,n I, G.E. 

HP Volts Slze (Nole 1) Bradley (Noll 2) 

40 460(4) 3 K77 J44 L710B 
575 3 K74 J42 L593B 

50 460(4) 3 K63 J46 L666B 
575 3 K77 J44 L710B 

60 460(4) 4 (1) K67 J71 1107C 
575 4 i 1) K76 J45 L787B 

75 460(4) 4(1) K89 J73 1126C 
575 4 i 1) K66 J70 L950B 

100 460(4) 4 K94 J76 1155C 
575 4 K87 J73 1142C 

Cable Selection 

Adlualable , 
Relaya 

S .. Noll 3 
Sel Mex. 

57.0 62 
45.6 49.6 
70.6 77 
56.7 61.6 
63.7 91 
67.0 72.8 

101 110 
81.0 88 

136 148 
108 118 

125 460(4) 
575 

150 460(4) 
575 

175 460(4) 
575 

200 460(4) 
575 

',",60 HERTZ, 8" MOTORS 

; NEllA 
. Slarter 
:: 'Slze 

5 
5 
5 
5 

5 
5 
5 
5 

). Heat ... For Overlolld RIllY' 
;'," , 

{··Fu~.~;' 
~ (Not. I) 

K29 
K26 
K32 
K28 
K33 
K31 
K34 
K32 

~ '" ," ',' " .. 
. . AJ~."':~.~ 
. B .. dley~ 

J15 
J13 
J17 
J14 
J18 
J16 
J20 
J17 

';' '. t·, 
:~~~ '~.~ .. ~,'~ 
~ (Nol' 2) 

L111B 
L910A 
1122B 
l100B 
L147B 
L111B 
L165B 
L135B 

C' Adlu.i.bll 
'," RIllY' . 
..:'t~ , See Nol. 3 
" Set i MaX. 
173 189 
139 151 
203 221 
163 177 
230 250 
184 200 
263 286 
211 229 

FOOTNOTES: ReIer to page 5 lor footnotes 1,2, & 3. 

(4) For 50 Hz, 380, 415 or 440 Volls, use the same heater or setting 
as 60 HZ 460V. 

(5) Currenttranslormers are used on all overload relays lor starters 
larger than NEMA 4. 

SINGLE PHASE TWO OR THREE WIRE CABLE, 60 HZ (SERVICE ENTRANCE TO MOTOR) 

Molar RIling 
Valls HP 14 12 10 8 6 

115 Itl 1:10 210_ 340 540 8<10 --_. 
~';: 100 160 250 390 6:20 

V, 550 880 1390 2190 3400 
v. 400 650 1020 1610 2510 
:Yo 300 480 760 1200 1870 
1 250 400 630 990 1540 

230 1.5 190 310 480 770 1200 
2 150 250 390 620 970 
3 120 190 300 470 750 
5 0 110· 180 280 450 
7.5 0 0 120· 200 310 

10 0 0 0 160· 250 
15 0 0 0 0 170' 

001 = ,3048 meIer 

FOOTNOTES: 
(1) Lengths marked' meet the U.S. National Electrical Code ampac­

ity only lor individual conductor 75°C cable. Only the lengths 
without' meet the code for jacketed 75°C cable. Local code 
requirements may vary. 

(2) Maximum lengths shown maintain motor voltage at 95% 01 ser­
vice entrance voltage, running at maximum nameplate amperes. 
If service entrance voltage will be at least motor nameplate vol!­
age under normal load conditions, 50% additional length is per­
miss able lor all sizes. 

4 

1300 
960 

5250 
3880 
2890 
2380 
1870 
1530 
1190 
710 
490 
390 
270 

Coppor WI .. Slzl 
3 2 1 0 00 000 0000 

1610 1960 23~ ~!~ 3540 "210 5060 
1190 1-160 1780 2160 2630 3140 3770 
6520 7960 9690 11770 
4810 SB80 7170 8720 
3SBO 4370 5330 6470 7870 
2960 3610 4410 5360 6520 
2320 2850 3500 4280 5240 
1910 2360 2930 3620 4480 
1490 1850 2320 2890 3610 
890 1110 1390 1740 2170 2680 
610 750 930 1140 1410 1720 
490 600 750 930 1160 1430 1760 
340 430 530 660 820 1020 1260 

(3) This table is based on copper wire. " aluminum wire Is used it 
must be two sizes larger. Example: When the table calls lor #12 
copper wire you would use #10 aluminum wire. 

(4) Single phase control boxes may be connected at any point 01 the 
total cable length. 

(5) Cables #14 to #0000 are AWG sizes. 

In applications where two different cable sizes can be used 

The example below is for reference. Depending on the in- In a replacement installation, the well already has 160 feet 
stallation, any number of combinations may be used, as long of buried # 10 cable between the service entrance and the 
as the total percentage length of the two cables used does well head. The question is: What size cable is required in the 
not exceed 100%. This is to insure that adequate voltage will well with a 3 HP, 230 voll, 1 PH motor setting at 310 feet? 
be supplied to the motor. 1. According to the table #10 cable is large enough for the 3 

EXAMPLE: 3 HP, 230 Volt, 1 PH Motor HP motor, so the percent of the maximum allowable cable 
used by the 160-foot run is 160 + 300 = 53.3%, since 300 
feet is the total allowable. I 160 F1. AWG 10 I 

r-__ -,1-441----- (53,3% 01 Allowable Cable) ----.~ (46.7% 01 
Allowable Cable) 

'--Esn~~~a 
(Main Fuse 801. 

From Mola,) 

PUMP MOTOR 

6 

t Pump t 
Conlrols 

310 FT. 
AWG 6 

.,. Cable 

(46.7% 01 Allowabl, Cobl.) 3 HP. 230V. 
I ph, Malar 

T 
310 FI. 
AWG6 

1 

2. With 53.3% of the total allowable cable already used be­
tween the service entrance and the well head, only 46.7% 
is left for the well. Therefore, the 310 feet needed in the 
well can only utilize 46.7% of the total feet allowed in the 
table. 

3. From the table, 46.7% of the 470 feet for #8 cable equals 
only 220 feet, so a larger size is needed. For #6, 46.7% of 
750 feet = 350 feet. As a result, #6 can be used for the 
310 feet in the well. 

, 



THREE PHASE THREE WIRE CABLE, 60 HZ 200 AND 230 VOLTS (SERVICE ENTRANCE TO MOTOR) 
" Molor Rating " \ 

... ...: : ::: ~' ... . ~ . .':i Ij ;.: .. ':.' .' " I. '" ; Copper Wlr. Size (1) /; , - - .. '.;0:,' .' 
Voltl ".' HP ",14 12 ' e 10 ~ 8 ',>, '~6_;; ";·:4·.~ ':.:" 3 .;~~ 

II.! 710 1140 1800 2840 4420 
'1', 510 610 1260 2030 3160 
1 430 690 1060 1710 2670 4140 5140 

1.5 310 500 790 1260 1960 3OSO 3760 
2 240 390 610 970 1520 2360 2940 

200V 3 160 290 470 740 1160 1610 22SO 
60 Hz 5 110' 170 260 440 690 1060 13SO 

Three Phase 7.5 0 0 200 310 490 770 960 
Three Woe 10 0 0 150' 230 370 570 720 

15 0 0 0 160' 250 390 490 
20 0 0 0 0 190' 300 360 
25 0 0 0 0 0 240' 300 
30 0 0 0 0 0 200' 250' 
,~ 930 1490 2350 3700 5760 8910 
'1', 670 1060 1700 2660 4190 6490 6060 
1 560 910 1430 2260 3520 5460 6780 

1.5 420 670 1060 1670 2610 4050 5030 
230V 2 320 510 810 1260 2010 3130 3890 
60Hz 3 240 390 620 990 1540 2400 2960 

Three Phase 5 140' 230 370 590 920 1430 1790 
Three Wire 7.5 0 160' 260 420 650 1020 1270 

10 0 0 190' 310 490 760 950 
15 0 0 0 210' 330 520 650 
20 0 0 0 160' 250' 400 500 

I-C'~. ~- 0 0 0 200' 3::') ~'J'J 

0 0 30 0 0 0 260' 330 
I~ 3770 6020 9460 
'1', 2730 4350 6650 
1 2300 3670 5770 9070 

1.5 1700 2710 4270 6730 
2 1300 2070 3270 5150 8050 
3 1000 1600 2520 3970 6200 

460V 5 590 950 1500 2360 3700 5750 
60 Hz 7.5 420 660 1070 1690 2640 4100 5100 

Three Phase 10 310 500 790 1250 1960 3050 3800 
Three Wire 15 0 340' 540 . 650 1340 2090 2600 

20 0 0 410 650 1030 1610 2000 
25 0 0 330' 530 630 1300 1620 
30 0 0 270' 430 660 1070 1330 
40 0 0 0 320' 500' 790 980 
50 0 0 0 0 410' 640 800 
60 0 0 0 0 0 540' 670' 
75 0 0 0 0 0 440' 550' 

100 0 0 0 0 0 0 0 
125 0 0 0 0 0 0 0 
150 0 0 0 0 0 0 0 
175 0 0 0 0 0 0 0 
200 0 0 0 0 0 0 0 

II.! 5900 9410 
'1', 4270 6610 
1 3630 5800 9120 

1.5 2620 4160 6560 
2 2030 3250 5110 6060 
3 1560 2530 3960 6270 

575v 5 920 1480 2330 3660 5750 
60 Hz 7.5 660 1060 1660 2650 4150 

Three Phase 10 490 760 1240 1950 3060 4770 5940 
Three Wire 15 330' 530 8SO 1340 2090 3260 4060 

20 0 410' 650 1030 1610 2520 3140 
25 0 0 520 830 1300 2030 2530 
30 0 0 430' 660 1070 1670 2060 
40 0 0 0 500' 790 1240 1540 
50 0 0 0 410' 640' 1000 1250 
60 0 0 0 0 540' 850 1060 
75 0 0 0 0 0 690' 860 

100 0 0 0 0 0 0 640' 
125 0 0 0 0 0 0 O· ,. 
150 0 0 0 0 0 0 ." 01 

.-
175 0 0 0 0 0 0 0 
200 0 0 0 0 0 0 0 

460V·60 Hz 150 0 0 0 0 0 0 420 
Three Phase 175 0 0 0 0 0 0 0 

SlxWtte 200 0 0 0 0 0 0 II 
575V·60Hz 150 0 0 0 0 0 520 650 

Three Phase 175 0 0 0 0 0 0 570 
SI.W •• 200 0 0 0 0 0 0 500 

1 1001 - .3048 mel.r 

FOOTNOTES: 

(1) Longlhs mar~ed ' mocllho U.S. Na1ional Eleclrical Code ampacily only lor Indlvldull 
conduclor 7S'C cable, Only Iho lenglhs ""haul ' meellhe code lor llck.'ed 7S'C 
cable. Local code Icquj1cmenls may vary. 

(2) M.uumum Icnglhs shown malnlaln mOIOt YOUag8 al 95-. 01 seNttO onlranca vollago. 
running at maximum namopfale amperes. " service enlranee voUage will be 81 Icnsl 
molo, nameplalc vol10l90 under not mal load condillons. 50". addilionallcngih is POt­
ml5!'oilblc lor "II ~rlCS 

c' 2; 

3610 
2760 
1660 
1160 
680 
600 
460 
370 
310 

9860 
8290 
6160 
4770 
3660 
2190 
1560 
1170 
800 
610 

~~ 
410 

6260 
4660 
3200 
2470 
1990 
1640 
1210 
980 
630 
660' 
500' 

0 
0 
0 
0 

3860 
3110 
2560 
1900 
1540 
1300 
1060 
790' 

,630' 
.';: 0" 

,. O· 
0 

510 
450 

0 
800 
700 
810 

" 

~ 1 ,. .:~ 0 ..... 00, . 000 0000 . '250 . 300' 3SO 400 500 

4430 5420 
3390 4130 
2040 2490 3050 3670 4440 SOlO 
14SO 1770 2170 2600 3150 3560 
1090 1330 1640 1970 2390 2720 3100 3460 3800 4420 
740 910 1110 1340 1630 1650 2100 2350 2570 2980 
570 700 860 1050 1270 1440 1650 1850 2020 2360 
460 570 700 840 1030 1170 1330 1500 1640 1900 
360 470 560 700 850 970 1110 1250 1360 1590 

7530 9170 
5860 7170 6760 
4460 5470 6690 6020 9660 
2690 3290 4030 4650 5670 6650 7560 8460 9220 
1920 2340 2870 3440 4160 4710 5340 5970 6500 7510 
1440 1760 2160 2610 3160 3590 4100 4600 5020 5640 
960 1200 1470 1760 2150 2440 2760 3110 3400 3940 
760 930 1140 1380 1660 1910 2160 2450 2660 3120 
fil0 750 ~20 1120 1360 1~~J 1760 1900 2.60 2~20 -
510 620 760 930 1130 1260 1470 1650 1600 2110 

7660 
5750 7050 
3930 4810 5900 7110 
3040 3730 4560 5530 
2450 3010 3700 4470 5430 
2030 2490 3060 3700 4500 5130 5660 
1490 1630 2250 2710 3290 3730 4250 
1210 1480 1610 2190 2650 3010 3420 3830 4180 4650 
1020 1250 1540 1650 2240 2540 2690 3240 3540 4100 
640 1030 1260 1520 18SO 2100 2400 2700 2950 3440 
620' 760' 940 1130 1380 1560 1790 2010 2190 2550 

0 600' 740' 890' 1000 1220 1390 1560 1700 1960 
0 0 630' 760' 920' 1050 1190 1340 1460 1690 
0 0 0 670' 610' 930' 1060 1190 1300 1510 
0 0 0 590' 710' 810' 920' 1030 1130 1310 

4760 5630 
3840 4710 
3160 3860 4770 5760 7030 6000 
2330 2660 3510 4230 5140 5830 
1890 2310 2840 3420 4140 4700 5340 5990 6530 7560 
1600 1960 2400 2690 3500 3970 4520 5070 5530 6410 

'1310 1600 1970 2360 2890 3290 3750 4220 4610 5370 
970 . 1190 1460 1770 21SO 2440 2790 3140 3430 3990 
770', . 950' 1160 1400 1690 1920 2160 2440 2650 3070 

-:'660' : '800'" .990' 1190 1440 1630 1860, 2060 2270 2640 
• ,:~; 0 "700' 870' 1(l50' 1270 1450 1650 1860 2030 2360 

. 0 0 760' 920' 1110' 1260 1440 1620 1760 2050 
630 770 950 1140 1380 1570 1790 2000 2180 2530 
5SO 680 830 1000 1220 1390 1560 1780 1950 2270 
480 590 730 860 1070 1210 1380 1550 1690 1970 
990 1210 1460 1760 2160 2450 2790 3120 3410 3950 
860 1060 1300 1570 1910 2170 2460 2760 3040 3540 
760 930 1140 1370 1670 1890 2160 2420 2640 3070 

(3) This labia is based on coppar Wire. II aluminum Wire is used il musl be Iwo sizes larger, 
Example: Wh.n Ihe lable calls lor 112 copper wire you WOUld us. 110 alumtnum wire 

(4) The portion ollhe 10lal cablo which is between the service enlrance and a 30 molO< 
slarter shoufd nol exceed 25% 01 Ihe lolal maximum lenglh 10 assure rehable startor 
operahon. 

(5) Cables "4 10 IQOOO arc AWG s',.,. and 2SO 10 500 "'. MCM ',.es 
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1. Shipment 
Inspection 

This Grundfos Submersible Pump should remain in 
its shipping carton until it is ready to be installed. 
The carton is specially designed to protect it from 
damage. During unpacking and prior to installation, 
care should be taken that the pump is not dropped or 
mishandled; if a submersible pump is damaged or 
bent, misalignment can occur. 

Examine the components carefully to malee 
sure no damage has occured to the pump·end, 
motor, cable or control box during shipment. 

The, motor is equipped with an electrical cable. 
Under no circumstances should the cable be used to 
support the weight of the pump. 

You will find a loose data plate wired to the pump. 
It should be securely mounted at the well or attached 
to the control box. 

2. Pre-Installation 
Checklist 

Before beginning installation 
procedures, the following checles 
should be made. They are all 
critical for the proper installation 
of this submersible pump. 

, . +~"~:;Cor"d itiorl~~f~jihe~~w~I~I';}"-'~:' . . . ~~=:~f:~:~~7?<~Y~~~f.;:~:~·":~~';~'{~i</,' 
If.the pump Isto be install8dln~:ne~\';eil, the well";;~;dhe~k~' to'e~~urethat Itlsn~t ,~:rn~II~r tha~"the~lze)' 

should be fully developed and bail~ or blown free of,~':'of the pumpand~motor::Followlng:are the minimum 
cuttings and sand. The stainless steelqonstruction: +, .. well sizesforthevarlous Grundfosmodels:" ~" 
of th~ Grundfos submersible :makes' iLresistant. to>;t:.~:4"~.lIs o';~I~,g.~-';'·~:>:;:,:.~:: : .-;::7·,' ',;': 
abrasion; however, no pump, made of any materaal",SP2 SP4.sP10~;., 
can forever withstand the destructive::..w.ear that~:.,.*, ;,' .;I~' .. ' \, ,.,'",' ;~:. 
curs when constantly pumping sandy water.:''''' 'i'~:' 6. wells or,larger., 
. If this pump is used to replace anoil~filled submer·'·,)~P16, ~~~,S.fI~:: , 
sible or oll·lubricated line-shaft turbine in an existing ,,:8" wells or'large; >C':f~ 
well, the well must be blown,or balled clear ,of all. '0 SP70 
" Determine the maximum depth of the,well, and the 

drawdown level at the pump's maximum capacity. 
Pump selection and setting dep~h should be made 
based on this data. " . ':'" ' , 

The Inside diameter of the,wel(casing should be 
- ~, • - "<- ... < 

_ ~J,7'. ..... '\..._ 

2. Condition afthe, Water 
Submersible well pumps are designed for pumping 

clear, cold water, free or air or, gases.;;' Decreased' ' 
pump performance and lite expectancy can occur if 
the water is not clear, cold' or contains air or gases. 

Maximum water temperature should not exceed 
102°F. Special consideration must be given to the 
pump and motor If it is to be used to pump water, 
above 102°F.' < 

'-'",.' 

3. Installation' Depttf 
A check should be made to ensure that the instalia· 

tion depth of the pump will always be at least three 
feet below the maximum drawndown level of the well. 

The bottom of the motor should never be installed 
lower than the top of the well screen or at least five 
feet from the bottom of thewell.' .i(, " ' 

4. Electrical S~pply~. 
The motor voltage, pl:\ase and frequ'ency Indicated 

on the motor nameplate should be' checked against 
the actual available electrical supply. On Grundfos 
manufactured motors. the nameplateJs attach~ too' 

- '. . - '- .... : -.~ ;~":~.. <. ·-·~~:L'·:.~;:~r:...;;r~~/~;r-:~~:.·:·~-1-~.; -:';"4' ~:~ , ~~ -:: '" . 

10" wells or larger 
SP120 . " . 

:- """~'( -" 

,*(SP10-251s normally equipped with a 6" motor) 

The Grundfos stainless steel submersible is highly 
'resistant to the normal corrosive environment found 

, in some water wells,' '. ' 
If water well tests determine an excessive or un· 

usual corrosive quality, or exceeds 102°F,. contact , 
your Grundfos representative for Information con­
cerning specially designed pumps for these applica· 
tlons. 

If the pump is to be installed in a lake,' pond, 
stream, tank or larger diameter well, the water velo­
city passing over the motor must be sufficient to en· 
sure proper motor cooling. The minimum water flow 
rates which insure proper cooling for the various 
motor sizes are listed in Table A. 

-. ~- ~~ , .... - , 

-,:-- .. -.-, 
. the bolt on the bottom of· the motor; On motorS 
'. manufactured by Franklin and Hitachi the nameplate 
'can be found mounted on'the side of the motor. ,'",. 

-;') 



Wire Cable 3 
Type and Size -

The type of wire used between the pump and con­
trol boxes should be approved for submersible pump 
application. The conductor can be solid or stranded. 
The cable may be three individual conductors 
twisted, three conductors molded side by side in one 

flat cable or three conductors with a round overall 
jacket. The insulation conductor should be type RW, 
RUW, TW or equivalent and must be suitable for use 
with submersible pumps. See Table 0 for recom­
mended sizes of cable for various cable lengths. 

The cable splice is a very important part of 
the installation of the submersible pump 

and must be done with extreme care. 

Splicing the 4 
Motor Cable _ 

If the splice is carefully made, it will be as efficient 
as any other portion of the cable, and will be com­
pletely watertight. 

There are a number of cable splicing kits available 
today - expoxy-filled, rubber sealed and so on. Many 
perform well if the manufacturer's directions are 
followed carefully. If one of these kits is not used, we 
recommend the following method for splicing the 
motor cable to the drop cable: 

--
FIG_4-A FIG.4-B 

FIG_4-C FIG 4-0 

The riser pipe should be properly sized 
and selected based on estimated f1ow'rates 
and friction·loss factors. Attaching pump to 

riser pipe: 

A back-up wrench should be used when the riser 
pipe is attached to the pump. The pump should only 
be gripped by the four flats on the top of the dis­
charge chamber. Under no circumstances, grip the 
body of the pump, cable guard or motor. 

The threaded end of the first section of the riser 
pipe or the nipple must not come in contact with the 
check valve retainer in the discharge chamber of the 
pump when tightened down_ 

1 Examine the motor cable and the drop cable 
• carefully for damage. 

2 Cut the motor leads off in a staggered manner. 
• Cut the ends of the drop cable so that the ends 

match up with the motor leads. (See Figure 4-A) On 
single-phase motors, be sure to match the colors. 

3 Strip back and trim off 1/2 inch of insulation from 
• each lead, making sure to scrape the wire bare to 

obtain a good connection. 8e careful not to damage 
the copper conductor when stripping off the insula­
tion. 

4 Insert a properly sized "Sta-Kon" type connector 
• on each pair of leads, again making sure that col­

ors are matched. Using a "Sta-Kon" crimping pliers, 
indent the lugs. (See Figure 4-8) 8e sure to squeeze 
down hard on the pliers, particularly when using large 
cable. 

5 Form a piece of electrical insulation putty 
• tightly around each "Sta-Kon". The putty should 

overlap on th~ insulation of the wire. (See Figure 4-C) 

6 Use a good quality tape, such as "#33 Scotch 
• Waterproof" or "Plymouth Rubber Company 

Slipknot Grey". Wrap each wire and jOint tightly for a 
distance of about 21/2 inches on each side of the 
joint. Make a minimum of four passes over each joint 
and overlap each pass approximately one inch to 
assure a completely watertight seal. (See Figure 4-0) 

Installation 5. 
After the first section of the riser pipe has been at­

tached to the pump, the lifting cable or elevator 
should be clamped to the pipe. Do not clamp the 
pump. When raising the pump and riser section, be 
careful not to place bending stress on the pump by 
picking it up by the pump-end only. 

Make sure that the electrical cables are not cut or 
damaged in any way when the pump is being lowered 
in the well. 
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If steel riser pipe is used: 
We recommend that steel riser pipes always be us­

ed with the larger submersibles. A pipe thread com­
pound should be used on all jOints. Make sure the 
joints are adequately tightened in order to resist the 
tendencey of the motor to loosen the joints when 
stopping and starting. 

If plastic riser pipe is used: 
It is recommended that plastic type riser pipe be 

used only with the smaller domestic submersibles. 
The manufacturer or representative should be con­
tacted to insure the pipe type and physical character­
istics are suitable for this use. Use the correct jOint 
compound recommended by the specific pipe manu­
facturer. Besides making sure that joints are securely 
fastened, we recommend the use of a torque arrester 
when using plastic pipe. 

Do not connect the first plastic riser section direct­
ly to the pump. Always attach a metallic nipple or 
adapter into the discharge chamber of the pump. The 
threaded end of the nipple or adapter must not come 
in contact with the check valve retainer in the dis­
charge chamber of the pump when tightened down. 

The drop cable should be secured to the riser pipe 
at frequent intervals to prevent sagging, looping and 
possible cable damage. Nylon cable clips or water· 
proof tape may be used. The cable splice should be 
protected by securing it with clips or tape just above 
each joint. 

Important - plastic pipe tends to stretch under 
load. This stretching must be taken into account 
when securing the cable to the riser pipe. Leave 3 to 4 
inches of slack between clips or taped points. This 
tendency for plastic pipe to stretch will also affect 

The drop cable should be secured to the riser pipe 
at frequent intervals to prevent sagging, looping and 
possible cable damage. Nylon cable clips or water­
proof tape may be used. The cable splice should be 
protected by securing it with clips or tape just above 
and below the splice. 

the calculation of the pump setting depth. As a gener· 
al rule, you can estimate that plastic pipe will stretch 
to approximately 2% of its length. For example, if 
you installed 200 feet of plastic riser pipe, the pump 
may actually be down 204 feet. If the depth setting is 
critical, check with the manufacturer of the pipe to 
determine exactly how much you have to compen· 
sate for pipe stretch. 

When plastic riser pipe is used, it is recommended 
that a safety cable be attached to the pump to lower 
and raise it. The discharge chamber of Grundfos 4 
inch submersibles is designed to accommodate this 
cable (Figure 5-A). 

FIG.5·A 

\ 
\ 
\ 
\. 
I 

, r',. 

Protect the well from contamination 
To protect against surface water from entering the 

well and contaminating the water source, the well 

6. Electrical 
Verification of the electrical supply should be 

made to insure the voltage, phase and frequency 
match that of the motor. Motor voltage, phase, 
frequency and full-load current information can be 
found on the nameplate attached to the motor. On 
Grundfos manufactured motors, the nameplate is at­
tached to the bolt on the bottom of the motor. On 
motors manufactured by Franklin and Hitachi the 
nameplate can be found mounted on the side of the 
motor. Motor electrical data can be found on Table E. 

If voltage variations are larger than ± 10%, do not 
operate the pump. 

should be finished off above grade, and a locally ap­
proved well seal or pit less adapter unit utilized. 

All electrical work should be performed by 
a qualified electrician in accordance with 
the latest edition of the National Electrical 
Code, local codes and regulations. 

Generally, direct on·line starting is approved due to 
the extremely fast run-up time of the motor (0.1 
second maximum), and the low moment of inertia of 
the pump and motor. Direct on-line starting current 
(maximum load amps) is between 4 and 6.5 times the 
full·load current. 

If direct on-line starting is not acceptable, and 
reduced starting current is required, an auto­
transformer or resistant starter should be used. It is 
recommended that resistant starters be used for 5 to 
30 HP motors (depending on cable length). For 
motors over 30 HP, use auto-transformer starters. 

Engine Driven Generators and Transformers 
If the submersible pump is going to be operated 

using an engine driven generator, we suggest the 
manufacturer of the generator be contacted to insure 
the proper generator is selected and used. See Table B 
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for generator sizing information. 
If power is going to be supplied through transfor­

mers, Table C outlines the minimum KVA rating and 
capacity required for satisfactory pump operation. 



Control Box 
1. Single· Phase Motors: 

Grundfos control boxes for single·phase motors 
should be connected as shown on the wiring diagram 
mounted on the inside cover of the control box sup­
plied with the motor. 

Some Grundfos motors are designed to rotate in 
either direction; therefore, wiring connections should 
be made in accordance with the wiring diagram for 
the specific motor and pump type being used. 

Franklin and Hitachi single-phase motors must be 
connected as indicated in the respective motor 
control box. 

Pumps should NEVER be started to check rotation 
unless the pump is totally submerged. Severe 

2. Three-Phase Motors: 
Grundfos, Franklin and Hitachi three-phase 

motors must be used with the proper size and type 
motor starter to ensure the motor is protected 
against damage from low voltage, phase failure, cur­
rent unbalance and overload current. A properly siz­
ed starter with manual reset and ambient compen­
sated extra quick-trip overloads should be used to 
give the best possible motor winding protection. 
Each motor line must be protected on all three legs 
with overloads. The thermal overloads supplied must 
trip in less than 10 seconds at locked rotor (starting) 
current. For starter and overload protection guide, 
see Table G. 

damage may be caused to the pump and motor if they 
are run dry. 

High Voltage Surge Arresters 
In addition to the motor starter with overloads, a 

high voltage surge arrester should be used to protect 
the motor against lightning and switching surges. 
Lightning voltage surges in power lines are caused 
when lightning strikes somewhere in the area. 
Switching surges are caused by the opening and 
closing of switches on the main high-voltage distribu­
tion power lines. 

The correct voltage-rated arrester should be install­
ed on the supply (line) side of the control box or 
starter (see Figures 6-A and 6-8). The arrester must be 
grounded in accordance with the National Electric 
Code and local governing regulations. 

The warranty on all three·phase submersible 
motors is VOID if: 

1. The motor is operated with single-phase 
power through a phase converter. 

2. Three-leg ambient compensated extra quick­
trip overload protectors are not used. 

3. Three-phase current balance is not checked 
and recorded. (see START·UP Section 7 for in· 
structions.) 

4. High voltage surge arresters are not installed. 

THREE PHASE POWER SUPPLY 

I" I" III 
'1' ('l r¥oN PUMP 
. L .~ 1 ~:S:::L ILlCo"'_GI l",",.lIIC;i LIGHTNING 

: ..... UIUj ,"."""1 PAOTECTORS 
BEFORE 
FuSES OR 

\ 'TI , lU , IT] CIRCUIT 
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THREE PHASE HOOKUP 

FIG.6·A 
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" ..... , ........ , 
I ••• l.ltllil 

SINGLE PHASE HOOKUP 

FIG.6·B 

Control Box and Surge Arrester Grounding 
The control box shall be permanently grounded in 

accordance with the National Electric Code and local 
governing codes or regulations. The ground wire 
should be a bare stranded copper conductor at least 
the same size as the drop cable wire size. Ground 
wire should be run as short a distance as possible 
and securely fastened to a true grounding point. 

True grounding points are considered to be: a 
grounding rod driven into the water strata; steel well 

Wiring Checks 
Before making the final wiring connections on the 

drop cable to the control box terminal, it is good prac· 
tice to check the insulation resistance to ensure that 
the cable and splice are good. Measurement for a 
new installation must be 1,000,000 ohm or more. Do 

After the pump has been set into the 
well and the wiring connections have been 
made, the following procedures should be 

performed: 

a. Attach a temporary horilontallength 
of pipe to the riser pipe. 

b. Install a gate valve and another 
short length of pipe to the tem­
porary pipe. 

caSing submerged into the water lower than the 
pump setting level; and steel discharge pipes without 
insulating couplings. If plastiC discharge pipe and 
well casing are used, a properly sized bare copper 
wire should be connected to a stud on the motor and 
run to the control panel. Do not ground to a gas supp­
ly line. Connect the grounding wire to the ground 
point first and then to the terminal in the control box. 

not start the pump if the measurement is less than 
this. If it is above, finish wiring and verify that all elec­
trical connections are made in accordance with the 
wiring diagram. Check to ensure the control box and 
high voltage surge arrester have been grounded. 

Start-Up 7. 
c. Adjust the gate valve one-third of 

the way open. 
d. Verify that the electrical con· 

nections are in accordance with the 
wiring diagram. 
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Single-Phase Motors 
Grundfos single-phase motors should rotate in the 

correct direction if the wiring connections are made 

Three-Phase Motors 
1. Check the direction of rotation. 
Three·phase motors can run in either direction 

depending on how they are conhected to the power 
supply. So, when the three cable leads are first con· 
nected to the power supply, there is a 50% chance 
that the motor will run in the proper direction. To 
make sure the motor is running in the proper direc· 
tion, carefully follow the procedures below: 

a. Start the pump and check the water quan· 
tity, and pressure developed. 

b. Stop the pump and interchange any two 
leads. 

c. Start the pump and again check the water 
quantity and pressure. 

d. Compare the results observed. The wire 
connection which gave the highest pres­
sure and largest water quantity is the cor· 
rect connection. 

2. Check for current unbalance. 
Current unbalance causes the motor to have re­

duced starting torque, overload tripping, excessive 
vibration and poor performance which can result in 
early motor failure. It is very important current un· 
balance be checked in all three·phase systems. Cur· 
rent unbalance between fhe legs should not exceed 
5% under normal operating conditions. 

The supply power service should be verified to see 
if it is a two or three transformer system. The informa­
tion can be obtained by counting the transformers or 
by contacting your power company. If two trans· 
formers are present, the system is an "open delta" or 
"wye". If three transformers are present, the system 
is true three-phase. 

Make sure the transformer ratings in kilovolt amps 
(KVA) is sufficient for the motor load. See Table C. 

The percentage of current unbalance can be calcu­
lated by using the following formulas and pro­
cedures: 

Developing the Well 
After proper rotation and current unbalance have 

been checked, start the pump and let it operate until 
the water runs clear of sand, silt and other impurities. 

Slowly open the valve in small increments as the 
water clears until the valve is all the way open. The 
pump should not be stopped until the water runs 
clear. 

If the water is clean and clear when the pump is 
first started, the valve should still be slowly opened 

in accordance with the proper wiring diagram in the 
control box. 

Greatest amp difference from 

% Current unbalance = ___ t_he_a_ve~r....;ag::...e ___ X 100 

average current 

Total of current values measured 
on each leg 

Average current = -------"----
3 

Determine the percentage of current unbalance by: 

Step 1. Measure and record current readings in 
amps for each leg (hookup). Disconnect 
power. 

Step 2. Shift or roll the motor leads from left to 
right so the drop cable lead that was on ter­
minal 1 is now on 2, lead on 2 is now on 3, 
and lead on 3 is now on 1 (hookup 2). RoIl­
ing the motor leads in this manner will not 
reverse the motor rotation. Start the pump, 
measure and record current reading on 
each leg. Disconnect power. 

Step 3. Again shift drop cable leads from left to 
right so the lead on terminal 1 now goes to 
2, 2 to 3, and 3 to 1 (hookup 3). Start pump, 
measure and record cur~ent reading on 
each leg. Disconnect power. 

Step 4. Add together the values for each hookup. 

Step 5. Divide the total by 3 to obtain the average. 

Step 6. Compare each single leg reading from the 
average to obtain the greatest amp differ­
ence from the average. 

Step 7. Divide this difference by the average to ob­
tain the percentage of unbalance. 

Use the wiring hookup which provides the lowest 
percentage of unbalance. (See Table "F" for a speci­
fic example of correcting for three-phase power un­
balance). 

until it is all the way open. As the valve is being open­
ed, the draw down should be checked to ensure the 
pump is always submerged. The dynamic water level 
should always be more than 3 feet above the inlet 
strainer of the pump. 

Disconnect the temporary piping arrangements 
and complete the final piping connections. Start the 
pump and test the system. Check and record the 
voltage and current draw on each motor lead. 

Operating and Maintenance 
The pump and system should be periodically 

checked for water quantity, pressure, draw down, 
periods of cycling, and operation of controls. 

Under no circumstances should the pump be 
operated for any prolonged periods of time with the 
discharge valve closed. This can result in motor and 

4 GRUNDFOS 

pump damage due to overheating. A properly sized 
relief should be installed at the well head to prevent 
the pump from running against a closed valve. 

If the pump fails to operate, or there is a loss of 
performance, refer to the Trouble Shooting Section 8. 



Trouble-Shooting 8. 
The majority of problems that develop with submersible 

pumps are electrical, and most of these problems can be 
serviced without pulling the pump from the well. The follow­
ing charts cover most of the submersible service work. As 
with any trouble-shooting procedure, start with the simplest 
solution first; always make all the above ground checks 

before considering pulling the pump from the well. 
Basically, only two instruments are needed - a combina­

tion voltmeter/ampmeter, and an ohmmeter. These are 
relatively inexpensive and can be obtained from most water 
systems suppliers. 

WHEN WORKING WITH ELECTRICAL CIRCUITS, USE 
CAUTION TO AVOID ELECTRICAL SHOCK. It's recommend· 
ed that rubber gloves and boots be worn and that care be 
taken to have metal control boxes and motors grounded to 
power supply ground or steel drop pipe or casing extending 

into the well. WARNING: Submersible motors are intended 
for operation in a well. When not operated in a well, failure to 
connect motor frame to power supply in neutral ground may 
result in serious electrical shock. 

Preliminary Tests 
Supply 
Voltage 

Current 
Measurement 

Winding 
Resistance 

Insulation 
Resistance 

How to Measure 
By means of a volt meter, which has been set to the 

proper scale, measure the voltage at the control box 
or starter. 

On single-phase units measure between line and 
neutral. 

On three-phase units measure between the legs 
(phases). 

How to Measure 
By use of an ampmeter, set on the proper scale, 

measure the current on each power lead at the con­
trol box or starter. See the Electrical Data, Table E for 
motor amp draw information. 

Current should be measured when the pump is 
operating at constant discharge pressure when the 
motor is fully loaded. 

How to Measure 
Turn off power and disconnect the drop cable 

leads in the control box or starter. Using an ohm 
meter, set the scale selectors to Rx 1 for values under 
10 ohms and Rx10 for values over 10 ohms. 

Zero adjust the meter and measure the resistance 
between leads. Record the values. 

Motor resistance values can be found in the Elec­
trical Data, Table E. Cable resistance values in Table H. 

How to Measure 
Turn off power and disconnect the drop cable 

leads in the control box or starter. Using an ohm or 
mega ohm meter set the scale selector to Rx100K and 
zero adjust the meter. 

Measure the resistance between the lead and 
ground. (Discharge pipe or 'Nell casing if steeL) 

What it Means 
When the motor is under load, the voltage should 

be withing :t 10% of the nameplate voltage. Larger 
voltage variation may cause winding damage. 

Large variations in the voltage indicate a poor elec· 
trical supply and the pump should not be operated 
until these variations have been corrected. 

If the voltage constantly remains high or low the 
motor should be changed to the correct supply 
voltage. 

What it Means 
If the amp draw exceeds the listed service factor 

amps (SFA) or if the current unbalance is greater than 
5% between each leg on three-phase units, check the 
fOllowing: 

1. Burnt contacts on motor starter. 

2. Loose terminals in starter or control box or 
possible cable defect. Check winding and insula­
tion resistances. 

3. Too high or low supply voltage. 
4. Motor windings are shorted. 
5. Pump is damaged causing a motor overload. 

What it Means 
If all the ohm values are normal, and the cable col­

ors correct, the windings are not damaged. 
If anyone ohm value is less than normal the motor 

may be shorted. 
If anyone ohm value is greater than normal, there 

is a poor cable connection or joint. The windings or 
cable may also be open. 

If some of the ohm values are greater than normal 
and some less, the drop cable leads are mixed. To 
verify lead colors, see resistance values in Electrical 
Data, Table E. 

What it Means 
For ohm values, refer to table on following page. 

Motors of all Hp, voltage, phase and cycles duties 
have the same value of insulation resistance. 
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• CONDITION OF MOTOR AND LEADS OHM VALUE MEGOHM VALUE 

New Motor. 2,000,000 (or more) 2.0 

. 'sed motor which can be reinstalled in the well. 1,000,000 (or more) 1.0 

MOTOR IN WELl. Ohm readings are for drop cable plus motor. 

A motor in the well in reasonable good condition. 500,000 . 1,000,000 0.5 ·1.0 

A motor which may have been damaged by lightning or with damaged leads. Do not 
pull the pump for this reason. 

20,000· 500,000 0.02·0.5 

A motor which definitely has been damaged or with damaged cable. The pump 
should be pulled and repairs made to the cable or the motor replaced. The motor 
will not fail for this reason alone, but it will probably not operate for long. 

10,000 . 20,000 0.01 ·0.02 

A motor which has failed or with completely destroyed cable insulation. The pump 
must be pulled and the cable repaired or the motor replaced. The motor will not run 
in this condition. 

less than 10,000 o ·0.01 

Trouble Shooting Chart 
Fault 

A. Pump 
Does Not 
Run. 

B. Pump Runs 
But Does Not 
Deliver Water. 
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Possible Causes 

1. No electricity at pump 
panel. 

2. Fuses are blown or circuit 
breakers are tripped. 

3. Motor starter overloads are 
burnt or have tripped out. 

4. Starter does not energize. 

5. Defective controls. 

6. Motor and/or cable are 
defective. 

7. Defective capacitor. 

1. Water level in well is too 
low or well is collapsed. 

2. Integral pump check valve 
is blocked. 

3. Inlet strainer is clogged. 

How to Check 

Check for voltage at pump 
panel. 

Remove fuses and check for 
continuity with ohmmeter. 

Check for voltage on line and 
load side of starter. 

Energize control circuit and 
check for voltage at the hold· 
ing coil. 

Check all safety and pressure 
switches for operation. In· 
spect contact in control 
devices. 

Turn off voltage, disconnect 
drop leads from control box 
to the motor. Measure the 
lead to lead resistances with 
ohmmeter (RX·l). Measure 
lead to ground values with 
ohmmeter (RX·100K). Record 
measured values. 

Turn off voltage, discharge 
capacitor. Check with ohm· 
meter (RX·100K). 

Check well draw down. 

Install pressure gauge, start 
pump, gradually close the 
discharge valve and read 
pressure at shut·off. 

Same as number two above. 

How to Correct 

If no voltage at pump panel, 
check house or feeder panel for 
tripped circuits. 

Replace blown fuses or reset 
circuit breaker. If new fuses blow 
or circuit breaker trips, the elec· 
trical installation, motor and 
cable must be checked. 

Replace burnt heaters or reset. 
Inspect starter for other damage 
If heater trips again, check the 
supply voltage and starter 
holding coil. 

If no voltage, check control cir· 
cuit. If voltage, check holding 
coil for shorts. Replace bad coil. 

Replace worn or defective parts. 

If open winding or ground is 
found, remove pump and recheck 
values at the surface. Repair or 
replace motor or cable. 

Replace if defective. 

Water level should be at least 3 
feet above pump inlet during 
operation. 

Remove pump and inspect dis· 
charge section. Remove block· 
age, repair valve and valve seat 
if necessary. Check for other 
damage. Rinse out pump and re 
install. 

Remove pump and inspect. Clean 
strainer, check integral, check 
valve for blockage, rinse out 
pump and reinstall. 



Fault 

C. Pump Runs 
But at 
Reduced 
Capacity. 

D. Pump Cycles 
Too Much. 

E. Fuses Blow 
Or Circuit 
Breakers Trip. 

Possible Causes 

4. Pump is defective. 

1. Wrong rotation. 

2. Draw down is larger than 
anticipated. 

3. Discharge piping or valve 
leaking. 

4. Pump strainer or check 
valve are clogged. 

5. Pump worn. 

1. Pressure switch is not 
properly adjusted or is 
defective. 

2. Level control is not 
properly set or is defective. 

3. InsuffiCient air charging or 
leaking tank or piping. 

4. Plugged snifter valve or 
bleed orifice. 

5. Tank is too small. 

1. High or low voltage. 

2. Three phase current un· 
balance. 

3. Control box wiring and 
components. 

4. Capacitor. 

5. Starting relay (Franklin 
single phase motors only). 

How to Check 

Same as number two above. 

Check for proper electrical 
connection in control box. 

Check draw down during 
pump operation. 

Examine system for leaks. 

Remove pump and inspect. 

Install pressure gauge, start 
pump, gradually close the dis· 
charge valve and read 
pressure at shut·off. 

Check pressure setting on 
switch and operation. Check 
voltage across closed con· 
tacts. 

Check setting and operation. 

Pump air into tank or 
diaphram chamber. 

Examine valve and orifice for 
dirt or corrosion. 

Check tank size. 

Check voltage at pump panel. 

Check current draw on each 
lead. 

Check control box parts, 
match parts list. Check wiring 
matches wiring diagram. 
Check for loose or broken 
wires or terminals. 

Discharge capacitor. Check 
using an ohmmeter (RX·100K). 

Check resistance of relay coil 
with an ohmmeter (RX·1000). 
Check contacts for wear. 

How to Correct 

Convert PSI to feet (PSI x 2.31 ftl 
PSI = __ It), add elevation from 
top of well to water level to the 
pressure reading. Refer to the 
specific pump curve for shut·off 
head for that pump model. If 
head is close to curve, pump is 
probably OK. If not, remove pump 
and inspect. 

Correct wiring and change leads 
as required. 

Lower pump if possible. If not, 
throttle discharge valve and in· 
stall water level control. 

Repair leaks. 

Clean, repair, rinse out pump 
and reinstall. 

Convert PSI to feet (PSI x 2.31 ttl 
PSI = __ ft), add elevation from 
top of well to water level to the 
pressure reading. Refer to the 
specific pump curve for shut·off 
head for that pump model. If 
head is close to curve, pump is 
probably OK. If not, remove pump 
and inspect. 

Readjust switch or replace if 
defective. 

Readjust setting (refer to 
manufacturer data). Replace if 
defective. 

Check diaphram for leak. Check 
tank and piping for leaks with 
soap and water solution. Check 
air to water volume. 

Clean and/or replace if defective. 

Tank volume should be approx· 
imately 10 gallons for each gpm 
of pump capacity. 

If not within:!: 10%, check wire 
size and length of run to pump 
panel. 

Must be within :!: 5%, if not 
contact power company. 

Correct as required. 

When meter is made, the ohm· 
meter needle should jump for· 
ward and slowly drift back. If no 
meter movement, replace the 
capacitor. 

Replace defective relay. 
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TABLE A 

Minimum Water 
Flow Requirements 
for Submersible 
Pump Motors 

Motor 
Diameter 

4" 

6" 

8" 

Casing or Sleeve 
1.0. in Inches 

4 
5 
6 
7 
8 

6 
7 
8 

10 
12 
14 
16 

8 
10 
12 
14 
16 

Min. GPM Flow 
Pass the Motor 

1.2 
7 

13 
21 
30 

10 
28 
45 
85 

140 
198 
275 

10 
55 

110 
180 
255 

a. A flow inducer or sleeve must be used if the water enters the well 
above the motor or if there is insufficient water flow past the motor. 

b. The minimum water velocity over 4" motors is 0.25 feet per second. 

c. The minimum water velocity over 6" and 8" motors is 0.5 feet per 
second. 

TABLE C 

TABLE B 

Engine Driven 
Generators for 
Submersible Pumps 

Minimum Kilowatt Rating of Generator 
for Three·Wlre Submersible Pump Motors 

Motor HP for Single Externally Internally 
or Three Phase Units Regulated Regulated 

0.33 1.5 1.2 
0.50 2.0 1.5 
0.75 3.0 2.0 
1.0 4.0 2.5 
1.5 5.0 3.0 
2.0 7.5 4.0 
3.0 10.0 5.0 
5.0 15.0 7.5 
7.5 20.0 10.0 

10.0 30.0 15.0 
15.0 40.0 20.0 
20.0 60.0 25.0 
25.0 75.0 30.0 
30.0 100.0 40.0 
40.0 100.0 50.0 
50.0 150.0 60.0 
60.0 175.0 75.0 
75.0 250.0 100.0 

100.0 300.0 150.0 

Notes: 
1. Table is based on typical 80·C. rise continuous duty generators wit" 

35% maximum voltage dip during starting single and three phase 
motors. 

2. Contact the manufacturer of the generator whenever possible 10 
assure his unit has adequate capacity to run the submersible motor. 

3. If the generator rating is in KVA instead of kilowatts, multiply the 
above ratings by 1.25 to obtain KVA. 

Transformer Capacity Required for 
Three·Phase Submersible Pump Motors 

Three·Phase Minimum Total 
Minimum KVA Rating for Each Transformer 

Motor HP KVA Required· 2 Transformers 3 Transformers 
Open Delta or Wye Delta or Wye 

1 '12 3 2 
2 4 2 1 '12 
3 5 3 2 
5 7'12 5 3 
7'12 10 7'12 5 • Pump motor KVA require· 

10 15 10 5 ments only, and does not 
15 20 15 7'12 include allowances for 
20 25 15 10 other loads. 
25 30 20 10 
30 40 25 15 
40 50 30 20 
50 60 35 20 
60 75 40 25 
75 90 50 30 

100 120 65 40 

8 GRUNDFOS 
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TABLE D 

Submersible Pump Cable Selection Chart. 

The following tables list the recommended copper cable sizes and various cable lengths for Grundfos and Franklin 
submersible pump motors. 

These tables comply with the 1978 edition of the National Electric Code Table 310-16, Column 2 for 75°C wire. The 
ampacity (current carrying properties of a conductor) have been divided by 1.25 per the N.E.C., Article 430-22, for motor 
branch circuits based on motor amps at rated horsepower. 

To assure adequate starting torque, the maximum cable lengths are calculated to maintain 95% of the service entrance 
voltage at the motor when the motor is running at maximum nameplate amps. Cable sizes larger than specified may 
always be used and will reduce power usage. 

The use of cables smaller than the recommended sizes will void the warranty. Smaller cable sizes will cause reduced 
starting torque and poor motor operation. 

Single-Phase Motors 
135 Maximum length of copper cable in feet 

(105) Maximum length from motor to control box or starter 
( 30) Maximum length from control box or starter to load center or transformer 

AWG COPPER WIRE SIZES 

VOLTS HP 14 12 10 8 6 4 2 0 00 

115V 1/3 135 210 330 520 
16 (105) (160) (250) (390) 
60HZ ( 30) ( 50) ( 80) (130) 

1/2 100 _ 160 250 390 610 
( 75) (120) (190) (295) (460) 

( 25) ( 40) ( 60) ( 95) (150) 
314 140 220 350 540 850 

(105) (165) (265) (405) (640) 
( 35) ( 55) ( 85) (135) (210) 

Single-Phase Motors 
530 Maximum length of copper cable in feet 

(400) Maximum length from motor to control box or starter 
(130) Maximum length from control box or starter to load center or transformer 

AWG COPPER WIRE SIZES 

VOLTS HP 14 12 10 8 6 4 2 0 00 

230V 113 530 850 
10 (400) (640) 
60HZ (130) (210) 

1/2 400 640 1000 
(300) (480) (750) 
(100) (160) (250) 

3/4 290 470 740 1160 
(220) (355) (555) (870) 
( 70) (115) (185) (290) 

1.0 250 390 620 970 1510 
(190) (295) (465) (730) (1135) 
( 60) ( 95) (155) (240) (375) 

1.5 200 330 510 800 1250 
(150) (250) (385) (600) (940) 

( 50) ( 80) (125) (200) (310) 

2.0 180 ' 290 450 730 1100 1670 
(135) (220) (340) (550) (825) (1255) 
( 45) ( 70) (110) (180) (275) (415) 

3.0 230 360 560 880 1340 2040 
(175) (270) (420) (660) (1005) (1530) 
( 55) ( 90) (140) (220) (335) (510) 

5.0 220 320 490 750 1140 - 1540 
(165) (240) (370) (565) _ (655) (1155) 
( 55) ( 80), (120) (185) -(285) (385) 

7.5 270 360 550 840 1140 1420 
(205) (270) (415) (630) (855) (1065) 
( 65) ( 90) (135) (210) (285) (355) continued 
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TABLE D Submersible Pump Cable Selection Char:-t 
continued 

AWG COPPER WIRE SIZES 

VOLTS HP 14 12 10 8 6 4 2 0 00 000 0000 

208V 112 670 1070 1670 
30 (505) (805) (1255) 
60HZ (165) (265) (415) 

Three-Phase Motors 314 500 800 1250 1960 
(375) (600) (935) (1470) 

(125) (200) (315) (490) 670 Maximum length of copper cabte in feet 

1.0 410 660 1030 1620 (505) Maximum length from motor to control box or star1er 

(310) (495) (775) (1215) (165) Maximum length from control box or star1er to load center 

(100) (165) (255) (405) or transformer 

1.5 320 510 800 1260 
(240) (385) (800) (945) 
( 80) (125) (200) (315) 

2.0 250 390 610 960 1500 
(190) (295) (460) (720) (1125) 
( 60) ( 95) (150) (240) (375) 

3.0 180 290 450 710 1110 1690 
(135) (220) (340) (535) (835) (1270) 
( 45) ( 70) (110) (175) (275) (420) 

5.0 300 470 730 1110 1690 
(225) (355) (550) (835) (1270) 
( 75) (115) (180) (275) (420) 

7.5 340 530 810 1230 1660 
(255) (400) (610) (925) (1245) 
( 85) (130) (200) (305) (415) 

10.0 250 390 600 920 1240 1540 
(190) (295) (400) (690) (930) (1155) 
( 60) ( 95) (200) (230) (310) (385) 

15.0 270 410 630 850 1060 1270 
(205) (310) (475) (640) (795) (955) 
( 65) (100) (155) (210) (265) (315) 

20.0 320 480 650 810 970 1150 
(240) (360) (490) (610) (730) (865) 
( 80) (120) (160) (200) (240) (285) 

25.0 390 530 660 790 930 
(295) (400) (495) (595) (700) 
( 95) (130) (165) (195) (230) 

30.0 430 540 640 750 
(325) (405) (480) (565) 
(105) (135) (160) (185) 

AWG COPPER WIRE SIZES 

VOLTS HP 14 12 10 8 6 4 2 0 00 000 0000 

230V 112 910 1450 2280 
3. (685) (1090) (1710) 
60HZ (225) (360) (570) 

Three-Phase Motors 314 630 1050 1640 2570 
(475) (790) (1230) (1930) 

Maximum length of copper cable in feet (155) (260) (410) (640) 910 

1.0 550 870 1360 2140 (685) Maximum length from motor to control box or star1er 

(415) (655) (1020) (1605) (225) Maximum length from control box or star1er to load center 

(135) (215) (340) (535) or transformer 

1.5 430 680 1070 1680 
(325) (510) (805) (1260) 
(105) (170) (265) (420) 

2.0 320 510 790 1250 1940 
(240) (385) (595) (940) (1455) 
( 80) (125) (195) (310) (485) 

3.0 240 380 600 940 1470 2240 
(180) (285) (400) (705) (1105) (1680) 
( 60) ( 95) (200) (235) (365) (560) 

5.0 250 390 620 960 1470 2230 
(190) (295) (465) (720) (1105) (1675) 
( 60) ( 95) (155) (240) (365) (555) 

7.5 290 340 700 1070 1630 2200 
(220) (255) (525) (805) (1225) (1650) 
( 70) ( 85) (175) (265) (405) (550) 

10.0 520 800 1220 1640 2050 
(390) (600) (915) (1230) (1540) 
(130) (200) (305) (410) (510) . continued 

10 GRUNDFOS 



TABLE D Submersible Pump Cable Selection Chart 
continued 

AWG COPPER WIRE SIZES 

VOLTS HP 14 12 10 8 6 4 2 0 00 000 0000 

230V 15.0 360 550 830 1130 1410 1680 

3. (270) (415) (625) (850) (1060) (1260) 

60HZ ( 90) (135) (205) (280) (350) (420) 

20.0 420 640 860 1070 1280 1510 

(315) (480) (645) (805) (960) (1135) 
(105) (160) (215) (265) (320) (375) 

25.0 340 520 700 870 1040 1230 

(255) (390) (525) (655) (780) (925) 

( 85) (130) (175) (215) (260) (305) 

30.0 420 570 710 850 1000 

(315) (430) (535) (640) (750) 

(105) (140) (175) (210) (250) 

AWG COPPER WIRE SIZES 

VOLTS HP 14 12 10 8 6 4 2 0 00 000 0000 

460V 112 3660 3. (2745) 
60HZ (915) 

3/4 2660 
(1995) 

Three-Phase Motors (665) 
1.0 2290 

(1720) 3660 Maximum length of copper cable in feet 

(570) (2745) Maximum length from motor to control box or starter 

1.5 1720 2690 ( 915) Maximum length from control box or starter to load center or transformer 
(1290) (2020) 

(430) (670) 
2.0 1280 2030 

(960) (1525) 
(320) (505) 

3.0 960 1530 2400 
(720) (1150) (1800) 
(240) (380) (600) 

5.0 630 1000 1570 2470 
(475) (750) (1180) (1855) 
(155) (250) (390) (615) 

7.5 460 730 1150 1800 2810 
(345) (550) (865) (1350) (2110) 
(115) (180) (285) (450) (700) 

10.0 550 850 1340 2090 3190 
(415) (640) (1005) (1570) (2395) 
(135) (210) (335) (520) (795) 

15.0 590 920 1430 2190 3340 
(445) (690) (1075) (1645) (2505) 
(145) (230) (355) (545) (835) 

20.0 700 1100 1670 2550 3440 
(525) (825) (1255) (1915) (2580) 
(175) (275) (415) (635) (860) 

25.0 570 890 1360 2070 2800 3500 
(430) (670) (1020) (1555) (2100) (2625) 
(140) (220) (340) (515) (700) (875) 

30.0 730 1110 1690 2280 2850 3400 
(550) (835) (1270) (1710) (2140) (2550) 
(180) (275) (420) (570) (710) (850) 

40.0 850 1300 1750 2190 2610 3070 
(640) (975) (1315) (1645) (1960) (2305) 
(210) (325) (435) (545) (650) (765) 

50.0 680 1040 1400 1750 2090 2450 
(510) (780) (1050) (1315) (1570) (1840) 
(170) (260) (350) (435) (520) (610) 

60.0 870 1180 1470 1760 2070 
(655) (885) (1105) (1320) (1555) 
(215) (295) (365) (440) (515) 

75.0 950 1190 1420 1670 
(715) (895) (1065) (1255) 
(235) (295) (355) (415) 

100.0 890 1060 1240 
(670) (795) (930) 
(220) (265) (310) 
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TABLE E 

Electrical Data - 60 HZ SP Pump Moto~s 

Volts & 
Phase 

('t) 

>< 
ex) 
o 
C\I 

('t) 

>< 
o 
('t) 
N 

('t) 

>< 
o c.o 
¢ 

HP Diameter 

1/3 4" 
1/2 4" 
3/4 4" 

1/3 4" 
112 4" 
314 4" 
1 4" 
1.5 4" 
2 a) 4" 
3 b) 4" 

5 4" 
5 c) 4" 
7.5 6" 

1/2 4" 
3/4 4" 
1 4" 
1.5 4" 
2 4" 
3 4" 
5 4" 
7.5 d) 4" 

7.5 6" 
10 6" 
15 6" 
20 6" 
25 6" 
30 6" 

1/2 4" 
3/4 e) 4" 
1 e) 4" 

1.5 4" 
2 4" 
3 4" 
5 4" 
7.5 d) 4" 

7.5 6" 
10 6" 
15 6" 
20 6" 
25 6" 
30 6" 

1/2 4" 
3/4 d) 4" 

1 d) 4" 

1.5 4" 
2 4" 
3 4" 
5 4" 
7.5 d) 4" 

7.5 6" 
10 d) 4" 

10 6" 
15 6" 
20 6" 
25 6" 
30 6" 
40 d) 6" 
40 8" 
50 d) 6" 

50 8" 
60 8" 
75 8" 

100 8" 
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MFG 

GF 
GF 
GF 

GF 
GF 
GF 
GF 
GF 
GF 
GF 
F 
F 
F 

GF 
GF 
GF 
GF 
GF 
GF 
GF 
F 
F 
F 
F 
F 
F 
F 

GF 
GF 
GF 
GF 
GF 
GF 
GF 
F 
F 
F 
F 
F 
F 
F 

GF 
GF 
GF 
GF 
GF 
GF 
GF 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
F 

f 
Rotation 

B 
B 
B 

B 
B 
B 
B 
B 
C 
C 
B 
A 
B 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

Kw 

0.25 
0.37 
0.55 

0.25 
0.37 
0.55 
0.75 
1.10 
1.50 
2.20 
5.20 
5.20 
8.50 

0.37 
0.55 
0.75 
1.10 
1.50 
2.20 
3.70 
8.90 
8.20 

11.10 
16.10 
21.60 
26.10 
32.00 

0.37 
0.55 
0.75 
1.10 
1.50 
2.20 
3.70 
8.90 
8.20 

11.10 
16.10 
21.60 
26.10 
32.00 

0.37 
0.55 
0.75 
1.10 
1.50 
2.20 
3.70 
8.90 
8.20 

11.50 
11.10 
16.10 
21.60 
26.60 
32.00 
42.80 
42.80 
52.50 
52.50 
63.00 
80.00 

104.80 

Service 
Factor 

1.75 
1.60 
1.50 

1.75 
1.60 
1.50 
1.40 
1.30 
1.25 
1.15 
1.00 
1.00 
1.15 

1.60 
1.50 
1.40 
1.30 
1.25 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 

1.60 
1.50 
1.40 
1.30 
1.25 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 

1.60 
1.50 
1.40 
1.30 
1.25 
1.15 
1.15 
1.15 
1.15 
1.15 

1.15 
1.15 
1.15 
1.15 
1.15 
1.15 
1.15 

1.15 
1.15 
1.15 
1.15 
1.15 

Running 
Amps 

6.0 
8.2 

11.2 

3.0 
4.1 
5.6 
7.2 
9.2 

13.6 
16.8 
23.0 
23.0 
34.5 

2.5 
3.4 
3.9 
5.4 
7.0 
9.8 

15.9 
26.0 
23.2 
30.9 
44.1 
59.2 
70.8 
89.3 

2.4 
3.0 
3.8 
5.2 
6.8 
9.6 

15.6 
23.5 
21.0 
27.9 
39.9 
53.5 
64.0 
80.8 

1.2 
1.5 
1.9 
2.6 
3.4 
4.8 
7.8 

11.7 
10.5 
15.6 
13.9 
20.0 
26.7 
32.0 
40.4 
53.0 
53.0 
67.0 
67.0 
76.0 
92.0 

120.0 

Service 
Factor 
Amps 

7.6 
10.2 
13.4 

3.8 
5.1 
6.7 
8.8 

10.8 
15.2 
18.6 
23.0 
23.0 
40.0 

3.2 
4.3 
5.2 
6.7 
8.4 

11.1 
17.9 
29.0 
26.4 
35.4 
50.2 
67.4 
81.4 

102.0 

3.0 
4.2 
5.0 
6.6 
8.4 

11.2 
18.0 
26.2 
23.9 
32.0 
45.4 
61.0 
73.6 
92.0 

1.5 
2.1 
2.5 
3.3 
4.2 
5.6 
9.0 

13.1 
11.9 
17.4 
16.0 
22.7 
30.5 
36.8 
46.0 
60.0 
60.0 
75.0 
75.0 
89.0 

110.0 
148.0 

Locked 
Rotor 
Amps 

17 
24 
36 

8 
12 
18 
24 
32 
55 
55 
97 
97 

181 

12 
17 
17 
26 
34 
49 
82 

158 
126 
181 
280 
383 
500 
590 

10 
14 
14 
22 
28 
40 
66 

143 
114 
164 
253 
346 
452 
534 

5 
7 

7 
11 
14 
20 
33 
72 
57 

108 
82 

127 
173 
226 
267 
336 
342 
472 
433 

560 
760 

1000 

NEMA 
Locked 
Rotor 
Code 

G 
F 
F 

G 
F 
F 
F 
E 
o 
o 
o 
o 
E 

K 
K 
G 

G 
G 
G 
G 
J 
G 
H 
H 
H 
J 
J 

K 
K 
G 
H 
G 
G 
G 
J 
G 
H 
H 
H 
J 
J 

K 

K 

G 
H 
G 
G 
G 
J 
G 
K 
H 
H 
H 
J 
J 
H 
H 
J 
H 
J 
J 
J 

Dual 
Standard Element 
Fusl Size Fuse Size 

20 8 
30 12 
35 15 

15 5 
15 6'1. 
25 8 
30 10 
30 12 
40 17.5 
60 20 
80 25 
80 25 

125 45 

15 4 
15 5 
15 6'/. 
20 7 
25 9 
40 15 
50 20 
90 35 
80 30 

100 40 
150 60 
200 80 
225 90 
300 110 

15 4 
15 5 
15 8'1. 
20 8 
25 10 
30 15 
50 20 
80 30 
70 30 
90 35 

125 50 
175 70 
200 80 
250 110 

15 2 
15 2'12 
15 3 
15 4 

15 5 
15 61/. 
25 10 
40 15 
35 15 
50 20 
45 20 
60 25 
90 35 

100 40 
125 50 
175 70 
175 70 
225 90 
225 90 
250 110 
350 125 
450 175 



TABLE E 

Electrical Data - 60 HZ SP Pump Motors 

Volts & Motor Stator Winding Resistance Micro· Capacitor Ktixon 
Phase HP Part No. Part No. Yel.lBlk. Red/Blk. larads Volts Part No. Part No. 

Lt')~ 113 794201 01 79.50 78 2.1912.42 2.761 3.05 80 200 1440 MEH26GX 
~ 

)( 112 794201 02 79.5087 1.6211.79 1.901 2.11 120 200 14 41 MEH16LX(s) 
~ 314 794201 03 79.50 88 0.8610.95 1.051 116 160 200 1442 MEJ18AX 

1/3 79.4501 01 79.5079 8.65/9.56 10.93/12.08 20 400 1443 MEG59HX 
1/2 79.4501 02 79.5093 5.51/6.09 6.84/ 7.56 30 400 1445 MEG40HX 

~ 3/4 79.4501 03 79.5094 3.23/3.57 4.18/ 4.62 40 400 1446 MEH26GX 

)( 1 79.4501 04 79.50 95 2.57/2.84 2.95/ 3.26 50 400 1447 MEH16LX 
1.5 79.450105 79.5096 1.7111.89 2.00/ 2.21 60 400 1448 CEH30JX 

0 2 a) 79.450006 79.5068 0.95/1.05 0.95/ 1.05 100 400 1452 CGH16KR 

C") 3 b) 79.450007 79.5069 0.95/1.05 0.95/ 1.05 120 400 1454 CGH16KR(s) 

C\I 5 224·11320 0.68/1.00 2.101 2.80 
5 c) 224·11321 0.68/1.00 2.10/ 2.80 
7.5 226·10190 0.4010.50 0.98/ 1.20 

112 79.320002 79.5080 9.20/11.2 
314 79.320003 79.5081 6.301 7.7 
1 79.320004 79.5082 6.301 7.7 
15 79.320005 79.50 B3 3.901 4.B 

C") 2 79.320006 79.50 B4 2.BOI 3.4 
a) Motor No. 79.45 00 06 replaces model 3 79.320007 79.50 B5 1.BOI 2.2 

>< 5 79.320009 79.5086 1.00/ 1.2 79.45 01 06 with Stator No. 79.50 97 and 

ex) 7.5 d) 234·10B28 0.7610.93 80 MF Capacitor, Part No. 14.50. 

0 7.5 236·13290 04BIO.59 b) Motor No. 79.45 00 07 replaces model 
C\I 10 236·13390 0.3BIO.46 79.45 01 07 with Stator No. 79.50 98 and 

15 236·13490 0.2910.37 100 MF Capacitor, Part No. 14.52. 
20 236·13590 0.1710.22 
25 236-13690 0.1310.19 c) Special Franklin motor with clockwise 
30 236·13790 0.10/0.14 rotation CANNOT rotate counter clockwise. 

d) Franklin Uni-stru Motor. 
112 79.300002 79.5070 11.4113.9 

Stators are the same for these models, 314 e) 79.300003 79.5071 6.8/ B.3 e) 
1 e) 79.300004 79.5072 6.8/ B.3 but the nameplate is different. 
1.5 79.300005 79.5073 4.9/ 6.0 f) A - Rotation is clockwise. 

C") 2 79.300006 79.5074 3.41 4.2 B - Rotation is counterclockwise. 
)( 3 79.300007 79.5075 2.3/ 2.8 C - Rotation is either direction. 

5 79.300009 79.5076 1.3/ 1.6 

0 7.5 d) 234·11B28 0.76/0.93 

C") 7.5 236·10290 0.56/0.71 

C\I 10 236·10390 0.45/0.55 
15 236·10490 0.29/0.37 
20 236·10590 0.22/0.27 
25 236·10690 0.16/0.21 
30 236·10790 0.11/0.15 

112 79.360002 79.5040 45.4155.5 
314 d) 79.360003 79.5041 27.2133.2 
1 d) 79.360004 79.5042 27.2133.2 
1.5 79.360005 79.5043 19.5123.B 
2 79.360006 79.5044 13.6116.7 
3 79.360007 79.5045 9.0111.0 
5 79.360009 79.5046 5.11 6.2 

C") 7.5 d) 234-1282B 2.41 3.4 
7.5 236-11290 2.11 2.9 

)( 10 d) 234-1292B 1.81 2.3 

0 
10 236-11390 1.51 2.1 
15 236-11490 1.1114 

<0 20 236-11590 0.771 1 1 
~ 25 236-11690 0.53/0.Bl 

30 236-11790 0.4010.59 
40 d) 236-11B90 0.44/0.54 

40 239-10090 0.2610.29 
50 d) 236-11990 0.32/0.40 
50 239-10190 0.19/0.22 
60 239-10290 0.15/0.17 
75 239-10390 0.11/0.13 

100 239-10490 0.OBIO.09 

GRUNDFOS 13 



TABLE F 

Example: Correcting for Three Phase 
Power Unbalance 

HOOKUP 1 HOOKUP2 

FUSED 
DISCONNECT 

+--MAGNETIC 
STARTER 

MANUAL RESET 
V4-+-- THERMAL OVER. 

LOAD WITH 
EXTRA QUICK 
TRIP HEATERS 

+-___ MOTOR DROP 
CABLE 

4---MOTOR 

HOOKUP3 

Example: Check for current unbalance for a 230 volt, 3 phase, 60 Hz submersible pump motor, 18.6 full load amps. 

Solution: Steps 1 to 3 measure and record amps on each motor drop lead for Hookups 1, 2, & 3. 

(T1) 

(T2) 

(T3) 

Step 4 

Step 5 

Step 6 

Step 7 

Step 1 (Hookup 1) Step 2 (Hookup 2) 

DL1 = 19 amps DL3 = 17 amps 

DL2 = 14 DL1 = 15 

DL3 = 15 DL2 = 16 

Total = 48 amps Total = 48 amps 

Average Current = 
Total current 48 

= 
3 readings 3 

Greatest amp difference (Hookup 1) = 19 
from the average: (Hookup 2) = 16 

(Hookup 3) = 16 

% Unbalance (HOOKUP 1) 3 100 6.25 =--x = 
48 

(HOOKUP 2) 1 100 2.08 =--x = 
48 

(HOOKUP 3) 2 =--x 
48 

100 = 4.17 

= 

16 = 
15 = 
14 = 

3 
1 
2 

Step 3 (Hookup 3) 

DL2 = 17 amps 

DL3 = 14 

DL1 = 17 

Total = 48 amps 

16 amps 

As can be seen Hookup 2 should be used since it shows the least amount of current unbalance. Therefore, the motor will 
nperate at maximum efficiency and reliability. 

By comparing the current values recorded on each leg, you will note the highest value was always on the same leg, L1. This 
rndicates the unbalance is in the power source. If the high current values were on a different leg each time the leads were 
changed, the unbalance would be caused by the motor or a poor connection. 

If the current unbalance is greater than 5%, contact your power company for help . 

• For a detailed explanation of three-phase balance procedures, see section Three Phase Motor, page 4. 
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I TABLE G L_ 

i 

Overload Protection of Three Phase I 
I 
L. 

• 60 HZ Submersible Motors 
i 
L 

Approved Ambient Compensated Quick 

Full SerYlce NEMA 
Trip Heaters .) 

L Volts & Load Factor Sized Furnas 
Phase HP DIA MFG Amps Amps Starters Innovas.4!f') AS GE 

i 
1/2 4" GF 2.5 3.2 00 K29 J14 L3.43A 

I 314 4" GF 3.4 4.3 00 K34 J18 L4.63A 
L 1 4" GF 3.9 5.2 00 K37 J20 L5.61A 

C") 
1.5 4" GF 5.4 6.7 00 K42 J22 L7.50A 
2 4" GF 7.0 8.4 0 K49 J25 L9.10B 

>< 3 4" GF 9.8 11.1 0 K54 J28 L12.2B 
i 5 4" GF 15.9 17.9 K61 J33 119.9B L CO 7.5 e) 4" F 26.0 29.0 K70 J38 L32.2B 

0 7.5 6" F 23.2 26.4 1 K68 J37 L29.3S 

N 10 6" F 30.9 35.4 2 K78 d) J39 L39.0B 
I 15 6" F 44.1 50.2 3 K77 J43 L52.0B 
L 20 6" F 59.2 67.4 3 K77 0) J45 L71.0B 

25 6" F 70.8 81.4 3 K85 0) J70 L86.6B 
30 6" F 89.3 102.0 4 K870) J72 L107C 

1/2 4" GF 1.2 1.5 00 K21 J7 L1.74A 
3/4 4" GF 1.5 2.1 00 K24 J10 L2.32A 
1 4" GF 1.9 2.5 00 K27 J13 L2.82A 
1.5 4" GF 2.6 3.3 00 K31 J15 L3.43A 
2 4" GF 3.4 4.2 00 K34 J18 L4.63A 
3 4" GF 4.8 5.6 0 K39 J20 L6.18A 
5 4" GF 7.8 9.0 0 K50 J25 L10.0B 

C") 
7.5 e) 4" F 11.7 13.1 K57 J29 114.7B 
7.5 6" F 10.5 11.9 K56 J29 113.5B 

>< 10 e) 4" F 15.6 17.4 K61 " J32 L19.9B 
10 6" F 13.9 16.0 1 K60 J32 118.1B 

0 15 6" F 20.0 22.7 2 K67 d) J35 L24.1B 

<0 20 6" F 26.7 30.5 2 K70 J38 L32.2B 

~ 25 6" F 32.0 36.8 2 K73 J40 L39.0B 
30 6" F 40.4 46.0 3 K75 e) J41 L46.4B 
40 e) 6" F 53.0 60.0 3 K76 g) J44 L62.2B 
40 8" F 53.0 60.0 3 K76 g) J43 L62.2B 
50 e) 6" F 67.0 75.0 3 K78 g) J46 L78.7B 

L- 50 8" F 67.0 75.0 3 K78 g) J45 L78.7B 
60 8" F 76.0 89.0 4 K85 1,g) J46 L86.6B 
75 8" F 92.0 110.0 4 K87 1,g) J71 L107C 

100 8" F 120.0 148.0 4 K94 1,g) J74 1155C 

a) Cutler Hammer and Square 0 ambient compensated overload relays may be used. For Cutler Hammer use the same heater 
number as listed under General Electric. For Square 0 overloads refer to bulletin "SM 416R." 

b) Furnas Innova-45 heater selections are based on the trip current adjustment in the normal position and should not be in· 
creased. 

c) Franklin Unistruc motor. 
d) Heater selection based on using Furnas size 1314 starter with this motor. 

~ e) Heater selection based on using Furnas size 2V2 starter with this motor. 
f) Heater selection based on using Furnas size 3V2 starter with this motor. 
g) Furnas enclosed Nema 1 type starter. 
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TABLE H 

Total Resistance of Drop Cable (OHMS) 

1750 

a: 
0 
~ 

1500 0 
:E 
Il. 
:E 
::l 
Il. 

0 1250 
~ 
)( 

0 
III 
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0 
a: 1000 ~ 
z 
0 
(J 

:E 
0 
a: 

750 u. 
w 
(J 

10000 ~ INoJ /, : f II I 'I 
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II 
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I 
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I II 1/ 1/ ~-
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~ 

I-I- J-I--J ~ 

II II l/ ~ r- 1- --I-- 1-
~ .... I 

1 V LI V ~ 
,.... : 

II I II 1/ :..,.. 

""" z 
< 
~ 

~ 
0 400 

II l.I v ~ 
,.... 

J V 1/ v ~ 
--- i-- t-- _.- -~ --f-- -- -

~ ~ 
i--'" II I 1/ j l/ .... 1' I 

II 1/ I-'" J' 

""" 
, 

17 1/ LI l..o' ~ oi""" I I I 
J J 1/ ~" J.,.oo ...... 
I J v 1/ ~ j...- I 

250 ~/II 1/ 1/ :..,.. J.,..o ..... 
J J V V ;..... I 

II" 1/ ~ l,..o oi""" i I 

rll/ ~ I' ...... 1--' 
~J.,..o .",.. --1--

I 

o .5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

DROP CABLE OHMS 

a) Based on wire at 2SoC (77°F) 

The values shown on this chart are for copper conductors. Values are for the total resistance of drop cable from 
the control box to the motor and back. 

To determine the resistance: 

1. Disconnect the drop cable leads from the control box. 

2. Record the size and length of drop cable. 

3. Determine the cable resistance from the above chart. 

4. Add drop cable resistance to motor resistance. Motor resistances can be found in the Electri­
cal Data Chart, Table F. 

5. Measure the resistance between each drop cable lead using an ohm meter. Meter should be set 
on RX·1 and zero balanced for this measurement. 

6. The measured values should be approximately equal to the calculated values. 
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GRUNDFOS' 

REGISTRATION 

PLEASE READ THIS BEFORE YOU BEGIN. These instruc· 
tions explain how to properly disassemble and reassemble 
6" Grundfos pump ends: For correct assembly, it is impor· 

A. DISASSEMBLY: 
Removing Motor From 
Pump End 

Fig. 1 
Insert a large screwdriver 
in the suction interconnec· 
tor to keep the pump from 
turning while loosening the 
nuts on the strap studs 
and motor nuts or bolts. 

Fig. 2 
Using a 17mm wrench (if 
the pump is mounted to a 
4" motor) or a 19mm 
wrench (if the pump is 
mounted to a 6" motor), 
remove the nut from one of 
the straps holding the 
cable guard. 

Fig. 3 
Pull up the strap and re­
move it. 

Fig. 4 
Remove the rubber cable 
protector. Remove the 
cable guard by pulling up 
and sliding it away from 
the strap. 

Service Manual For 
Submersible Pumps 

SP16 -
SP35 

tant these instructions be followed In the order described. 
Special factory tools are required. These tools are describ­
ed in the SP Pump Service Tool List. 

Fig. 5 
On 6" motors bend back 
the clip at the bottom of 
the cable guard releasing 
the motor cable from the 
guard. 

Fig. 6 
Using the proper size 
wrench, remove the nuts or 
bolts holding the pump 
end to the motor. 

,d 

Fig. 7 
For 8" Franklin motors, 
loosen the lock ring in the 
coupling, using the lock 
ring pliers (PIN SV.0205). If 
the lock ring cannot be 
loosened, the two allen 
screws in the coupling can 
be removed. See Figs. 9 & 
10. (Coupling is shown less 
suction interconnector for 
position clarity). 

FIg. 8 
Separate the pump end 
from the motor by pulling 
the pump end straight up. 
Care must be taken not to 
bend the motor shaft or 
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pump shaft and for 4" 
motors, the mounting 
studs. 

Pump End Disassembly: 
Before beginning, we sug­
gest the pump be marked 
to indicate the position 
and order of the original 
components in order to fa­
cilitate locating specific 
areas of wear or damage. 
With a marking pen, draw a 
straight line down the en­
tire length of the pump. 
One of the straps makes a 
convenient straight edge 
for this purpose. Number 
the chambers in order, 
starting with the first 
chamber above the suction 
interconnector. During dis­
assembly, layout the parts 
in the order and orientation 
in which they are removed 
to aid in proper reassem­
bly. 

Figs. 9 & 10 
If the pump end is for 6" or 
8" motors, the motor 
coupling must be removed 
before proceeding. Using 
the proper size allen 

wrench (1/8" [3.0mm] for 6" 
motors Service Tool PIN 
SV.OO 52), (5/32" [4.0mm] 
for 8" motors Service Tool 
PIN SV.OO 26), loosen the 
two set screws and gently 
pry the coupling off the 
shaft. Remove key from 
shaft if necessary and 
place with the coupling. 

Fig. 11 
Select the correct side of 
the mounting plate, PIN 
SV.OO 49, which is deter· 
mined by the diameter of 
the motor to be used. The 
suction interconnector will 
securely seat on the cor­
rect side of the mounting 
plate. 

f·<· .. ' ... 
,~ r 

~ .. 
t 

Fig. 12 
Select the proper shaft 
height spacer and shaft 
holding bolt indicated on 
the SP Pump Service Tool 
List for the specific pump 
and motor type. Clamp the 
plate in a vise and place 
spacer in the center of the 
pump mounting plate. 

Fig. 13 
Set the pump into place on 
the mounting plate so the 
shaft is centered on the 
shaft height spacer. Insert 
the correct size metric 
allen bolt up through the 
mounting plate, shaft 
spacer and thread into the 
shaft. Securely tighten. 
Bolt sizes and lengths are 
given in SP Service Tool 
List. 

Fig. 14 
Using the proper size 
metric wrench, loosen the 
remaining straps diagonal­
ly making sure not to bend 
the pump shaft. Remove 
straps. 

Figs.1S& 16 
Lift the check valve casing 
off the top diffuser cham­
ber. If the valve casing 
sticks, it may be loosened 
by tapping it gently on the 
side with a rubber mallet. 
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Figs. 17 & 18 
Remove the check valve 
cone and upper diffuser 
chamber. Note, on some 
models with a larger num· 
ber of stages, the check 
valve casing and top dif· 
fuser chamber are welded 
together and are an in· 
tegral unit. See the Spare 
Parts List for the specific 
models. 

Fig. 19 
Using the combination 
split cone wrench and 
driver (PIN SV.OO 60 for 
SP16, PIN SV.OO 61 for 
SP25 and SP35), loosen the 
split cone (right hand 
thread) but do not remove 
it. 

Fig. 20 
Tap the split cone down 
releasing the grip of the 
split cone from the shaft. 

Figs. 21, 22 & 23 
Remove the split cone nut 
and impeller. The split 
cone can be removed by in· 
serting a screwdriver in the 
slot of the cone and gently 
prying sideways while lif· 
ting up on the cone. 

Fig. 24 
Remove the next diffuser 
section. 

Figs. 25 &26 
Continue to disassemble 
by loosening the split cone. f.iI!i~ 
nuts, tapping down split . 
cones, removing the split 
cone nuts, impellers, split 
cone and diffuser, until all 
stages have been removed. oJ 
It may not be necessary to ,­
remove the last impeller 
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from the shaft, depending 
on whether or not the shaft 
or bottom impeller needs 
replacement. 
It will be necessary to un· 
bolt the shaft from the 
mounting plate to continue 
disassembly if the last im­
peller was not removed. 

Fig. 27 
SP25 only: Remove the 
seal ring retainer (Pos. 25). 

Fig. 28 
Remove the suction inter· 
connector. 

Figs. 29, 30, 31 & 32 
Can be skipped if further 
dismantling is not reo 
quired. 

Fig. 29 
SP16 and 25 models: Re­
move the rubber seal ring 
by pressing a screwdriver 
between the seal ring and 
retainer for the strainer 
and gently pry up. 

Fig. 30 
SP16 models: Remove the 
seal ring retainer (Pos. 25) 
by inserting a screwdriver 
between the suction inter· 
connector and retainer and 
gently pry up. 

Fig. 31 
SP35 models: The bottom 
seal ring can be removed 
by inserting a screwdriver 
under the ring and gently 
prying it up. 

Fig. 32 Fig. 34 
SP25 and 35 models: Re­
move the retainer for the 
strainer (Pos. 26) 

Fig. 33 
Strainer can be removed 
from the suction intercon· 
nector by lifting up. 

B. COMPONENT 
INSPECTION: 

Thoroughly clean all parts 
and inspect for wear or 
damage. The following 
parts should be carefully 
checked. All worn parts 
should be replaced to en· 
sure proper performance 
and life of the pump. The 
position numbers refer to 
the Spare Part Lists. 

Pos.2. 
Check Valve Cone - The 
check valve cone must be 
smooth and straight, with· 
out deformation or wear 
grooves. 

Flg.3S 

Pos.3. 
Valve Seat - The check 
valve cone should seat on 
the rubber portion of the 
seat and not touch metal. 
If the valve cone can touch 
metal when the cone is 
pressed down, the seat 
must be replaced. The seat 
can be removed by press· 
ing a screwdriver under the 
seat and gently prying up. 
See Fig. 34.Clean the edge 
of the seat recess and re­
install new seat by firmly 
pressing up and tapping in· 
to place. See Fig. 35 
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Fig. 36 

Fig. 37 

Fig. 38 

Pos.6. 
Top Bearing - The top 
bearing(s) is fluted (hexed) 
and designed to allow for 
maximum water lubrica· 
tion. The bearing(s) should 
be smooth inside and free 
of any signs of sand dam­
age or dry running. See 
Fig. 36. On some pump 
models, there are two bear· 

ings. On others, a Single 
bearing. The bearing(s) is 
pressed into place. For 
pumps with one bearing, 
the bearing can be driven 
out by using a punch and 
mallet. For pumps with 
two bearings, a narrow 
chisel should be inserted 
between the bearings. 
They should be driven out 
in the opposite direction 
in which they were in­
serted. Top bearing must 
be firmly seated and flush 
with the bearing retainer. 
See Figs. 37 and 38. 
Note: On some models 
where the discharge and 
top sections are welded 
together, the entire section 
must be replaced if wear or 
damage is evident. 

Fig. 39 

Fig. 40 
Pas. 7. 
Seal Rings - This ring 
should be replaced when 
the lip touching the collar 
of the impeller is worn 
away. WORN SEAL RINGS 
MAY CAUSE REDUCED 
PUMP CAPACITY. The seal 

diffuser chambers by 
pressing a screwdriver be­
tween the seal ring and 
bottom of the chamber and 
gently prying up. See Fig. 
39. Clean edge of the ring 
recess and install new seal 
ring by tapping into place 
with a mallet. Lip of seal 
ring must face towards the 
diffuser chambers. See 
Fig. 40. 

Fig. 41 

Fig. 42 

rings are removed from the Fig. 43 

Pas. 8. 
Intermediate Bearlngs­
These bearings are fluted 
(hexed) and are also de­
signed to allow for max· 
imum water lubrication. 
Bearing(s) should be 
smooth inside and free of 
any sand damage or dry 
running. Bearings are re­
moved by pressing against 
one side of the bearing and 
causing it to collapse to­
ward its center. See Fig. 
41. The bearing will then 
pass through the bearing 
retainer. See Fig. 42. Bear· 
ings are installed in the op­
posite manner. Soapy wa· 
ter may be used to lubri· 
cate the bearings for 
easier Installation, but 
never use oil on any rubber 
parts. See Fig. 43. 
Note: Tapered end of bear· 
ing must face upwards in 
the diffuser section. 

Pas. 9. 
Diffuser Chamber -
Check for signs of wear, 
loose vanes and clogged 
water passages. 

Pas. 13. 
Impellers - Inspect each 
impeller and impeller col· 
lar for smoothness and 
wear. Replace impeller if 
collar is worn or grooved 
suffiCiently that the neck 
ring will not properly seal. 
Check water passages for 
blockage and loose or 
damaged vanes. 

Pas. 14. 
Suction Interconnector -
If the pump has been drop­
ped or bent, the suction in· 
terconnector must be 
checked for alignment or 
replaced. 

Pas. 16. 
Shaft - The shaft should 
be smooth, straight and 
major signs of grooves or 
wear should not be evi· 
dent. 

Pas. 24 
Coupling Splines - The 
coupling splines must be 
clean and free of any 
defects. There should be a 
smooth slide fit between 
the coupling and motor 
shaft splines. 
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Fig. 44 

Fig. 45 
Pos.64. 
Priming Inducer - On the 
SP16 models, the priming 
inducer is attached to a 
sleeve which must firmly 
grip the shaft. It must be 
removed if it is loose or 
the shaft requires replace· 
ment. Using hammer and 
the combination split 
cone wrench and driver 
SV.OO 60, tap the inducer 
off the end of the shaft. 
See Fig. 44. The inducer is 
replaced by tapping it on 
the shaft. For pumps with 
4" motors, the inducer is 
pressed on the shaft until 
it touches the coupling. 
For pumps with 6" motors, 
the inducer is pressed on 
until it is approximately 
0.20 inches (5mm) from 
the shoulder of the shaft. 
On SP35 models, the in­
ducer can be removed by 
gently squeezing it to­
gether with your fingers 
and lifting up. See Fig_ 45. 
The spacer ring (Pos. 7S) 
can now be driven off the 
end of the shaft. To ra-

6 GRUNDFOS 

place the inducer, first 
slide the spacer ring down 
the shaft so it is approx­
imately 0.20 inches (Smm) 
from the shoulder of the 
shaft. 
With your fingers, NOT 
PLIERS, gently squeeze 
the inducer together and 
slide it into position above 
the spacer ring. The in­
ducer must firmly grip the 
shaft. 

C. PUMP END 
ASSEMBLY: 

Check to ensure the cor­
rect side of the mounting 
plate PIN SV.oo 49, is used. 
The suction interconnector 
will securely seat on the 
correct side of the moun­
ting plate. 

Fig_ 46 
Side selection is based on 
motor diameter. Select the 
proper shaft height spacer 
indicated on the SP Pump 
Service Tool List for the 
specific pump type. With 
the spacer between the 
shaft and mounting plate, 
bolt the shaft to the plate. 
Shaft must be clean and 
oil free. Pumps with 8" 
motors should be assem­
bled like pumps for 6" 
motors. They should then 
be coupled to a 6" to 8" 
adapter flange. However, 
the following shaft spac­
ers must be used: 
8" Franklin: 
PIN SV.02oo (71 mm) 
8" Pleuger: 
PIN SV.01 91 (81mm) 

Fig. 47 
Slide the spacer pipe (PIN 
SV.OO 81) for the impeller 
spacer down over the shaft. 
The machined groove in 
one end of the spacer pipe 
faces down and fits into 
the machined recess in the 
mounting plate. 

Figs. 48 &49 
Select the proper side of 
the impeller spacer (PIN 
SV.OO 80) as determined by 
the motor diameter. Slide it 
down over the shaft fitting 
it into the spacer pipe. See 

FIg. 48. 
Note: Impeller spacer ring 
(PIN SV.01 90) must also be 
used for SP16 model. This 
ring fits on top of impell~' , J 
spacer (PIN SV.oo 80) wi 
the recess in the ring fac-
ing down. See FIg. 49. 

FIg. 50 
. Depending on the condi· 
, tion of the shaft it may be 

necessary to individually 
position each split cone on 
the shaft. If required, Insert 
a screwdriver in the slot of .­
the split cone and slide it 
down the shaft. Position . J 
above the upper edge ~ 
the spacer ring. Replace 
the impeller over the shaft 
and seat it on the split 
cone. 

Fig. 51 
Loosely screw the split 
cone nut on the split cone. 
On SP16, the tapered por­
tion of the split cone nut 
faces the impeller. 0" ) 
SP25 and SP35, the nut J 
installed so the no~. 
threaded portion of the nut 
faces towards the top of 



the impeller. See Fig. 51. 
Threads in the split cone 
nut must be at the top of 
the split cone. Using a 
plastic mallet, tap the im· 
peller assembly down until 
it makes metallic contact 
with the spacer ring. 

Fig. 52 
Tighten split cone nut to 
33·43 Ibf·ft (40·60 Nm, 
4.5-6.0 kgfm) torque. The 
threads in the split cone 
nut may strip out if the 
nuts are overtightened. 

11 
Fig. 53 
Loosen and remove the 
shaft hold·down bolt. Re­
move the spacer pipe and 
impeller spacer ring. 
Note: Figs. 54 through 59 
can be skipped if the suc· 
tion interconnector was 
not disassembled. 

Figs. 54&55 
If the strainer has been 
removed, insert it into the 
suction interconnector and 
press into place. See Fig. 
54. If there is a recess in 
the strainer, it must be 
aligned with the indenta· 
tion in the suction inter· 
connector which is provid· 
ed for the motor cable. See 
Fig. 55. 

Fig. 56 
SP16 - Install the rubber 
seal ring (Pos. 7) in the 
strainer retainer (Pos. 25). 
Lip of seal ring must face 
upward in retainer. Insert 
retainer in the suction in· 
terconnector. 

1L~-~ 
Fig. 57 .J6·- ~ ..y~­
SP25 and SP35 - Install 
the strainer retainer (Pos. 
26) in the suction intercon· 
nector. Recessed surface 
of the retainer faces down 
toward the motor. 

Fig. 58 :/JS .,. ft.7 
SP25 - Install the rubber 
impeller seal ring (Pos. 7) 
in the suction interconnec· 
tor. Lip of seal ring must 
face upward in intercon· 
nector. 

Fig. 59 .:J5 + ~~­
SP35 - Position the seal 
ring so the edge with a 
taper faces down. With a 
plastic mallet gently tap 
the ring into place. 

GRUNDFOS 7 



Fig. 60 
Center the suction inter· 
connector on the mounting 
plate. 

Fig. 61 
Insert the shaft impeller 
assembly into the suction 
interconnector and rebolt 
the shaft to the mounting 
plate, being sure to use the 
proper shaft height spacer. 
Tightly bolt it down. On 
SP25 make sure the seal 
ring retainer is in place 
before the shaft impeller 
assembly is installed. 

Fig. 62 
Check to be sure the im· 
peller seal ring and in· 
termediate shaft bearing 
are properly installed in 
diffuser sections. Put a 
thin, even layer of sealing 
compound on the bottom 
seal surface of the first 
diffuser chamber. Sealing 
compound must be thin 
and even in consistency. 
Too much or too lumpy 
compound will cause as· 
sembly clearances to be 
out of tolerance and will 
result in improper assem· 
bly. Compound can be 
easily applied by spread· 
ing a layer on a piece of 
foam, then pressing the 
part against the foam. 

Fig. 63 
Slide the diffuser chamber 
down the shaft and tap in· 
to place with a rubber 
mallet, being sure it is 
evenly seated. 

Fig. 64 

Fig. 65 
Depending on the condi· 
tion of the shaft, it may be 
possible to slide the im­
peller split cone assembly 
down the shaft. See FIg. 
64. If the assembly fits too 
tightly to the shaft, remove 
the split cone from the im­
peller, gently insert a 
screwdriver into the split of 
the split cone. See Figs. 50 
and 51. Reinstall split cone 
and slide down the shaft. 
Note: The impeller must be 
firmly tapped into place 
and seated against the 
neck ring before the split 
cone nut is tightened to 
33·43 Ibf·ft (40·60 Nm, 
4.5-6.0Kgfm) torque. See 
Fig. 65. Overtightened nuts 
may strip threads or re­
duce required tolerances .. 
Diffuser chamber will not 
rotate when the nuts are 
adequately tightened. 

--I ," 
• .1'1 ..... 

FIg. 66 
Coat lower bottom seal 
surface of next inter· 
mediate chamber with 
sealing compound (See 
Fig. 62) and Install 
chamber. Position the Im­
peller assembly with split 
cone and split cone nut on 
the shaft and firmly press 
into place. Securely 
tighten split cone nut. 
Continue assembly until 

• all intermediate chambers 
are in place. Be sure to use 
jOint compound between 
all intermediate· diffuser 
chambers as they are be- " 
ing assembled. 

Fig. 67 
Install the top diffuser· 
bearing section, making 
sure the upper bearing and 
check valve seat are free of 
defects. Replace If neces· 
sary. The upper bearing 
must fit tightly into the 
bearing retainer. 

J 

For SP16, check that the 
shaft end does not pro­
trude past the upper edge 
of the bearing suppor 
which could prevent tt~ ..J 
check valve cone from 
firmly seating on the valve 
seat. 

8 GRUNDFOS ______________________________________________________________ __ 



Fig: 68 
Position the valve cone on 
the valve seat. 

Fig. 69 
Install the discharge sec· 
tion, making sure the slot 
in the casing for the straps 
is aligned to the pOints 
where the clip attaches to 
the suction interconnector. 

Fig. 70 
Insert the top of the straps 
into the slots in the dis· 
charge section. By slightly 
bowing the straps, insert 
the threaded stud through 

the hole in the suction in­
terconnector. 

Fig. 71 
Place metric nuts on strap 
studs and tighten ade­
quately, but do not over 
torque 10mm nuts: 35-40 
Ibf-ft. 48-55 Nm, 4.8-5.5 
Kgfm. 12mm nuts: 50-65 
Ibf-ft, 70-90 Nm, 7.0-9.0 
Kgfm. 
Loosen shaft mount bolt 
and remove pump from the 
mounting plate. 

IMPORTANT: To be certain 
pump has been properly 
assembled, it is necessary 
to check shaft end play. 
For 6" and 8" motors, the 
coupling will be mounted 
after the shaft end play 
has been checked. 

D. CHECKING 
PUMP END 
PLAY: 

When the pump end is 
mounted to a motor, the 
motor shaft will raise the 
pump shaft to predeter­
mined tolerances. To en­
sure these tolerances are 
met, it is extremely impor­
tant to check pump shaft 
end play and motor shaft 
extension height. 

J,.°PPdJ 
.J.. 

Fig. 72 
To check pump end shaft 
travel, thread the correct 
metric tee bolt into tapped 
hole in the end of the pump 
shaft. Using a depth 
gauge, measure and re­
cord the distances re­
quired on Table A below. 
Next, push the shaft all the 
way in while rotating the 
pump shaft. Measure and 
record the travel. Be sure 
measurements are taken 
from correct reference 
point and pump shaft is 
fully extended up or down. 

TABLE A 
Motor 

Diameter Meaaured From: 

4 inch Machined recess for 
·the motor contact 
surface of the suction 
interconnector to the 
washer inside the 
coupling. See Fig. 73. 

6 inch Mounting surface of 
the suction intercon-
nector to the end of 
the pump shaft before 
the coupling has been 
installed. See Fig. 74. 

8 inch Same as for 6 inch. 

Fig. 73 

Fig. 74 

~ 

=-
MIn. M.a.urementa 

Shalt Down Shalt Up :: 

1.46 inches 1.54 inches 
(37.1mm) (39.1mm) 

3.08 inches 3.16 inches 
(78.2mm) (80.3mm) 

3.94 inches 4.06 inches 
(100.1mm) (103.1mm) 

NOTE: The maximum end play measurement will vary 
from pump type to pump type. If the end play is less than 
stated above, the pump has been incorrectly assembled 
and will require rebuilding. Generally, insufficient end play 
is caused by assembly on the wrong shaft spacer or im­
proper seating of the impellers. 
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E. SHAFT 
COUPLING: 

Fig. 75 
For 6" and 8" motors, 
mount the motor shaft 
coupling to the shaft. 
Place key on shaft and 
slide coupling on the shaft. 
Firmly tap the coupling in· 
to place making sure the 
coupling seats against the 
end of the pump shaft. 
Check to see the priming 
inducer spacer rings for 
SP35 (Pos. 25) is correctly 
installed between the 
coupling and the inducer. 
The inducer or spacer ring 
must touch the coupling. 

Fig. 76 
Tighten allen set screws. 

F. MOTOR CHECKS 
BEFORE 
MOTOR/PUMP 
ASSEMBLY: 

Flg.n 
Before the pump end is 
mounted on the motor, it is 
also important to check 
the motor shaft height ex· 
tension. The shaft height 
for a 4" NEMA mount mo­
tor is 1.50 to 1.51 inches 
(38.10 to 38.35mm). The 
height is measured from 
the top surface of the shaft 
to the raised machined mo­
tor flange. 
SV.01 14 can be used to 
determine if the shaft 
height must fall within the 
minimum 1.50 (38.1 mm) and 
the maximum (38.35mm) in· 
dicators when the gauge is 
held above the shaft and it 
makes contact with the two 
motor flanges. 
For 4" Grundfos 1/3 to 1-1/2 
HP single-phase motors, 
the shaft height measure­
ment should be 1.51 to 1.53 
inches (38.35 to 38.73mm). 
Measurements for all other 
types and horse powers 
must be between 1.50 and 
1.51 inches (38.10 to 
38.35mm). 

Fig. 78 
The shaft height for 6" 
NEMA mount motors is 
2.86 to 2.88 inches (72.64 to 
73.15mm). The shaft height 
for 8" NEMA mount motors 
is 3.99 to 4.00 inches 
(101.34 to 101.60mm). The 
height is measured from 
the top surface of the 
motor shaft to the flanged 
surface of the motor. Use 
SV.01 15 to check 6" motor 
shaft height and SV.02 06 
to check 8" motors. Aver· 
nier depth gauge can be 
used if SV.01 15 or SV.02 
06 are not available. 
The motor shaft heights 
will have to be adjusted if 
these dimensions are not 
correct. If the measure­
ment on a used motor is 
less than specified, it may 
mean the thrust bearing is 
worn or defective and will 
require rebuilding. 

G. INSTALLING 
MOTOR CABLE: 

Inspect the motor socket 
to ensure the plug connec· 
tion pins have not been 
damaged and the socket is 
dry and clean. The socket 
can be cleaned and dried, 
using compressed air. In· 
spect the motor lead plug 
for damage. 

Fig. 79 
Grundfos Motors: Check 
the o-ring and molded rub­
ber portion of the plug for 
damage or defects. Insert 
the plug into the motor 
socket so the flat portion 
of the plug is parallel with 
the diameter of the motor. 
Gently push the plug into 
the socket. DO NOT use 
petroleum products or 
vaseline to lubricate o-ring 
or molded plug. 

Fig. SO 
Slide the clamp over the 
clamp retainer on the 
stator and tighten with a 
screwdriver. 
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Figs. 81 &82 
When the screw is fairly 
snug, gently tap the plug 
on the clamp with a rubber 
mallet and finish tighten· 
ing the screw. This will 
reduce any misalignment 
that may occur as the plug 
seats into the socket. 

Fig. 83 
Franklin Motors: Check 
motor cable leads and plug 
for damage. 

Fig. 84 
Insert the plug into the 
motor socket ensuring that 
the key on plug is aligned 
with the keyway in the 
socket. Press plug firmly 
into the socket and secure­
ly tighten the jam nut. (Do 
not overtighten jam nut.) 
Torque to: 
4" motors: 20·25Ibf·ft., 

27·34Nm,3.8·3.4Kgfm 
6" motors: 6O·70Ibf·ft., 

81·95Nm,8.3·9.7Kgfm 
8" motors: 120·150Ibf·ft., 
163·203Nm, 16.6·20.7Kgfm 

H. MOUNTING 
PUMP END TO 
MOTOR: 

Fig. 85 
Check and clean motor 
contact surface, motor 
splines and pump shaft 
couplings. Mount the 
pump on the motor so the 
cable opening in the suc· 
tion interconnector will fit 
over the motor leads. 
For 8" Franklin motors, 
check the lock ring in the 
coupling to ensure it snaps 
into the groove on the 

motor shaft and the motor 
and pump shaft contact 
each other. 

Fig. 86 
Tighten motor bolt and nut 
torques as follows: 
4" motors: 13·17 Ibf·ft., 
18·24Nm, 1.8·2.4 Kgfm 
6" motors: 50-65 Ibf·ft., 
70·90Nm, 7.0·9.0 Kgfm 
8" motors: 50-65 Ibf·ft., 
70·90Nm, 7.0·9.0 Kgfm 

I. INSTALLING 
CABLE GUARD: 

Fig. 87 
Remove one of the pump 
straps on either side of the 
motor cable socket. 
Straighten the motor 
leads, removing any kinks 
and run lead parallel in the 
cable guard. 

Fig. 88 
On 6" motors, bend the 
clip at the bottom of the 
cable guard across motor 
leads to hold them in 
place. 

Fig. 89 
To protect cables from cut· 
ting or chaffing, install rub­
ber motor cable guard pro­
tector around the leads at 
the top of the pump end. 
Slide the. guard holder 
under the strap and slide 
down into the suction in· 
terconnector. Make sure 
the guard fits into place 
under the notch provided 
in the suction interconnec· 
tor. 

GRUNDFOS 11 



Figs. gO &91 
Replace strap and nut. 
Retighten strap nut and 
recheck torque of remain· 
ing straps. 
Torque to 
10mm nuts: 35-40 Ibf-ft, 
48-55Nm, 4.8-5.5Kgfm. 
12mm nuts: 50-65 Ibf·ft., 
70-90Nm, 7.0-9.0Kgfm. 
Test pump for performance 
(see SP Technical Data 
Sheets for head versus 
flow and electrical data). 
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GRUNDFOS· 
Spare Parts List And 
Service Tools For 
Submersible Pump 

SP16 
Spare Parts List 
& Pump End 
Service Tools 

PRODUCT NUMBERS FOR PUMP ENDS WITHOUT MOTORS 

PUMP TYPE PRODUCT NO. MOTOR 

60 HZ HP KW TYPE 

SP16·2 12.890002 2.0 1.5 

SP16·3 12.890003 3.0 2.2 , ol" G & F 

SP16·5 12.890005 5.0 3.7 
, 

SP16·8 12.890008 7.5 5.5 I 

SP16·10 12.890010 10.0 75 

SP16·12 12.890012 15.0 11.2 

! 
6" F 

SP16·16 12.890016 15.0 112 
, SP16·20 12.890020 20.0 I 15.0 

I SP16.26 12.890026 25.0 18.6 



Spare Parts List For 
GRUNDFOS· Submersible Pump 
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Type 
. SP16 



SPARE PARTS LIST 
NO. 

POS. REO·D. PART NUMBER DIMENSIONS TYPE DESCRIPTION 

12.5008 2 'II" NPT A = 2·20 Valve Casing 
11 12.50 11 2"," NPT 0\ = 26·32 Discharge Sec::on 

(InCluding Pas. ~, 2, 3, 'I, 3. 5) 

~ 13.0022 A = 2·20 Check Valve Cone 
J 12.5006 A = 2·20 Valve Seat 
.j 12.5009 A = 2·20 Top Diffuser Chamber 
<3 09.5013 A = 2·20 Top Bearing 
7 A 22.50 14 Seal Ring 
:3 .0\.: 12.0001 Intermediate Bearing 
9 ,l..' 12.5005 Diffuser Chamber 

~ ! .l. 12.0003 Split Cone Nut 
, ... A 12.0002 Split Cone '<' 

13 A 12.5003 Impeller 
14 13.5001 J" motor Suction Interconnector 

13.5014 6" motor 
:5 13.5029 4" motor Strainer 

13.50 30 6" motor 
~ 5 See Below Pump Shaii 
,~ 

,{ .j See Below Strap 
18 See Below Cable Guard 
19 ~ 10.0875 Ml0 4" motor Strap Nut 

10.0876 M12 6" motor 
20 See Note 1 Motor Cable 
" 1 ~, .! 10.01 44 M8 4" G Motor Stud Nut 
,Nol shown' 10.01 43 5/16" UNF 4" F Molor Stud Nut 
22 79.00 72 M8 x 42mm 4" G Motor Stud Bolt 

79.5957 M8 4" G Motor Stud Bolt with rilling Screw 
J 82.0039 5/16" UNF x 56mm 4" F Motor Stud Bolt 
~ 10.0188 'i>" UNF x 40mm 6" F Motor Cap Screw 

23 11.0033 4" motor Rubber Motor CaDle Protector 
13.0043 6" motor 

2.j 10.00 18 4" motor 4" G Coupling Complete 
01.0017 4" motor Washer for Coupling 
13.0024 4" motor Cap for Coupling 
79.5939 6" motor. 7.5·20 Hp 6" F Complete Coupling 
79.0401 3/16" x 1/8" x 1·3/4" Parallel Key 

2 10.1474 M6 x 12mm Set Screw 
10.1475 1" 1.0. x 1.25" 0.0. x 0.12" T O·Ring 
79.5940 6" motor, 25 & 30 Hp 6" F Complete Coupling 
79.0402 114" x 3/16" x 1·3/4" Parallel Key 
10.1474 M6 x 12mm Set Screw 
10.1475 1" 1.0. x 1.25" 0.0. x 12" T O·Ring 

25 12.5001 Seal Ring Retainer 
64 12.5002 Priming Inducer 
72 A 12.0005 Impeller Wear Ring 

NOTES: 
A = Number of Stages F = Franklin 1. For Pos. 20 & 22 see Spare Parts Lists and 
G = Grundfos Price List for 4" Grundfos submersible motors. 

PART NUMBERS FOR PUMP SHAFT, STRAP AND CABLE GUARD 

PUMP TYPE POS. 15 - PUMP SHAFT WITH COUPLINGS POS. 17 - STRAP POS. 18 - CABLE GUARD 

ParI No. Dimension Part No. Dimension Part No. Dimension 

SP16·2 12.6002 fill." x 218 mm 12.9002 L = 295 mm 12.9102 L = 367 mm 

SP16·3 I '2.6003 ~ )/ .. " j( 263 mm 12.9003 L = 340 mm 12.91 03 L = 412 mm 

i SP16·S I 12.5005 " ]/,' x 353 mm 12.9005 L = 430 mm 12.9105 L = 502 mm 

SP16·8b : 12.1108 (1 '1." x 453 mm 12.9208 L = 565 mm 12.9308 L = 603 mm 

I SP16·10b I . 21010 (1 ]/." x 543 mm 12.9210 L = 655 mm 12.9310 L = 693 mm 

SPl6-12b 12.1012 !i1 'I." x 633 mm 12.9212 L = 745 mm 12.9312 L = 783 mm 

SP16·16b 121016 " li." x 813 mm 12.9216 L = 923 mm 12.9316 L = 963 mm 

: SPl6-20b " 12 1020 o lie" :'( 993 'mm 12.9220 L = 1103 mm 12.9320 L = 1143 mm 

; SP16·26b: 12.1026 " ]/," X t263 mm 12.92 26 I. = 1373 mm 12.9326 L = 1413 mm 

:D) 6"" enOlor SlanOatO. ;>umo Shalt 0009 nol incluOe couolin\). 
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GRUNDFOS' Service Tools 
Type 
SP16. 

\~ 
I' ' . .; 

~, ". ~-SPllt Cone Nut (Pas 11) - ~:-_~_~ ~. 
t : ~_ < si~~~~e~~~~~~'1;~) __ '~~~' ~ ir:::.... ~, .--I::~ 

~
_____ F ~,';;.: /, ..... 

______ A ",. . 

_:_p'~ ~ ~~", i 
, ! :~ Coupling (Pas. 24) , 

---- Shaft (Pas. 16) ------6 
------- C -------

------0-------

~----------E-------~~tir~~ 

4" Motor 6" Motor 

SERVICE TOOLS 

POS. PART NO. DESCRIPTION MOTOR DIA. I DIMENSIONS 

A C"t.! oS". c.!2~ I, I 
SV.OO SO . Impeller Spacer 4" &. 6" I 

B I SV.OO S1 Spacer Pipe fer Impeller Spacer I 
J" &. 6" I 

, 
t 

I 

I 

i 
I 

C SV.OO 08 I Shaft Spacer 4" 

I 
13mm 0.0. x S.5mm 1.0. x 39.0mm Long I 

SV.OO 11 i Shaft Spacer 6" 22mm 0.0. x 10.5mm 1.0. x 77.0mm Long 
SV.OO 02 Shaft Spacer 8" F 22mm 0.0. x 10.5mm 1.0. I. 71.0mm Long 

I SV.01 91 Shaft Spacer S" P 22mm 0.0. x 10.5mm 1.0. x Sl.0mm Long 

I 
: I 

I 
0 SVOO 49 i Mounting Plate I 4" & 6" 

SV.01 95 Mounting Plate ! S·· F & S·· P 
I 

I . : 

I =: SV.OO 74 ; Pump Shalt Bolt 4" MS x 65mm Long (allen Dolt) i 
SV.OO 76 i Puma Shaft Bolt , 6" F &. 8" P ,',110 x 110mm Long (allen boll) 
SV0210 i Pump Shalt Bolt I S·· F I M10 x 110mm Long (allen bolt) 

r I Impeller Ring Spacer I 
\ 

SV.01 90 4" &. 6" 
r 

I SV.OO 50 I 6mm Tee Handle Allen Wrench 'Nrench for SV.OO 74 &. SV.CO 76 
SV.OO 51 

I 
6mm Tee Handle Allen Wrench Wrench for SV.02 10 i 

21 SV.OO 53 l 112" (12.7mm) Box & 'Open End Wrench 4" F 
I 

19 & 22 SV.OO 54 I 19mm Box & Open End Wrench 6" i . 
. 

21 SVOO 55 I 13mm Box & Open End Wrench 4" 

19 SV.OO 56 ! 17mm Box &. Open End Wrench 4" 
: 

i i 
20 SV.CO 73 30rhm Box &. Open End Wrench 6" I 

I 

11 & 12 SV01 89 Comb. S'plit Cone Nut Wrench & Driver 4" & 6" 

6 SV.0204 
\ 

Shafl Bearing Driver 
, 

,I' '·JM.S~.tIi)4 . I ~I) 

! 
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.~~ GRUNDI=OS· Submersible Pump 



Pos. 

1 " 

1.1 

2 

3 

4 

6 

7 

8 

9 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

( 22 

No. 

~ 

1 

A 

A-1 

A-1 

A 

A 

A 

4 

1 

4 

4 

3 

1 
4 
4 

PIN 

13.50 19 

13.50 42 

13.00 22 

13.50 09 

13.5027 

16.50 06 

13.50 10 

24.00 60 

13.50 28 

34.00 23 

34.00 24 

13.50 09 

13.50 01 
13.50 14 

13.5029 
13.50 30 

See Below 

See Below 

See Below 

10.08 75 
10.08 76 

See Note 

I D. 01 44 
10.0143 

79.00 72 

79.59 57 
82.00 39 
10 . 01 88 

SP27 SPARE PARTS LIST 

D:mensions 

3 NPT 

4" Motor 
6" Motor 

4" Motor 
6" Motor 

M 10 4" Motot' 
M 12 6" Motor 

M3 
5'16" UNF 

M3 x 42 mm 

M3 

A = 1-19 

A = 23-28 

4"G 
4"F 

4"G 

4"G 
5 '16" UNF x 56 mm 4"F 
1 ,'2" Ut>JF x 40 mm 6"F 

E;lglneerlng 
2/16/82 

Description 

Valve Casing 

Discharge Section 
Including Pos. 1,2,3,4,&6 

Check Valve Cone 

Valve Seat 

Top Diffuser Chamber 

Top Bearing 

Seal Ring 

I ntermediate Bearing 

Diffuser Chamber 

Split Cone Nut 

Split Cone 

Impeller 

Suction I nterconnector 

Strainer 

Pump Shaft 

Strap 

Cable Guard 

Strap Nut 

Motor Cable 

Motor Stud Nut 

Motor Stud Bolt 

Motor Stud Bolt w IFill ing 
Screw 



\ 

SP27 Spare Parts List (Continued: Page 2 

No. 
POSe ~ 

23 

24 1 

26 

64 * 

73 

74 4 

75 * , 

Notes: 

PIN 

11. 00 33 
13.00 43 

10.00 18 
01. 00 17 
13.00 24 
79.59 39 
79.04 01 
ID.1474 
ID.1475 
79.59 40 
79.04 02 
ID.1474 
ID.1475 

13.00 26 

13.0053 

13.00 56 

1 D • 15 86 

14.00 21 

A = Number of Stages 
G = Grundfos 
F = Franklin 

* Not Pictured 

Dirlensions 

4" Motor 
6" Motor 

4" Motor 
6" Motor 
4" Motor 
6" Motor, 7.5-20 HP 
3/16"x 1/8"x13/4" 
M -) x 20 
1': I.D. X 1.25" 0.0. x O.12"T 
6" Motor 25 [, 30 HP 
1:4" X 3/16" 
M'j x 20 
1" 1.0. X 1.25'; 0.0. x O.12"T 

7E.2mmx127mm 

Description 

Rubber Motor Cable 
Protector 

Complete Casing 
Washer for Coupling 
Cap for Coupling' 
Complete Coupling 
Parallel Key 
Set Screws 
O-Ring 
Complete Coupling 
Parallel Key 
Set Screws 
O-Ring 

Retainer for Strainer 

Priming Inducer 

6" - 8" Adapter Flange 

Set Screws 

Spacer Ring for Priming 
Inducer 

1. For Pos. 20, 21, [, 22, see Spare Parts Lists and 
Price List for 4" Grundfos submersible motors. 
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SP27 - PRODUCT NUMBERS FOR PUMP ENDS WITHOUT MOTORS 

Pump Type Motor ~acer 

60 Hz Product No. HP KW ~ Length 

SP27-2 13. 70 00 02 3.0 2.2 4" G&F 39.0 mm 

SP27-3 13.70 00 03 5.0 3.7 4" G&F 39.0 mm 

S P27-4 13.70 00 04 7.5 5.5 6" F 77.0 mm 

SP27-6 13.70 00 06 10.0 7.5 6" F 77.0 mm 

S P 2 7- 9 13.70 00 09 15.0 11. 2 6" F 77.0 mm 

SP27-12 13. 70 00 12 20.0 15.0 6" F 77.0 mm 

SP27-15 13.700015 25.0 18.6 6" F 77.0 mm 

SP27-18 13.700018 30.0 22.4 6" F 77.0 mm 

/ 



( eer:ing 
.8/82 

SP27 - PARTS LIST 

Pump Shaft Strap Cable Guard 

PIN Dim. PIN Dim. PIN Dim. 

SP27-2 13.1002 7/6" x 271mm 13.97 02 L = 365mm 13.95 02 L = 460mm 

SP27-3 13.1003 7/6" x 361mm 13.9703 L = 455mm 13.95 03 L - 550mm 

SP27-4 13.12 04 716" x 451mm 13.960Q L = 545mm 13.9804 L = 601mm 

SP27-6 13.1006 7/6" x 612mm 13.96 06 L = 725mm 13.96 06 L = 781mm 

SP27-9 13.1009 7/8" x 882mm 13.96 09 L = 993mm 13.9809 L =1051mm 

SP27-12 13.1012 7 18" x 1152mm 13.96 12 L =1263mm 13.98 12 L =1321mm 

C;P?7-1S H.17 1 r; 7 .I ~ II x liP 7. m n1 13.% 15 I. -1533rn.m 13.~9 15 t. .. ~ S ~ 1 rn. rn. 

SP27-18 13.12 18 7/8" x1692mm 13.96 18 L = 1803mm 13.98 18 L ;;1861mm 
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Engineering 
2/16/82 

SP 45 SPARE PARTS LIST 

No. 
POSe ~ PIN D il1en 5 ion s ~ Description --, 

1 1 13.50 19 3" NPT Valve Casing 

2 13.00 22 Check Valve Cone 

3 14.50 02 Valve Seat 

4 1 15.50 03 Top Diffuser Chamber 

6 16.50 06 Top Bearing 

7 A-1 24.50 19 Seal Ring 

8 A-l 24.00 60 I ntermediate Bearing 

9 A-l 15.50 02 Diffuser Chamber 

" A 34.00 23 Split Cone Nut 

12 A 34.00 24 Split Cone 

13 A 15.50 01 Impeller 

14 1 13.50 01 Suction Interconnector 
13.50 14 

15 1 13.50 29 Strainer 
13.50 30 

16 1 See Below Pump Shaft 

17 4 See Below Strap 

18 1 See Below Cable Guard 

19 10.08 75 M 10 4" Motor Strap Nut 
10.08 76 M12 6" Motor 

20 1 See Note Motor Cable 

21 4 10.01 44 4/1G Motor Stud Nut 
I D. 01 43 4"F 

22 3 79.00 72 1\\8 x 42mm 4"G Motor Stud Bolt 
1 79.59 57 r,18 4"G Motor Stud Bolt w / Fill ing 

Screw 
4 82.00 39 5/16" UNFx56mm 4"F Motor Stud Bolt 
4 10.01 88 OJ /2" UNFx40mm 6" F Motor Cap Screw 



.. 
SP45 Spare Parts Li st (Cont inuec) Page 2 

No. 
Pos. ~ P/N C imensions Description 

23 11.00 33 4" Motor Rubber Motor Cable Protec 
13.00 43 6" Motor 

24 10.00 18 4" Motor Complete Coupling 
1 01.00 17 6" Motor Washer for Coupling 
1 13.00 24 4" Motor Cap for Coupling 
1 79.59 39 6" Motor, 7.5-20 Hp Complete Coupling 
1 79.04 01 3/16" x 1/8" x 1 3/4" Parallel Key 
2 10.14 74 M6 x 20 Set Screws 
1 10.1475 1" 1.0. x 1.75" O.0.xO.12" O-Ring 
1 79.59 40 6" Motor, 25 and 30 Hp Complete Coupling 
1 79.04 02 1/4" x 3/16" Parallel Key 

26 13.0026 Retainer for Strainer 

64 13.00 53 Priming Inducer 

68 14.00 06 Bottom Seal Ring 

73 13.00 56 6" - 8" Adapter Flange 

74 4 ID. 15 86 Set Screws 

75 14.00 21 Spacer Ring for Priming 
Inducer 



Pump Type Pump Shaft 

PIN Dim. 

SP45-2 15.10 02 7/8" x 290mm 

SP45-4 15.1004 7/8" x 470mm 

SP45-6 15.10 06 7/8" x 670mm 

SP45-8 15.1008 7/H" x H 1 Umm 

SP45-10 15.1110 7/8 11 x 1070mm 

SP45-12 15.1112 7/8 11 x 1270mm 

SP45-15 15.61 15 7/8 11 x 1566mm 

SP45 SPARE PARTS LIST 

Strap 

PIN Dim. 

15.80 02 L = 386mm 

15.8104 L = 584mm 

15.8106 L = 784mm 

15.81 Uti L = 98~mm 

15.81 10 L = 1184 mm 

15.81 12 L = 1382mm 

15.8115 L = 1702mm 

PIN 

15.9202 

15.93 04 

15.93 06 

15.930tl 

15.93 10 

15.9312 

15.94 15 

Cable Guard 

L = 

L = 

L = 

leerin~ . 
18/82 

Rev. 2 
4120/82 

Dim. 

483mm 

644mm 

844mm 

L - iO II !IIIIIII 

L = 1244mm 

L = 1444mm 

L = 1794mm 

!, :'~~" 
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SP45 - PRODUCT NUMBERS FOR PUMP ENDS WITHOUT MOTORS 

Pump T~ Motor 

GO Hz Product No. HP KW ~ 

SP45-2 15.89 00 02 5.0 3.7 4" G&F 

SP45-4 15.890004 10.0 7.5 6" F 

SP45-G 15.89 00 OG 15.0 11. 2 6" F 

SP45- 8 15.890008 20.0 15.0 6" F 

SP45-10 15.89 00 10 25.0 18.6 6" F 

SP45-12 15.89 00 12 30.0 22.4 6" F 

SP45-15 15.89 00 15 40.0 30.0 8" F 

• When connecting piece, position 73 is not fitted to the suction interconnect. 

-jneering­
.118/82 

Rev. 2 
6/25/82 

Space," 

!:.~~ 

38.0 mm 

76.0 film 

76.0 111m 

76.01llm 

76.0 mm 

76.0 111m 

"80.0 111m 
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FLOW RANGE 

45 to 95 GPM 
PUMP OUTLET 

2" NPT 

75GPM 
PERFORMANCE CURVES 

600r-----------------~--~,----~------~----~,~ 

! ----:- i , 
: i 

----~--~-----~----~---+'----~----~I--~iJ3450~ 
I----~--~!----~--~--~~--~----~L--~IIRPM~ 

! i 
I , 
: t----;-~~---_t_---r__1~ OPERAnNG RANGE: 45 to 95 GPM f--L-__+---f--I 

---t----~___,_-f__-__+_____lJ FOR CAPACITIES BELOW 45 GPM 1-'..1 __ /-----+---+--I 
, 1 SEE MODEL 60S J . , ~_.--'-- . 

,__ I 

~ I 

........ 758100-16 (10HP)* 

! I " 
175875-12 (7'/2HP)* ( +'------t----''''''t-----t---'.'--+-I 

__ ~=:_--~ ~ , ! I '''' 
______ __ ~.l.l " 

---t-
I 

" 
~ =-=F~==~=;=--f-~-,--i-' ----t~--"-"*--+-I 
W ':-- I ~ " I 

" 
~ 300 ~-~---~,-----+-----+------~,----4-----~~~~~~-----+~~~ 

. " , " I 
, 

, '" o I ~I 
I1i r-----~' ,] 75850-8 (5HP) L :: " """ 

I--+-, ,: 

'I -- x 
I" 

I" 

I 75830-5 (3HP) -+ '", : 
I I 

I 

, 
, 

, 

0 

0 10 20 30 40 50 60 

CAPACITY (GPM) 

DIMENSIONS AND WEIGHTS 

MODEL NO. HP 

75S20-3 2 

75S30-5 3 

75S50-8 5 

75S75-12 7%' 

75S100-16 10' 

Specifications subject to change without notice . 
• 6" inch motor is available. 

LENGTH WIDTH 
(INCHES) (INCHES) 

28% 3 15/16 

40% 3 15116 

51 % 3 15/16 

67112 3 15/16 

92% 3 15/16 

...... 

70 80 90 

APPROX. UNIT 
8HIPPING WT. (LBS.) 

38 

64 

78 

100 

155 

• 

• 

• 
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Materials of Coostrucdoo (Standard Pumps) 
(Refer to "Material Codes" below for material specifications.) 

5S 7S lOS 16S 25S 40S 60S 75S 

\1PONENT C S S C S C S C S C C C 

\.." leek Valve Housing 2 2 2 2 2 2 2 2 2 2 2 2 

Check Valve 2 2 2 2 2 2 2 2 2 2 2 2 

Check Valve Seat 9/3 9/2 9/2 9/3 9/2 9/3 9/2 9/3 9/2 9/3 9/3 9/3 

Diffuser Chamber 2 2 2 2 2 2 2 2 2 2 2 2 

Top Bearing 9/3 NR NR 9/3 NR 9/3 NR 9/3 NR 9/3 9/3 9/3 

Impeller Seal Ring 9/11 9/10 9/10 9/11 9/10 9/11 9/10 9/11 9/10 9/3 9/2 9/2 

Split Cone Nut 3 NR NR 3 NR 3 NR 3 NR 2 2 2 

Split Cone 2 NR NR 2 NR 2 NR 2 NR 2 2 2 

Impeller 2 2 2 2 2 2 2 2 2 2 2 2 

Suction Interconnector 2 2 2 2 2 2 2 2 2 2 2 2 

Inlet Screen 2 2 2 2 2 2 2 2 2 2 2 2 

Pump Shaft 7 2 2 7 2 7 2 7 2 7 7 7 

Shaft Washer 12 NR NR 12 NR 12 NR 12 NR 12 12 12 

Coupling 4/6/7 4/6/7 4/6/7 4/6/7 4/6/7 4/6/7 4/6/7 4/6/7 4/6/7 4/6/7 <D 4/6/7 4/6/7 

Coupling Key NR NR NR NR NR NR NR NR NR NR<D NR NR 

Straps 2 2 2 2 2 2 2 2 2 2 2 2 

Cable Guard 2 2 2 2 2 2 2 2 2 2 2 2 

Priming Inducer 3 2 2 3 2 3 2 3 2 3 2 2 

Intermediate Bearings 2 9 9 2 9 2 9 2 9 9/3 9 9 

NOTES: <D If using 6" non-standard motors, refer to material code #5 for coupling and #1/2 for the coupling key. 

C Cylindrical Shaft S: Splined Shaft NR: Not Required. 

Material Codes 
Submersible Pump Nomenclature 

CODE 
NO. MATERIAL 

1 302 Stainless Steel 

2 304 Stainless Steel 

3 316 Stainless Steel 

4 329 Stainless Steel 

5 416 Stainless Steel 

6 420 Stainless Steel 

7 431 Stainless Steel 

9 TEFLON S 
10 PBT (Val ox ®) 

11 PPS (Ryton ® PPS) 

12 LCP (Vectra ® LCP Resin) 

NOTES 

Specifications are subject to change without 
notice. 

Valox ® is the registered trademark of 
General Electric Company. 

R" ~ ® PPS is a registered trademark of 
F 366. 

VecHa ® LCP Resin is a registered trademark 
of Hoechast Celanese Corporation. 

2-19 

10805-9 = 10 8 05 -9 

Nominal Flow Rate (GPM)~ I 
Submersible----------I· 
Horsepower -------------1 
05=112 HP 
50=5 HP 
500=50 HP 
Number of Stages ________ ----l 

• 

• 

• 



135GPM 
-~~RFORMANCE CURVES 

900 

800 

700~--------------~~---------~~-----__ -_-___ -~-_-_-_-_-_~ 

600 

;:-
W 
W 
LL 500 

I --;!!.. 
~ 

70 >-

0 
<t: 
W 
I 

400 
() 

60 Z 
W 

50 
() 

LL 
LL 
W 

_ - - ~::-.:j135S75-4 (7'I,HP)I 

200 

__ -::..:..:j135S50-3 (5HP)CD! 

------------

~ui 135S50-2 (5HP)CDL :=-:..- ~ -:.-~ ______ _ 
100 

o 
o 25 50 75 100 125 150 175 200 

CAPACITY (GPM) 

DIMENSIONS AND WEIGHTS 
MIN. WELL LENGTH MAX. WIDTH APPROX. UNIT 

MODEL NO. HP SIZE (INCHES) (INCHES) (INCHES) SHIPPING WT. (LBS.) 

135S20-1 2CD 6 271/4 5 1/2 35 

135S50-2 5CD 6 421/2 5 1/2 84 

135S50-3 5CD 6 47 5 1/2 88 

135S75-4 71/2 6 51 1/2 5 3/ 4 146 

115S100-6 10 6 59 7/8 5 3/ 4 167 

iS150-9 15 6 73 5 3/ 4 186 

135S2OO-12 20 6 86 1/4 5 3/ 4 225 

135S250-15 25 6 99 1/4 5 3/ 4 243 

135S300-18 30 6 112% 5 3/4 268 

3-4 

FLOW RANGE 

75 to 200 GPM 
PUMP OUTLET 

3" NPT 

NOTES: 
CD 4-inch motor. 
Specifications are subject to change without 
notice. 

See Deep Set models for higher head. 

• 

• 

• 
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Materials of Construction (Standard Pumps) 
(Refer to "Material Codes" below for material specifications.) 

COMPONENT 80S 135S 225S 375S 600S 1000S 

C C C C .C C 

Check Valve Housing 2 2 2 2 2 2 
". 

Check Valve 2 2 ~.~ '. 2 .'s; 2 2 
Check Valve Seat 9/3 9/3 9/3 9/3 9/3 9/2 
Diffuser Chamber 2 2 2 2 2 2 
Top Bearing 9/3 9/3 9/3 9/3 9/3 9/3 
Impeller Seal Ring 9/2 9/2 912 9/2 9/2 9/2 
Split Cone Nut 2 2 2 2 2 2 
Split Cone 2 2 2 2 2 2 
Impeller 2 2 2 2 2 2 
Suction Interconnector 2 2 2 2 2 2 
Inlet Screen 2 2 2 2 2 2 
Pump Shaft 7 7 7 7 7 7 
Coupling 4/5 4/5 4/5 4/5 4/5 4/5 
Coupling Key 1/2 1/2 .1/2 1/2 1/2 1/2 
Straps 2 2 2 2 2 2 
Cable Guard 2 2 2 3 3 2 
Priming Inducer 2 2 2 NR NR NR 
Intermediate Bearings 9 9 9 9 9 9 
8" Motor Adaptor Plate NR 2 2 2 NR NR 

NOTES: C: Cylindrical Shaft NR: Not Required 

Material Codes 
CODE 

NO. MATERIAL 

1 302 Stainless Steel 

2 304 Stainless Steel 

3 316 Stainless Steel 

4 329 Stainless Steel 

5 416 Stainless Steel Submersible Pump Nomenc.lature 
6 420 Stainless Steel 

7 431 Stainless Steel 

9 . TEFl.ONC!5> 

10 PST (Val ox ®) 

11 PPS (Ryton ® PPS) 

NOTES 

Specifications are subject to change without 
notice. 

Valox ® IS the registered trademark of 
General Electric Company. 

Ryton ® PPS is a registered trademark of 
Phillips 66. 

316 and 904L Stainless Steel versions are 
available in some models - Contact the factory 

10805-9 = 10 8 05 - 9 

Nominal Flow Rate (GPM)~ I 
8ubmersible·-------.--J· 
Horsepower-----------' 
05= 1f2 HP 
50=5 HP 
500=50 HP 

Number of 8tages---------' 

I 

3-9 
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Installation and Operation Instructions 

GRUNDFOS STAINLESS STEEL 
SUBMERSIBLE PUMPS 
Your Grundfos Submersible Pump is of the utmost 
quality. Combined with proper installation, your 
Grundfos pump will give you many years of reliable 
service. 

SECTION 1. 

To ensure the proper installation of the pump, carefully 
read the complete manual before attempting to install 
the pump. 

Shipment Inspection 
Examine the components carefully to make sure no damage has 
occurred to the pump-end, motor, cable or control box during 
shipment. 

This Grundfos Submersible Pump should remain in its 
shipping carton until it is ready to be installed. The carton is 
specially designed to protect it from damage. During 
unpacking and prior to installation. make sure that the pump 
is not dropped or mishandled . 

The motor is equipped with an electrical cable. Under no 
circumstance should the cable be used to support the weight of 
the pump. 

You will find a loose data plate wired to the pump. It should 
be securely mounted at the well or attached to the control box. 

• SECTION2. 

• 

Pre-Installation Checklist 
Before beginning installation, the following checks should be 
made. They are all critical for the proper installation of this 
submersible pump. 

o A. CONDITION OF THE WELL 
If the pump is to be installed in a new well, the well should 
be fully developed and bailed or blown free of cuttings and 
sand. The stainless steel construction of the Grundfos 
submersible make it resistant to abrasion: however, no 
pump. made of any material, can forever withstand the 
destructive wear that occurs when constantly pumping sandy 
water. 

If this pump is used to replace an oil-filled submersible or 
oil-lubricated line-shaft turbine in an existing well, the well 
must be blown or bailed clear of oil. 

Determine the maximum depth of the well, and the draw­
down level at the pump's maximum capacity. Pump selection 
and setting depth should be based on this data. 

The inside diameter of the well casing should be checked to 
ensure that it is not smaller than the size of the pump and 
motor. 

l B. CONDITION OF THE WATER 
dubmersible pumps are designed for pumping clear and cold 
water that is free of air and gases. Decreased pump 
performance and life expectancy can occur if the water is 
not cold and clear or contains air and gases. 

Maximum water temperature should not exceed 102°F. Special 
consideration must be given to the pump and motor if it is 
to be used to pump water above 102°F. 

The Grundfos stainless steel submersible is highly resistant 
to the normal corrosive environment found in some water 
wells. If water well tests determine the water has an excessive 
or unusual corrosive quality, or exceeds 102°F, contact your 
Grundfos representative for information concerning specially 
designed pumps for these applications. 

o C. INSTALLATION DEPTH 
A check should be made to ensure that the installation depth 
of the pump will always be at least three feet below the 
maximum draw-down level of the well. For flow rates 
exceeding 100 gpm, the NPSH may have to be considered. 
Refer to NPSH curves in the technical brochure. 

The bottom of the motor should never be installed lower than 
the top of the well screen or within five feet of the well bottom. 

If the pump is to be installed in a lake, pond. tank or large 
diameter well, the water velocity passing over the motor must 
be sufficient to ensure proper motor cooling. The minimum 
recommended water flow rates which ensure proper cooling 
are listed in Table A. 

o D. ELECTRICAL SUPPLY 
The motor voltage, phase and frequency indicated on the 
motor nameplate should be checked against the actual 
electrical supply. 



SECTIDN3. 

Wire Cable Type 
I he wire cable used between the pump and control box or 
panel should be approved for submersible pump 
applications. The conductor may be solid or stranded. The 
cable may consist of individually insulated conductors twisted 
together, insulated conductors molded side by side in one 
flat cable or insulated conductors with a round overall jacket. 

SECTIDN4. 

The conductor insulation should be type RW, RUW, TW, 
TWU or equivalent and must be suitable for use with 
submersible pumps. An equivalent Canadian Standards 
Association certified wire may also be used. See Table 0 
for recommended sizes of cable lengths. 

Splicing the Motor Cable 
A good cable splice is critical to proper operation of the 
submersible pump and must be done with extreme care. 

If the splice is carefully made, it will work as well as any 
other portion of the cable, and will be completely watertight. 

Grundfos recommends using a heat shrink splice kit. The 
splice should be made in accordance with the kit 
manufacture's instructions. Typically a heat shrink splice can 
be made as follows: 

1. Examine the motor cable and the drop cable carefully for 
damage. 

2. Cut the motor leads off in a staggered manner. Cut the 
ends of the drop cable so that the ends match up with the 
'otor leads (See Figure 4-A). On Single-phase motors, be 
re to match the colors. 

3. Strip back and trim off % inch of insulation from each 
lead, making sure to scrape the wire bare to obtain a good 

2 

connection. Be careful not to damage the copper conductor 
when stripping off the insulation. 

4. Slide the heat shrink tubing on to each lead. Insert a 
properly sized "Sta-kon" type connector on each lead, 
making sure that lead colors are matched. Using a "Sta-kon" 
crimping pliers, indent the lugs (Figure 4-B). Be sure to 
squeeze hard on the pliers, particularly when using large 
cable. 

5. Center the heat shrink tubing over the connector. Using 
a propane torch, lighter, or electric heat gun, uniformly heat 
the tubing starting first in the center working toward the ends 
(Figure 4-C). 

6. Continue to apply the heat to the tubing using care not 
to let the flame directly contact the tubing. When the tubing 
shrinks and the sealant flows from the ends of the tubing, 
the splice is complete (Figure 4-0). 

FIG. 4-8 

----------~ .... ----
FIG.4-D 

• 

• 

• 



SECTIONS. 

· Installation 
~ The riser pipe or hose should be properly sized and selected damage. Nylon cable clips or waterproof tape may be used. 

based on estimated flow rates and friction-loss factors. The cable splice should be protected by securing it with clips 

A back-up wrench should be used when the riser pipe is 
attached to the pump. The pump should be gripped only by 
the flats on the top of the discharge chamber. The body of 
the pump, cable guard or motor should not be gripped under any 
circumstance. 

If Steel Riser Pipe is Used: 
We recommend that steel riser pipes always be used with 
the larger submersibles. An approved pipe thread compound 
should be used on all jOints. Make sure the joints are 
adequately tightened in order to resist the tendency of the 
motor to loosen the joints when stopping and starting. 

When tightened, the first section of the riser pipe must not come 
in contact with the check valve retainer in the discharge chamber 
of the pump. 
After the first section of the riser pipe has been attached to 
the pump, the lifting cable or elevator should be clamped to 
the pipe. Do not clamp the pump. When raising the pump and 
riser section, be careful not to place bending stress on the 
pump by picking it up by the pump-end only. 

Make sure that the electrical cables are not cut or damaged in 
any way when the pump is being lowered in the well. 

The drop cable should be secured to the riser pipe at frequent 
intervals to prevent sagging. looping or possible cable 
damage. Nylon cable clips or waterproof tape may be used. 
The cable splice should be protected by securing it with clips 
or tape just above and below the splice. 

If Plastic or Flexible Riser Pipe is Used: 
It is recommended that plastic type riser pipe be used only 
with the smaller domestic submersibles. The pipe 
manufacturer or representative should be contacted to insure 
the pipe type and physical characteristics are suitable for 
this use. Use the correct joint compound recommended by 
the pipe manufacturer. In addition to making sure that joints 
are securely fastened. the use of a torque arrester is 
recommended when using plastic pipe. 

Do not connect the first plastic or flexible riser section directly 
to the pump. Always attach a metallic nipple or adapter into the 
discharge chamber of the pump. When tightened, the threaded 
end of the nipple or adapter must not come in contact with the 
check valve retainer in the discharge chamber of the pump. 

The drop cable should be secured to the riser pipe at frequent 
intervals to prevent sagging, looping and possible cable 

or tape just above each joint. 

IMPORTANT- Plastic and flexible pipe tend to stretch under load; 
This stretching must be taken into account when securing the 
cable to the riser pipe. Leave 3 to 4 inches of slack between 
clips or taped pOints to allow for this stretching. This tendency 
for plastic and flexible pipe to stretch will also affect the 
calculation of the pump setting depth. As a general rule, you 
can estimate that plastic pipe will stretch to approximately 2% 
of its length. For example, if you installed 200 feet of plastic 
riser pipe, the pump may actually be down 204 feet. If the depth 
setting is critical, check with the manufacturer of the pipe to 
determine how to compensate for pipe stretch. 

When plastic riser pipe is used, it is recommended that a 
safety cable be attached to the pump to lower and raise it. 
The discharge piece of a Grundfos 4 inch submersible is 
designed to accommodate this cable (Figure 5-A). 

\ 

FIG.5-A 

Check valves: 
A check valve should always be installed at the surface of 
the well. In addition, for installations deeper than 200 feet, 
check valves should be installed at no more than 200 foot 
intervals. 

Protect the well from contamination: 
To protect against surface water entering the well and 
contaminating the water source, the well should be finished 
off above grade. and a locally approved well seal or pitless 
adapter unit utilized. 



SECTION 6. 
Electrical 

~--------------------------------~. WARNING: To reduce the risk of electric shock during operation of this pump requires the provision of acceptable grounding. 
If th~ means of co~nection to the supply connected box is other than grounded metal conduit, ground the pump back to the 
s~rv!ce by c~nnectmg a copper conductor, at least the size of the circuit supplying the pump, to the grounding screw provided 
wlthm the wiring compartment. 

All electrical work should be performed by a qualified electrician 
in accordance with the latest edition of the National Electrical 
Code, local codes and regulations. 

Verification of the electrical supply should be made to ensure 
the voltage, phase and frequency match that of the motor. 
Motor voltage, phase, frequency and full-load current 
information can be found on the nameplate attached to the 
motor. Motor electrical data can be found in Table E. 
If voltage variations are larger than ± 10%, do not operate the 
pump. 

If power is going to be supplied through transformers, 
Table C outlines the minimum KVA rating and capacity 
required for satisfactory pump operation. 

Control Box/Panel Wiring 
1. Single-Phase Motors: 
Single-phase motors must be connected as indicated in the 
motor control box. A typical single-phase wiring diagram 
using a Grundfos control box is shown (Figure 6-A). 

2. Three-Phase Motors: 
Three-phase motors must be used with the proper size and 
type of motor starter to ensure the motor is protected against 
damage from low voltage, phase failure. current unbalance 
and overload current. A properly sized starter with ambient­
compensated extra quick-trip overloads must be used to give 
the best possible motor winding protection. Each 01 the three 
motor legs must be protected with overloads. The thermal 
overloads must trip in less than 10 seconds at locked rotor 

Direct on-line starting is used due to the extremely fast run-up 
time of the motor (0.1 second maximum), and the low 
moment of inertia of the pump and motor. Direct on-line 
starting current (locked rotor amp) is between 4 and 6.5 
times the full-load current. If direct on-line starting is not 
acceptable and reduced starting current is required, an 
auto-transformer or resistant starters should be used for 5 
to 30 HP motors (depending on cable length). For motors 
,... ·"!r 30 HP, use auto-transformer starters. 

I::ngine-Driven Generators 
(starting) current. For starter and overload protection guide, • 
see Table H. A three-phase motor wiring diagram is illustrated 
below (See Figure 6-8). 

If the submersible pump is going to be operated using an 
engine driven generator, we suggest the manufacturer of the 
generator be contacted to ensure the proper generator is 
selected and used. See Table 8 for generator sizing guide. 

Single-Phase Wiring Diagram 
for GRUNDFOS Control Boxes 

Pressure Switch 

Pumps should NEVER be started to check rotation unless the 
pump is totally submerged. Severe damage may be caused to 
the pump and motor if they are run dry. 

Three-Phase Wiring Diagram 
for GRUNDFOS and FRANKLIN Motors 

Power Supply 
T1 L1 Fused 

Disconnect 
Switch 

4 

Control 
Box L1 

I· 

Use dotted line for 
115V operation 

Figure 6-A 

Magnetic 
Starter 

Figure 6-8 

·1 
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High Voltage Surge Arresters 
A high voltage surge arrester should be used to protect the 
motor against lightning and switching surges. Lightning 
voltage surges in power lines are caused when lightning 
strikes somewhere in the area. Switching surges are caused 
by the opening and closing of switches on the main high­
voltage distribution power lines. 
The correct vOltage-rated surge arrester should be installed 
on the supply (line) side of the control box (Figure 6-C and 
6-0). The arrester must be grounded in accordance with the 
National Electrical Code and local codes and regulations. 

Single Phase 
Power Supply 

L1 N 

o 0 

Lightning 
Arrester 

Ground 

True 
_ Grounding 

POint 

Single Phase Hookup 

Figure 6-C 

Three-phase power supply 

0 T1 
I 
I 

0 T2 
I 
I 

0 T3 
I 
I 

To SP Motor 

Three-phase hookup 

Figure 6-0 

Pump 
Panel 

Install 
Lightning 
Protectors 
Before 
Fuses or 
Circuit 
Breaker 

True 
Ground 
Point 

The warranty on all three-phase submersible motors is VOID If: 

1. The motor is operated with single-phase power through a 
phase converter. 

2. Three-leg ambient compensated extra quick-trip overload 
protectors are not used. 

3. Three-phase current unbalance is not checked and recorded. 
(See START-UP Section 7 for instructions.) 

4. High voltage surge arresters are not installed. 

Control Box/Panel Grounding 
The control box or panel shall be permanently grounded ir 
accordance with the National Electrical Code and local codeE 
or regulations. The ground wire should be a bare copper 
conductor at least the same size as the drop cable wire size. 
The ground wire should be run as short a distance as 
possible and be securely fastened to a true grounding point. 

True grounding points are considered to be: a grounding rod 
driven into the water strata, steel well casing submerged into 
the water lower than the pump setting level, and steel 
discharge pipes without insulating couplings. If plastiC 
discharge pipe and well casing are used or if a grounding 
wire is required by local codes, a properly sized bare copper 
wire should be connected to a stud on the motor and run to 
the control panel. Do not ground to a gas supply line. Connec' 
the grounding wire to the ground point first and then to the 
terminal in the control box or panel. 

Wiring Checks and Installation 
Before making the final surface wiring connection of the drop 
cable to the control box or panel, it is a good practice to 
check the insulation resistance to ensure that the cable and 
splice are good. Measurements for a new installation mus' 
be at least 2,000,000 ohm. Do not start the pump if the 
measurement is less than this. 

If it is higher than 2,000,000 ohm, the drop cable should then 
be run through the well seal by means of a conduit connector 
in such a way as to eliminate any possibility of foreign matter 
entering the well casing. Conduit should always be used 
from the pump to the control box or panel to protect the drop 
cable (See Figure 6-E). Finish wiring and verify that all 
electrical connections are made in accordance with the 
wiring diagram. Check to ensure the control box or panel 
and high voltage surge arrester have been grounded. 

Electrical 
Supply 

+-

Conaurt 
Connect", 

Submersible 
Cable 

Figure 6-E 

Pressure 
Tank: 



SECTION 7. 
Start-Up 

After the pump has been set into the well and the wiring 
connections have been made, the following procedures should 
be performed: 

A. Attach a temporary horizontal length of pipe with installed 
gate valve to the riser pipe. 

B. Adjust the gate valve one-third of the way open. 

C. On three-phase units, check direction of rotation and 
current unbalance according to the instructions below. 

Three-Phase Motors 
1. Check the direction of rotation 
Three-phase motors can run in either direction depending 
on how they are connected to the power supply. When the 
three cable leads are first connected to the power supply, 
there is a 50% chance that the motor will run in the proper 
direction. To make sure the motor is running in the proper 
direction, carefully follow the procedures below: 

A. Start the pump and check the water quantity and 
pressure developed. 

B. Stop the pump and interchange any two leads. 

r.. Start the pump and again check the water quantity and 
pressure. 

D. Compare the results observed. The wire connection 
which gave the highest pressure and largest water 
quantity is the correct connection. 

2. Check for current unbalance 
Current unbalance causes the motor to have reduced starting 
torque, overload tripping, excessive vibration and poor 
performance which can result in early motor failure. It is very 
important that current unbalance be checked in all three­
phase systems. Current unbalance between the legs should not 
exceed 5% under normal operating conditions. 

The supply power service should be verfied to see if it is a 
two or three transformer system. If two transformers are 
present, the system is an "open" delta or wye. If three 
transformers are present, the system is true three-phase. 

Make sure the transformer ratings in kilovolt amps (KVA) is 
sufficient for the motor load. See Table C. 

The percentage of current unbalance can be calculated by 
using the following formulas and procedures: 

Average current = 

% r crent unbalance = 

Total of current values measured 
on each leg 

3 

Greatest amp difference from 
the average 

------~---- X100 
average current 

To determine the percentage of current unbalance: 
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A. Measure and record current readings in amps for 
each leg (hookup 1). Disconnect power. 

For Single-phase units proceed directly to "Developing 
the Well". 

D. Under no circumstances should the pump be operated 
for any prolonged period of time with the discharge valve 
closed. This can result in motor and pump damage due 
to overheating. A properly sized relief valve should be 
installed at the well head to prevent the pump from 
running against a closed valve. 

B. Shift or roll the motor leads from left to right sothe drop 
cable lead that was on terminal 1 is now on 2, lead 
on 2 is now on 3, and lead on 3 is now on 1 (hookup 2). 
Rolling the motor leads in this manner will not 
reverse the motor rotation. Start the pump, measure 
and record current reading on each leg. Disconnect 
power. 

C. Again shift drop cable leads from left to right so the 
lead on terminal 1 goes to 2, 2 to 3 and 3 to 1 
(hookup 3). Start pump, measure and record current 
reading on each leg. Disconnect power. 

D. Add the values for each hookup. 

E. Divide the total by 3 to obtain the average. 

F. Compare each single leg reading from the average 
to obtain the greatest amp difference from the 
average. 

G. Divide this difference by the average to obtain the 
precentage of unbalance 

Use the wiring hookup which provides the lowest percentage 
of unbalance. (See Table F for a specific example of 
correcting for three-phase power unbalance.) 

Developing the Well 
After proper rotation and current unbalance have been 
checked, start the pump and let it operate until the water 
runs clear of sand, silt and other impurities. 

Slowly open the valve in small increments as the water clears 
until the desired flow rate is reached. Do not operate the 
pump beyond its maximum flow rating. The pump should not 
be stopped until the water runs clear. 

If the water is clean and clear when the pump is first started, 
the valve should still be slowly opened until the desired flow 
rate is reached. As the valve is being opened, the drawdown 
should be checked to ensure the pump is always submerged. 
The dynamic water level should always be more than 3 feet 
above the inlet strainer ot the pump. 

Disconnect the temporary piping arrangements and complete 
the final piping connections. 

Under no circumstances should the pump be operated for any 
prolonged period of time with the discharge valve closed. This 
can result in motor and pump damage due to overheating. A 
properly sized relief valve should be installed at the well head 
to prevent the pump from running against a closed valve. 

Start the pump and test the system. Check and record the 
voltage and current draw on each motor lead. 

(con't) 

• 
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Operation 
1. The pump and system should be periodically checked for 
water quantity, pressure, drawdown, periods of cycling and 
operation of controls. 

2. If the pump fails to operate, or there is a loss of 
performance, refer to Troubleshooting, Section 8. 

SECTIONS. 
Troubleshooting 

The majority of problems that develop with submersible 
pumps are electrical, and most of these problems can be 
corrected without pulling the pump from the well. The 
following chart covers most of the submersible service work. 
As with any troubleshooting procedure, start with the simplest 
solution first; always make all the above-ground checks 

before pulling the pump from the well. 
Usually only two instruments are needed - a combination 
voltmeter/ammeter, and an ohmmeter. These are relativel 
inexpensive and can be obtained from most water systems 
suppliers. 

WHEN WORKING WITH ELECTRICAL CIRCUITS, USE CAUTION TO AVOID ELECTRICAL SHOCK. It Is recommended that rubber gloves 
and boots be worn and that care is taken to have metal control bOles and motors grounded to power supply ground or steel drop 
pipe or casing extending into the well. WARNING: Submersible motors are intended for operation in a well. When not operatec 
in a well, failure to connect motor frame to power supply ground may result in serious electrical shock. 

Preliminary Tests 
SUPPLY 
VOLTAGE 

CURRENT 
MEASUREMENT 

~ n ' 

~Il 
I 
----1 

WINDING 
RESISTANCE 

How to Measure 
By means of a voltmeter, which has been set 
to the proper scale, measure the voltage at the 
control box or starter. 
On single-phase units, measure between line 
and neutral. 

On three-phase units measure between the 
legs (phases.) 

How to Measure 
By use of an ammeter, set on the proper scale, 
measure the current on each power lead at the 
control box or starter. See Electrical Data, 
Table E, for motor amp draw information. 

Current should be measured when the pump 
is operating at a constant discharge pressure 
with the motor fully loaded. 

How to Measure 
Turn ott power and disconnect the drop cable 
leads in the control box or starter. Using an 
ohmmeter, set the scale selectors to Rx1 for 
values under 10 ohms and and Rx1 0 for values 
over 10 ohms. 

Zero-adjust the meter and measure the 
resistance between leads. Record the values. 
Motor resistance values can be found in 
Electrical Data, Table E. Cable resistance 
values are in Table G. 

What it Means 
When the motor is under load, the voltage 
should be within ± 10% of the nameplate 
voltage. Larger voltage variation may cause 
winding damage. 
Large variations in the voltage indicate a poor 
electrical supply and the pump should not bl 
operated until these variations have been 
corrected. 
If the voltage constantly remains high or low 
the motor should be changed to the correct 
supply voltage. 

What it Means 
If the amp draw exceeds the listed service 
factor amps (SFA) or if the current unbalance 
is greater than 5% between each leg on three­
phase units, check for the following: 
1. Burnt contacts on motor starter. 
2. Loose terminals in starter or control box or 

possible cable defect. Check winding anr 
insulation resistances 

3. Supply voltage too high or low. 
4. Motor windings are shorted. 
5. Pump is damaged, causing a motor 

overload. 

What it Means 
If all the ohm values are normal, and the cable 
colors correct, the windings are not damaged. 
If anyone ohm value is less than normal, th 
motor may be shorted. 
If anyone ohm value is greater than normal 
there is a poor cable connection or joint. Th£ 
windings or cable may also be open. 
If some of the ohm values are greater than 
normal and some less, the drop cable leads 
are mixed. To verify lead colors, see resistanCE 
values in Electrical Data, Table E. 



INSULATION 
RESISTANCE 

OHM VALUE 

2,000,000 (or more) 
1,000,000 (ormore) 

500,000 - 1,000,000 
20,000 - 500,000 

10,000 - 20,000 

less than 10,000 

FAULT 

I A. Pump Does Not Run 
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How to Measure What it Means 
Turn off power and disconnect the drop cable 
leads in the control box or starter. Using an 
ohm or mega ohmmeter, set the scale selector 
to Rx100K and zero-adjust the meter. 

For ohm values, refer to table below. Motors 
of all HP, voltage, phase and cycle duties have 
the same value of insulation resistance . 

Measure the resistance between the lead and 
ground (discharge pipe or well casing, if steel). 

MEGAOHM VALUE CONDITION OF MOTOR AND LEADS 
Motor not yet installed: 

2.0 New Motor. 
1.0 Used motor which can be reinstalled in the well. 

Motor in well (Ohm readings are for drop cable plus motor): 
0.5 - 1.0 A motor in reasonably good condition. 

0.02 - 0.5 A motor which may have been damaged by lightning or with damaged 
leads. Do not pull the pump for this reason. 

0.01 - 0.02 A motor which definitely has been damaged or with damaged cable. The 
pump should be pulled and repairs made to the cable or the motor 
replaced. The motor will still operate, but probably not for long. 

0-0.01 A motor which has failed or with completely destroyed cable insulation. 
The pump must be pulled and the cable repaired orthe motor replaced. 
The motor will not run in this condition. 

Troubleshooting Chart 
POSSIBLE CAUSES HOWlOCHECK HOWlO CORRECT 

1. No power at pump panel. Check for voltage at panel. If no voltage at panel, check 
feeder panel for tripped circuits. 

2. Fuses are blown or circuit Remove fuses and check for Replace blown fuses or reset 
breakers are tripped. continuity with ohmmeter. circuit breaker. If new fuses blow 

or circuit breaker trips, the 
electrical installation and motor 
must be checked. 

3. Motor starter overloads are Check for voltage on line and Replace burnt heaters or reset. 
burnt or have tripped out load side of starter. I nspect starter for other damage. 
(three-phase only). If heater trips again, check the 

supply voltage and starter 
holding coil. 

4. Starter does not energize Energize control circuit and If no voltage, check control 
(three-phase only). check for voltage at the circuit. If voltage, check holding 

holding coil. coil for shorts. Replace bad coil. 

5. Defective controls. Check all safety and pressure Replace worn or defective parts. 
switches for operation. Inspect 
contacts in control devices. 

6. Motor and/or cable Turn off power. Disconnect If open motor winding or ground 
are defective. motor leads from control box. is found, remove pump and 

Measure the lead-to-Iead recheck values at the surface. 
resistances with the ohmmeter Repair or replace motor or cable. 
(Rx1). Measure lead-to-ground 
values with ohmmeter 
(Rx1 OOK). Record measured 
values. 

7. Defective capacitor Turn off the power, then If there is no needle movement, 
(single-phase only). discharge capacitor. Check with replace the capacitor. 

an ohmmeter (Rx1 OOK). When 
meter is connected, the needle 
should jump forward and slowly 
drift back. 

(con't) 
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Troubleshooting Chart (continued) 
FAULT POSSIBLE CAUSES HOW TO CHECK HOW TO CORRECT 

B. Pump Runs But Does Not 1. Groundwater level in well Check well draw-down. Water If not, lower pump if possible, or 
Deliver Water is too low or well is collapsed. level should be at least 3 ft. above throttle discharge valve and 

pump inlet during operation. install water level control. 

2. Integral pump check valve Install pressure gauge, start If not close to the pump curve, 
is blocked. pump, gradually close the remove pump and inspect 

discharge valve and read discharge section. Remove 
pressure at shut-off. After taking blockage, repair valve and valve 
reading, open valve to its seat if necessary. Check for other 
previous position. Convert PSI damage. Rinse out pump and 
to feet re-install. 
(For water: PSI x 2.31 fttPSI = 
__ ft.), and add this to the 
total vertical distance from the 
pressure gauge to the water level 
in the well while the pump is 
running. Refer to the specific 
pump curve for the shut-off head 
for that pump model. If the 
measured head is close to the 
curve, pump is probably OK. 

3. Inlet strainer is clogged. Same as B.2 above. If not close to the pump curve, 
remove pump and inspect. Clean 
strainer, inspect integral check 
valve for blockage, rinse out 
pump and reinstall. 

4. Pump is damaged. Same as B.2 above. If damaged, repair as necessary. 
Rinse out pump and re-install. 

C. Pump Runs But at Reduced 1. Wrong rotation Check for proper electrical Correct wiring and change leads 
Capacity (three-phase only). connection in control panel. as required. 

2. Draw-down is larger than Check draw-down during pump Lower pump if possible. If not, 
anticipated. operation. throttle discharge valve and 

install water level control. 

3. Discharge piping or valve Examine system for leaks. Repair leaks. 
leaking. 

4. Pump strainer or check Same as B.2 above. If not close to the pump curve, 
valve are clogged. remove pump and inspect. Clean 

strainer, inspect integral check 
valve for blockage, rinse out 
pump and reinstall. 

5. Pump worn. Same as B.2 above. If not close to pump curve, 
remove pump and inspect. 

D. Pump Cycles Too Much 1. Pressure switch IS not Check pressure setting on Re-adjust switch or replace if 
properly adjusted or is switch and operation. Check defective. 
defective. voltage across closed 

contacts. 

2. Level control is not Check setting and operation. Re-adjust setting (refer to 
properly set or is defective. manufacturer data.) Replace if 

defective. 
3. Insufficient air charging or Pump air into tank.or Repair or replace damaged 

leaking tank or piping. diaphram chamber. component. 
Check diaphram for leak. Check 
tank and piping for leaks with 
soap and water solution. Check 
air to water volume. 

4. Plugged snifter valve or Examine valve and orifice for' Clean and/or replace if defective. 
bleed orifice. dirt or corrosion. 

5. Tank istoo small. Check tank size. Tank If tank is too small, replace with 
volume should be approximately proper size tank. 
10 gallons for each gpm of 
pump capacity. 

(con't) 
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Troubleshooting Chart (continued) 
FAULT POSSIBLE CAUSES HOW TO CHECK HOW TO CORRECT 

E. Fuses Blow or Circuit 1. High or low voltage. Check voltage at pump panel. If wire size is correct, contact 
Breakers Trip If not within ± 10%, check wire power company. If not, correct 

size and length of run to pump and/or replace as necessary. 
panel. • 2. Three-phase current Check current draw on each If current unbalance is not within 

unbalance. lead. Unbalance must be within ± 5%, contact power company. 
±5%. 

3. Control box wiring and Check that control box parts Correct as required. 
components match the parts list. Check 
(single-phase only). to see that wiring matches 

wiring diagram. Check for 
loose or broken wires or 
terminals. 

4. Defective capacitor Tum off power and discharge If no meter movement, replace 
(single-phase only). capacitor. Check using an the capacitor. 

ohmmeter(Rx100K). When 
the meter is connected, the 
needle should jump forward and 
slowly drift back. 

5. Starting relay (Franklin Check resistance of relay coil Replace defective relay. 
single-phase motors only). with an ohmmeter (Rx1 OOOK). 

Check contacts for wear. 

SECTION 9. Technical Data 
Table A 
Minimum Water Flow Requirements for 
Submersible Pump Motors 

MOTOR CASING OR SLEEVE MIN. FLOW PAST 
DIAMETER I.D.IN INCHES THE MOTOR (GPM) 

4" 4 1.2 
5 7 
6 13 
7 21 
8 30 

6" 6 10 
7 28 
8 45 

10 85 
12 140 
14 198 
16 275 

8" 8 10 
10 55 
12 110 
14 180 
16 255 

10" 10 30 
12 85 
14 145 
16 220 
18 305 

NOTES: 1. A flow inducer or sleeve must be used if the water enters 
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the well above the motor or if there is insufficient water 
flow past the motor. 

2. The minimum recommended water velocity over 4" motors 
is 0.25 feet per second. 

3. The minimum recommended water velocity over 6, 8. and 
10" motors is 0.5 feet per second. 

Table 8 
Guide for Engine-Driven Generators in 
Submersible Pump Applications 

MINIMUM KILOWATT RATING OF 
GENERATOR FOR THREE-WIRE 
SUBMERSIBLE PUMP MOTORS 

MOTORHPFOR EXTERNALLY INTERNALLY 
SINGLE OR THREE REGULATED REGULATED 

PHASE UNITS GENERATOR GENERATOR 

NOTES: 

0.33HP 1.5KW 1.2KW 
0.50 2.0 1.5 
0.75 3.0 2.0 
1.0 4.0 2.5 
1.5 5.0 3.0 
2.0 7.5 4.0 
3.0 10.0 5.0 
5.0 15.0 7.5 
7.5 20.0 10.0 

10.0 30.0 15.0 
15.0 40.0 20.0 
20.0 60.0 25.0 
25.0 75.0 30.0 
30.0 100.0 40.0 
40.0 100.0 50.0 
50.0 150.0 60.0 
60.0 175.0 75.0 
75.0 250.0 100.0 

100.0 300.0 150.0 
125.0 375.0 175.0 
150.0 450.0 200.0 
200.0 600.0 275.0 

1. Table is based on typical 80°C rise continuous duty 
generators with 35% maximum voltage dip during start-up of 
single-phase and three-phase motors. 

2. Contact the manufacturer of the generator to assure the unit 
has adequate capacity to run the submersible motor. 

3. If the generator rating is in KVA instead of kilowatts, multiply 
the above ratings by 1 .25 to obtain KVA. 



Table C 
Transformer Capacity Required for Three-Phase 
Submersible Pump Motors 

MINIMUM KVA RATING 
FOR EACH TRANSFORMER 

THREE-PHASE MINIMUM 2TRANSFORMERS 3 TRANSFORMERS 
MOTORHP TOTALKVA OPENOELTA OELTAORWYE 

REQUIREO" ORWYE 

1.5 3 2 1 

2 4 2 1'/2 

3 5 3 2 

5 7'12 5 3 

7.5 10 7'/2 5 

10 15 10 5 

15 20 15 7'/2 

20 25 15 10 

25 30 20 10 

30 40 25 15 

40 50 30 20 
50 60 35 20 

60 75 40 25 
75 90 50 30 

100 120 65 40 
125 150 85 50 
150 175 100 60 
200 230 130 75 

" Pump motor KVA requirements only. and does not include allowances 
for other loads. 

Table D 
Submersible Pump Cable Selection 

) Chart (60 Hz) 

The following tables list the recommended copper cable 
sizes and various cable lengths for submersible pump 
motors. 
These tables comply with the 1978 edition of the National 
Electric Table 310-16, Column 2for75°C wire. The ampacity 
(current carrying properties of a conductor) have been 

divided by 1.25 per the N.E.C., Article 430-22, for motor 
branch circuits based on motor amps at rated horsepower. 

To assure adequate starting torque, the maximum cable 
lengths are calculated to maintain 95% of the service 
entrance voltage at the motor when the motor is running at 
maximum nameplate amps. Cable sizes larger than specified 
may always be used and will reduce power usage. 
The use of cables smaller than the recommended sizes will void 
the warranty. Smaller cable sizes will cause reduced starting 
torque and poor motor operation. 

SINGLE-PHASE MOTOR MAXIMUM CABLE LENGTH 
(Motor to service entrance)( 2) 

MOTOR RATING 
VOLTS HP 14 12 10 
115 V3 130 210 340 

'12 100 160 250 

230 '/3 550 880 1390 
'12 400 .650 1020 
3J. 300 480 760 
1 250 400 630 

1'12 190 310 480 
2 150 250 390 
3 120 190 300 
5 180 
7'12 
10 , I 

CAUTION: Use of wire size smaller than listed will void warranty. 

FOOTNOTES: 

8 
540 
390 

2190 
1610 
1200 
990 
770 
620 
470 
280 

, 
200 I , 

i 

COPPER WIRE SIZE 
6 4 2 0 00 000 0000 250 300 

840 1300 1960 2910 
620 960 1460 2160 

3400 5250 7960 
2510 3880 5880 
1870 2890 4370 6470 
1540 2380 3610 5360 6520 
1200 1870 2850 4280 5240 
970 1530 2360 3620 4480 
750 I 1190 1850 , 2890 3610 
450 I 710 1110 1740 2170 
310 I 490 I 750 I 1 ~40 ' 1410 
250 i 390 I 600 930 I 1160 

) 
1. If alumInum conductor is used. multiply lengths by 0.5. Maximum allowable length of aluminum is considerably shorter than copper wire of same size. 

2. The portion of the total cable which is between the service entrance and a 30 motor starter should not exceed 25% of the total maxImum length to 
assure reliable starter operation. Single-phase control boxes may be connected at any pOint of the total cable length. 

3. Cables #14 to #0000 are AWG sizes. and 250 to 300 are MCM sizes. (con't) 
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THREE-PHASE MOTOR MAXIMUM CABLE LENGTH 
(Motor to service entrance) (2) 

MOTOR RATING 
VOLTS HP 14 12 10 
208 1'12 310 500 790 

~ 240 390 61~ 
3 180 29p 470 
5 170 ~ 
7'12 200 

10 
15 
20 
25 

.1Q. 

230 1'1, 360 580 920 
2 280 450 700 
3 210 340 540 
5 200 320 
7% 230 

10 
15 
20 
25 
30 

460 1'/2 1700 
2 1300 2070 
3 1000 1600 2520 

~ 590 950 1500 
7'/2 420 680 1070 

J.Cl.. 310 500 790 
15 540 
20 410 
25 
30 
40 
50 

..§Cl. 
75 

100 
125 
150 
200 
250 

575 , ';2 2620 
2 2030 
3 1580 2530 
5 920 1480 2330 
7% 660 1060 1680 

10 490 780 1240 
15 530 850 
20 650 
25 520 
30 
40 
50 
60 
75 

100 

CAUTION: Use of wire size smaller than listed will void warranty. 

FOOTNOTES: 

B 
1260 
97~ 
740 
440 
310 
230 

1450 
1110 
860 
510 
360 
270 

23..§<l. 
1690 
1250 
850 
650 
530 
430 

2650 
1950 
1340 
1030 
830 
680 

~PER WIRE SIZE 

J 4 2 0 00 000 

1520 
1160 1810 

690 1080 1660 
490 no 1180 1no 
370 570 .~ .!~ 1640 
250 390 600 910 1110 1340 

300 460 700 ~60 1050 
370 570 700 840 
310 470 ~80 700 

i 
1740 
1340 2080 
800 1240 1900 I 
570 890 1350 2030 
420 660 1010 1520 1870 
290 450 690 1040 1280 1540 

350 530 810 990 1200 
280 430 650 800 970 

350 540 660 800 

2640 ! 

1960 3050 
1340 2090 3200 
1030 1610 2470 3730 
830 1300 1990 3010 3700 
680 1070 1640 2490 3060 3700 

790 1210 1830 .~ 2710 
640 980 1480 1810 2190 

830 1250 "!"'54Q. 1850 
1030 1260 1520 

940 1130 

i 
I 

i 

I 

2090 
1610 2520 
1300 2030 3110 
1070 1670 2560 3880 

790 1240 1900 2860 3510 
1000 1540 2310 2840 3420 
850 1300 1960 2400 2890 

1060 1600 1970 2380 
1190 1460 1no 

0000 250 300 

1270 
1030 1170 
850 970 1UO 

1450 
1170 1340 
970 1110 1270 

3290 
2650 3010 
2240 2540 2890 
1850 2100 2400 
1380 1560 1790 
108~ 1220 1390 

1050 1190 
1080 1300 

I 1080 

3500 
2890 3290 
2150 2440 2790 

1. If aluminum conductor is used, multiply lengths by 0.5. Maximum allowable length of aluminum is considerably shorter than copper wire of same size. 

• 

2. The portion of the total cable which is between the service entrance and a 30 motor starter should not exceed 25% of the total maximum length to • 
assure reliable starter operation. Single-phase control boxes may be connected at any point of the total cable length. 

3. Cables #14 to #0000 are AWG sizes, and 250 to 300 are MCM sizes. 
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Table E 

Electrical Data 
Submersible Pump Motors - 60 Hz 

GRUNDFOS MOTORS 
4 Inch (Two Wire) Motors -Control Box Not Required 

Circ. 
Dual 

~ .... _ •• ~.iE. 
Brk.or 

Ser. Stnd. Element I LOCk,iA~S 
HP Ph VOLT Fact. Fuse ILoad ! Rotor i Fuse 

1~INr.1 ~ PHASEI 

1/3 1 230 1.75 15 5 3.0 25.5 

1/2 1 230 1.60 15 7 4.3 34.5 

3/4 1 230 1.50 20 9 6.6 405 

1 1 230 140 25 12 8.0 474 

1 1/2 1 230 1.30 35 15 10.6 60.8 

4 Inch (Three Wire) Motors 
I SINGLE PHASE I 

1/3 1 230 1.75 15 5 3.0 140 

1/2 1 230 1.60 15 7 4.3 20.0 

3/4 1 230 1.50 20 9 6.6 30.8 

1 1 230 1.40 25 12 8.0 36.3 

1 1/2 1 230 1.30 30 15 9.7 44.0 

ITHREE PHASE I 
1 1/2 3 230 1.30 15 8 5.0 32.0 

460 1.30 10 4 2.5 16.0 
575 1.30 10 4 2.0 12.8 

2 3 230 1.25 20 10 6.0 12.8 
460 1.25 10 5 3.0 19.0 
575 1.25 10 4 2.4 15.2 

3 3 230 1.15 30 15 9.6 51.0 
460 1.15 15 7 4.8 25.5 
575 1.15 15 6 3.8 20.4 

5 3 230 1.15 40 25 152 89 
460 1.15 20 12 7.6 45 
575 1.15 15 9 6.1 35 

6 Inch (Three Wire) Motors 
ITHREE PHASEI 

7 1/2 3 230 1.15 60 35 23.3 120 
460 1.15 30 15 11.0 55 

10 3 230 1.15 80 45 30.0 150 
460 1.15 40 20 14.8 70 

15 3 230 1.15 125 60 44.4 225 
460 1.15 60 30 212 102 

20 3 230 1.15 150 80 56.1 290 
460 1.15 80 40 28.0 145 

25 3 460 1.15 100 50 33.6 175 

30 3 460 1.15 110 60 40.8 220 

44 

5.9 

8.0 

9.6 

13.1 

44 

5.9 

8.0 

9.6 

115 

6.3 
3.2 
25 

7.5 
3.8 
3.0 

11.2 
56 
4.5 

178 
8.9 
7.1 

26.5 
12.8 

34.5 
17.0 

51 
25 

66 
33 

40 

48 

FULL LOAD in .... n. in .. 

• I Power 
Eft. I Factor 

47.3 63.0 68-8.2 

50.6 64.7 52·6.3 

570 70.0 32-3.8 

59.8 74.3 2.5-3.1 

64.3 772 19-2.3 

47.0 63.0 6.8-8.3 17.3-21.1 

50.7 64.6 4.7-5.7 158-19.6 

57.3 70.0 3.2-3.9 14-172 

59.8 745 2.6-3.1 10.3-12.5 

67.5 84.1 1.9-2.3 78-9.6 

700 80.6 3.9 
70.0 80.6 15.9 
70.0 80.6 25.2 

73.0 86.8 3.0 
73.0 86.8 121 
730 86.8 18.8 

68.5 83.8 2.2 
68.5 83.8 9.0 
68.5 83.8 13.0 

71.9 80.0 1.2 
71.9 80.0 5.0 
719 80.0 7.3 

74.0 80.5 0.55 
75.0 84.0 2.25 

74.9 85.0 0.41 
75.0 86.2 1.70 

76.0 83.7 025 
75.8 86.5 1.16 

78.0 87.8 0.20 
77.5 87.0 0.78 

79.0 87.1 0.64 

78.8 88.0 0.52 

I~d~ 
Thl 

Ovenoao 

** 
Starter I Furnas 

Size Amb. 
Comp 

S -- _. 

R -- --

N -- --

M -- --

L -- --

L -- --

L -- .-

L _. .' 

K -- --

H -- --

K 0 K41 
K 0 K32 
K 0 K28 

J 0 K50 
J 0 K34 
J 0 K31 

H 0 K54 
H 0 K37 
H 0 K36 

H 1 K61 
H 0 K50 
H 0 K43 

H 1 K67 
G 1 K56 

G 1 3/4 K70 
F 1 K60 

G 21/2 K76 
F 1 3/4 K67 

G 3 K79 
G 2 K68 

F 2 K73 

G 2 1/2 K76 

60 Hz' 
'GGCRAT' • Max. NUMBER .. tj.:III~I •. lei 

Thrust (stenciled into 
(Ibs) motor housing) 

750 79.952101 791595018 

750 79.952102 791595028 

750 79.952103 79.1595038 

750 79.952104 791595048 

750 79.952105 791595058 

750 79.453101 79.1545018 

750 79.453102 79 1545028 

750 79.453103 791545038 

750 79.453104 79.1545048 

750 79.453105 79.1545058 

750 79.302005 791530058 
750 79.362005 791536058 
750 79.392005 79.1539058 

750 79.302006 791530068 
750 79.362006 79 1536068 
750 79.392006 791539068 

1000 79.300007 79.0930078 
1000 79.360007 79.0936078 
1000 79.390007 79.0839078 

1000 79.300009 79.0930098 
1000 79.360009 79.0936098 
1000 79.390009 79.0939096 

1100 78.300116 78.1030168 
1100 78.350116 781036168 

1100 78.300117 78.1030178 
1100 78.350117 78.1036178 

3300 78.300118 781030188 
3300 78.350118 78.1036188 

3300 78.300119 78.1030198 
3300 78.350119 781036198 

3300 78.350120 78.1036208 

3300 78.350121 781036218 
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HITACHI MOTORS 

Inch (Three Wire) Motors 60 Hz • I Br~~~~;tor 41 ._- ~!lLLLOAD ;n .... tn. ,Ie KVA ,.. "''''''" ~"a"" ~ .. m~. Dual 

I~:~~: Element Full I Locked I, S.F. I Power "<-'iii Code Thrust 
HP Ph VOLTS ".~~~:'u Fuse Load Rotor Amps Eft. Factor • :113:ll·l'l •• S~~eer I A~~.r~~s."p (Ibs) 

5 1 230 1 ~ 15 80 35 23.8 124 27~ 1 74.8 91.2 0.51 2.2 G .. .. 1500 82,4119H 
3 230 1.15 45 20 14.8 110 16,4 76.8 82.5 0.81 K 1 K58 1500 82.9115H3 
3 460 1.15 25 10 7A 55 8.2 76.8 82.5 3.05 K 1 K43 1500 82.9115H6 

171/2 1 230 1.15 125 45 35.2 167 40.9 72.9 94~9 OAO 1,40 F .. .. 1500 82,4121H 
3 230 1.15 70 30 21.8 144 24A 78.5 81.8 0.65 J 1 K64 1500 82.9116H3 
3 460 1.15 35 15 10.9 72 12.2 78.5 81.8 2,43 J 1 K54 1500 82.9116H6 

10 1 230 1.15 175 60 48.0 202 54.0 73.6 93.2 0.32 1.05 E .. .. 3500 82,4123H 
3 230 1.15 80 40 28.2 208 32.0 79.3 82.8 0.45 K 1.75 K68 3500 82.9117H3 
3 460 1.15 40 20 14.3 104 16.0 79.3 82.8 1.62 K 1 K58 3500 82.9117H6 

15 1 230 1.15 250 100 70.8 275 84.9 73.7 93.2 0.23 068 D .. .. 3500 82.9118H3 
3 230 1.15 125 60 414 320 46.2 81.7 83.2 0.31 K 2 K74 3500 82.9118H3 
3 460 1.15 60 30 20.7 160 23.1 81.7 83.2 1.07 K 1.75 K63 3500 82.9118H6 

20 3 230 1.15 175 70 53.0 392 63.0 83.2 84.9 0.26 K 2.5 K77 3500 82.9119H3 
3 460 115 90 35 26.5 196 30.0 83.2 84.9 0.86 K 2 K67 3500 82.9119H6 

25 3 230 115 200 90 67.2 530 75.4 83.0 83.9 0.21 K 3 K83 3500 82.9120H3 
3 460 1.15 100 45 33.6 265 37.7 83.0 83.9 0.67 K 2 K72 3500 82.9120H6 

30 3 230 1.15 250 110 80.8 610 90.6 82.5 84.3 0.16 K 3 K86 3500 82.9121H3 
3 460 1.15 125 50 40.4 305 45.3 82.5 84.3 0.55 K 2.5 K74 3500 82.9121H6 

40 3 460 1.15 150 70 51.7 340 58.8 84.0 86.3 0.46 H 3 K76 5000 82.3228H 

50 3 460 1.15 200 90 69.7 465 78.8 82.5 81.4 0.39 J 3 K83 5000 82.3229H 

,0 3 460 1.15 225 100 80.8 465 92.8 82.4 84.4 0.39 G 3.5 K86 5000 82.3230H 

8 Inch Motors 
40 3 460 1.15 150 70 54.3 380 60.9 83.9 82.1 0.37 J 3 K76 10.000 82.3270H 

50 3 460 1.15 200 90 64.9 435 73.6 84.1 85.7 0.33 H 3 K78 10.000 82.3271H 

60 3 460 115 225 100 77.8 510 885 84.7 85.3 0.28 H 3.5 K86 10.000 82.3272H 

75 3 460 1.15 350 150 96.7 650 110 84.9 85.9 0.22 H 3.5 K88 10.000 82.3274H 

100 3 460 1.15 400 175 127 795 145 85.2 86.6 0.16 H 4 K89 10.000 82.3275H 

125 3 460 1.15 500 225 172.0 980 192 84.2 80.9 0.14 G 4.5 K28 10.000 82.36H042 

150 3 460 1.15 600 250 187.0 1060 216 85.6 87.9 0.13 G 4.5 K29 10.000 82.36H043 

10 Inch Motors 
200 3 460 1.15 800 350 233.0 1260 270 87.2 92.2 0.09 F 5 K33 10.000 82~36H064 

250 3 460 1 ~ 15 900 450 294.0 1500 344 86.5 92~ 1 0.08 E 6 K27 10.000 82.36H066 

Franklin Motors 
(refer to the Franklin Submersible Motors Application Maintenance Manual) 

• 
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Table F 
Example: Correcting for Three-Ph",e 
Power Unbalance 

Example: Check for current unbalance ,,,, a 230 volt, 3 phase, 
60 Hz submersible pump motor, 18.0 lull load amps. 
Solution: Steps 1 to 3 measure and r~cord amps on each 
motor drop lead for Hookups 1, 2 and 3. 

(T,) 

(T:J 
(T3) 

Step 4 

Step 5 

Step 6 

Step 7 

Step 1 (Hookup 1 ) Step 2 (HookuP 2) Step 3 (Hookup 3) 

Dl, = 25.5 amps Dl:3 = 25 amps Dl2=25.0amps 

D~ = 23.0 amps Dl,=24amps Dl:3 = 24.5 amps 

Dl3 = 26.5 amps D~=26amps Dl, = 25.5 amps 

Total = 75 amps Total = 75 amps Total = 75 amps 

Average Current = Total current = 75 = 25 amps 

3 readings 3 

Greatest amp difference (Hookup 1) = 25-23 = 2 
from the average: (Hookup 2) =26-25= 1 

(Hookup 3) =25.5-25= .5 

% Unbalance (HOOKUP 1) =2125 X 100 = 8 
(HOOKUP 2) = 1/25 X 100 = 4 
(HOOKUP 3) = .5/25 X 100 = 2 

As can be seen, Hookup 3 should be used since it shows 
the least amount of current unbalance. Therefore, the motor 
will operate at maximum efficiency and reliability. 

Table G 
Total Resistance of Drop Cable 
(OHMS) 

The values shown in this table are for copper 
conductors. Values are for the total 
resistance of drop cable from the control box 
to the motor and back. 

To determine the resistance: 

1. Disconnect the drop cable leads from the 
control box or panel. 

2. Record the size and length of drop cable. 
3. Determine the cable resistance from the 

table. 
4. Add drop cable resistance to motor 

resistance. Motor resistances can be 
found in the Electrical Data Chart. 
Table E. 

5. Measure the resistance between each 
drop cable lead uSing an ohmmeter. 
Meter should be set on Rx1 and zero­
balanced for this measurement. 

6. The measured values should be 
approximately equal to the calculated 
values . 

.5 

By comparing the current values recorded on each leg, you 
will note the highest value was always on the same leg, L3 . 

This indicates the unbalance is in the power source. If the 
high current values were on a different leg each time the 
leads were changed, the unbalance would be caused by the 
motor or a poor connection. 

If the current is greater than 5%, contact your power company 
for help. 

* For a detailed explanation of three-phase balance 
procedures, see Three-Phase Motor, section 2, page 6. 

HOOKUP' HOOKUP 2 

1.0 1.5 2.0 2.5 3.0 

DROP CABLE OHMS 

3.5 

FUSED 
DISCONNECT 

MANUAL RESET 
THEAMAL OVER­
LOAD WITH 
EXTRA QUICK 
TAIP HEATERS 

___ MOTOR DROP 

CABLE 

HOOKUP 3 

4.0 4.5 5.0 

1L 



Limited Warranty 

Products manufactured by GRUNDFOS PUMPS CORPORATION (GRUNDFOS) are warranted to the original user only to be free 
of defects in material and workmanship for a period of 18 months from date of installation, but not more than 24 months from date 
of manufacture. GRUNDFOS' liability under this warranty shall be limited to repairing or replacing at GRUNDFOS' option. without 
charge, F.O.B. GRUNDFOS' factory or authorized service station, any product of GRUNDFOS manufacture. GRUNDFOS will not 
be liable for any costs of removal, installation. transportation, or any other charges which may arise in connection with a warranty 
claim. Products which are sold but not manufactured by GRUNDFOS are subject to the warranty provided by the manufacturer of 
said products and not by GRUNDFOS' warranty. GRUNDFOS will not be liable for damage or wear to products caused by abnormal 
operating conditions, accident, abuse, misuse, unauthorized alteration or repair. or if the product was not installed in accordance 
with GRUNDFOS' printed installation and operating instructions. 

To obtain service under this warranty, the defective product must be returned to the distributor or dealer of GRUNDFOS products 
from which it was purchased together with proof of purchase and installation date, failure date, and supporting installation data. 
Unless otherwise provided, the distributor or dealer will contact GRUNDFOS or an authorized service station for instructions. Any 
defective product to be returned to GRUNDFOS or a service station must be sent freight prepaid; documentation supporting the 
warranty claim and/or a Return Material Authorization must be included if so instructed. 

GRUNDFOS WILL NOT BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES, LOSSES, OR EXPENSES ARISING 
FROM INSTALLATION, USE OR ANY OTHER CAUSES. THERE ARE NO EXPRESS OR IMPLIED WARRANTIES. INCLUDING 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE, WHICH EXTEND BEYOND THOSE WARRANTIES 
DESCRIBED OR REFERRED TO ABOVE. 

Some jurisdictions do not allow the exclusion or limitation of incidental or consequential damages and some jurisdictions do not allow 
limitations on how long implied warranties may last. Therefore, the above limitations or exclusions may not apply to you. This warranty 
gives you specific legal rights and you may also have other rights which vary from jurisdiction to jurisdiction. 

GRUNDFOS'~ 
GRUNDFOS PUMPS CORP.· 2555 Clovis Ave .• Clovis, CA 93612 

Sales Support Centers: Allentown. PA· Atlanta, GA. Buffalo Grove, IL 
Canada: Mississauga, ONT 

IL·SP·TL·031 I Rev. 12193 
! PRINTED IN USA 

• 
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KOMAX MOTIONLESS MIXER 



--r 
I ,. .J :,JIl.iEC iECTIONS 

r~OTED & TO TH~ , .... /VI;)IONS OF 
TH~ ~PlAcAnONS . 

.. , " ..... 
UtLi ~o I",JJ 

U.S. ARMY ENGINEER OISTRICT • Sf. PAUL 
"M" SERIES NUMBERING SYSTEM 

L gV_~ c¥ [ Line Size, <4 Inch In example I Number 0' Elemenls, 3 In e.ample 

I MC-4-3 

- \AIAEPLATE 
, SEE AITACHED<fCMMENTS. 1 I Malerlal, re"" 10 Carbon Sleel 

1 

, ..-l I 

Serle. Idenlllier 

~ ~ 
~ ~ ~ ~ ~ '" . . 

-'~l "-~ 
t- -$ ~' 

- -- !--- --t+ :r-" MC-6-3 

l- t::: ~~,0, 
.. 

i F .. - "~' i 'T' Symbol MaI.,lal 
HYDRO. 

• MIXER RATING TESTED (i) 

HOUSING: CARBON STEEL - A53 Orade B Schedule 40 
C Carbon Sleel 240 PSIG/200"F 400 PSIG 

STAINLESS STEEL - Type 318 Schedule 40 5 Slalnle •• SUel 240 PSIO/200 "F 400 PSIG 
P. V.-C. - Schedule ao 
F. R. P. - 150 pal raled '"amenl wound 

F Flbargla.s 150 PSIG/200" 225 PSIG 

FLANGES: AN!!U B18.5 - 150 lb. Drilling 
P P.V.C. 150 PSIG/100-F 150 PSIG 

CARBON STEEL & STAINLESS STEEL - Ralaed Face 
P. V. C. - For Size. : 3" & LARGER - Ralaed Face 

Smaller Ihan 3" - Flal I.ce 
F. R. P. - Flal Face 

SUBMITT,~L PRINT 
NOV 2 0 1990 

LINE L Inchee SHIPPING WT" Ib NOTE: 
SIZE 
NPS 2 eL 3 eL 4 eL 2 eL 3 eL 4 eL WEIGHTS LISTED 

ARE FOR CARBO" 
2 7' 8 13 14 11 18 STEEL AND 

2 1/2 a 11 14 21 23 21 STAINLESS STEEL. 
OUTLINE & MOUNTING CONFIGURATION 

3 It 13 18 27 28 33 TO OBTAIN 

4 11 18 21 43 51 
SHIPPING WEIGHT 

OCAU. NONE -r ....,...O ... IlD .Yr -.- •• AW"." L ....... 48 FOR PVC AND 
OATS. 12-13-84 I i..£ I 'Ai} I~u 

8 18 24 31 78 83 110 FRP UNITS. 
I • .".010 O~- '1- 8S 

DIVIDE VALUES ~" a 21 31 41 132 183 185 
LISTED BY A 

TYPICAL KOMAX M- SERIES MIXERS 

10 28 213 287 328 FACTOR 3. 38 52 KOMAX SYSTEMS, INC. I ~: ~~::bt)-1D I D • .,W,_ M ..... S .. 

All Dlmenalon. ! 1J8" lllll lueL Ca_ !IOIIO·I689 KJ: 1::2/1 (p -qD 9350 



560 

Tylerpt ... 
SuhslGlory 01 
Tyler CorpOl(JIIOn 

o 

*' -(-

DUCTILE IliON 
ADAPTOR flANGE 

5·749 
C.,I 
10 ... 0 

\in "·,.00 ... -., 
• o. - o. ·Ol 

306 J 0, J06 9, 65 
4 4.10 6.02 4.'0 1.00 10.5 
6 600 8 I ~ 700 106 I. 5 

9.05 10.27 9.15 1.12 22.0 
10 " 10 113J " ~O I 19 300 
12 '3.20 I ....... '3.30 1.25 40.0 

.... " I.' 1( .......... \ • to' •. tel''' •• h_~ 

·W.II ' .. I.: ............ : "" ••• n •• , ..... ,.. •• 1 ..... ,.. 

.... -4 ... "ae -" .. .:1 ... Jl ~.,.tll. "." ~;,..~ •• ,vI', _, ... " i' ~IH.' ... I ,' ...... , •• h., ,...,.. I, .,.~ 

-.- .. -
•• I.~ N •. " lelt N .... 

!III. We,lIi .. , Sot (i.cI. "",. 
, ....... Se,..... NUl' 

150 600 4 

• 250 • 7.50 • 6 150 8 950 
250 '1.75 

10 150 11 " 1S 11 
12 150 12 '7.00 12 

' ... 1'·, 
'.4 .3 
L, • 3', 

~' •• 3'/, 
-. , 

', •• 4 

, 
~ . 

DUCTILE IRON AND GRAY IRON 
FLANGED FITTINGS 

HOW TO USE TYlER 5·749 ADAPTOR 
flANGES TO CONNECT PLAIN END 
PIPE TO 125 LB. FLAT FACE flANGES 
(Based a" Class 530.1. Pipe) 

TO CONNECT DUCTIlE IRON I"I'E: 
I Mo"'. sur. Ihot Ih. p.pe" squor.-tu' 

ploln end. Ihen sl.d. on S· 7.' odop'''' 
IInnq.,. _ifh 1101 sid. of lIange '(King 
oth", (onn.e,jon 
Set Ihe pip. end flush wllh ,h. 'ace of 
tho lIonge. and genlly snug all s.t 
U'~ to squor. 'he flong_ 'oc. With 
,h~ pipe 

I ,ghten ,., screwt 180-'0 ,.commended 
torque of ~ h. Ibl, (Us. cOuljon not to 
over· torque. , NOTE. With torque.,., 
')( re-,. laps w,lI breo" all or 'he 
noco.nrnended lei ling. 10 no lorqutt 
.....'ond .. i, requ"ed 'or inihol onembly . 

4 Properly s.a, MJ goshe,: lubrlcat. 'he 
9('Jsket and ,lid. On plain end of piJ"' 
"",.,h lopered goske. end 1CKin9 .he 
,.ohIl9 area of 'h. odopte' flange 
InSIolI mochine bolts. pulling log.,h.,. 
each lIong •. right.n eYen'y 180° opor. '0 
,n,ure prop.r '.01 when mowimum 
torque is oppli.d {90 II. Ib,. J 

6 No deflt!'cfion is p.rmitted dUring 
in,tollo,ion . 

TO CONNECT STUl 0.0. ~IZE I"I'E: 
U,e 10me proc.dur. w;,h MJ Iron, Ilion 
9°'''.''0 rna". ,h. 1eol -- .. ' ... 

NOTE: Unless otherwise specified. all flanged fittings are furnished 
bituminaus·coated. All special orders. whether bare or requiring 
special coating. are made-to-order only ... not returnable . 

.... NS. IIIWWIII CliO '11121.10 IIIH!lI AWWIII cm 'IIIJI.II, ANII.AII!IWIII CItS 1112111 
1,101' P'po Uhl, .... , 0' ..... 00"· PO 10.10"" ',lOt' r .... o • 15"(1" ;11.1 sa7 5$11 • '01 .... 0115 

10·03·88 

, ; l u ·Jf:D SUBJECT TO CORRECTIONS 
. HOTED & TO THE PROVISIONS OF 

Tli~ SPAIChTIONS. 

DEC 28 19QJ 

u.s. ARMY ENGINEER DISTRICT· St PAUL 

~I~t-¥ 
SEE ATIACHED CC1'.i;:':~ lTS . 

....... 



KOMAX® MOTIONLESS 
MIXERS 

OPERATION, INSTALLATION AND 
MAINTENANCE INSTRUCTIONS 

CONTENTS 

-- PRINCIPLES OF OPERATION 

- MIXING ELEMENT CONFIGURATION 

- MOUNTING ORIENTATION 

MATCH MARKING 

CONSTRUCTION MATERIALS & CONFIGURATION 

NOTES ON FLANGES 

- TORQUE PROCEDURE 

PORTS & SPARGERS 

MAINTENANCE 
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PRINCIPLES OF OPERATION 
Komax motionless mixers produce mixing or blending of two or more input 
streams by a series of specially shaped elements. These elements pro­
duce multiple divisions and recombinations of the material so that under 
laminar flow conditions each element doubles the number of striations. If 
we have "m" inp~t streams on "n" elements, the number of output striations 
is m x 2n. Under turbulent flow conditions the mixing is much further en­
hanced by elliptical counter rotating vortices on each side of each mixing 
element. 

It is important to recognize that the input flow rates of materials must 
correspond to the output ratios required in the mixture. This must be kept 
in mind when selecting the material pumping system. Low viscosity materials 
for example may be handled by centrifugal pumps, while high viscosity materials 
will require positive displacement pumps. 

Additives to a main product flow must be introduced in a non-pulsating manner 
in order to avoid a pulsating output. 

"'---"7"""- PULSATI NG ADDITI VE PUMP 
WITH PULSE DAMPENER. 

UNIFORM IN MIXER 

MAIN ==(> 
FLOW 

CORRECT 

~-- NON PULSING ADDITIVE PUMP 

MAIN ==(> 
FLOW 

MAIN ==(> 
FLOW 

CORRECT 

PULSATING ADDITIVE PUMP 

,tlCOHRECT 

UNIFORM IN MIXER 

PULSES IN MIXER 

UNIFORM 
OUTPUT 

UNIFORM 
OUTPUT 



) 

) 

MATCH MARKING 

When two Komax mixers must be connected together, match marks are 
provided to a~sure correct operation. 

MATCH MARKS 

- - --++~ 

Failure to properly align the match marks may severely reduce mixing 
efficiency. 

CONSTRUCTION MATERIALS & CONFIGURATION 
Construction materials include carbon steel, stainless steels, special alloys 
such as Carpenter 20 and Hastelloy 82, plastics such as PVC and CPVC, FRP 
(Fiberglass Reinforced Plastic) and combinations such as carbon steel spool 
pieces with Teflon or Kynar lining. End configurations include plain, prepared 
for welding, threaded and flanged. 
Teflon and Kynar lined spool pieces can have elements retained in one of two 
ways. 

One way is with element retainer disks of Teflon or Kynar as shown below. In 
this configuration elements are not removable by the customer • 

.-- '""" .-- -
., 

- 1-- --

I,..- ..... 

I.- '- '- '--

Another method which applies to metal elements in a Te'flon or Kynar lined. 
spool piece is shown below. In this case, elements are removable as an 
assembly by the customer. 

ELEMENT RETAINER DISK 

ELEMENT ASSEMBLY 



) 

) 

Note that units configured with a pair of element retainer disks are treated 
as raised face units. Although the retainer disk is flat. the flange to 
flange forces are from the spool raispd face to the mating flange raised face. 

RAISED FACE 
FLANGE 

YES 

DISK 

RAISED FACE 
FLANGE 

~ 

j 
-) 

( 

FRP OR 
-- PVC 

t 
~ -

- '-- -

NO 



The following torque recommendations are to be followed when installing lined pipe mixers 

Pipe size Torque ft. lb. Pipe Size Torque ft. lb. 

1" 8-9 4" 27 - 36 
11/2" 9 - 12 6" 35 - 50 
2" 18 - 24 8" 45 - 60 
21/2" 23 - 30 10" 75 - 85 
3" 23 - 30 12" 95 - 110 

The following torque recommendations are to be followed when installing FRP flanges 

Pipe Size Torque ft. Ib 

2" 25 
3" 30 
4" 30 
6" 30 
8" 45 
10" 50 
12" 55 
14" 55 
16" 55 
18" 55 
20" 55 
24" 55 
30" 55 
36" 55 
42" 55 

When installing FRP mixers, consideration must be given to the fact that the expansion 
coefficient for FRP is substantially higher than that for steel. 

Steel expansion coefficient = 7 x 10-6 inch/inch/oF approximately 
-FRP- expansion coefficient = 20 x 10-6 



E::~~- LOCATING PIN 

.MAINTENANCE. 

SIDE PORT WITH REMOVABLE SPARGER 

r-----~~ MAIN PRODUCT FLOW" 

CAPPED CLEAN OUT PORT 

SIDE PORT WITH SPARGER 

MAIN PRODUCT FLOW ... 

'--- FLANGED CLEAN OUT PORT 

Once installed, a Komax motionless mixer requires no routine maintenance 
since there are no moving parts to repair or replace. If a mixer has 
been supplied with internals designed for removal by the customer, these 
internals can be removed by him for inspection or cleaning. If elements 
have any special coating such as TefJon or Kynar, great care must be taken 
not to damage the protective coating. 
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LOUVERS AND DAMPERS, INC. 



( 

4" Deep Extruded Aluminurn AEL-350/360 Series 
Adjustable Louver 

STYLE SHOWN: 
MODEL AEL-3S2-C 
"C" frame shown. Be certain 
to specify frame style "A", "C" 
or "F" when ordering. 

LINKAGE & OPERATOR SPECIFICATIONS: 

SPECIFICATIONS: 
1. All welded construction. Mitered frame corners. 
2. Frame and blades of mill finish .081" thk. 

extruded aluminum, alloy 6063-TS. 
3. Blades pivot on 1/2"(1.27cm) dia. stub shafts 

in sintered bronze self-lubricating bearings. 
If Blade spans over SO"(127cm) employ exposed 

mull ions. 
3S0 series: Exposed linkage of double .08111 
thk. clips \'Jith 1/4"(.64cm) dia. connect bar 
and push rod operator. 
360 series: Hidden linkage of welded/riveted 
construction concealed in the jambs with 
extended lever arm and push rod operator. 
(See Dwg~ 014-A76-LD for standard operator.) 

7. 11211 ( J. 27cm) mesh, 19 ga. woven. ga I van i zed 
steel· screen standard. Front mounted on 3S0 
series. rear mounted on 360 series . 

. Blade Styles Frame Styles 

C~;;;;;J, NO; 1 r~;;;jj -,- NO. 2 

~"o" ~""" 0). )coo) 0). )c-) 

.~ 450 -.l ltSo 

1~1 .T~ /,1 

·s/8"l j 8 
(I.koo) ')1I6U ~ 
A (lo,7eoo) 

Speg. ~ 5/8",,,. 7e.) Speg. , 5/8"0 I. 7em) 

[O";;;;J NO. 3 ro,,;;! NO.4 
(IO.Ze.) (IO.Ze .. ', ,. 

. ) liZ" ~eOI)300 ~112" (8"r) 300 

~~~4 
I II'" ~ /'~ 8 
U.Zem) ')/16" t 
C (J0.7eoo)· 

Spe9. Z 7/8"!7. )e .. ' Speg. Z 7/6"'7. )e.) 

Refer to Linkage ~ Standard Operator sheet. (Ollt-A76-LD) 
~r////ft 

I II''' ;; 8 
().ze·)L~ )/16U~ ~ WITH 304SS, ~AmB CSt:AlOS 4 tbl..YtJ(2A1fih:6 'BlP-be- SCIV.:S, 
F (\O.7e.' 

LOUVER HODEL NO. DESCRIPTION 
o AEL-3S1-A, C or F;: Exposed linkage. blade style #1 ,: No rear mounted screens 
o AEL-352-A. C or F": Exposed linkage. blade style #2 wi 11 be ins ta I I ed on 3 SO 
o AEL-353-A, C F'" Exposed linkage. blade style 113 series louvers; if a rear or .. 

C or F": blade mounted screen is required o AEL-354-A, Exposed linkage. style #4 

~ AEL-361-A, C or F Hidden linkage. blade style #1 specify 360 series. 
o AEL- 362-A, C or F Hidden linkage. blade style K2 

AEL-363-A, C or F Hidden linkage. blade style #3 
AEL-364-A, C or F Hidden linkage, blade style 64 

ITEM NUM8ERS 

SEE SHEET" J·A7l·llJ 'OR 
FUll SCHEOUlE 0' SIZES 

CUSIOMER PURCHASE ORUlN 

ARCHITECT 

Louvers & Dampers, Inc. 
CINCINNATI • &-'61 u£t'RS 

Custom Manufacturers 
/:.:i.) 1]1':;mJ fill I KO~j fl\EA.f./1 L of Louvers, Dampers and Air Controt Devices 

PATE DRAWING 

12-15-7r , 036-A75-LD 
'---------~_-.,,__----L....----.....;...;.......,L:...,._---==-....:.=.. -.. _.L-...---...::......:.....::.._--=:.--=::.::::..._.k:::....._--.l 
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Electric Motors . 
To Operate Adjustable Louvers 

MOTOR ACTUATORS 

RETLRN MAX FACE T 
• FEET LB.IN. 

-7 6 
-7 12 

( 
SPRlloC lS 16 
SPRlloC .a 60 

I()Tm 

NOTES: 
1. Motors and motor mounting brackets are several sections may be linked to oper-

available installed on the louver or ate in unison by single actuator. 
shipped loose. . 5. Louvers of 3 or more sections in the "A" 

2. If factory-installed, motor mounting dimension to be operated in unison 
bracket is welded to louver frame, and· require jackshafts. 
motor is bolted to mounting bracket. 6. Spring return motors are spring-loaded 
Motor may be linked to a blade as for a normally closed position unless 
shown, or to a blade shaft in the jamb otherwise specified. 
on units with concealed linkage. *7.Factory-installed T-6 & T-12 Motor-

3. Motor mounting shall be located according Paks include motor mount and linkage, 
~o motor application, louver design or with louver blades spring-loaded for 
installation requirements. a normally closed position unless 

4. Each section of multi-section louvers otherwise specified. 

~ 
may be furnished with an individual *8.T-75 Motor is unidirectional. 240 volt 
actuator for inde endent operation or 0 eration reouires ootional transformer . 

. T-6 T-75 For Multi-Section Louvers Motor Mount Only 
J T-12 (] Factory Installed [] Independent Operation [] Motor Linkage Only 
! T-15 [] Shipped Loose [] Operation in Unison (Crank Arm, Connect 

[] T-40 Bar, 2 Ball Joints) 
ITEM NUMBERS 

SEE SHEET' '3·A12·lU rOIl 
FUll SCHEDUlE Of SIZES . 

CUS 10 .... ER PURCHASE ORUI;I< 

,,;'J '" 

ARCHITECT 

Louvers & Dampers, Inc. 
Co {CP::'. \~ f/,x;'~i(.·; CINCINNATI. 

N A. Custom Manufacturers 
f'"oR:Q ISOI.] kfJi$-:D/) '':'''}! V "I )(W I ';" of Louvers, Damper:. and An Con/rol DevIces 

SHOPORlJER 

,'. 



MARLEY ELECTRIC 



HUH 524TA 
HORIZONTAL/DOWNFLOW UNIT HEATER 
• EIGHT WATTAGES. TWO VOLTAGES 
• TO 5000 WATTS 

, ,., APPLICATIONS 
Auxiliary, supplementary or pnmary heat 
source in factories, stores, garages, 
basements, warehouses, publiC buildings, 
service stations, stockrooms, offices, 
workshops toll booths, closing offices. 
large or exposed areas or additions 

FEATURES 
HORIZONTAL AND 
DOWNFLOW IN ONE UNIT 
Heater IS shipped with a ceiling-mount 
bracket that allows the heater to be used 
In four Indexed flOSltlons-stralght out 
(honzontal). straight down (downflow), and 
two intermediate POSitions. as well as any 
position In between, In addition, louvers 
adJust up and down for even greater con­
trol of throw direction, Louvers have stops 
to prevent complete closing of the 
discharge area, Heater body also has top 
center hole With weld nut lor mounting 
the heater and allOWing it to PiVOt 360° 
Wall mounting bracket also available (see 
acceSSOrtes and controls), 

• HORIZONTAL AND DOWNFLQW IN ONE UNIT 
• BUILT -IN THERMOSTAT 

EIGHT WATTAGES, TWO VOLT AGES 
The HUH·524TA can be connected to 
either 208VAC or 240VAC. single phase 
service. and field·adJusted to adapt the 
unit to four different wattages for each 
voltage: eight wattages, from 1,874 to 
5.000 (6,396 to 17.065 BTU/hr,). 
BUILT·IN THERMOSTAT 
Dial up or down for precise heating com­
fort with single-pole built-in thermostat 
Temperature range 45°F to 135°F, 

EASY TO INSTALL AND SERVICE 
Remove one screw and bottom control 
box cover swings down on hinges for full 
access to controls and Wiring, Loosen 
four screws through keyhole slots at the 
front of the heater for full access to: 
healing element. fan delay control and 
high limit cutout, Complete access to the 
motor and fan IS obtained through the 
back by removing the four screws holding 
the fan guard, 

PLATE FIN ELEMENT 
The heater prOVides uniform discharge of 
all heated air with lower internal operating 
temperatures and prolonged element 
life-all due to the efficient design of the 
plate fin element. Steel fins are copper­
brazed to low watt density, steel sheathed 
tubular heating element. Fins and 
elements are arranged In a uniform gnd 
pattern and are closely fllted Into the air 
discharge area to assure that all Incoming 
air is discharged through the heating 
element, 

SMOOTH. QUIET OPERATION 
Motor is of unit bearing r1eslgn with high 
starting and running torques, Large, 
dynamically balanced fan blades prOVide 
maximum air flow, thus, heater has 
minimum air turbulence and nOise in 
operation, 

AUTOMATIC FAN CONTROL 
All heaters are eqUipped With an 
automatic fan delay control that delays 
fan action until the heating element IS 
warm, and continues fan action until the 
heating element has cooled alter the 
heating cycle, ThiS action prevents Cir­
culation of cold air and avoids exposing 
the unit to residual heat. thus prOViding 
higher comfort level and prolonged com­
ponent life, 

THERMAL CUTOUT 
A high limit thermal cutout automatically 
shuts off the heater In the event of 
overheating and reactivates it when 
operating temperatures return to normal. 
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High Limit 

Cutout 

Heating 

Element 

DIMENSIONS 
MIN TO WALL 13, 

l=Sll -1 
12', 

I 

.L 
1' , 

l .. 121 

SIDE 

I r 
12' : 

1 

,-

Fan 

Delay 

Control 

14' 

FRONT 

ACCESSORIES AND CONTROLS 
CATALOG NO. DESCRIPTION 

05-30 

., 

'~ .. 
3-rOle power disconnect switch for field installation on 
al heaters. Complies with "positive off" reqUirements 

~ 
WB-1A 
Wall mountin8 bracket for all units. (Ceiling mounting 
bracket is inc uded with all heaters) 

SELECTION CHART 
Contra! 
CIrcuH 

BTU F ... 6F8ft 
Ca .. 1og per Motor Motor 
Number Volts watts hr. Pbaaa Walta Volt. 

1874 6396 
2500 8533 

208 3123 10659 208 
3750 12799 

HUH·524TA 1 6 
2500 8!>33 
3332 11365 

240 4165 14215 240 
5000 17065 

I®LlSTEOI 
54 

F ... 
Motor 
RPM 

1350 

ARCHITECT'S & ENGINEER'S SPECIFICATIONS· 

The electric unit heater(s) shall be as manufactured by Berko Elec-
tric, A Division of Marley Electric Heating, Bennettsville, SC. 4 
Heater(s) shall be fully UL approved, designed for either wall or 
ceiling mounting without modification, and operate at either 208 or 
240 VAC and have field-adjustable capacity from 1.875 to 5 KW. 

HOUSING: The cabinet shall be of heavy gauge steel, welded and 
phosphatized; then completely painted by a baked enamel painting 
process. Front and back panels shall be removable to gain full ac­
cess to element, motor and fan area. Fan guard shall be painted to 
match heater for appearance and durability. Heater(s) shall be fur­
nished with attached ceiling mounting bracket and shall have 
capability of full horizontal and vertical position. Heater(s) shall be 
so designed as to permit mounting within two inches of the ceiling 
in full horizontal mode. 

CONTROL BOX: The control box, housing all heater wiring and 
controls, shall be located at the bottom of the heater and equipped 
with a swingdown hinged cover to permit full access for installa­
tion and servicing without dismounting the heater. 

WIRING: All heater and control wiring connections shall terminate 
in the control box. Proper wiring diagram shall be attached to the 
inside of the control box cover. 6O"C wire may be used to bring 
entry wiring into compartment. 

FAN MOTOR: Fan motor shall be totally enclosed, impedance pro­
tected and of unit bearing design suitable for horizontal or vertical 
operation with high starting and running torques. Fan motor and 
controls shall operate directly from the line voltage. 

HEATING ELEMENT: The heating element shall be warranted for 
five years and shall be of non-glowing design consisting of a 
special resistance wire enclosed in the steel sheath to which steel 
plate fins are brazed. The heating element shall cover the entin~ air ~ 
discharge area for uniform heating. 

THERMAL CUTOUT: Thermal cutout shall be built into the system 
to automatically shut off heater in event of overheating and reac. 1 

tivate the heater when temperatures return to normal. 

• E»,*o ",sefYe. the ng'" 10 c"ange apecilicallOlls wiltroul prIOr nollCe 

ApproL 
AIr Min. Min. ShIp 

Volume Mtg. Hea .... Ck1. Wt. 
CFM T1vaw HL Amps Amps (LIII.) 

9.0 11.3 
12.0 15.0 
15.0 18.8 
18.0 22.5 

270 16' 6' 25 
10.4 13,0 
13.9 17.4 
17.4 21.8 
20.9 26.1 

\ 
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il!E3ER~,DTM Installation Instructions 
A DIvISion of Marley Electric heating and 

RENEWAL PARTS IDENTIFICATION 

Catalog No. HUH-524TA 
Horizontal/Vertical Unit Heater 
(Field Adjustable from 1.9 KW @ 208V to 5 KW @ 240V) 

r::: 
1[\ 

I 

~ 
I 

", U! , 
~rJ 

Specifications 

....... 

"-
~I 
If 
~ 
J 

Dimension Data 
MIN TO WALL 

13'-1 

I 1121\"-1 
t-5'h,,-j i 

.1r-+---~ 

1 %" 1=::j:~=====1 

SIDE 

Mounting Height (ft.) 

1----14'--j 

FRONT 

Vertical Horizontal Horizontal Min. Distance I 
BTU Installation Installation Air from Mounting 

Heater Rating per Contactor, Throw Hole to 
and Voltage Hr. Phase Built-in Min. Max. Min. Max. (It.) Wall (Inches) 

• 5000W @ 240V 17,065 
4165W @ 240V 14,215 

1 No 6' 11" 6' 8' 18' "·13" 
3332W @ 240V 11,365 
2500W @ 240V 8,533 

·3750W @ 208V 12,799 
3123W @ 208V 10,659 

1 No 6' 11 ' 6' 8' 18' **13" 
2500W @ 208V 8,533 
1874W @ 208V 6,396 

*Heater is shipped from factory wired for these wattages. Heater can be field adjusted to the other wattages. 
(Refer to page 5.) 

·*48" when heater air flow is between 45° downward and vertical. 

,--------------WARNING ------------..... 

1. USE 60° COPPER WIRe: ONLY. 

2. HEATER AIR FLOW MUST BE DIRECTED 
PARALLEL TO, OR AWAY FROM ADJACENT 
WALLS. 

3. OBSERVE WALL, FLOOR AND CEILING 
CLEARANCE REQUIREMENTS (PAGE 3). 

4. ALL WIRING MUST CONFORM TO NATION­
AL AND LOCAL ELECTRICAL CODES AND 
THE HEATER MUST BE GROUNDED AS A 
PRECAUTION AGAINST POSSIBLE ELEC­
TRICAL SHOCK. 

5. THE MOUNTING STRUCTURE AND THE 
ANCHORING HARDWARE MUST BE 
CAPABLE OF RELIABLY SUPPORTING THE 
WEIGHT OF THE HEATER (PLUS THE 
MOUNTING BRACKET, IF USED). 

6. ALL ELECTRICAL POWER MUST BE DIS­
CONNECTED AT THE MAIN SERVICE BOX 
BEFORE INSPECTING, CLEANING OR 
SERVICING THE HEATER. THIS IS A PRE­
CAUTION TO PREVENT SERIOUS ELEC­
TRICAL SHOCK. 



----WARNING,----! 
I 

THIS UNIT OPERATES ON 240 OR 208 I 

VOLTS AC. IMPROPER INSTALLATION OR I 
FAILURE TO FOLLOW THE PROCEDURES' 
AS OUTLINED IN THIS MANUAL CAN 
RESULT IN SERIOUS ELECTRICAL 
SHOCK. DISCONNECT ALL POWER FROM 
THE HEATER AT THE MAIN SERVICE BOX 
BEFORE ATTEMPTING TO INSTALL OR 
SERVICE THIS UNIT. 

.---______ WARNING ______ ~ 

ALL ELECTRICAL WIRING MUST CONFORM 
TO LOCAL ELECTRICAL CODES. HEATER 
CIRCUIT MUST BE PROTECTED WITH 
PROPER FUSES. SEE TABLE 1 ON PAGE 5. 
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INTRODUCTION 

Cong(atulations l You i1ave just purchdsed ope of 
the most versatile electric space heaters avaliabie 
Your new Berko electric unit heater has 
unmatched operating flexibility. it is designed to 
meet a variety of heating requirements by simply 
switching a few easily accessible wires located :n 
the base cf the unit. Heat output ranges are from 
6,396 to 17,065 BTU per hour. This unique fea· 
ture lets you use a single unit to meet a wide range 
of heating applications. 

The HUH-524TA's unique mounting system 
simplifies both installation and air flow control. 
The mC,lnting bracket attaches to the ceiling with 
a single screw and allows you to turn the entire 
heater in a full circle. The mounting bolts on the 
sides of the heater permit you to adjust the air flow 
direction to any angle between horizontal and 
vertical. The louvers adjust up and down for even 
greater control. 

These features combine to make the HUH-524TA 
the most versatile space heater available anywhere 
for applications ranging from garages, basements, 
and workshops, to public buildings, service sta­
tions, stores, mini-warehouses, stockrooms. or 
similar applications. And it can be installed easily by 
anyone in only a few minutes. 

This manual shows you how to install. operate, and 
maintain your HUH-524TA electric heater. 

Unpacking Your New Heater 

Remove the heater from the box and inspect it for 
any damage. If the heater appears damaged, return 
it to the store immediately. 

Check the contents of the box against the follOwing 
packing list: 

PACKING LIST 

DESCRIPTION 

Heating unit. . . . . . . . . . . . 
Mounting Bracket ....... . 

QUANTITY 

. 1 
1 
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Tools Needed INSTALLATION 

You will need the following tools to install your Location Of Heater 
HUH-S24TA electric heater: 

Screwdriver 
piiers 
Needle Nose Pliers 
Adjustable Wrench 
Electric Drill and ,//' bit 

Hardware Needed 

You will also need the following hardware, which 
you can purchase from your local hardware store 
or electrical supply house: 

• Enough 10 gauge COpper wire to run power 
from the service box to the heating unit. Copper 
wire must have ~ temperature rating of 60° C. 
Do not use aluminum wire with this unit. 

• Proper size fuses or circuit breakers (See Table 
1, page 5). 

• Proper wire connectors for your application. 
(See Illustration below). 

• Screw, wood, 3/8" x 2" (qty. 2). 
• Washer, 3/8" (qty. 2). 

For certain applications, conduit may be required. 
Check local electrical codes. Also, if you run the 
wiring in conduit and wish to be able to turn the 
heater, be sure to purchase enough flexible con­
duit to allow the heater to be turned. 

Conduit 
Conduit connector 

~ ~EKt'Q 
Flexible conduit I~xlble Conduit connector 

/ l E ~ I -~ 
fleXible NM Cable ~ 7 

FleXible NM Cable connector 

Connectors, cable, and hardware used to wire the 
HUH-524TA 

3 

hr -t;r should be installed out of the reach of 
., >.., The direction of air flow should not be 

f'3st r ictej by column"" machinery, etc., and the air 
flow stlOuld wipe exposed walls, rather than blow­
ing directly at them. When more than one heater is 
used in an area, the heaters should be arranged so 
that the air discharge of each heater supports the 
air flow of the others to provide best circulation of 
warm air. 

Q 
.~ .::: -..... m 

\If - ::- 3-

Mounting Height 

When the air flow of the heater is directed verti­
cally, the minimum mounting height is 6 feet, the 
maximum mounting height is 11 feet. When the air 
flow of the heater is directed horizontally, the mini­
mum recommended mounting height is 6 feet, and 
the maximum recommended height is 8 feet. 

Distance From Walls 

When the heater is mounted so that the air flow 
direction is at an angle from horizontal to 45 0 

downward, the distance from the mounting bracket 
center hole to any wall should be at least 13 
inches. When the heater is mounted so that the 
direction of air flow is at an angle between 45 0 

downward and vertical, the distance from the 
mounting bracket to any wall should be at least 48 
inches. 

To install the HUH-524TA in three simple steps, 
proceed as follows: 

1. Mounting The Bracket 

Locate a stud in the ceiling and attach the mounting 
bracket to the stud according to illustration 1 or 2. 
You will need to remove the mounting bracket from 
the heating unit by loosening the bracket screws 
with a wrench and slipping the handle off over the 
screw heads. Remember to place a washer on the 
screws before you insert them through the holes in 
the mounting bracket and screw them into the stud. 
Tighten the screws enough to securely hold the 
heating unit with the air flow pointed in the ~roper 
direction. 

Screw Washer I 
~~~/---::-'~ ---t !=/::::!:::l;:::~1 

'" Mounting 
"Bracket 

\ 
Stud 

/ 7 

Single Screw Mounting Double (fixed) Screw Mounting 



2. Hanging The Heater 

Attach the heating unit to the mounting bracket. Lift 
the heater up and into the mounting br8.cket. The 
bracket screwS, located on each side of the heat­
ing unit, allow the heater to be attached easily to 
the mounting bracket by aligning the screws with 
the keyhole slots in the mounting brackets. If the 
heater is to be tilted, it must be positioned in the 
lower keyhole slots. Tighten the bracket screws 
with a wrench so the unit is securely suspended at 
the desired horizontal or vertical angle. 

-= 

I 

I ~ 

(oj 

.-------WARNING----__ -. 

BEFORE PROCEEDING FURTHER WITH THE 
INSTALLA TION OF THE HEATER, TURN OFF THE 
POWER TO THE SUPPLY LINE FOR THE HEATER 
AT THE MAIN SERVICE BOX. 

3. Connecting The Power 

To connect the power to the heater, simply remove 
the screw from the front of the unit. This allows the 
hinged bottom to open, providing access to the 
electrical wiring and connectors. 

Remove one of the knockouts from the back or 
side of the unit. 

Knockouts 

Attach the cable connector to the unit as shown 
below, and slide the 1 0 gauge wire through the 
cable connector. Pull enough of the wire through 
the connector so y~ • will have enough wire to work 
with when you maki.. :he connections. 

? 

---;1~-:,~ 
; 0 =1 . . 

------'''''' ~ 
~ .. , ... 

~ 
Connect the wires to the term ina! located in the 
base of the heater as shown in the illustration 

I--_+--_Bottom View 

~tt1"l oe\' ~ 
\0' s .. ' coQ 

NOTE 
TO DECREASE THE HEAT OUTPUT OF THE 
HEATING UNIT, SEE TABLE 1 AND SCHEMATIC 
DIAGRAM ON PAGE 5. 

Turn on the power at the main service. 

OPERATION 

Setting The Thermostat 

Adjust the thermostat to the highest setting. 
NOTE 

Fan will not turn on immediately. 

NOTE 
THE FIRST TIME YOU OPERATE THE UNIT, IT 
MAY SMOKE SLIGHTLY-THIS IS DUE TO THE 
RESIDUAL CLEANING AGENTS USED TO CLEAN 
THE ELEMENT WHEN THE HEATER IS MANU­
FACTURED-THIS IS NORMAL AND DOES NOT 
INDICA TE A PROBLEM WITH THE UNIT. THIS 
CONDITION WILL STOP AFTER THE HEATER 
HAS BEEN IN OPERATION FOR A FEW MIN­
UTES. 

Automatic Fan Delay: The HUH-S24TA has an 
automatic fan delay. When the thermostat calls for 
heat, fan action is delayed momentarily until the 
heating element is warm. This prevents the circula-
tion of cold air. When the heater raises the temper­
ature of the room to the thermostat set pOint, the 
heating element is turned off, but the fan will con­
tinue to run until the heating element cools down. I\) 
This prevents exposing the unit to residual heat, 'lI 
provides a higher comfort level and prolonged ele­
ment life. 



Thermal Cutout: The HUH-S24TA IS also 
equipped with a thermal cutout which will automati­
cally shut off the heater in the event of overheating. 
The heater will turn on when the operating tempera­
ture returns to normal. Sh::;uld the unit overheat and 

r:- activate the thermal cutout cycle, the cause of the 
overheating should be determined before further 
operation. 

r· , 

.--------WARNING.------i 
ALL POWER MUST BE SHUT OFF AT POWER 
SOURCE BEFORE INSPECTING OR SERVICING 
HEATER. 

If the unit is installed in an area where the tempera­
ture is below 50 0 F, the fan may cycle on and off 
until the temperature in the room rises above 
50 0 F-this is normal and does not indicate a prob­
lem with the unit. As soon as the heater warms the 
air in the room above 50 0 F, the unit will cycle nor­
mally. 

Adjusting Air Flow Direction 

You can adjust the direction of air flow by (A) turn­
ing the unit, (8) tilting the heater, and (C) adjusti~g 
the louvers. 

(A) If the unit has been installed with a single 
screw as shown in figure 1 A on page 3, simply turn 
the entire unit as needed to adjust air flow. 

(8) Loosen the bracket screws, tilt the heater to 
the desired position, and re-tighten the bracket 
screws. NOTE: if you tilt the heater, you will have 
to move it to the lower keyhole slots on the mount­
ing bracket to allow at least 7' '/,8 inches between 
the back of the unit and the ceiling. This will allow 
sufficient draft for the fan to pull in air from the 
room. Mounting the unit too close to the ceiling in 
the vertical position will cause inadequate draft for 
the fan and will shorten its lifespan. 

5 

(C) Adjust the iouvers to the deSired position 
NOTE: The louvers are designed so they can no! 
be completelv closed. Do not attempt to defeat thiS 
fe?tIJre-damage to the unit can result. 

~ 
Adjusting Heat Output 

r------WARNING --------, 
DISCONNECT POWER TO THE HEATER AT THE 
MAIN SERVICE BOX BEFORE ATTEMPTING TO 
ADJUST THE HEAT OUTPUT OF THIS UNIT. SERI­
OUS ELECTRICAL SHOCK CAN OCCUR. 

Heat output can be increased or decreased by 
switching wires at the power terminal located in the 
base of the unit. The heater is factory wired to 
deliver a heat output of 17,065 8TU per hour. 
Should your particular application require less heat 
output, refer to the table below and change the 
wires at the power terminal as shown in the illustra­
tion. 

TABLE 1. HEAT OUTPUT ADJUSTMENTS 
BTU Max. 
Per Fuse Heater Move Jumpers 

Hour Volts WIHs Size Amps From T to L2 
17065 240 5000 30 20.9 NONE 
14215 240 4165 25 17.4 BLUE 
11365 240 3332 20 13.9 BLUE & YELLOW 
8533 240 r-~~22 15 10.4 __ ~~~_E~_!~~~2~~!_~~e __ . r-----. -----

12799 208 3750 25 18.0 NONE 
10659 208 3123 20 15.0 BLUE 

8533 208 2500 15 12.0 BLUE & YELLOW 
6396 208 1874 15 9.0 BLUE, YELLOW, & RED 
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MAINTENANCE 

Because of its rugged design, superior engineering, 
and high quality craftsmanship and manufactur­
ing, the HUH-524TA requires little maintenance, 
With proper care, your electnc heater should last a 
lifetime, however, seasonal cleaning is recom· 
mended to maintain the efficiency of the heater. 

,..--_____ -WARNING ______ --. 

ALL POWER MUST BE SHUT OFF AT THE MAIN 
SERVICE BEFORE INSPECTING OR CLEANING 
THE HEATER. 

Cleaning The Heating Element 

To clean the heating element, loosen, but do not 
remove, the 4 Phillips-head screws located behind 
the louvers in the corners of the louver housing. 
Grasp the louver housing on both sides, lift up, and 
pul! out. This provides access to the heating ele­
ment. Remove dust or lint with a soft brush or a 
vacuum cleaner. Replace the louver housing, and 
tighten the Phillips-head screws. 

Heating Element 

'\ 

, 
I 
I 

Heating Element Bezel Assembly & Louver Housing 
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Cleaning the Fan And Motor 

Remove the safety grill from the rear of the heater 
This provides 2.ccess to the fan and motor. Wipe off 
the fan and motor with a soft cloth or brush. The fan 
motor does not require lubrication. 

TABLE 2. REPLACEMENT PARTS 
MODEL NO. HUH-S24TA Electric Heater 
Key Part 
NO. NO. Description 

1 302006807 Element 
2 3900-2002-002 Motor 
3 410148000 Fan Control Assembly 
4 410027000 High Temperature Limit 

Control 
5 410129003 Thermostat 
6 482080001 Thermostat Knob 
7 310914001 Motor Mount 
8 121 0-2000-000 Fan Blade 
9 310876001 Ceiling Bracket (Handle) 

10 312056801 Wire Guard 
1 1 310085001 Louver 
12 200162901 Bezel Assembly 
13 310104901 Cover (Access Door) 
14 400029808 Bracket Screw 
15 200193901 Cover Wrap Assembly 
16 200161901 Control Box Assembly 
17 480095000 Power Terminal Block 
18 392346003 Owner's Manual 
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LIMITED WARRANTY 
Ali proaucts covpred by this Instructlcn sheet are ",arramed ilgalnst defe .:!; IP .vorKrr d, sn,,:; ar' C m3t: r ,51° tor or." '.63' fcor- cat" o~ ,,:a .. 2:'- ~ 
except heating elements ",hlch are warranted against defects In won<mansnlc and mZ!te',,:: f;Y':e Y"d~S Trom c~T,e' of rnstailC'tlor,. Tr 5 '" a'ra" 
does not apply to damage from ac:cldent, misuse, or alteration; nor where Ine con:iecteu volta,a " r.lore tha" 5", nove tr,e namep.ate voaege. 
nor to eqUipment Improperly Installed or wired or maintained In violation of tnls Instructic'l sne~t A.!I Ci2ims for warra'1!; wrrK m..Jst be '1C::Or1;Ja­
nled by proof of the date of installation, 

The customer shall be responsible for all costs incurred in the removai or reinstallatio, of products, including labor costs, and shipping costs 
incurred to return products to a Marley ElectriC Heating Service Center. Witnrn lh" Irmi~tlons of inis warranty, inoperative Units should bG 'e~urn­
ed to the nearest Marley authorized service cellter. or the Marley ElectriC Heating ServiGe Center, and we will repair or replace. at our optinr,. 2: -:c 
charge to you with return freight l'sid by Mar:ey', It IS agreed that suer: repair or replacement is Ine exclusive remedy avail'!ble frcrT' ~;Jarlt;" 
Electric Healing, 

THE ABOVE WARRANTIES ARE IN L:EU OF ALL OTHER WARRANTiES EXPI=lE3SED OR IMPL!fC' AND ALL IMPLIED Wft RR.A;~;it,S OF 
MERCHANTABILITY AND FITNESS FOR A P .... ~TI(;ULAR PURPOSE WHICH EXCEED THE ;\FOPESA!D ExoRE&:i£D W\R!J,AN!IES ,LIRE 
HEREBY DISCLAIMED AND EXCLUDED FROM Ti-jIS AGRE!::MENT. MARLEY,Ei.-ECTRiC HEATING SHALL NOT BE LlA8~ _ r=CR CO~SE­
QUENTIAL DAMAGES ARISING WITH RESPECT TO THE PRODUCT. V/HETHER BASED UPON NEGLIGENCE, TORT. STRICT LlA3h_iTV 
OR CONTRACT 

Some states do not allow the exclusion or limitation of incidental or consequential damges, so the above exclusion or limitation may not apply to 
you. This warranty gives you specific legal rights. and you may also have other righrs which vary from state to state, 

For the address of your nearest authorized service center contact Mar1ey Electric Heating, Route 3. Box 24. Bennettsville, Svuth Carolina 29512, 
(803I47!}-9063), Merchandise returned to the factory must be accompanied by a return authorization and service identification tag. both 
available from the above location. When requesting return authorization. include all catalog numbers shown on the product. 

ECR 30133 
4/89 

HOW TO ORDER REPAIR PARTS 
When ordering repair parts, always give the 
following information as shown in this list: 

1. The Part Number 
2. The Model Number 
3. The Part Description 

All parts listed herein may be ordered from: 

Marley Electric Heating Company 
Rt. 3, Box 24 
Bennettsville, SC 29512 

Need technical or warranty assistance? 
Please call toll-free 1-aOQ-642-HEAT; 
within South Carolina call 1-479-9063. 

<!ARL;!) 
Martey Electric Heating Co. 
Rt. 3, Bennensville, SC 29512 392346003 
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North Star 
PVC Pressure Pipe 
~STM 0-2241 
Pressure Rated 160 - SOR 26 
Pressure Rated 200 - SOR 21 
NSF Approved 

PIPE DESCRIPTION 
This specification covers polyvlny! 
chloride 1 PVC I pressure pipe and 

accordance Wit" ASTtI.~ s:anoard 0-
2241 for conve\'a ,;ce c'; ':.'8:er" 
under pressu:,:: ~"e olpe s~,a',1 be 
made by con::!~L.JL.S e\,rUSiO["\ of 
prime white u'lp,astcized PVC 
plastic and iCent"Gc 0'1 :"t? ~~orth 
Star trademark 2S '.',81! as o'lner 
markings prescribed by the ASTM 
standard, 

MATERIAL 
The pipe shall be 

'ade of PVC o!astlc having a cell 
-.:lasslflcatIO"! 0' 12454-B as 
orescrrbed In ASHv'i 0-1784 Pipe 
shall have Inherent resistance to 
corroSive substances found In 
aggressive sOils, !t shall have a 
smooth Interna! surface for 
minimum flow reSistance, When 
properly bedded and backfilled it 
shall Withstand normally 
encountered loads Without rupture 
or leaking at the JOints In normal 
atmospheres the pipe shall have a 
self-extinguishing flammability 
characteristic 

FITTINGS 
,';il Lt!lngs shall be of the same 
r:laterlal as the pipe and shall be 
conSistent thereWith In strength, 
dl::!enSlon and utility, Adapters shall 
be prOVided for transitions to other 
products 

Gasketed fittings will be supplied 
unless otherwide specified, Solvent 
cement fittings will be the alternate 
to gasketed fittings 

DIMENSIONS 
Tlensions of pipe and fittings up 

J 8' (2032 mm) In diameter shall 
conform to ASTM 0-2241 for 
PolYVinyl Chlorrde (PVC) pipe and 

f'::"rgs ~G~,n,2' :a\/I,ng (ergt-:s sr:e!: 
b~::- .~>=: ;eet 1'6 i 0 'rlerers Jo!nt anc 

PIPE TESTING 
Pi;:,€, sriaii meet the Ies~s oescr:oe: 
:["\ ASH,; 8-22":' 1 

Sustained Pressure test of 1000 
hours au ration shall not cause tne 
ploe lC luse pressure balloon burst 
or seep Test pressures 

SOR21-420 pSl12 90 MPa! 
SOR26-340 pSI (2 34 MPa) 

Burst Pressure - Minimum 
pressure reqUired to burst a section 
of pipe In 60 to 70 seconds shali 
equal or exceed 

SOR21-630 PS114,34 MPa) 
SOR26-500 pSI (3 45 fv1Pa) 

Flattening - Flatten a 2 Inch long 
pipS specimen between parallel 
p,a:es tlii Ine distance oetween tne 
piatss is ":'0 0 0 0; the p:oe 00 
Exlr'JSIO'l Qualltv - ThiS IS 
deter:T'Ined by reaction to 
lIil,'T'erS _ Il In annydrous acetone. 
Prpe s!'"1ould not flake or disintegrate 
when Immersed 

JOINTS 
Pipe JOints are to be made either by 
the use of solVEnt cement or an 
Integral bell W:'10 elastomeriC 
gasket In either case. eacn full 
length of pipe shall have one belled 
end of appropriate size and Internal 
contour. to effect a watertight JOint 
when assembled With a mating 
spigot. and sealed In accordance 
With the manufacturers InSTructions 

Finished JOints Shall pass the 
performance tests found In';SHJ 
0-3139. The jOint s!'"1all net leak 
when hydrostatiC ,nternai pressure 
IS applied at 2 times the rated 
pressure for 1 hour. or:,''len :ne 
pipe is subjected to an n~e:nai 

vacuum of 22 inC'leS Hg I;' -l 5 K P 3, 

for 1 hour. In addition tne iOlnt sr.a: 
not leak when tne pipe is axall~i 
deflected to the limit tne lo:nt desgn 
tolerances Will allow. Without strs-ss 
at the Internal pressure and 
vacuums listed above. Write tor 
North Stars pocket size Illustrated 
PVC pipe installation manual 

GASKETED JOINTS 
JOinting procedure 
1. With a dry cloth. clean the 

mating surfaces of both bell and 
spigot ends to be JOined 
Absolute cleanliness IS Important 
In making a satisfactory JOint 

~v1aKe sure tr!e gas;.;e', s'~ ~ ~.' 

ana tr,e ccrlec: Size :'ise:' 
t'le prerormec grOOiS :::;r;: =" 
Inat it IS properly sea tee c, 
:vnnlng the hand around :'ce 
o':C:inleter of the gas"el 

') Co'/er :,:e surface of the sp,gc 
1 beyond Its jOint ,jept!: w:lr 
:ege!aoe soao '~;o,',can! Be 
sure to lubr:cate trle be'/elee 
eage of the spigel :JO NOT 
lubricate the InSide of the bei: 

3 Push the spigot end Into the Dell 
until you feel the resistance ot 
the gasket 

4 With pipe sections In stralgnt 
alignment push the spigot Into 
the bell by applYing force to the 
far Ibell) end of the pipe length or 
fitting being added to the line If a 
pry bar IS used to apply force. Ine 
pipe and bell must be protected 
by a short two-by-six ooard 
placed across the Olpe end. If 
normal force IS InsuffiCient to 
complete the JOint. olsassemble 
the JOint and examine the parts 
to make sure thev are clean and 
free of obstructions 00 not 
disturb the preViously Joined 
sections of pipe. 

INSTALLATION 
Standard SpeCification for 

Underground Installation of 
ThermoplastiC Pressure PIping' 
ASTM 0-277 4 IS the gUide for 
proper Installation of the pipe. 

PIPE STORAGE 
Pipe shall be stored on a flat surface 
that will evenly support ItS entire 
length For long storage periods 
alternate the direction of the bell In 

each row to minimize ihe load on 
the bells. Storage in the field should 
be on leve! ground and not exceed 
th,ree iayers high. Pipe should be 
covered when stored for long 
periods In the sun because 
ultraViolet radiation may lead to 
degradation of PVC materials Extra 
care should be exerCised in the 
handling of pipe In cold weather. 

GASKET STORAGE 
Gaskets shall be stored in a clean, 
stable enVIronment. Avoid exposing 
gaskets to extremes in temperature 
pressure, fluids. or sunlight. 00 not 
expose gaskets to any ozone 
generating sources such as electriC 
welders or motors. Ozone will 
cause rapid deterioration of the 
rubber. 
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Install gasket as shown. 

GASKET INSTALLATION 
Proper gasket Installation IS Important Be sure the gasket is 
installed with the narrow, beveled edge out and lettering on 
gasket facing In. Do not lubricate gasket or bell area Apply 
vegetable soap lubricant to the spigot end of pipe 1" beyond 
its JOint depth. 

PRODUCT WARRANTY 
North Star warranties its PVC Pressure Pipe to be free from 
defects In materials and workmanship from the day delivered 
to the first purchaser until one year from that day. North Star 
makes no warranty as to the suitability of the product for any 
specific use or purpose North Star liability IS limited to our 
option of repair or replacement of the product and shall 
exclude any damage caused by accident, or improper 
handling or use of the product North Star in no way shall be 
liable for incidental or consequential damages. The above 
warranty is the only warranty North Star gives, no other 
warranties are expressed or Implied and no employees or 
agent of No~th Star shall make any additional warranty that IS 
binding on North Star 

NORTH STAR GROUP 
Approaching 100 years in business-

Winnebago Drainage Systems, Inc. 
Winnebago, Minnesota 56098 
Phone 507-893-3121 

• 

DISTRIBUTED BY: 

• 
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NOTED & TO THE PROVI&OHS Of 
THE SPEaFlCAnONS. 

F 
JAN 3 1991 

U.S. AAMY OOllfER DISTRICT -ST. PAUl 

Standard Recommended Practice for 
By 

Underground Installation of Thermoplastic Pressure Pil?ing 1 . ...J 

This standard is issued under the fixed designation 02774; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. 

Tllis m~l/lod IIIIS b~('n approvrd for lise hy allmci~s oj Ihr De/lOrllllenl of D~r.·ns(' andfi" Ii.flill, ill lilt' DOD IIId('x ofSPf-c:iJkntiOlI olld 
Slandards. 

INTRODUCfIO:,,/ 

In general, thermoplastic pressure pipe can support earth loads without sustaining excessive 
stress by mobilizing lateral passive soil forces and internal pressure forces. Thermoplastics have the 
ability to be deformed without a proportionate increase in stress allowing internal forces to oppose 
external forces. Proper installation technique ensures that the necessary passive soil pressures at the 
sides of the pipe will be developed and maintained. 

Soils in which trenches are dug should be examined and identified and the trenches prepared and 
backfilled in accordance with sound bedding practices and this recommendation. 

\ I, Scope 
1.1 This recommended practice covers procedures nnd 

. : ~~tr~nces ASTM specifications for underground installation 
.:' Ii Ihtrmoplastic pressure piping, 6 in. nominal size nnd 
,~ ~alltr. It is beyond the scope of this document to describe 

.~ procedures in detail since it is recognized that signili­
. .II di/Terences exist in their implementation depending on 
;,. und and type of pipe material, pipe size and wall thickness, 
::~ 01 conditions, and the specific end use. Specific pipe 
:: IUmcteristics and end use requirements may dictate modi­
:.~' folion of the procedures stated or referenced herein. 

'. NOT£-The values stated in U.S. customary units are to be regarded 
.,. I \he standard. 

1.2 This standard may im'o/ve hazardolls malerials, oper­
c:i(ltls. and eqllipment. This sta/ldard does /lot p"rport (0 

aJdrtss all 0/ whoever IIses this standard to COIlS lilt lI/ld 
t!lab/islr approprialt safety and health practices and c/('(er­
minI'tlre applicability 0/ reglllatory limitatio/ls prior 10 /lSI.'. 

Sptcific precautionary statements are given in Section 6. 

1. Rererenced Documents 

2.1 ASn'l Slandards: 
2.1.1 Pipe and Tubing: 
D 1503 Specification for Cellulose Acetate Butyrate (CAB) 

Plastic Pipe, Schedule 402 
. 

D 1527 Specification for Acrylonitrile-Butadiene-Styrene 
(ABS) Plastic Pipe, Schedules 40 and 80~ 

D 1785 Specification for Poly(Vinyl Chloride) (PVC) 
"'-. Plastic Pipe, Schedules 40, 80, and 120~ 

. IThiJ tmIIIImendnl practice is tlolder the jurisdiction of "STM Committee 
t; !.I.'.~ ~.tic r:~in, Systems a"" i. the dir.'\:t resp"nsihility of StlhcommillL'C 

. . I "~' : 

D 2104 Specification for Polyethylene (PE) Plastic Pipe, 
Schedule 403 

D 2239 Specification for Polyethylene(pE) Plastic Pipe 
(SIDR-PR) Based on Controlled Inside Diameter3 

D 2241 Specification for Poly(Vinyl Chloride) (PVC) Pres­
sure-Rated Pipe (SDR) Series3 

D 2282 Specification for Acrylonitrile-Butadiene-Styrene 
(ABS) Plastic Pipe (SDR-PR)3 

D 2446 Specification for Cellulose Acetate Butyrate (CAB) 
Plastic Pipe (SDR-PR) and Tubing) 

D 2447 Specification for Polyethylene (PE) Plastic Pipe, 
Schedules 40 and 80 Based on Outside Diameter2 

D 2662 Specification for Polybutylene (PB) Plastic Pipe 
(SDR-PR») , 

D 2666 Specification for Polybutylene (PB) Plastic 
Tubing3 

D 2672 Specilication for Joints for IPS PVC Pipe Using 
Solvent Cement3 

D 2737 Specilication for Polyethylene (PE) Plastic Tubing) 
D 2740 Specification for Poly(Vinyl Chloride) (PVC) 

Plastic Tubing) 
2.1.2 Joining Materials: 
D 2235 Specification for Solvent Cement for Acrylonitrile 

-Butadiene-Styrene (ABS) Plastic Pipe and Fittings2 

D 2464 Specilication for Threaded Poly(Vinyl Chloride) 
(PVC) Plastic Pipe Fittings, Schedule 803 

D 2465 Specification for Threaded Acrylonitrile­
Butadiene-Styrene (ABS) Plastic Pipe Fittings, Schedule 
801 

D 2466 Specification for Poly(Vinyl Chloride) (PVC) 
Plastic Pipe Fittings, Schedule 403 

D 2467 Specification for Socket-Type Poly(Vinyl Chlo­
ride) (PVC) Pliistic Pipe Fittings, Schedule 80) 

D 24611 Specification for Acrylonitrile-Rutadiene Styrene 
(ARS) Plastic Pipe Fittings. Schedule 403 

...... '" . , "" ,.. '.-' ,. ,.. I • ~ " ., 
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D 2560 Specification for Solvent Cements for Cellulose 
Acetate Butyrate (CAB) Plastic Pipe, Tubing, and 
Fillings) 

D 2564 Specification for Solvent Cements for Poly(Vinyl 
Chloride} (PVC) Plastic Pipe and Fittings) 

D 2610 Specification for Butt Fusion Polyethylene (PE) 
Plastic Pipe Fittings, Schedule 40" 

D 2611 Specification for Bull Fusion Polyethylene (PE) 
Plastic Pipe Fillings, Schedule 804 

D 2657 Practice for Heat-Joining Polyolefin Pipe and 
Fillings2 _ ---

D 2683 Specification for Socket-Type Polyethylene Fit­
tings for Outside Diameter-Controlled Polyethylene 
Pipe and Tubing) 

2.1.3 E"d USC! Spec!/icalioll: 
D 2513 Specification for Thermoplastic Gas Pressure 

Piping Systems) 
2.1.4 Miscellaneous: 
D 1598 Test Method for Time-to-Failure of Plastic Pipe 

Under Constant Internal Pressure) 
D 1599 Test Method for Short-Time Hydraulic Failure 

Pressure of Plastic Pipe, Tubing, and Fillings) 
D 2122 Method of Determining Dimensions of Thermo­

plastic Pipe and Fittings) 
D 2152 Test Method for Degree of Fusion of Extruded 

Poly(Vinyl Chloride) (PVC) Pipe and Molded Fittings 
by Acetone Immersion) 

D 2444 Test Method for Impact Resistance of Thermo­
plastic Pipe and Fillings by Means of a Tup (Falling 
Weight») 

3. Joining 

3. I Plastic pi pe maybe joi ned together or to other pi pes of 
dissimilar material using a number of diITerent techniques. 
The technique used must be suitable for the particular pipes 
being joined to one another. Manufacturers should be 
consulted for specific instructions not covered by existing 
specifications. When requesting information, the intended 
service application should be made known. 

3.2 Skill and knowledge on the part of the operator are 
required using recommended techniques to obtain quality 
joints. Training of new operators should be madc under the 
guidance of skilled operators. 

3.3 Joining specifications are listed under 2.1.2 of this 
recommended practice. 

4. "rrcnching ._. - -- -

4. I Trench COlllour-The trench bottom should be con­
tinuous, relatively smooth, and free of rocks. Where ledge 
rock, hardpan or boulders are encountered, it is advisable to 
pad the trench bottom using sand or compacted fine grained 
soils. 

4.2 Trench Width-The width of the trench at any point 
below the top of the pipe should be sufficient to provide 
adequate room for: (I) joining the pipe in the ditch, if this is 
required; (2) snaking a pipe from side-to-side along the 
bottom of the ditch, if recommended by the pipc manufac­
turers; and (3) filling and compacting the side fills. Minimum' 

• Discontinued. see /977 1I11,,"a/ nook of IISTAI Slalldart/.f. Pan 34. 

trench widths may be utilized with most pressure pipe 
materials by joining the pipc outside the trench and lowering 
into the trench after adequate joint strength has been 
obtained. 

4.3 Trench Depth and Pipe Cover-Soil conditions, pipe 
size and necessary cover determine trench depth. Sufficient 
cover must be maintained to keep external stress levels below 
acceptable design stresses.5 Reliability and safety of service 
may assume major importance in determining minimum 
cover for any intended service. Local, slate or national codes 

. may also _govern. Pipe intended for potable water serviee 
should be buried at least 305 mm (12 in.) below maximum 
expected frost pcnetration. A minimum cover of 609 mm 
(24 in.) is considered desirable for pipe subject to heavy 
overhead traffic. In areas of light overhead traffic a cover of 
305 to 457 mm (12 to 18 in.) is usually considered sufficient. 

5. General Requirements for Bedding and Backfill 

5.1 The pipe should be uniformly and continuousty 
supported over its entire length on firm stable material. 
Blocking should not be used to change pipe grade or to 
intermittently support pipc across excavated sections. 

S.2 Pipe is installed in a wide range of subsoils. These soils 
should be not only stable but also applied in such a manner 
as to physically shield the pipe from damage. Attention 
should be given to local pipe laying experience which may 
indicate solutions to particular pipe bedding problems. 

S.3 Backfill materials according to the requirements of 
"Soil Types" (see Appc'ndix XI) with a particle size of 12.7 
mm (Ill in.) or less should be used to surround the pipe. It 
should be placed in layers. Each soil layer should be 
sufficiently compacted to uniformly develop lateral passive 
soil forces during the backfill operation. It may be advisable 
to have the pipc under pressure. 

5.4 EITects of ground freezing should be considered when 
pipe is installed at depths subject to frost penetration. 

S.S Vibratory methods are preferred when compacting 
sand or gravels. Best results are obtained when the soils are in 
a nearly saturated condition. Where water flooding is used. 
the initial backfill should be sufficient to ensure complete 
coverage of the pipe. Additional material should not be 
added until the water flooded backfill is firm enough to walk 
on. Care should be taken to avoid floating the pipe. 

5.6 Sand and gravel containing a significant proportioJl of 
fine-grained material, such as silt and clay, should be 
compacted by hand or, preferably, by mechanical tamper. 

S.7 The remainder of the backfill should be placed and 
spread in approximately uniform layers in such a manner as 
to fill the trench completely so that there will be no unfilled 
spaces under or about rocks or lumps of earth in the backfill. 
Large rocks, frozen clods and other debris greater than 76 
mOl (3 in.) in diameter should be removed. Rolling equip­
ment or heavy tampers should only be used to consolidate 
the final backfill. 

'Spangler. M. G .• ·Secondary Stresses in Buried Pressure Lines,· The Iowa 
State Collcp: Bulletin, EnBinccrina Repon 23 or the Iowa EnBinccrina Experiment 
Station, 1954 to 1955. 
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,. Installation Precautions 

6.1 Plastic pipe should be stored so as to prevent damage 
I crushing or piercing. If stored at any length of time, it 

should be under cover and not in direct sunlight in accor­
dance with the manufacturer's recommendations. 

6.2 Care should be taken to protect the pipe from 
ucessive heat or harmful chemicals. Cleaning solutions, 
dtlergents, solvents, etc., should be used with caution. 

6.3 Pipe may be bent to a minimum radius recommended 
by the manufacturer for the kind, type, grade, wall thickness, 
and diameter of a specified pipe. Otherwise changes in 
direction should be made using suitable fittings. 

6.4 Pipe joined using solvent cementing techniques 
should not be handled or installed in the ditch until after the 
joints are sufficiently "cured" to prevent weakening the joint. 

6.5 During pipe lowering in operations, care should be 
taken to avoid imposing strains that will overstress or buckle 
the piping or impose excessive stress on the joints. 

6.6 When ditched pipe has been assembled on top of the 
ditch, it is advisable to cool the pipe to ground temperature 
before backfilling to prevent pull out due to thermal contrac­
tion. 

6.7 Suitable anchoring methods should be used to prevent 
excessive longitudinal or bending movement of the piping. 

APPENDIXES 

(Non mandatory Information) 

Xl. SOIL TYPES 

X 1.1 A soil is considered stable if it provides dependable 
support to the pipe and undergoes only slight volume change 
with variation in its moisture content. The ability of a soil to 
provide support depends upon its resistance to consolidation 
and its shear strength. In general, coarse grained soils are 
considered stable; in the United Soil Classification these are 
defined as soils of which 50 percent or less pass U.S. 
Standard No. 200 sieve. 

NOTE X 1-The panicle passing through No. 200 sieve is about the 
smallest size visible to the naked eye. 

X 1.2 Using the group symbols of the Unified Soil Classi­
fication (Appendix X3) the following are considered stable 
backfill: Gw, GP, GM, GC, SW Sp, provided that maximum 
particle size is not greater than 12.7 mm (l/2 in.). 

X 1.3 In terms of all over-all use, gravel with fines and 
sand are the best backfill materials for pressure pipe. Sand or 
gravel mixed with silts or clays, in which the sand or gravel 
constitute at least 50 percent of the mixture, are also suitable. 
Certain soils should not be used as backfill material; these 
include organic soils, identified by odor or spongy feel, and 
fat, highly plastic expansive clay. Frozen soil should not be 
placed in contact with the pipe. 

X2. FIELD IDENTIFICATION OF SOILS 

X2.1 Gravel-Minimum grain size 6.4 mm (l/4 in.). 
X2.2 Sand-Individual grains visible to the naked eye 

with maximum particle size about 6.4 mm (0.25 in.). Fine 
sands display dilatancy and are non plastic. 

NOTE X2-To test for dilatancy, place a pat of moist soil on the palm 
ollhe hand. If Ihe soil displays dilatancy, water will appear It the surface 
oflhe pat on shaking and disappear when the pat is compressed by the 
fingers. . 

X2.3 Silt-Individual grains difficult to see with the 
naked eye. May be slightly plastic. Displays dilatancy. Easily 

washed from fingers. Low dry-strength. 
X2.4 Lean Clay-Individual grains difficult to see with 

the naked eye. Dry lumps have moderate to high strength. 
Can be rolled into a 3.2-mm (1/a-in.) thread having low to 
moderate strength. Does not display dilatancy. 

X2.S Fat Clay-Shows no or very slow dilatancy and 
should not be used unless mixed with coarse grained 
material. Has high dry-strength. Has soapy feel and shiny 
streak results if fingernail is run over damp surface. Can be 
rolled into 3.2-mm {l/I-in.} threads having relatively high 
strength. 

XJ. UNIFIED SOIL CLASSIFICATION-GROUP SYMBOLS 

GW-Well-graded gravels. gravel-sand mixtures. little or 
no fines. 

GP-Poorly graded gravels, gravel-sand mixtures. little or 
no fines 

GM-Silty gravels. poorly graded gravel-sand-silt mix­
lures. 

GC-Clayey gravels. poorly graded gravel-sand-clay mix-
tures. 

SW-Well-graded sands, gravelly sands. little or no fines. 
SP-Poorly graded sands, gravelly sands. little or no fines. 
SM-Silty sands. poorly graded sand-silt mixtures. 

I' 
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PENN VENTILATOR 



(" 

( 

( 

DIRECT DRIVE 
DOMEX 

1------H -----V 

LEGEND 

1. MOUNTING FLANGE & DISCHARGE APRON 
2. MOTOR DOME WITH AIR VENT LOUVERS 
3. ELECTRIC FAN MOTOR 

- 4. SPUN INLET VENTURI 
5. CENTRIFUGAL FAN WHEEL 
6. MAIN FASTENING ASSEMBLY 
7. ANTI-VIBRATION MOUNTS 
8. MOTOR SUPPORT PLATE 
9. CONDUIT HOLE 

10. FAN SHAFT & BEARINGS (BELT DRIVE ONLy) 
11. V-BELT & PULLE'(S (BELT DRIVE ONLy) 
12. BACKDRAFT DAMPER t (OPTIONAL) 
13. WALL GRILLE (OPTIONAL) 

MATERIAL: SPUN ALUMINUM HOUSING 

PENN VENTILATOR CO., INC. 

BELT DRIVE 
DOMEX 

L. 

\ DIMENSIONAL TABLE 
' .... DIRECT DRIVE V·BELT 

MODEL 
WX WA WB 

Wosc. 9 13 16Yz 
H 1 ()3A " 173A 20'1. 

LIMA. 23'1. 32Yz 38 
ALL DIMENSIONS IN INCHES. 

• 12" ON AU. wxa & wx:r MODELS 

t MIN. 5" FOR SELF-ACTING DAMPER 

WC WCB WLB 

20 20 25 
'24Yz 24'12 28'12 
46'12 46'12 57 

NOTE: Space limitations require that explosion proof disconnect 
switches be mounted externally when used with Wall Domex 
units WX and WA. 

SUBMITTAL SHEET 
DOMEX (Direct and V-Belt) RED UON AND GANTRY ROADS 

PHILADELPHIA. PA 19115 
(AREA CODE 215) 464·8900 

TELEX NO. 83·~5 FAX NO. 121 ~, &77·1647 

Spun Aluminum Centrifugal Wall Exhausters 
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PVF MIDWEST INC. 

Industrial Pipe, Valves and Fittings 

September 9, 1992 

Horwitz, Inc. 
5000 North Highway 169 
Minneapolis, Minnesota 55428 

Attention: Mr. Larry Swanson 

Reference: GES Main Building and Pumphouse Piping O&M Manual 

Dear Larry, 

We submit for your approval and/or comment the following Pipe, 
Valves and Fittings. 

Galvanized S/40 Steel Pipe 
Galvanized M.I. Fittings 
Galvanized Flanges 
Full Port Ball Valves 
Roller Hangers MSS 
Protection Saddles 

Roller Chair 
Gate Valves 
Sample Tap 
Back Flow Preventer 575RP 
Butterfly Valves 

ASTM A53 CW 
WWP 521 
WWP 406 
Watts B-6080 
MSS SP 69 Type 43 
WW-H-171 Type 40A-40B, 
MSS SP-69 
MSS SP-69 
AWWA C-509 
Conbraco 41 Series 
AWWA C-506 
MSS-SP-67 

If you have any further questions please contact me. 

Sincerely, 

RJ/mln 

1616 New Brighton Blvd .• Minneapolis, MN 55413 • (612) 761-4342 



PVF MIDWEST INC. 
Industrial Pipe, Valves and Fittings 

November 19, 1990 

Horwitz Inc. 
5000 N. Hwy 169 
Minneapolis, MN 55425 

Re: Our Sales Order 2623 
Your Purchase Order 450291 FMC Job 2397-45 

Gentlemen: 

We hereby certify to the best of our knowledge that the 
material furnished on the above numbered order conforms to 
the following specifications. 

A.S.T.H. A-53 Type F 

EWJ/pal 

2688 3 Std A53 C.W. Galvanized Pipe T&C 

1618 New Brighton Blvd .• Minneapolis, MN 55413 • (612) 781 .... 342 



Standard Malleable 
Pipe Fittings -
Class 150 

Specifications: 

PVF MIDWEST INC. 
1618 NEvV BRIGHTON BLVD. 

MINNEAPOLIS, fvlN 55413 
(612) 781-4342 

"WARD" Malleable Iron Fittings are First Quality 
Pipe Fittings. 

The Iron from which they are made is held to 
strict formula, by Cireful chemical analysis and 
control. 

Tapping Is done on the most modern type of 
threading machines. All tappings are to American 
National Standards for iron pipe threads. 

Straightness and correct depth of threads are 
assured through continuous careful inspection, by 
carefully trained inspectors. 

Every fitting is hand sorted and Inspected to 
eliminate defective castings. 

"WARD" Fittings are made strictly to speclfica· 
tions as published by the American National Stand· 
ards Committee tor pipe fittings. They also con· 
form to the United States Federal Specifications. 

A chamfer Is cut or cast in all openings permit· 
tlng easy entrance of pipe and preventing damage 
to the first thread In handling and shipping. All 
regular patterns are flat banded. 

Because of the close attention paid to formula 
control together with the careful selection of raw 
materials, we are able to produce a close grained 
non·porous Malleable Iron of High Tensile strength, 
providing a very liberal factor of safety over the 
recommended working pressures. 

All Ward Black Malleable fittings in sizes ranging 
from Va" through 4" are air tested at 100 p.s.i. 
pressure. This test is part of a constant program to 
maintain the highest quality fittings available. 

Pressure-Temp. Rating 

Temp. eF· P.S.I.G. 

·20 to 150 300 '* Fed. Spec. WWP 521 
ANSI B 16.3 - FOA DIMENSION & PRESSURE RATING 
A.S.T.M. - A 197 - FOR MATERIAL 

200 
250 

265 
225 

A.S.T.M. - (ANSI) - A 153,8633 - FOR GALVANIZING 
ANSI B. 1.20.1 FOR PIPE THREADS 
'50 LB. - STEAM PRESSURE 

300 
350 

'50 LB. MALLEABLE PIPE FITTINGS ARE U.L. LISTED WHERE APPLICABLE 

GENERAL OIMENSIONS. in Inchellto noarelll 'III'" 
. These dimensions apply to all standard malleable banded IIIlIngs. bolh straight and reducing. 

Length o/thread also applies to plain fillings. For center·to-face dimenliions. see fllttngs tables. 

PIPE SIZE :4 Yo I. % " 1 1Yo 1'/, 2 2'1. 3 3'1. .. 
0.0. of aand 'Yo. ,~, 1 1". 1 ',," 1 '%a 2%, 2~. 21%, 3'.,,, 4%, 4"~, S't, 
Vldth of aand t. ~, ~, Yo '1u 't;. 'Yu It '~. ''1" 'Ii. '", '.", 

I nv.ad Lenvth (min.) 1 , .. \ %. 'I. '\' 'Ya, '%- " ~ 'Yu 1Ya, HI, 

185 
150 



PIPE SIZE A II C 

!4 .690 .260 .220 

~ .810 .360 .235 

\ .950 .400 .250 
~ 1.120 .470 .269 
~ 1.310 .540 .298 
1 1.500 .620 .327 

1Yo 1.750 .710 .370 
t% 1.940 .740 .393 
2 2.250 .790 .447 

2Y, 2.700 .960 .508 
:I 3.080 1.020 .578 
4 3.790 1.130 .691 

PIPE SIZE A, A, A, 

%X%X\ 1.040 1.040 1.030 
%x%x'J. .970 .970 .980 
%X\X% 1.120 1.030 1.120 
%X\Xy. 1.040 .950 1.030 
\x\x% 1.030 1.030 1.040 
Yex't.x% 1.200 1.200 1.220 

YeX't.'" 1.120 1.120 1.130 
't.X%X't. .1.310 1.220 1.310 
y.X'faX'fa 1.200 1.120 1.220 
Yox\x'/. 1.310 1.130 1.130 
'lax%x'/. 1.220 1.220 1.200 
lxlxy' 1.:170 1.370 1.450 

'x,x'fa 1.260 1.260 1.360 

lx'x\ 1.180 1.HIO 1.270 
'xy'xl 1.500 1.450 1.500 
lxy'x'/. 1.370 1.310 1.450 
lx'/.xYa, 1.260 1.200 1.360 
lx'4xl 1.500 1.360 .1500 
lX'4x\ 1.370 1.220 1.450 
h'4x'la 1.260 1.120 1.300 
lx~xl 1.500 ,.200 1.500 
1 X ~ xl 1.500 1.100 '.500 
~ X 'I. X 1 1.450 1.450 1.370 

H.xlY-xl 1.580 1.580 1.670 
1'!.Al'!.A'- 1.450 1.450 1.62.0 
1Yox1'/.x .... 1.340 1.340 1.530 
1'/.xll''/. 1.750 1.670 1.750 
'YoAlAl 1.580 1.500 1.670 
1'(.1'1" 1.4SO· 1.370 1.620 

D 

.720 

.875 
1.046 
1.230 
1.490 
1.805 
2.187 
~.465 
3.000 
3.630 
4.300 
5.450 

B, Ba BI 

.430 .430 .360 

.430 .430 .320 

.430 .360 .430 

.430 .360 .360 

.360 .360 .430 

.500 .500 .430 

.500 .500 .360 

.500 .430 .500 

.500 .430 .430 

.500 .360 .500 

.430 .430 .500 

.580 .560 .500 

.580 .580 .430 

.580 .580 .360 

.580 .500 .580 

.580 .500 .500 

.580 .500 .430 

.580 .430 .580 

.580 .430 .500 

.~80 .430 .430 

.580 ,320 .580 

.580 .290 .580 

.500 .500 .580 

.670 .670 .580 

.670 .670 .500 

.670 .670 .430 

.670 .580 .670 

.670 .580 .580 

.670 .580 .500 

PVF MIDWEST INC. 
1618 NEW BRIGHTON BLVD. 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

C, C1 C1 D. DI DI 

.249 .249 .230 1.197 1.197 1.015 

.249 .249 .215 1.197 1.197 .844 

.249 .230 .249 1.19] 1.015 1.197 

.249 .230 .230 1.197 1.015 1.015 

.230 .230 .249 1.015 1.015 1.197 

.273 .273 .249 1.458 1.456 1.197 

.273 .273 .230 1.456 1.456 1.015 

.273 .240 .273 1.458 1.137 1.458 

.273 .249 .249 1.458 1.197 1.197 

.273 .230 .273 1.458 1.015 1.458 

.249 .249 .273 1.197 1.197 1.458 

.302 .302 .273 1.711 1.711 1.458 

.302 .302 .249 1.711 1.771 1.197 

.302 .302 .230 1.171 1.771 1.015 

.302 .273 .302 1.771 1.458 1.771 

.302 ,273 .273 1.771 1.458 1.458 

.302 .273 .249 1.771 1.458 1.197 

.302 .249 .302 1.771 1.197 1.711 

.302' .249 ,273 1.771 1. 197 1.4!i8 

.302 .249 ,249 1.771 1.197 1.197 

.302 .215 .302 1.771 .844 1.771 

.302 .200 .302 1.771 .693 1.771 

.273 .273 .302 1.458 1.458 1,771 

.341 .341 .302 2.153 2,153 1,771 

.341 .341 .273 2.153 2.153 1,458 

.341 .341 .249 2.153 2.153 1.197 

.341 .302 .341 2.153 1.771 2.153 

.341 .302 .302 2.153 1.771 1.771 

.341 .302 .273 2.153 1.771 1.458 - --- -. - .. .... ...... ' ..... 



PIPE SIZE A B 

'4 .690 .720 

'I. .810 .S?!. 

If. .950 1.046 

'Ia 1.'20 ,.230 
1/4 1.310 1.490 , '.soa '.805 ,'/. '.750 2.187 

, Va 1.940 2.465 
2 2.250 3.000 

2VJ 2.700 3.630 
~ 3.080 4.300 

3Va 3.420 4.8&0 

" 3.790 5.450 -

PIPE SIZE A B 

Y. OIl '4 .740 .760 

\IY. .aao .900 
y,x'l. .970 .980 
YaOll\ 1.040 1.030 
,"x If. 1.120 1.130 
,"x~ 1.200 1.220 

1X\ 1.180 1.270 
lxy' '.260 1.360 
1 II a/. 1.370 1.450 

"~I. II Y, 1.340 1.530 
1'/. X 1/. 1.450 1.620 
1'/.x1 1.580 1.670 
lVa I V, 1.410 1.660 
'Va II V; 1.520 1.750 
l'1,x' 1,650 ,.800 

1'/a I 1 'I. 1.820 1.880 
2x VI 1.490 1.880 
2 X at. 1.600 1.970 
211 1.730 2.020 

2 xlV. 1.900 2.100 
2 xlV, 2.020 2.160 
2'1a II 1'fa 2.160 2.510 
?'~ X 2 2.390 2.600 
3.(2 2.520 2.890 

C g 

.220 .280 

.235 .360 
·.250 .400 
.269 .470 
.298 .540 
.327 .620 
.370 .710 
.393 .740 
.447 .790 
.508 .960 
.578 1.020 
.634 1.070 
.691 '.130 

C D 

.644 .693 
1.015 .844 
1.197 .844 

.1.197 1.0.15 
1.458 1.015 
1.458 1.197 
1.771 1.0Hi 
1.771 1.197 
1.771 1.485 
2.153 1.197 
2.153 1.458 
2.153 1.771 
2.427 1.197 
2.427 1.458 
2.427 1.771 
2.427 2.15J 
2.963 1.197 
2.963 1.458 
2.963 1.771 
2.963 2.153 
2.963 2.427 
3.629 2.467 
3.629 3.003 
4.285 2.963 

PVF MIDWEST INC. 
1618 NEW BRiGHTON BLVD. 

MINNEAPOLlS1 \\liN 55413 
(612) 781-4342 

E F G H 

.320 .250 .215 .200 

.360 .320 .230 .215 

.430 .320 .249 .215 

.430 .360 .249 .230 

.500 .360 .273 .230 

.500 .430 ·.273 .249 

.580 .360 .302 .230 

.580 .430 .302 .230 

.580 .500 .302 .273 

.670 .430 .341 .249 

.670 .500 .341 .273 

.670 .58a .341 .302 

.700 .430 .368 .249 

.700 .500 .368 .273 

.700 .560 .308 .302 

.700 .670 . .368 .341 

.750 .0430 .422 .249 

.750 .500 .422 .273 

.750 .580 .422 .302 

.750 .670 .422 .341 

.750 .700 .422 .368 

.960 .740 .518 .408 

.960 .790 .518 .462 

.980 .750 .548 .422 .-
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- - --. II ... ""'. 

1618 NEW BRIGHTON BLVD. 
Grinnell 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

protection saddles 

pipe covering protection saddle 
for nominal thickness of covering: 
1 Inch: fig. 160 
1112 Inch: fig. 161 

." 2 Inch: fig. 162 
2Y2 inch: fig. 163 
3 Inch: fig. 164 
4 Inch: fig. 165 
4 Inch (Alloy): fig. 165A 
5Y2 Inch (Alloy): fig. 166A 

.adale willi roll fig. '73 gOal, with roll fig. 273 

loads • weights • dimensions (Inches) 

,ctuIII 
IhIctln_ 

pip, fig. mall ,..com Will (lpprOIl' of 
Ill' no. ~,I'" Iblllc:h c:o".,I"" 

160 1200 1.4 ¥. 
~ 161 1200 2.1 Ph, 

162 1200 2.8 FI, 

160 1200 1.4 l1h, 
1 181 1200 2.1 l'h, 

162 1200 2.8 2Yt 
160 1200 1.4 ¥, 

IV. 161 1200 2.1 1~ 
162 1200 2.8 111/ .. 
163 1200 3.6 2'/11 
160 1200 1.5 1 

1~ 
161 1200 2.1 lY2 
162 1800 3.2 21/ .. 

163 1800 3.6 2u / .. 
160 1200 1.7 I'll. 
161 1200 2.3 1'/ .. 

2 162 1800 3.2 2'" 
163 1800 3.6 2~ 
164 1800 4.5 3'" 

"II" 

, . SIZE RANGE: For use with ~ to.36 Inch pjpe~ 

MATERIAL: Figs. 160, 161, 162, 163, 164 and 165 are 
curved carbon steel plate. Figs. l65A and 166A are 
alloy steel manufactured from ASTM A·387 Grade 22 
Chrome Molybdenum steel plate. Figs. 165A and l66A 
have a welded·;n center plate in all sizes. All other 
saddles have a welded·in center plate for pipe sizes 12 
inch and larger. All saddles are 12 inches long with side 
edges turned up. 
SERVICE: Designed for high temperature service or 
where heat losses are to be kept at a minimum and to 
protect insulation against .damage. 
APPROVA~S: Complies with Federal Specification 
WW·H·17l E (Type 40A or Type 408) and Manufactur· 
ers Standardization Society SP·69 (Type 39A or Type 
398). 
FEATURES: Permits finished, weathertight covering at 
all points of pipe support. 

ORDERING: Specify pipe size, figure number, name. 
Data for 42 inch size available on request. 

cenl., II". of pipe 10 
cenl., line 01 roll 

81:1, 01 pipe roD cenletllne D 

0' pipe 10 1111" 
171, 175 "II" "III. ouliide of 171, 175 IIgl. 

177 174, ,., :m·Z77 18dd1e C 177 174, ,., E 

2 2'1a 2-3112 1~ 2'/11 2V. 21f4 
3 3Ya . 2-3Y2 2~I1, 2¥4 2¥4 2¥, 
4 5 2-3Ya 2"h, 35/,. 3511, 3~ 

2Y2 3 2-3Ya lUI" 25h, 2Y4 2'/1, 
3 4 2-3'1a 2'1" 2~ 2~ 3 
4 5 2·3Y2 2~ 3YJ 3YJ 3YJ 
2Y, 3 2·3Y2 ,'5h, 2Y, 2

'
h, 2'/ .. 

3Y2 5 2·3Yl 2'11, 3'h. 3'11. :Ph. 
4 5 2·3Y1 3 3~ ~ 3"11. 
5 6 4-6 3~ 4~ 4~ 4~ 

3 3112 2·3Y1 2'" 21\1, 2~ 2"/ .. 
3Y1 5 2·3~ 2~ 3Y. 3V. 311 .. 
5 6 4·6 3'h. 4 4 J~ 
6 8 4·8 3~ 4YJ 41\1, 4~ 

3~ 4 2·3Y2 2~ 3 2"/ .. 3''', 
4 5 2-3Y1 2~ 3Y1 3Y1 3'/ .. 
5 6 4-6 3'/ .. 4Y. 4Y. 4~/ .. 
6 8 4-6 4'h. 4~ 4u/ .. 4~ 

8 8 4-6 4'1" ~ 5~ 5Y. 
continued next ".ge 

• Maximum rec:ommended loads are appIic:abl, only when saddle Is used on a IIat bearing 1Urlac:, and tack welded 10 pipe. 
When saddle iI used with a pipe roll. Ill' maximum load gWen lor Ihe pjpI roll applilllO III UddII. 

ph·70 
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adjustable steel yoke pipe roll 
fig. 181 

loads • weIghts 

pipe ma.lmlllft 0.0, 

"U 0' covering 

2Yz 3 
3 3~ 
3Yz 4V. 
4 4"1 .. 
5 ~. 
6 61,1. 

8 9 
10 11 
12 13 
14 14Y. 
16 16Y. 
18 18V. 
20 2QV. 

dimensIons (Inches) 

pipe .Il. A 8 

2'IJ 
,,., 

5¥. 
3 'Iz 6~ 
3Yz V, 7 
4 ~ 7'''. 

~ 5 ~ 9". . 
6 ol'. 10'h. 
8 1,1. 12"11. 

10 ~ 15'11. 
12 ~ 177/11 

14 1 18~ 
16 1 2Qu /,. 
18 1 23~ 
20 1 Y. 26 

I 
I 

C 

3Y. 
31,1t 
4~ 

415/ .. 

6 
7'11 

,9V. 
ltY. 
13V. 
14V, 
16Yz 
18'IJ 
2O'IJ 

Grinnell 
PVF MIDWEST INC. 

1618 NEW BRiGHTON BLVD. 
pipe rolls 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

mu rKom 
1oecI,Ib 

225 
310 
390 
475 
685 
780 
780 
965 

1200 
1200 
1200 
1400 
1600 

0 

111/1. 
2Y. 
-zeit, 
2u h. 
37/,. 

4 
5V. 
6~ 
71h. 
8~ 

9-\t 
107/ .. 
11~ 

SIZE RANGE: 2'12 through 20 inch pipe. 

MATERIAL: Cast iron rol/; carbon steel yoke, roll rod 
and hex nuts. 

SERVICE: For suspension of pipe from a single rod 
where horizontal movement may occur because of ex· 
pansion or contraction. 

APPROVALS: Complies with Federal Specification 
WW·H·171 E (Type 44) and Manufacturers Standardi· 
zation Society SP·69 (Type 43). 

HOW TO SIZE: It the roll is to support bare pipe, select 
the size directly from nominal pipe size (see below). If 
used with pipe covering protection saddle, see page 
ph·70· 72 for size of pipe roll to be used. 

ORDERING: Specify pipe roll size, figure number, 
name. Be certain to order oversized rolls where insula· 
tion makes this necessary. 

wgt (.PPC'O., 
Ib •• Kh 

1.7 
2.2 
2.5 
3.2 
6.3 
9.3 

14.5 
18.8 
27.7 
39.1 
49.1 
57.8 
75.9 

I 

E F Q H 

21,1. Yz 'h, x 1 V. 1"10, 
3'/1 'IJ lh. xlV. 1~ 
3'1z Yz V. II 1V. 1"/,. 

3~ Va V. x 1Yz 1~ 
4VJ ~ ~II lol' • 1"h_ 
5 ol'. ~. 2 1~ 

6'11 1,It ~ x 2Va 2 
7V. 7/. ~ x 2VJ 2'1 .. 
8~ 1 'Iz x 2VJ 2V. 
8ol'. 1". Va x 2'IJ 2 
9"1 .. 1V. VJ x 2VJ 1"h. 

11 7/ .. lV. Yz x 3 2u/" 
12V. 1V. ~x3 2'11 

ph·78 
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~vt- IVHUW l:.!;:) I II'lL.. 
161'8 NEW BRIGHTON BLVD. 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

L' iii. I 
~.~D 

sri' ~. I I' 

~. 

~ 
PIPE SIZE A B 

1 14Y. 4.250 .437 
1~ x 4% 4.625 .500 
1~ x 5 5.000 .562 
2x6 6.000 .625 
2~ x.7 7.000 .687 
3 x 7~ 7.500 .750 
3~ x 8~ B.500 .B12 
4x9 9.000 .937 
5 x 10 10.000 .937 
6 x 11 11.000 1.000 
o x U'4 13.500 1.125 
10 x 10 16.000 1.187 

FIG. 20 - FACED & DRILLED 
FIG. 76 - FACED ONL V 

PIPE SIZE A B 

1 x 4% 4.250 .437 
1% x 4\ 4.625 .500 
1'4 x 5 5.000 .562 
2xO 6.000 .625 
2~ x 7 7.000 .687 
3x 7~ 7.500 .750 

3'1a x a", 8.500 .812 
419 9.000 .937 
5 x 10 10.000 .937 
6111 11.000 1.000 
a x 13% 13.500 1.125 
10 x 16 16.000 1.187 

C D 

1.937 .687 
2.312 .812 
2.562 .875 
3.062 1.000 
3.562 1.125 
4.250 1.lB7 
4.812 1.250 
5.312 1.312 
6.437 1.437 
7.562 1.562 
9.687 1.750 

11.937 1.937 

.. 

C D 

.375 1.000 

.437 1.250 

.500 1.500 

.562 2.000 

.625 2.500 

.687 3.000 

.750 3.500 

.875 4.000 

.875 5.000 

.937 6.000 
1.062 8.000 
1.125 10.000 



Flanges 
Flange Unions 
Companion Flanges 

I 

( 
I, • 

Specifications: 
~ Fed. Spec. WWP 4061< . 
A' ANSI a 16.1 - (DIMENSION AND DRILLING) 

A.S.T.M. - (ANSI) - A 153 - FOR GALVANIZING 
U.L. LISTED WHERE APPLICABLE 
A.S.T.M. - A 126 CLASS A FOR MATERIAL 
ANSI B. 1.20.1 FOR PIPE THREADS 

/ .' .-' 

PVF MIDWEST INC. 
1618 NEW BRIGHTON BLVD. 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

"WARD" Fittings are made strictly to 
specifications as published by the National 
American Standards Committee for flanges 
and flanged fittings. 

Cast iron flanges are regularly supplied in 
black and galvanized. 

FL.ANGE HUB L.ENGTH OF HUB 
PIPE DIA. DIA. AND THREADS 
SIZE 0 X Y 

1 4.250 1.940 .690 

1 ~. 4.620 2.310 ,810 
1\1, 5.000 2.560 ,880 
2 6.000 3.060 1.000 
2'~ 7.000 3.560 1.120 
3 7.500 4.250 1.190 

3'~ 8.500 4.810 1.250 
4 9.000 5.310 1.310 

. 5 10.000 6.440 1.440 

6 11.000 7.560 1.560 

a 13.500 9.690 1.750 
10 16.000 11.940 1.940 
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G·rinnell 
protection saddle 

loada • weights • dimensions (Inches) (continued) 

PVF MIDWEST INC. 
1618 NEW BRIGHTON BLVD. 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

ceol« line 01 pipe 10 
~nl« Un. 0' roU 

Kw.I ,Iz, 01 pipe roll c:.nW lin. D 

""duM .. fl" .. 0' pipe 10 
pipe IIg. mu rKOm w,,1 '1PfN'0lC) 01 171.175 IIg,. llga. 01118_ 01 

~ no. IOIG.ID- I~ Nl:h covering In 174. ,., 271·2n NCIG,.. c 

160 1200 1.7 1 '/16 3'1a 5 2· 3Y2 2"/1. 
161 1200 2.8 W. 5 6 4-6 3'/" 

2Y2 162 1600 3.2 25/,. 6 8 4· 6 3~. 

163 1800 4.1 2'/, 8 8 4-6 4Y. 
164 1800 4.5 3¥1 8 10 4- 6 4f. 

160 1200 1.9 1 4 5 2· 3Ya 211
", 

161 1800 2.8 l t /" 5 6 4-6 3"'-
3 162 1800 3.6 2'/,. 6 8 4-6 4Y1 

163 1800 4.1 2t/" 8 8 4-6 4"/1, 
164 1800 4.9 3'1" 8 10 8·10 5'/1, 

150 1200 2.3 lY. 5 6 4-6 3511, 
161 1800 3.2 l'~/1I 6 8· 4-6 3"/" 

3Ya 162 1800 3.6 2'1. 8 8 4-6 45h, 
163 1800 4.5 2¥. 8 10 8-10 4"/1, 
164 1800 4.9 35/" 10 10 8·10 5~ 

160 1800 2.3 1'/11 5 6 4· 6 3v/" 
161 1800 3.2 l l h. 6 8 4-6 4''', 
162 1800 3.6 2'/" 8 8 4· 6 41

/" 

4 163 1800 4.5 2'1., 8 10 8-10 5 
164 1800 4.9 3'1" 10 10 8·10 5'" 
165 1800 5.1 4'/" 10 12 12·14 6Y2 
16SA 5000 11.6 4'11, 10 12 12·14 6Ya 
16SA 5000 15.7 5"", 14 16 12·14 8Y, 

160 1800 2.3 1 6 8 4-6 4'1, 

~ ... 161 1800 3.2 lYz 8 8 4-6 4"1" - , 162 1800 3.6 2 8 10 8·10 5~/I. 

163 1800 4.5 2'/" 10 10 8·10 5'" 5 164 1800 4.9 3'''. 10 12 8-10 6~II, 

165 1600 6.1 4~/1I 12 14 12·14 7'11 
16SA 5000 11.6 4~I., 12 14 12·14 7'1, 
l60A 5000 15.7 5"", 16 16 12·14 8"/16 
160 1600 3.8 1 B 8 4-6 4Yz 
161 1800 4.4 IVa 8 10 B·l0 5'/" 
162 1 BOO 5.7 2 10 10 a·l0 5Yz 

0 163 1 BOO 6.5 2Ya 10 12 8-10 6~II, 

164 1800 7.7 3 12 12 8-10 6'h. 
165 1800 10.2 4'1, 14 16 16·20 71,,, 

16SA 5000 12.9 4'1, 14 16 16·20 7", 
16SA 5000 16.3 5"'- 16 18 16·20 9Y, 
161 1 BOO 5.8 1112 10 12 8-10 6 
162 1500 6.3 2 10 12 8·10 6Yz 
163 1800 7.2 2"/1. 12 14 8·10 7'1. 

8 164 1800 7.7 3Y, 14 16 12·14 7"11_ 
165 1800 10.2 4~/" 16 18 12·14 8",._ 
15SA 7200 16.9 4~11. 16 18 12·14 8"/11 
166A 7200 22.6 5."'- 18 20 16·20 lOY. 

161 1800 5.0 l'h_ 12 14 8-10 7'1. 
162 1800 7.7 2'/" 14 16 12·14 7V. 
163 1800 8.2 2'1 .. 14 16 12·14 a'll 

10 164 1800 8.8 3'/ .. 16 18 16-20 8"11, 
165 1800 10.8 4'/16 18 20 16-20 9-\'4 
16SA 7200 18.9 4'/16 18 20 16-20 9"/ .. 
1601\ 7200 24.3 . 51". 20 ... 22·24 . l1V. 

• ~ r8CQn'l/ll8fldeQ IoaaIi iIll appIicilCle only when IiIOdIe II IMd on • nat billing IIIItac8 and lack weldeCllO pipe. 
WI'WIn iaaaIe Ii Y$ICI wlll'l a Pipit rOil, h maxunum IoId givln lor !he pipe rOIl applies 10 Ill! iidcIle. 

ph-71 

II" .. 171.175 IIgl. 
In 174. 111 £ 

:m 3'1. 3'11, 
4 4 311/11 

4'12 4~ 4Ya 
5'1, 5'1, 5 
5"'- 5¥. 5Ya 
3Y2 3'12 3'/11 
45/" 4'/" 4'1. 
4'~/" 413/11 4"11. 
57

/" 5'/11 55
/" 

6 6 6'/" 
4 4 3U

/" 

41/" 4'/" 4Y2 
5'1, 5'1, 5 
5", 5~ 5"/11 
65/" 65h. 6~ 

4'1. 4'1. 4~I1. 
4f, 4¥. 4¥. 
5¥1 5¥1 5'1. 

5
u
". 515/ .. 6 

6'/,1 61111, 6'" 
7"'- 71t1 7v/ .. 
7"'- 7"'- 71/" 
9fA 9Va 95/ .. 

41~", 4'~/ .. 4f. 
5'12 5Yz 5b 
6 6'11, 6'1, 

6
1
". 61/11 60/1 

I'll 7'1. 7'1. 
6l l .. 6:Y, B~/" 
8'1, Bh al/ .. 

10'/" 10'11. 9h 
51'1 51'1 5'1. 
5¥, 5"/ .. 6 
67

/" 67/ .. oVa 
7'1, 7~/ .. 7'1. 
7"'- 7~ 7", 
9 9 8f. 
9Ye 9 B'l/" 
1~ 10'/u 107h, 
7'/ .. 7'11_ 7'1" 
7'''. 7'/11 7'''. 
8'/ .. BYz 8'/ .. 
9 9 8f. 

10'1, 10'1, 9~. 
10'/ .. 10'1, 9¥_ 
11 f, 1 ,.~,,_ 11~ 

8'11_ BYz a'". 
9'''. 9 8')/" 
st/'I 911/ .. 95/ .. 

10'1, 10'1" 10 
11 Y. 11'1. 11'1, 
11'/ .. 11'1. 11 V, 
12",._ ... 12Yz 

continued next page 
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Grinnell 

pipe rolls 

roller chair 
fjg. 175 

G 

weights • dimensions (inches) 

pipe wgl (approx) 
ilze lbaa.en 

2 1.1 
2Va 1.4 
3 1.6 
3Va 2.6 
4 2.9 

~ 5 • 3.9 
6 6.0 
8 9.0 

10 13.8 
12 18.9 

~ 

14·20 dimensional data supplied upon requesL 

nk.7Q 

PVF MIDWEST INC. 
1618 NEW BRiGHTON BLVD. 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

SIZE RANGE: 2 through 20 inch pipe. 

MA lERIAL: Cast iron roll, steel chair, roll rod, bolts and 
hex nuts. 

SERVICE: For support of pipe where horizontal move­
ment due to expansion and contraction will occur but 
where no vertical adjustment is expected. 

INSTALLATION: Two bolts and nuts provide anchorage 
to floor or top of steel beam or bracket or chair may be 
welded to supporting steel. 

HOWlO SIZE: 
(1) If the roll is to support bare pipe, select the size 

directly from nominal pipe size Isee below). 
(2) If used with pipe covering protection saddle, see 

pages ph-64, 65 or 66 for size of pipe roU. 
(3) If roll is to support covered pipe, the 0.0. of the 

covering should not be greater than the 0.0. of the 
pipe for which the roll was deSigned. 

ORDERING: Specify size of roU, figure number, name. 
Be certain to order oversized rolls where insulation 
makes this necessary. 

A B C F 

4 1'1. 1 Va ¥I X 1 Va 
4~, 1 V. 10/. 0/. X IVa 

G 

'I. X 1'1. 
If. x IV. 

S:V, 2 PI. :r. X 1 Va V. X 1'1. 
6'1. 2 2111. :r. X 1 Va ¥I X lYa 
60/, 2 2" .. 'lax lVa :r. X 1 Va 
7~, 3 2Va YaxlVa ¥Ix IVa 
9'1. :m 2J,4 VaxlYa :r. X 2 

1H', 3:r. 3 % X lVa ¥I X 2 
14V, 5'1. 30/, 0/. X 2 Vax 2 
16'1. 5Va 4'1, o/a X 2 Vax2 

H 

lo/t 

1" ". 
2'1. 

21
". 

2'311. 
3111, 
4 
5'1. 
6:r. 

7
1
". , 
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·\ 1 WATrS BALL 
---.,._ .~. REGULATOR VALVES 

~ ..... .;,........ &" ~~\i iJ, ,,~jJ:t .. 
" .1'11 '" ~ ':! . r, \ ..., ... ! 

" 6J~'" ""'"'_ .. _" V'-J W-.r" 
Va"· 2" • 600 WOG • Single 
x NPT or Solder Ends (400 

.------.. --,... .-." 

8·6010 

B·6011 

FVF MIDWEST INC. 
1618 NEW BRIGHTON BLVD. 

MINNEAPOLIS, MN 55413 
(612) 781-4342 

This series features a union end 
solder end connection. 
Various models are avai 
the advantage of 
without pipeline ~cl~~C'1 

MODELS AVAILABLE: 
112"· 2" 8·6G10 • NPT female x 
'12". 2" 8·6011 • Solder end x solder 
'12". 2" 8·6G12 • Solder end x NPT female 
'12' '. 1" 8·6013 • Solder end x NPT male union 
'12". 1" 8·6014 • NPT female x NPT male union 
112"· 2" 8·6015 • NPT female x solder union end 

For Additional Information, send for ES·86010. 

L-.j~ .. 8-~0~~.I ~O~ 11 Bronze,2·Piece 
'12"· 2" • 400 WOG • Full Port 

The B-6080 INPT endsJ and B-608 I (solder endsJ ball valve 
series is srandard/y full port, ideal for critical flow ~~plica­
tions or where specifications require a full port of/flce. 
Virgin PTFE seats and seals are standard, as are bottom load~ 
ed stem and packing nut threaded to bOdy. 

FEATURES 
• Full port 
• BoUom loaded slem 

SPECIFICATIONS 

600 

, 500 

• 400 WOGJ125 WSP raling 

SEAT RATING 

OPTIONS: CV Op.rating Torqu. 400 

~300 
III 
11.

200 

"'-Suffix 
S8 

OH,OL 
RH 
SH 
as 
XH 
VT 
TH 

316 stainless steel ball and stem • 
High or low profile safety oval handles 
Round handles 
Stainless steel handle and nut 
Balancing stops 
Extended handles 
Virgin PTF E seats 
Tee handles 

Size 
1/2" 
'J/4" 

1" 
11/4" 
11/2" 

2" 

RiitinG 
15 
30 
60 

110 
130 
360 

'Un.·Lbs.) 
60 

150 
200 
250 
320 
500 

100 
50 
o 
o 

For Additional Information, send for ES·B6080. 

. -- -- -----------

'" '" '" " 
1 00 200 300 400 

TEMPERATURE 
450"1= • 
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PVF MIDVv'EST INC. 
1618 NEW BRIGHTON BLVD. 

MlNNEAPOUS, MN 55413 
(612) 781-4342 

'. ( 

I 

F 

__ DlETlEA3 
CAnOl! 

~--------J--------~ 

( ~ 

H 
DI~ 

IfQII DESatIPl 10M I MA11JII.I.L 110.. 
1 STEM I BRONZE ASOII BI5t4 CDA 864OC) 

.,p sv.L PUt. Tf'"O- RING IBUHA-.... 

3 6£AlI'lATf G.~SO<Er'O' R11~1 tlUN" ".. 

• SEALI'lATf CASTI~NA-I2SCIJ\SS8 

S BONNEt CASTIAOIIA-I!6C1.A6S e 

• BO""eJ (lASI(Ef NON-ASIIESf08 , BODY CASJlROHA-1.2eClASSa 

• G"TE {BlPJU.-SENCAPSmATEDt 
CAS""OH A-U8ClASS B-<CP • 
.",U· DUCTILE 1AOt~,t,.S)OJ 
GF\1d)E8H~I,p'0"'.,r 

• ItIINOViHEa. CASlIFlOff A-l28Ct.ASS 8 

ID Sta.411\1T BRONZE ASJM 86M CDA86400 

11 SEAl. PI.A 1£ 00l TS STEEl. ASTIII A-3IFl 

12 SEAl. PI.A 1£ NUl'8 STEElASTIIIA~SS 

13 8C»1HET OOL TS SfEB. ASlM,\.;)fJ' 

•• BOllNET NUTS STEB.ASlUA-611S 

IS WASHEfI UIlDSttEL 

•• CAPSOREW HEX STEEl.ASTU~ 

17 THRUST WASHER , .... STAINlEBSSTHL 

I I. OPEAATING NIIf CAST IRON A-I 21 cuss a 

~ 
CDlEIlAl DJlU)lSIONS IH IrtatE8 

VALVE ... t· r Ir 1~ SIZE 
A .." "~ ..... 1~ "" • 1''' 11',. ..,. 101t I'''' ·c , .2 14 '8 18 
D 5 6"~ .. ~ II~ 10",. 
E Ii'" 7")1. I,. 11~ 13". 
F ~.- la'~;. 2N aJlI 2"", 
6 ,. ~ " * 

.,... 
H , 11 IS~ I. " ~ • 10'" U}II 13 14 
I( l',6 t'" 1I~ 14'" 17 
L "" P.Io ~ 12\, 12~ ,. .,. 1 1,. Hlo " .. 

111,..1;'0 13 lit 21& X 31 
~ 

IIO'EI: 
ALLIIT£.U8Ol'S&N\IlSloREflEC'IIOZlNCPl"TEO~ 
OTHERWISE SPEtlflED. 
COIotPlIESWlTHA.W . ."A SPWIFICI.TIONC-&09IATESTIDITIOIl 
4""'12P -2.'laB. ." ... 'ERV.'ORKINQ ~5URe.. 

_leB. HYDROB r"'l1C~l. 
VAlVl.WILLIEFURNrSI-EOorENlE""nTHtiUlDWHEEI. 
UHLESSOltlE'R"'SE SPECifIED. 
1XI",,"~r;ION80NDE:)EI'O~Y ~PfI"ER"Al&EXrOlN~ 

SlYlE flO. 31117-G2 

A.W.WA. RESlUENT&EATED GAT E VAlVES 
W/FlANG ED ENDS 

'iii' ,...H v.' ... eo. r.;:::::,::<--....LI!<!!.! 
~ ..... I:.~ ... ". t-==!-.--I--
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~'{F lvHDVVEST INC. 
. 1618 NEVV BRiGHTON BLVD. 

MINNEAPOLIS, rvlN 55413 
(612) 781-4342 

cg:o~~~~® 
AIR COCKS 

41 SERIES 
POLISHED BRASS OR SAriN FINISH 

• TESTED AT 80 LSS. AIR PRESSURE - STANDARD - SPRING BOTTOM, %2" PORT . 
• ALL AIR COCKS CAN BE FURNISHED WITH NUT BOTTOM FOR PRESSURES UP TO 200 P.S.I., W PORT. 

KEY 
FINISH 

Fall ALL AlII COCKS SATIN POUSH£D SATIN POUSH£D 
TYP£ IlRASI BRA$$ CHROME CHROM£ 

Slandard (Spring Soltom) 01 05 17 21 
NUl Soltom 04 08 20 24 

TEE HANDI.E HEXAGON SHOULDER 

WT.1100 NO. S/ZE·INCHES WT./l00 
'I. 12.0 Ibs. 41-080· ... 17.2Ibs. 
v. 13.1IbS. 41-090· Va 20.0Ibs. 

.. 8 



WILKINS REGULATOR CO. ::..,\ 
A DiVision of l"!nr Industries,- Inc. 

MODEL 575 MODEL 550 
REDUCED PRESSURE PRINCIPLE 
BACKFLOW PREVENTER 

DOUBLE CHECK VALVE ASSEMBLY 

Sizes .2V2" - 6" .. 
INSTALLATION • TESTING • MAINTENANCE 

BASIC 
INSTALLATION 
INSTRUCTIONS 
CAUTION: 

Installation of Backflow Preventers must be per· 
formed by qualified licensed personnel. F aully in­
stallation could result in an Improperly functioning 
device. 

The installer, to be sure he has the up-to-date in­
formation, should read all installation instructions be­
fore attempting to install the device. 

The installer should be sure the proper device has 
been selected for the particular installation. 

. WILKINS Model 575 Reduced Pressure Principle 
Backflow Preventers are for use on potable water 
lines where a health hazard could elliat if a 
backflow or backsiphonage situation were to 
occur. 

WILKINS Model 550 Double Check valve assemb­
lies· are IQr use un a poWDIe _ ... bne _,. • 

health hazard doea not exlat in event of a back­
flow situation. 

Proper performance is dependent upon following 
these Installation Instructions, and prevailing gov­
ernmental and industry standards and codes. Failure' 
to do so, according to the WILKINS Certificate of 
Umrted Warranty "releases WILKINS of any liability 
that it might otherwise have with respect to that de­
vice." Such failure could also result in an improperly 
functioning device. 

Damage to the device could result wherever water 
hammer andlor water thermal expansion could 
cause excessive line pressure. Where this could 
occur, shock arrestors andlor pressure relief valves 
should be installed downstream of the device. 

1. Before installing eilher aModet 575 Backflow Pre­
venter or a Model 550 Double Check valve unit, 
fluah the linea thoroughly to remove all debris, 
chips and other foreign matter. 

2. The Backflow Preventer must be installed in a 
horizontal position to provide proper operation of 
the relief valve. 

The cast arrow on the side of the unit must point in 
the direction of water flow. 

3. Provide adequate space around the installed unit 
so that the test cocks will be accessible for testing. 
servicing and repair. 

4. If installation of a Model 575 unit is in a building. 
provide a suitable drain arrangement to drain off 
spillage from the relief valve. An air gap of at least 
two times the pipe diameter must be provided be­
tween the relief valve and the drain piping to pre­
vent a cross-connection. Do not pipe the relief 
valve solidly to a floor drain, a .. er or aump. 

5. Always consult local codes for installation 
methods, approvals and guidance. . . 

OUTDOOR INSTALLATION 
Model 575 Backflow Preventers and Modei550 D0u­
ble Check valve units may be installed Outdoors only 
if the device is protected against any freezing condi­
tions. 

~ 

Exposure to freezing conditions will result in improp­
er functioning of the device. The installation location 
must be kept above 32"F. All the basic installation 
instructions apply. 

If installation is above ground, install the unit at least 
12 inches above surrounding flood level. 

If installation is in a pit or vault, Observe the following 
additional precautions: 

1. The installed backflow preventer must never be 
submerged in water because this could cause a 
cross-connection. Make sure that the pit or vault 
always remains dry by providing ample drainage. 

2. If there is any possibility of freezing, protect the 
backflow preventer by providing heat or insulation 
sulficient to prevent unit from freezing . 

3. Allow enough space in the pit or vault for testing 
and repair of the backflow preventer. 
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FIGURE 1 TYPICAL INSTALLATION IN BUtLDING 

INDOOR INSTALLATION 
Indoor installation is preferred in areas that are sub­
ject to freeZing conditions. ':/~ basic in$tallation 

;;=L;Z:~~:~~lri~~·:~.)·:, " 
Where uninterrupted service from a si~e.,imeter' 
connection must be maintained, two or more Model' 
575 Reduced Pressure Principle BackfIow Pnwent­
ers or Model 550 Double Check Valve aSsemblies 
may be connected in parallel. Parallel installation 
permits testing of beckfIow preventers individually . 
without interrupting service. When two backftow pre­
venters are used in parallel, the total capacity of. the 
device must equal or exceed the capacity of the main 
line. All the bBSIC Installation instructions apply to a­
parallel installation. 

When paralleling devices, adequate room (6" or 
more) must be provided between units to allow for 
testing and repair. 

PLACING THE DEVICE 
IN SERVICE 
After the installation of a Model 575 or Model 550 unit 
has been completed, place the unit in service as fol­
lows: 

MODEL 575 REDUCED PRESSURE PRINCIPLE 

BACKFLOW PREVENTERS 

1. start with both gate valves closed. Slowly open 
the Inlet gate valve until the backflow preventer is 
completely pressurized. 

2. A sizable, short discharge from the relief valve 
may occur while the device is pressurizing. The 
discharge should cease by the time the gate valve 
is fully open. 

If the discharge should continue, close the gate 
valve. Loosen the vent screws (2) on the relief 
valve and reopen the gate valve. Close the vent 
screws when water flow is noted. 

3. If the discharge slill does not stop, refer to 
"lAaintel1l1~ fnstructions" for Repair Proce-
dures. - -.-.~- - -----

4. Repressurize device as in Step 1. Device should 
function properly. 

5. After the device has been pressurized, vent all 
trapped air from both check valves and the relief 
valve by opening each of the four test COCks. 
When liquid appears at all the vents close the four 
test cocks. 

6. Slowly open the discharge gate valve. The Model 
575 Reduced Pressure Principle Backftow Pre­
venter is now in service. 

7. If "spitting" or intermittent discharges from the re­
lief valve are noted, "spitting" (drainage) from the 
relief valve could be a result of pressure fluctua­
tions andlor water hammer condition in the sys­
tem. If such condition exists, install water pressure 
reducing valves or water hammer shock arrestors 
in compliance''wi!h I!dust'Y standards as needed. 

8. After the baCkfIow p,.ev~ter has been properly 
installed, t.the deY!ce~"Testing the Modet 
575 Device"k.1f the devii,"''' the1est, .rernove 
the first and $8cond .chec:i( va~. and thoroughly 
flush the device. If the relief yalWflillsto operate 
properly, in8Pect the sensing J!I!e for·dfogging 
(also see maintenance ~). CleinUibber 

=~ of all debris and pIace:~nit ~~ier-
MODEL 550 DOUBLE CHEcK::t ..... .'. ......., . 

VALVE ASSEMBLIES . \;" 

1. Start with both gate valves closed. Slowly open 
the inlet gate valve. until the baal&tIow preventer. is 
completely pressunzed. . .• ~ 1::· . 

2. When the unit has been. ~~, vent any 
trapped air by opening the t&it COCks; Close tfi8 
test cocks when water .appears. -,t- the 'Vents. . 

3. SIowfy open the discharge gale. Th8 double ched,t 
valve assembly is now in~: . 

4. Alter the device has been RIaced in service, test 
the device (see ''Testing the ~ 550 Device"). 
. ' .... , 

~ --,,' 
, ~~ 



NOTE: The following test procedures conform to the 
recommendations of the "Foundation for Cross­
Connection Control of the University of Southern 
California." 

The lest procedure for Ihe Model 575 Reduced 
Pressure Backflow Preventer is based on use of the 
Midwest Model 830 Test Kit. 

The test procedure for the Model 550 Double Check 
Valve Assembly is based on use of the Midwest 
Model 890 Test Kit. 

TESTING THE MODEL 575 
DEVICE WITH RP TEST KIT 
1. PRELIMINARY STEPS (Fig. 2) 

a. Connect the HIGH (red) hose of the test kit to 
the No.2 test cock of the backflow preventer. 

b. Connect the LOW (green) hose of the test kit to 
the NO.3 test cock of the backflow preventer. 

c. Open test cock No. 2 and test cock No. 3 on the 
backflow preventer. 

d. Open the VENT valve of the gauge (black). 

e. Open the HIGH (red) valve and bleed to atmos­
phere until air has been expelled. Then. close 
the HIGH valve. 

f. Open the LOW (green) valve and bleed to 
atmosphere until all air has been expelled. 
Then. close the LOW valve. 

g. Close the VENT valve. 

h. Close the No.2 gate valve on the backflow pre­
venter. 

i. Proceed with the No. 1 check valve test. 

j. Be sure there are no leaks. This will distort test­
ing results. 

2. NUMBER 1 CHECK VALVE TEST 

Purpose: To determine the static pressure drop 
across check valve 111. 

Requirement: The static pressure drop across 
check valve No. 1 shall be at least 3 psi greater 
than the opening pressure of the differential relief 
valve. 

The PSID (differential pressure) reading on the kit 
gauge IS the normal static pressure with no flow for 
the No. 1 check valve. This value should be re­
corded for record purposes. The reading should 
hold steady and not decrease. 

If the reading decreases and continues to do so, 
the valve is leaking. Clean and inspect the No. 1 
seal ring and seal. Refer to "Maintenance Proce­
dure" for correction steps. 

3. RELIEF VALVE OPENING PRESSURE TEST 

Purpose: To test operation of pressure differential 
relief valve. 

Requirements: The pressure differential relief 
valve must open before the "line to zone differen­
tial pressure" reaches 2 psi. 

a. Open the HIGH (red) valve on the test kit a 
number of fums. 

b. Open the LOW (green) valve very slightty untit 
the gauge pointer begins to drop. This estab­
lishes a bypass. line to zone. 

c. Hold the LOW (green) valve at this position. 
Observing the PSID gauge. place one hand be­
neath the retief valve drain 10 sense the first 
discharge. 

Record the gauge reading of first discharge. 

If this value is less than 2 Psi. the relief valve is 
malfunctioning. Repeat preliminary steps (1a 
thru 1 i) and test steps 3 a thru 3c. If results are 
repeated make sure the No.2 gate is complete­
ly closed. If condition persists. check for a plug­
ged Sensing line or the relief valve is stuck 
closed by corrosion. Refer to "Maintenance 
Procedure" for valve repair steps. 

TEST PROCEDURE 
4. NUMBER 2 CHECK VALVE TEST 

Purpose: To test the NO.2 check valve for tight­
ness against reverse flow. 

Requirements: The valve must be tight against re­
verse flow under all pressure differentials. 

a. Connect the VENT (black) hose of the test kit to 
the No. 4 test cock on the backflow preventer. 
Open the No. 4 test cock. 

b. Observe the differential pressure with all gauge 
valves closed. 

c. Open the HIGH (red) and VENT (black) valves on 
the test kit. This places line pressure on the down­
stream side of the,.No. 2 check valve. 

The PSID reading on the gauge should hold steady 
with valves open. 

If the gauge readi\1Q continues to decrease the valve 
is leaking. Clean and inspect the No. 2 seal ring and 
seat. Refer to "Maintenance Procedure" for correc­
tion steps. 

liD-WEST lod.1 830 
R P VALVE TEST KIT 
Sch.matic Dia,ra. . . 
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FIGURE 2. TYPICAl. TEST SET-UP. SCHEMATIC 

DIAGRAM - RP 

MID-WEST MODEL 890 TEST KIT 
Double CheCk Valve. Backflow 

Prevention Assembly 

Schematic Diagram 
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FIGURE 3. TYPICAl. TEST SET-UP. SCHEMATIC 

DIAGRAM-DC 

TESTING THE MODEL 550 
DEVICE WITH DC TEST KIT 
1. PRELIMINARY STEPS (fig. 3) 

a. Connect HIGH (red) hose to test cock No. 2 of 
the double check valve assembly. 

b. Connect LOW (green) hose to test cock No.3. 

c. Open test cocks No.2 and NO.3. 

d. Open HIGH (red) and LOW (green) valves on 
test kit to bleed air from lines and fill hoses. 

e. Close red and green valves. 

f. Close shutoff valve No.2 

g. Close shutoff valve No. 1 

2. TESTING NUMBER 1 CHECK VALVE 

Purpose: To test No.1 check valve for tightness 
against reverse flow. 

Requirements: The valve must be tight against re­
verse flow under all pressure differentials. 

a. Bleed off upstream pressure by slowly opening 
HIGH (red) valve until red pointer on test kit 
reads about 2 psi less than downstream side as 
indicated by green pointer. 

b. Close red valve. 

c. Both pointers should hold steady and maintain 
2 psi differential. 

d. If both pointers drop in (a.) check valve indi­
cates leakage. 

e. To confirm if valve leaks: 
1. With No. 1 shutoff valve still closed. open 

green valve and bleed both pointers down 
about 10 psi. 

2. Close green valve. 

3. Connect bypass (black) hose to No. 1 test 
cock on device. 

4. Open test cock No. 1 

5. Slowly open both red and green valves 
together. placing line pressure on down­
stream side of check valve and venting up­
stream side. 

6. Red Pointer should decrease and green 
pointer increase. 

7. Close red valve. 

8. Red pointer should hold steady. 

9. If red pointer continues to increase. the check 
valve leaks. See "Maintenance Instructions" 
lor correction steps. 

f. Close al\ kit valves. test cocks and disconnect 
hoses from device. 

3. TESTING NUMBER 2 CHECK VALVE 

Purpose: To test No. 2 check valve for tightness 
against reverse flow. 

Requirements: The valve must be tight against re­
verse flow under al\ pressure differentials. 

Repeat steps of test of No. 1 check valve except 
With hoses connected red to test cock No. 3 and 
green to test cock NO.4. 
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MAINTENANCE INSTRUCTIONS 
CAUTION: 
proper performance is dependent upon licensed, 
Qualified personnel performing regular, periodic test­
ing according to WILKINS' specifications and prevail­
ing governmental and industry standards and codes. 
Failure to do so could result in an improperly lunc­
tiomng device. 

All Model 575 Backflow Preventers and Model 550 
Double Check Valve units must be inspected and 
maintained by licensed personnel at least once a 
year or more frequently as specified by local codes. 
Replacement of wom or damaged parts must only be 
made with genuine ·'WILKINS" parts. The WILKINS 

. Certificate of Umited Warranty provides that failure 
to do so ··releases WILKINS of any Uability that it 
might otherwise have with respect to that device." 
Such failure could also result in an improperly lunc­
tioning device. 

Model 575 devices should be thorougrrty flushed af­
ter backflow conditions OCCur to prevent any type of 
corrosive deterioration to its components. Failure to 
do so could result in malfunction of the device. 

1. GENERAL 

Maintenance of either the Model 575 Backflow 
Preventer or the Model 550 Double Check Valve 
Unit can be perforined without removing the de­
vice from the line. There are NO SPECIAL TOOLS 
required. 

2_ CHECK VALVES 

To service the Check Valves, proceed as follows: 

a. Shut off the No.2 gate valve, then shut off the 
No.1 gate valve. 

b. Open the No.2, No. 3 and No. 4 test cocks to 
release pressure and drain water from the 
backflow preventer. 

c. On the Model 575, lOOsen the sensing tube nuts 
and remove the senSing tube from the top of the 
check valve and the relief valve. 

CAUTION: Take care in removing the cover in 
the following steps. Tn~ cover is spring loaded. 

d. Holding the cover down firmly, loosen and re­
move the bolts which mount the cover of the 
check valve. 

e. Holding the cover firmly, remove the loosened 
bolts. Dispose of bolts so as to free both hands 
for component removal. 

f. Ease cover outward until spring tension has 
been relieved. 

g. Reach behind cover and hold spring and/or 
poppet assembly In place while disposing of 
cover. 

h. If spring and poppet are not unitized, for ease of 
handling, ease spring out, restraining poppet 
while disposing of spring. Otherwise, remove 
poppet assembly. 

i. On some models, the sleeve is not held in place 
by retaining screws. 

Restrain sleeve by holding flange while remov­
ing and disposing of poppet. 

NOTE: If poppet and spring are utiliZed, sleeve 
is retained by screws. 

j. If sleeve is not retained, loosen and remove 
sleeve. otherwise, loosen screws and withdraw 
sleeve for inspection. 

WARNING 

Unitized poppet assemblies arB factory repairable 
only. Do not attempt to disassemble. Springs are 
held in compression and injury can result if springs 
are released. 

k. Inspect the rubber seal of the poppet assembly 
for cuts or embedded debris. 

I. II damage is noted, loosen and remove the 
screw holding the seal retaining washer in 
place. 

m. Remove seal ring. 

n. If reverse side of seal is unused, invert seal and 
reassemble, otherwise replace with proper 
"WILKINS" seal. In reassembly, be sure seal is 
lully seated and "flat" in poppet. 

o. Inspect valve cavity, remove accumulated silt, 
dirt or debris. Wipe O-ring seats clean. 

p. Inspect sleeve and valve seat area. Wipe clean. 
II valve seat has been damaged. sleeve should 
be replaced. 

Q. Inspect O-ring seals on sleeve. II damaged or 
cut, replace with proper ·'WILKINS'· part. 

r. Inspect cover. Wipe O-ring seat clean. 

s. When inspection and cleaning and repairs are 
completed, reassemble, check valve following 
steps j through c above. 

t. Reassemble the sensing tube removed in (c.). 
Be sure clamping collars are light. (See '·Relief 
Valve" before reassembling.) 

u. Refer to "Placing DeVice in Service" section 
above to reuse device. 

v. Inspect device after water iltumed on and be­
fore testing to eliminate lea~s. 

3_ RELIEF VALVE 
( 

The relief valve is more easily serviced if it is dis­
mounted from the valve body. 
To df.mount: 
a. Close No. 1 and No. 2 gate valves and open 

test cocks No. 2 and NO.3 to relieve pressure. 

b. Loosen and unscrew the sensing tube nuts. 

c. Remove and inspect tUbes for possible de­
posits of debris. Clear Out tubes and their con­
nectors on the check valve unit. 

d. Hold the valve to keep rt from falling. Loosen 
and remove the two mounting bolts. 

To •• rvlc. the r.fI.f v.lve: 

a. Loosen and remove the bolts holding the cover 
in place (cover is not spring loaded). 

b. CAUTION: During disassembly and reassem­
bly take care not to twist or apply torque to the 
diaphragm. Twisting could tear the diaphragm. 
Do not remove the relief valve disc while the 
cover is in place. Damage to the disc could re­
sult from such removal. 

c. Remove the O-Ring surrounding the di­
aphragm. Loosen and free rim of diaphragm 
from body. 

CAUTION: Sprfng ••• t beneath diaphragm I. 
.prlng lo.d.d_ Hold firmly down while dis­
assembling. 

d. Pressing and holding diaphragm down loosen 
and remove retainer nut. 

e. Slowly ease spring seat upward until spring 
pressure is relieved. 

f. Carelully lift off the diaphragm and spring seat. 

NOTE: In some models the spring seat and di­
aphragm backing are two separate pieces. 

g. Inspect the diaphragm for possible pinholes, 
cuts, tears or frayed fabric. If damage is noted, 
replace the diaphragm with proper "WILKINS·' 
part. 

h. Replace the O-ring with new, proper "WIL­
KINS" part. 

Loosen and remove screws holding shaft guide 
in place. Remove shaft guide. 

j. With a %,0" Allen wrench, loosen and remove 
screws holding lower diaphragm and retainer in 
place. • 

k. Uft valve stem to expose stainless diaphragm 
retainer. Carelully loose;, and remove retainer. 

Invert valve body. Loosen and remove bolts 
holding mounting flange in place. Remove 
flange. 

WARNING: DO NOT NICK OR OTHERWISE 
DAMAGE THE BEVELLED SEATING SUR· 
FACE, EVEN SLIGHT DAMAGE CAN RE· 
SULT IN A LEAKING VALVE. 

NOTE: In some models, the mounting flange 
and valve seat are two separate pieces. 

m.1I stainless valve seat is a separate part, press 
firmly on far end of stem to dislodge seat. Re­
move seat. 

n. Remove and replace O-rings on mounting 
flange and valve seat (only if separate pen) with 
proper 'WILKINS" parts. 

o. Inspect bevelled valve seat, if dan18ged, re­
place with proper "WILKINS" part. 

p. Grasp legs of valve seal retainer and withdraw 
valve stem. 

Q. Replace O-ring on stem With proper ·WILKINS·· 
pan. 

r. Reach into caVity and use fingers to carefully 
dislodge lower diaphragm. 

s. Inspect diaphragm for possible Pinholes. cuts, 
tears or frayed fabric. If damaged, replace With 
proper "WILKINS'· part. 

I. Loosen and remove bolt holding seal retainer 
Remove seal retainer. 

u. Carefully insert knife blade between outer edge 
of rubber seal and brass retainer. Pry edge of 
seal upward. Remove seal. 

v. Inspect seal for possible embedded debris or 
cuts. If damaged, and reverse side of seal is 
unused, invert and reassemble: otherwise, re­
place seal with proper ·WILKINS·· part. 

NOTE: When reassembling seal, first, be sure 
seal cavity is wiped clean. Then be sure seal is 
fully seated (no bulges) before assembling and 
securing retainer. 

TO REASSEMBLE VALVE 

Reassemble the relief valve following sequence of 
steps "p" to ·'a·' above with following guides. 

To R ••••• mbl. Valv. S •• t .nd St.m to Va Iv. 
body (Ref. items p to I). 

Carefully insert legs of retainer into valve seat and 
lower into valve body. Then bolt mounting flange 
in place. 

To A ••• mbl. Low.r DI.phr.gm (Ref. items n, k, 
j,) 
1. Fit stainless lower diaphragm retainer over dis­

tended diaphragm properly aligning holes in re­
tainer and diaphragm. 

2. Holding flange of diaphragm lightly press cup 
down until ftush with flange. 

3. Holding valve body and pressing stem upward, 
lower diaphragm and retainer over stem, aligning 
all holes and lightly press into place on stem. 

4. Insert and tighten retaining screws. 

/;; Place valve body with ··mounting flange down'· on 
clean work surface. 

6. Carefully press flange of diaphragm into place in 
body. 

To A ••• mbl. Spring, DI.phr.gm, .tc_ (Ref. items 
g to d). 

1. After valve guide is assembled, place spring and 
spring seat (with pivoting diaphragm backing 
washer, if separate) in place on spring. Place di· 
aphragm with printing against backing plate. 

2. Carefully depress spring fully by pressing on di­
aphragm, allowing threaded stem to protrude 
through hole in diaphragm. Place washer and fin­
ger tighten nut. 

3. Holding backing place from turning, tighten nut. 

4. Carelully seat diaphragm on body by tucking ex­
cess down alongside backing plate. Minimize 
wrinkles as far as possible. 

5. Seat O-ring around outside of diaphragm. 

6. Place cover w/ports on same side of valve. Place 
and tighten cover bolts. 

PLACING BACKFLOW UNITS BACK IN SERVICE 

1. Remount valve to backflow unrt being sure O-ring 
seat is in place in valve. 

2. BefOrB reassembling sensing tubes from valve to 
device as required, check to be sure lines are free 
of debris, etc., as are fittings on device. Reconnect 
sensing lines. 

3. Open gate valve No. 1 and bleed any entrapped 
air through vent cocks. 

4. Check complete unit for leaks. Tighten as re­
Quired. 

IMPORTANT: After servicing either the Model 
575 or Model 550 devices, they must be tested per 
"Test Procedure" above. 

5. After testing, open gate valves and the device is in 
service. 

NOTE: II any Questions concerning the installation, 
inspection or maintenance instructions arise, contact 
the Manager of Consumer Relations at WILKINS' 
Home Office. 



MODEL 550 

Gate Valve (tapped) 
Gate Valve 
Bolt 
Nut 
Gasket 
Cover Plate 
O-Ring 
Stud 
Nut 
O-Ring (small) 
O-Ring (large) 

RELIEF VALVE 

~ .. , -

• 

'" 

:11 
12 
13 
14 

: 15 

~
:-.. ~; 

18 

~ 
MODEL 575 

1 Fitting 
2 Screw 
3 Bleed Screw 
4 Cover 
5 Hex Nut 
6 Washer 
7 Large Diaphragm 
8 Spnng Retainer 
9 Spring 

10 Pan Head Screw 
11 Guide 
12 Large O-Ring 
13 Retainer 
14 Small Diaphragm 
15 Body 
16 Small O-Ring 
17 Piston 
18 Seal Ring 
19 Seat Guide 
20 Hex Head Screw 
21 Seat Flange 
22 Fitting 
23 O-Ring 

Gate Valve (tapped) 
Gate Valve 
Bolt 
Nut 
Gasket 
Control Assy. 
Stud 
Nut 
O-Ring, small 
O-Ring, large 

Screw 20 Stop Valve 
Sleeve 21 Nipple, short 
Screw (poppet) 22 Nipple, long 
Retaining Plate 23 # 1 Poppet Assy. 
Seal Ring 24 #1 Cover 
#2 Poppet Assy. 25 O-Ri 
#2 Cover 26 Pitot ~ube Assy. 
Bolt, Cover 27 Fitting 
Pipe Plug 28 Tube 1 

29 Tube 2 
30 ,Washer 

FOR PART NUMBERS PLEASE SEE THE WILKINS BACKFLOW PREVENTER PARTS CATALOG. 

WILKINS REGULATOR Co. 
A Division of Zum Industries, Inc. 

1747 Commerce Way 
Paso Robles, CA 93446 

805-238-7100 
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backflow preventers 
reduced pressure principle 
sizes 2V2/, 3", 4", & 6" 

Specilleationa: The Reduced Pressure Backflow Preventer shall 
consist 01 a connecting pressure differential relief valve located 
between two Independently operated spring-loaded poppet 
type check valves. The maincase shall be epoxy coated inside 
and outside and consist of four test cocks which provide for 
in·line testing and maintenance. Stainless steel springs and 
corrosion resistant materials shall be used throughout Head 
loss characteristics shall be at least equal to Wilkins' Model 
575. The relief valve functions automatically by sensing the 
pressure differential across the first check' valve and discharges 
backtlow to atmosphere in the event the check valves become 
damaged or lou led. 

Features: 
• Low head loss - exceeds all standards, lowest in industry. 
• Low maintenance costs - no speCial tools required to 

service units, lew moving parts, in-line serviceability. 
• Compact size - easy to install. 
• Epoxy coated maincase - inside and outside - corrosion 

reSistant, heat treated application for long lite, sturdy and 
durable. 

• Bronze poppet type check valves - unitized spring 
assembly tor safety, independently operated, stainless steel 
springs, corrosion resistant. 

• One piece bronze sleeve and seat - easy to remove, 
corrOsion resistant 

• Hydraulically actuated relief valve - discharges backtlow 
to atmosphere . 

• Temperature range - 33°F - 140°F, 
• Maximum operating pressure - 150 psi. 

Application: Designed for potable water systems where a 
potential health hazard exists. 

:r - PRESSURE LOSS 4.5 PSI AT m GPM MAX. FLOW RATE 
4- - PRESSURE LOSS 5.1 PSI AT 500 GPM MAX. FLOW RATE 

; ·11If::i~li~l::iz 'I: 
0, ..... _______ _ 

P\ff!'umft1~~,..~e .• Uaw'" preaau .. 1oaI. 

1618 NEW BRIGHTON BLVD. 
MINNEAPOLIS, MN 55413 

(612) 781-4342 

it< 

® 
Dimensions: 

Siu 

1013 

AWWA 
C·506 

Dimonllgnl IInc:hftl 

. 

/.~ 
{. '" 
.I.."I,JL.,'.! 'I.t: 

Wt.lb .. 
Inehe. A B C D E F (approlC.1 

3 36 20 a:Y4 13% 5 5 287 

4 461h 28 9 15 5 5 462 
6 57'4 36 16 18 7 7 737 

--------------------------------------Confliyratlona: 
• Sizes - 2Va", 3·, 4·, 6-
• Manifolds for uninterrupted service -

6" Line - 6" )( 3" )( 3". 
8" Line - 8" )( 4" )( 4". 
10" Line - 10" )( 6" x 6", 

• Gate Valves - Specify with gates, less gates or as & V. 
• Connections - Flanged. 

,I, .. 

.:. ' 

1 Gale Valve (lapped) 
2 Gale Valve 
3 Bolt 
4 Nut 
5 Gasket 
6 Control Al$y. 
7 Stud 
a Nul (Hex) 
9 O-Ring, small 

10 C·Ring, large 
11 Sc:rew 
12 Sleeve 
13 Screw (poPpel) 
14 Retaining Plale 

• I ,", 

7 



. 8HJ1MfiZ)!!3UA:i 
~ 

MODEL #S1-WAFER STYLE 
MODEL #S2-FULL LUG STYLE 

Superior design and construction of 
a 150 psi WOG rated butterfly valve 
provides bubble tight performance 
with minimum torque, and with three 
oil impregnated bushings you are 
assured years of trouble free service. 

Designed for ANSI 125/150 lb. 
class flanges. these valves comply 
with MSS-SP-2S. MSS-SP-67 
and API-609 specifications. 

Features 
• Cast in-place mounting flange 

accommodates gear operators; 
pneumatic. hydraulic. diaphragm 
and electric actuators. 

MODEL #SS-WAFER STYLE 
MODEL #S6-FULL LUG STYLE 

An economiC, general purpose, full 
performance butterfly valve. bubble 
tight rated at 200 psi WOG that 
meets the stringent demands of the 
processing industries as well as the 
needs of the mechanical contractor 
in HVAC applications. 
Designed for ANSI 125/150 lb. 
class flanges. these valves comply 
with MSS·SP·25. MSS·SP-67 and. 
API-609 specifications. 

• O-ring seal provides permanent 
lubrication and prevents atmos­
pheric contamination. 

• Streamlined disc design reduces 
pressure drop and minimizes 
turbulence. 

• Resilient seat design eliminates 
the need for flange gaskets. 

• Each valve hydrostatically tested 
on both sides to 175 pSi. 

• Three heavy-duty bronze stem 
bushings are oil-impregnated to 
provide maximum stem support 
while keeping torque at a mini· 
mum by absorbing side loading 
for optimum operator performance. 

Features 
• Cast in-place mounting flange 

accommodates all types of opere 
ators: manual handles and gear 
operators; pneumatic. hydraulic, 
diaphragm and electric actuators. 

• Each valve hydrostatically tested 
on both sides to 225 pSi. 

• Dual stem seal is between disc 
and seat spherical hubs (Patent 
356394). additional seal from 
seat O·ring. 

• Oil impregnated bronze bushings 
provide maximum stem support 
while accepting side loading to 
minimize torque for peak operator 
performance. 

UNIVERSAL INDUSTRIAL PRODUCTS COMPANY 

• Redundant stem seal is obtained 
between disc and seat hub 
(primary); a secondary seal is 
obtained with the seat O·ring. 

• One piece stem design provides 
high strength. positive attachment 
to disc with pins and welch plugs. 

• Long·neck design allows ample 
clearance for insulation. 

• All lug bodies are threaded. 

• All wafers have drilled Quide lugs. 
except 20" and 24" whIch are 
threaded. 

• Lug style suitable for dead·end 
service when downstream flange 
is used. 

• Two piece stem design allows 
field replacement of seats. 

• Streamlined disc design reduces 
pressure drop and minimizes 
turbulMce. 

• Resilient seat design eliminates 
the need for flange gaskets. 

• Long neck design allows ample 
clearance for insulation. 

• All lug bodies are threaded. 

• 10" and 12" wafers have drilled 
guide lugs. 

• Lug style suitable for dead-end 
service when downstream flange 
is used. 

D"l'luu.(I 
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l?-i?~~-'--=:: .. 
TA'IIZI 

Drilled guide lugs on 10· and 12~ 

u 

Clearance hole diameler lor Ihe drilled lug oplion or weIer i& laPPed size + Y.~ 

8 9 9 13 18 20 34 61 93 147 202 260 333 511 

8 11 11 18 22 25 42 72 110 160 231 286 378 543 

16 20 23 38 66 101 

5 7 8 11 15 19 34 59 94 

7 8 9 17 21 25 42 73 112 V 
• Doe, nol include operalor. 

~ ... 
II '1"lt(111 UNIVERSAL INDUSTRIAL PRODUCTS COMPANY 
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Example: 1-2--61-ANI3-1 

2"·12" PHENOLIC REINFORCED RESILIENT SEAT 

SIZE: 2" 2'12- 3- 4" 5" 6" a- 10" 12" 
STYLE: 51-Waler 52-Full Lug 53-Semi Lug 

BODY: A -Castlron/ASTM A·126-8 H -316 Stainless/ASTM A-351 Grade CF-8M 
C -M MetallASTM 8-61 I -Ductile Iron/ASTM A·395 Class 60-40-18 
o -Carbon Steel/ASTM A·216 Grade WCB J -Aluminum/ASTM B·26356T6 

STEM: H-316 SS/ASTM A-479 N-416 SS/ASTM A·582 P-Alloy2O SS Q-MoneIlASTM 6-164 

DISCS: H -316 SS/ASTM A·351 Grade CF-8M FILIoropolymer Coated Dllcl: 
I -Ductile Iron Nickel Coated/ASTM A-395 Class 60-40018 W-Ductile Iron. Kynar \rVDFJ Coated/~Pin Hole Free) 
K -Bronze/ASTM B-62 Y -Ductile Iron, Halar ( CTF ) Coated (Pin Hoi. Fr •• ) 
Q -MoneIlASTM A·743 M·35-2 
Z -Ductile Iron Non·Coated·1 ASTM A-395 Class 60-40-18 

SEATS: 3-Buna·N ASTM 0·2000 MZBF 717 814 834 E014 E034 7-Tellon 8una·Baset 
4-Viton ASTM 0-2000 M4HK 707 8-Black Neoprene ASTM 0-2000 M3BC 710 A14 El04 E034 
5-H~palon ASTM 0·2000 MZCE 717 A16 B15 i-White Neo~rene ASTM 0-2000 M5BC 714 B14 E014 E034 
6-E OM ASTM 0·2000 MZCA 714 A25 B44 EA14 S17 G211FDA ille 21. Paragraph 177.2600 

OPERATOR: O-Without Operator 4-lnlinite Pos. with Memory 7-Hydraullc 08erator 
1-10 POSition Handle 5-Gear Operator a-Pneumatic perator 
2-10 Pos. with Memory I-Electric Operator 9-0ther Operator 
3-lnlinite Position 

14"·24" RESILIENT SEAT 
SIZE: 14- 11" 1a" 20" 24-
STYLE: 51-Wafer 52-Full Lug 
BODY: A -Cast Iron/ASTM A·126-8 I -Ductile Iron/ASTM A-395 Class 60-40018 
STEM: H-316 SS/ASTM A-479 N-416 SS/ASTM A·582 P-Alloy2OSS 
DISCS: H -316 SS/ASTM A·351 Grade CF-8M 

I -Ductile Iron Nickel Coated/ASTM A-395 Class 60-40-18 
K -Bronze/ASTM B-62 
Z -Ductile Iron Non-Coated·/ASTM A·395 Class 60-4().18 

SEATS: 3-Buna·N ASTM 0-2000 MZBF 717 B14 B34 E014 E034Z a-Black Neoprene ASTM 0-2000 M3BC 710 A14 El04 E034 
4-Viton ASTM 0·2000 M4HK 707 i-White Neo~rene ASTM 0·2000 M5BC 714 B14 E014 E034 
5-H~palon ASTM 0·2000 MZCE 717 A16 815 G21/FDA ille 21. Paragraph 177.2600 
6-E OM ASTM 0·2000 MZCA 714 A25 B44 EA14 Sl7Z 

OPERATOR: o-Without Operator I-Electric Operator a-Pneumatic Operator 
5-Gear Operator 7-Hydraulic Operator i-Other Operator 

2"·12" RESILIENT SEAT 

SIZE: 2- 21f1" 3" 4" 5" s" a" 10" 12" 
STYLE: 55-Waler ~6-Full Lug 
BODY: A -Cast Iron/ASTM A·126-B . ( I)-Ductile Iron/ASTM A·395 Class 60-4()018 
STEM: H-316 SS/ASTM A-479 N-416 SS/ASTM A·582 v · P-Alloy 20 SS Q-MoneIlASTM B·l64 
DISCS: H -316 SS/ASTM A·351 Grade CF-BM FILIoropolymer Coated DIICI: 

I -Ductile Iron Nickel Coated/ASTM A-395 Class 6Q.4O..18 W-Ductile Iron. Kynar \rVD~ Coated/(Pin Hole Free) 
K -Bronze/ASTM B-62 Y -Ductile Iron, Halar ( CTF ) Coated/(Pin Hole Free) 
Q -MoneIlASTM A·743 M-35-2 
Z -Ductile Iron Non-Coated·/ASTM A-395 Class 60-40-18 

SEATS: 3-Buna·N ASTM 0-2000 MZBF 717 B14 B34 E014 E034Z 6-EPDM rood Grade)·· ASTM 0·2000 BCA 7520 A25 B35 G21 
6-EPDM ASTM 0·2000 MZCA 714 A25 B44 EA14 S17Z EA141 DA Tille 21. Paragraph 177.2600 

OPERATOR: O-Without Operator 4-lnfinite Pos. with Memory 7-Hydraulic 08erator 
1-10 Position Handle .. 5-Gear Operator a-Pneumatic perator 
2-10 Pos. with Memory 6-Electric Operator 9-0ther Operator 
3-lnfinite Position 

Available Options: Other material available. consult factory •• Non-Coated Ductile Iron Disc not recommended for water or corrosive &elVice ••• Specify: Food Grade 
t 150 PSI rated. Above items nOI nece&Sal'ily carried in slOCk. 

(i'llluU.b 
UNIVERSAL INDUSTRIAL PRODUCTS COMPANY 

u 
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MAXIMUM FLOWI PRESSURE DROP DATA 
Flow with Valve Full Open 

2· aVo· 3· •• 

in 

o • .. .. °7 ! .. 
:I .. 

= A 

.2 

., 

Flow In Q = Gallons Per Minute 

The flow characteristic of a valve 
is described as its Cv value. Cv is 
defined as the maximum flow of 
60°F water expressed in GPM 
(Gallons Per Minute) which produces 
a 1 PSI drop across the valve. 

Formula for fluids: 

Cv=oYfp 

0 .. FlowGPM 

AP = Pressure Drop in PSI 

G = Specific Gravity 

To size a valve: 

For "On/Off" Service: simply select 
a valve which is the same as the 
piping system. 

For Throttlin~ Service: Use Cv data 
30° to 60° diSC opening value from 
Cv table. 
Valve sizing for throttling, tollow 
these steps: 
1. Flow required in the system (0). 

Maximum allowable pressure 
drop (AP). Specific Gravity of 
pipe line medium (G). 

2. Calculate Cv using above formula. 
3. Determine valve size and degree 

disc must be open from Cv table. 
4. Make sure that maximum line 

3 4'. 71"0000 

velocity does not exceed the 
recommended maximum valve 
velocity, i.e .• LIOUIDS: 20 ft./ 
second. GASES: 15,000 ft./minute. 
V = a x .321 (liquid only) 

A 
A .. Area of pipe in square inches 

Example: Throttling Service 

Given: 0 = 5,000 GPM (Flow) 
6P -= 1.75 PSI (Pressure Drop) 
G ... 750 (Specific Gravity/ 

Gasoline) 
, 

«tv VAI.UE& 

2 130 87 60 
2% 190 127 87 
3 360 241 166 
4 ~ 650 435 300 
5 1400 938 644 

• 1900 1273 875 
8 3300 2200 1518 

'10 5000 3350 2300 
12 7500 5025 3450 
14 9500 6365 4370 ,.' 13400 8978 6165 
18 17,200 11500 7910 
20 21300 14270 9800 
24 30000 20100 13800 

I / / 
fUll OPEN 72° 60° 

, 

1. -'" m A rrso 
Cv-Oy Aj:i-=5000Y 1.75-3273. : '1 

2. From Cv table: 12" valve has Cv V 
range 825-3450,30°.60° open 
disc. . 

3. Velocity. V • 0 x .321 
A 

=5000x.321 =14.2 ft/sec 
113.1 

which is within the limits, so for 
the given conditions a 12" valve 
should be used. 

.. " •. 1, ' , 

43 25 14 6 
63 36 21 9 

119 66 39 18 
214 123 71 32 
462 266 154 70 
627 361 209 95 

1089 627 363 165 
1650 950 550 250 
2475 1425 825 375 
3135 1800 1050 475 
4420 2550 1475 670 
5676 3270 1892 860 
7030 4050 2350 1065 
9900 5700 3300 1500 

/ / / ~ 

SOo 40° 30° 20° 

UNIVERSAL INDUSTRIAL PRODUCTS COMPANY 



SIEMENS 



SIEMENS 

Description 

The contactor has three (3) power poles and up to four (4) 
auxiliary contacts See faceplate for terminal marking. The coil 
terminals are marked A 1 and A2. Terminals 1 through 6 are 
power pole terminals; 13 through 44 are auxiliary contact 
terminals. 

Maintenance 

No maintenance is required on the contacts. Main and 
auxiliary contacts are not accessible and the entire contactor 
needs to be replaced when end of life is reached. 

If the contactor hums, dust may have accumulated on the 
magnet pole faces. These pole faces can be cleaned by 
disassembling the contactor. Clean the pole faces with a lint 
free cloth. Do not use a degreasing agent, nor scratch with a 
pointed object. After prolonged period of operation, excessive 
humming or rattling may indicate that the device has reached 
the end of its service life and should be replaced. 

AC Coil Replacement 

Figure 1 

Distribution and Controls Division 

World Series 
3TF Contactors 
Cat. No. 3TF40 

3TF41 

CP 3052.16 
Issue 02, February, 1995 

Installation and Maintenance 

A. WARNING 
Hazardous voltage could result in death 
or serious injury. 

Disconnect power before proceeding with 
any work on this eqUipment. 

DC Coil Replacement 

Figure 2 

Industrial Control Products 



Contactor Rating Terminals 

Catalog UL Maximum Horsepower Rating Type Wire Size TIghtening Torque 

Number Max. Ratings 
Amperes Single Phase Three Phase: Motor Voltajle 

(2118 - 12 AWG 7 - 12 lb. in. 115 230 200 

3TF40 20 1/2 1-1/2 2 

3TF41 20 1 2 3 

Auxiliary Contact Ratings - Heavy pilot duty A600/P600 

Volts Make Break 
(AC) VA Amps VA 

120 7200 60 720 

240 7200 30 720 

480 7200 15 720 

600 7200 12 720 

Volts Make/Break 
(DC) Amps 

125 11 

250 0.56 

600 0.2 

Coil Data CD 

AC Operation 

Inrush VA 
pf 

Sealed VA 
pf 

DC Operation 

Inrush = Sealed W 

':] Coil voltage tolerance IS 0.8 to 1.10 times rated coil voltage. 

Ambient Temperature 

Range permissable during: 
Operation = -25 to +55°C (-13 to + 131°F) 
Storage = -50 to +80oC (-58 to + 176°F) 

Siemens Energy & Automation, Inc. 
Canton, Georgia 30114 

Distribution and Controls Division 

Amps 

6 

3 

1.5 

1.2 

75 
0.75 
94 
0.29 

6.2 

230 

3 

3 

460 575 Power 

5 7-1/2 
Control (21 18-12AWG 7-12Ib.ln. 

7-1/2 10 

Renewal Parts 

Description Catalog No. 

AC Coils: 

24V 60 Hz 3TY7403-0AC2 

120V60 Hz 31Y7403-OAK6 

208V 60 Hz 3TY7403-0AM 1 

240V 60 Hz 31Y7403-0AP6 

277V 60 Hz 31Y7403-0AUl 

460V 60 Hz 31Y7403-OAOO 

600V60Hz 3TY7403-0ASO 

DC Coils: 

24V 3TY4803-OBB4 

48V 3TY4803-OBW4 

125V 3TY4803-0BG4 

240V 31Y4803-0B04 

Short Circuit Withstand 

Suitable for use on a circuit capable of delivering not more 
than 5000 rms symmetrical amperes, 600 volts maximum. 
Use Branch Circuit Protection device in accordance with the 
National Electrical Code (NEC) Article 430-52. See starter 
enclosure for higher short circuit ratings. 

These Instructions do not purport to cover all details or variations in eQuipment. nor to provide 
for every possible contingency to be met in connection With installation, operation, or mainte­
nance. Should fun her information be deSired, or should pal1lcuiar problems arise which are not 
covered sufficient IV for the purchaser's purposes, the maner should be referred to the local 
Siemens Energy & Automation. Inc. Sales Office. 

The contents of this instruction sheet shall not become part of or modify any prior or existing 
agreement. commitment or relationship. The sales contract contains the entire obligation of 
Siemens Energy & Automation, Inc. The warranty contained in the contract between the parties 
IS the sole warranty of Siemens Energy & Automation, Inc. Any statements.contalned herein do 
not create new warranties or modify the existing warranty. 

Industrial Control Products 





SIEMENS 

Siemens Energy & Automation, Inc. 
Wilmington, N.C. 28403 U$.A. 
Assembled in Mexioo 

Installation Procedure 

ADANGER-
Hazardous voltage. 
Will cause severe 
injury or dealh. 

Tum ott and lock 
out all power before 
installing or 
servicing. 

A SAFETY INSTRUCTIONS 

NOTE: This instruction outlines the 
recommended installation procedure. 

1. Turn off and lockout all power before installing or 
servicing. 

2. These devices are approved for use with extemal handle 
operators. Refer to Siemens basic catalog numbers 
FDH10, FHOHS, RHOH and associated 
operating mechanism. 

3. Locate switch as required by handle operating mecha­
nism. Drill and tap the switch mounting holes (4 holes) 
as shown in Fig. 1. 

4. Loosen screws and remove the line shield (Item 1) to 
access the switch top mounting holes. Note that the 
switch should be in open position to acCess lower 
mounting screws. Position the unit over the mounting 
holes. Use 10-32 x 112 screws with Iockwashers to 
mount the switch. Torque all mounting screws to 25-28 
in.lbs. 

5. Reinstall the line shield (Item 1) and tighten using the 
screws provided. 

S. Non-Fused: 
When non-fused application is desired, use TMK60S 
connector kit. See Pg. 3, Fig. 3, and Pc. No. S00010-A 
instrudion sheet. 

7. Fused: 
For fuse installation refer to Pg. 2. 

8. For overfusing installation refer to OFCK661 instrudion 
sheet. Pc. No. 116804.-A. 

Type MCS 30/60A 
Disconnect Switches 

Page 1 of 3 
Piece No. 116422-A Rev. 5 

DISCONNECT SWITCH CAT. NO. 

Catalog ~ Volts Horse power --
No. Max. --

MCS603R 30 -- .. ··600 20 
MCS603L 30 600 20 
MCS606R 60 600 50 
MCS606L 60 600 50 

Table 1 
Above catalog numbers also rated for 250V DC. 

Fig. 1 

.S8 IlIA. 
So-32 1H'-211 
2 J(f5 IlLES 



Siemens Energy & Automation, Inc. 
Wilmington, NC 28412 USA. 
Asserrbled In Mexico 
Page 2 of 3 
Piece No. 116422-A Rev. 5 

I Installation Instructions 

9. Using Table 2, locate the proper fuse block 
Cat No. for the type of fuses you are using. 
Read across until you locate the dimension 
necessary to position the fuse block at the 
proper distance from the switch. 

10. Using 5132- or no. 21 drill, drill two holes 
and tap #1 0-32 for mounting screws pro­
vided with fuse block kit. Align the fuse 
block parallel to the bottom of the discon­
nect switch before tightening screws to 25-
28 in.lbs. 

11. Using Figure 4, install the fuse clips pro­
vided, on the disconnect device with #10-32 
x 5/16 long panhead machine screws and 

torque screws to 25-28 in. Ibs. 

12. For Cat. No. FCK203 & FCRK203 use Fig. 
5, Install fuse clip & strap on disconnect 

Catalog 
No. 

FCK203 
FCRK203 
FCK206 
FCRK206 
FCRK206 
FCJK603 
FCK206 
FCRK606 
FCJK606 
FCK606 

Table 2 

device. t. 

13. For Cat. No. FCJK603 & FCRK606 refer 
to Fig. 5 & 6. Note Fig. 6 must be install­
ed in center pole. 

14. Install the proper class fuses before 
turning power on. 

Fig. 2 

FUSE BLOCK KITS 

Fuse 

~ ~ Volts 

H 0-30 240 
R 0-30 240 
H 31-60 240 

R 31-60 240 
R 0-30 600 
J 0-30 600 
H 0-30 600 
R 31-60 600 
J 31-60 600 

'H 31-60 600 

A DANGER 
HIzMIauI'dIIge. WI __ 

~uryordeall. 

Tum 011 and lack 
OUI"~l*or. 
IraIaIJng or 
HrVicIng. 

Dimension 
-A-

3.62 
3.62 

--3.38 
3.38 
5.50 
3.88 
5.50 
5.88 
3.88 
5.88 



Siemens Energy & Automation, Inc. 
Wilmington, NC 28412 USA 
Assembled in Mexico 

Page 3 of 3 
Piece No. 116422-A Rev. 5 
© 1990 Siemens Energy & Automation, Inc. 

Installation Instructions 

Torque to 
25-28 in. 
Ibs. 

Fig. 3 

Fig. 5 

Torque to 
25-28 in. 
Ibs. 

Fig. 4 

Torque to 
25-28 in. 
Ibs. 

Fig. 6 

A DANGER 

~vaIIIIge. WII __ 

I/1UIY Of cIaIL 

Tum all and IocIt out .. 
pcMW beIore inIIaIkIg 
OIMMdng. 

Torque to 
25-28 in. 
lbs. 





SIEMENS 

Controls Division 

< 

Installation & Maintenance 

Description: 

The following transformer kits consist of: 

A. KT8050. 9050 and H050: 
• Control power transformer rated 45VA. with 

Integraly mounted secondary fuse clips on 
the top. 

• One time delay, non-rejection type, midget 
secondary fuse rated 250 volt. 

• Mounting hardware and cable ties. 
• Two primary wires (black), two secondary wires 

(red) and one ground wire (green) all crimped 
with the appropriate terminals. 

o One fuse rating label. 
8. All Other Transformer Kits: 

o Control power transformer with integrally 
mounted primary and secondary fuse block. 

o Two, time delay, rejection type, class CC, 
midget primary fuses rated 600V. 

o One time delay, non-rejection type, midget 
secondary fuse rated 250 volt. 

o Mounting hardware and cable ties. 
• Two primary wires (black), two secondary 

wires (red) and one ground wire (green) all 
crimped with the appropriate terminals. 

• Two fuse rating labels. 

The Siemens transformer rating table shows the recom­
mended transformer kits for use with Siemens across­
the-line contactors or starters. However, the transformer 
rating may vary with the type of starters and the options 
to be fed directly from the transformer. Also, the table 
indicates the sizes and rating of the primary and secon­
dary fuses selected according to N EC article 430-72 and 
450-3 (b). 

Installation 

All enclosed combination and enclosed non-combination 
starters are provided with pre-drill mounting holes to 
accept the installation of a control transformer kit, with the 
exception of the NEMA type 1 lift-off enclosed non-

Control Transformer Kit 
Cat. No's KT8XXX, KT9XXX, KTHXXX 

CP3245 

April 1990 

Issue .03 

AWARNING 
HAZARDOUS VOLTAGE 

CAN CAUSE ELECTRICAL SHO'-=C"-'K--+-
AND BURNS. 

DISCONNECT POWER BEFORE PROCEEDING 
WITlt ANY WORK ON nilS EQUIPMENT. 

combination starters. Most starters have provisions for 
oversized transformer kits. Select the appropriate kit and 
install as follows: 

o Mount transformer to the plate using enclosed 
#10 or 1/4" self tap screws. 

o Wire transformer and fuse block in accordance 
with the appropriate wiring diagram (usually 
affixed to the inside cover of the enclosure). 
Use the wires with lug terminals to make the 
connections - black wires for the primary side 
of the transformer, red wires for secondary 
side of the transformer, and green wire for 
ground. Loop, tie or trim excess length of 
wires needed. 

NOTICE: For the Dual Primary Voltage Transformers, 
--- -- two stacked metal jumpers are provided an-d--

connected between primary terminals H2 and 
H3 which is the appropriate connection for a 
460 volt primary application. For 230 volt 
primary application, REMOVE the two jump-
ers between H2 and H3. Reconnect one 
jumper between H1 and H3, and the other 
jumper between H2 and H4. 

o Check that all connections are properly wired 
according to the wiring diagram and screws 
are well tightened to provide secure connec­
tions. Special care need to be taken so that 
ground connector has made continuity to metal 
surface of the plate. 

o Affix fuse rating labels to the panel in a place 
close to the transformer to identify fuses, if 
needed. 

May 1990 



Siemens Transformer Kits Rating 

Primary Secondary VA Standard for Transformer Secondary Primary 
Voltage Voltage Rating Contactor NEMA Kit Cat. Fuse Amp. Fus~mp. 

Style Size No. G) 

230/460 115 45 3TB40-3TF47 0-2 KT8050 0.6 N/A@) 
230/460 115 50 3TB40-3TF47 0-2 KT8050P 0.6 0.2S 
230/460 115 100 3TF48 3 KT81 00 1.12 O.S 
230/460 115 150 3TF50 - KT8150 1.8 0.8 
230/460 115 200 3TFS2 4 KT8200 2.25 1.0 
230/460 115 300 3TFS4 - KT8300 3.5 1.S 
230/460 115 500 3TFS6 S KT8S00 S.6 3.0 

575 115 45 3TB40-3TF47 0-2 KT9050 0.6 
~ 

N/A3 
~ 

575 115 50 3TB40-3TF47 0-2 KT9050P 0.6 0.25 
575 115 100 3TF48 3 KT91 00 1.12 0.25 
575 115 1S0 3TFSO - KT9150 1.8 O.S 
575 115 200 3TF52 4 KT9200 2.25 0.5 
575 115 300 3TF54 - KT9300 3.5 0.8 
575 115 500 3TF56 5 KT9500 5.6 1.0 

208 115 45 3TB40-3TF47 0-2 KTH050 0.6 N/AG) 
208 115 SO 3TB40-3TF47 0-2 KTHOSOP 0.6 O.S 
208 115 100 3TF48 3 KTH100 1.12 0.8 
208 115 150 3TF50 - KTH150 1.8 1.0 
208 115 200 3TF52 4 KTH200 2.25 1.5 
208 115 300 3TF54 - KTH300 3.5 2.0 
208 115 500 3TF56 5 KTH500 5.6 3.0 

1) Time delay, non-rejection type, midget fuse rated 250V . 
. ~ 

~ Time delay, rejection type. Class CC, midget fuse rated 600V. 
~i According to N.E.C. - 430 - 72 , 450 - 3 (b) and UL 508, section 32. primary fuses are not required for control transformer rated 

less than 50 VA and are inherently protected. 

CONTROL SOURCE 
NOTE: CD CONTROL rUSING ACCORDING TO NEC 430-72 AND 450-3. 

L1 /1 L2 L 1/1 L2 L1 /1 L2 !l.. DUAL PRIIolARY.2.. .2.. DUAL PRIIolARY !l.. SINGLE PRINARY 

::I H2 230V H3 rot H2nH3 ~ <DF~lM Ii fi I 

H4 HI H4~HI ---v 

XI 

<D~1 115V 

Siemens Energy & Automation, Inc. 

3333 State Bridge Road 
Alpharetta. Georgia 30201 
(404) 751-2000 

X2 X2 X2 

---v X2 X2 115V 
X2 

Typical Transformer Wiring Diagram 

These Instructions do not purpon to cover all details or variations in equipment, nor to providE' 
lor avery possible contingency 10 be met in connection with installation. operation. or main!8-
nanca. Should lunher information be desired. or should particular arise which are not co.ered 
suffICiently lor the purchasers purposes, the maner should be relerred to the loCal Siemens 
Energy & Aulomation. IrIC. Sales OIIice. 

The contents of this instruction sheet shall not become pan of or modify any prior or existing 
agreement, commitment or relationship. The salaS contract contains the entire obligation 01 
Siemens Energy & Automation, IrIC. The warranty contained in the contracl batwMn the parties 
is the sola warranty of Siemens Energy & Automation. Inc .. Any ItatamanlS contained herein do 
not create new warranties or modify the existing warrarny. 





SIEMENS 

Adjustment Ranges: 
0.10-0.16to 10-14.5Ampere 

These relays are for direct mounting on contactors: 
3TF30. 3TF31 
3TF40.3TF41 

Reversing contactors: 

Description 

CRlOF30. CRlOF31 
CRlOF40. CRlOF41 

Thermal Overload Relays 
Type 3UA50 

CP 3153 
Issue 02, December. 1994 

Installation and Maintenance 

A. WARNING 
Hazardous voltage could result in death 
or serious injury. 

Disconnect power before proceeding with 
any work on this equipment. 

This three phase overload relay is a NEMA Class 10, (lEC Class lOA) directly heated, ambient compensated, adjustable 
bimetallic motor protective deV1CEL_ _ ____ .. ---.-

Figure 1 

Typical Applications 

3 Phase 
Incoming line 

I It. C \ 

o 0 0 
IRANCIl CIRCUIT 

PROTECTIVE 
DEVICE 

Single Phase 
Incoming line 
, ABC' 

000 
IRANCIl CIRCUIT 

PROTECTIV[ 
DEVICE 

"'~ 

load load 
"D" wire is an integral part of the overload relay. 
"E" wire is factory Installed. 

, Connection to be provided by installer. 

Figure 2 

Distribution and Controls Division 

See Figure 1 . 
1 - Adjustment dial 
2 - Reset, blue 

Hand/auto reset (see note). Allow about 1 minute 
for cooldown. 

3 - Test button, red 
4 - Trip indicator, green 

flush - not tripped 
above surface - tripped 

5 - Contactor coil repeat terminal A2 

Note: Do not use automatic reset with 2-wire control or other 
controls where automatic restart of the motor can cause 
injury to persons or damage to equipment. 

Application Data 

Ambient Temperature Compensation 
-25 to +55°C (-13 to +131°F) 

Terminals: 

9-13 lb. in. (1-1.5 Nm) 

Control (2) 18-12 AWG 7-12 Ib.in. (O.8-1.2Nm) 

(i) Type of Current; Frequency: 
AC up to 400Hz max; DC 

Application Notes: 
• Always connect the NC contact (95-96) in series with 

the contactor coil (wire 'D') 
• After installation, check function of the OlR by 

depressing test (red) button. Contactor should drop 
out. Reset by depressing reset (blue) button. 

• After a fault. check OlR for proper functi.oning. If in 
doubt. replace OlR. 

Industrial Control Products 



Setting of Overload Relay 

Relay is a NEMA Class 10 (lEC 947 class 1 o A). Turn dial to 
align desired current with mark: 

For motor with Service Factor 1.15 or larger 
Set dial to motor full load current marked on motor. 

For motor with Service Factor of less than 1.15 
Set dial at 92 % of motor full load current. 

For V -Delta Applications (with relay carrying phase current) 
Follow instruction above, except multiply motor full 
load current with the factor 0.58. 

In order to inhibit accidental or unauthorized changes use 
Sealable Cap 3UX1 111, 

Short-Circuit Withstand Ratings: 

Suitable for use on a circuit sutiabte"to deliver not more than 
5000 rms symmetncal Amperes, 600 volts maximum. 

See marking on enclosure for short-circuit ratings exceeding 
5000 amperes. 

120 
100 

50 

20 
C 

E 10 

\ 
~, 

<lJ 
E 1 \ \ ./3 

6. 50 
.;:: -

, 
~ --... 

~l 
20 

10 
2"-~ " " 

1 2 5 10 

Multiple of Current Setting 

Figure 3 

Curves based on 'cold' start. At warm conditions, tripping 
values are 25% of shown values. 

Curve 1 - denotes balanced 3-phase loading 
Curve 2 - denotes tripping time at single phase 

condition 

Branch Circuit Protection 

Overload Relay Motor Full Maximum Ratings (4) IEC Type 2 Protection (3) 

Cat. No. Load Amps Fuses (1) Circuit Breaker R~uired Fuse AmDs @ 480V max. 
RK5 Therm. Mag. Mag only ITE Type (2) J RK1 RK5 CC 

3UA5000-0A 0.1·0.16 1 15 ED63A001 1 1 0.5 1 
3UA5000-0C 0.16·0.25 1 15 ED63A001 1 1 0.5 1 
3UA5000-0E 0.25 - 0.4 1 15 ED63A001 1 1 0.8 • 1 

3UA5000-0G 0.4 . 0.63 3 15 ED63A001 1 1 0.8 1.25 
3UA5000-0J 063·1 3 15 ED63A002 15 1.4 1 1.6 
3UA5000-0K 0.8·125 3 15 ED63A002 2 1.6 1.4 2 

3UA5000-1A 1 - 1.6 6 15 ED63A002 2 1.6 1.4 2.25 
3UA5000-1 B 125 - 2 6 15 ED63A003 3 2.8 2 3 
3UA5000-1C 16·2.5 10 15 ED63A003 3 2.8 2.5 3 

3UA5000·1 D 2 - 3.2 10 15 ED63A005 6 6 4 6 
3UA5000-1 E 2.5 - 4 15 15 ED63A005 6 6 5 6 
3UA5000-1 F 3.2·5 20 20 ED63A010 B 8 6 10 

3UA5000-1G 4 - 6.3 25 25 ED63A010 10 10 6 10 
3UA5000-1 H 5-8 30 30 ED63A025 15 15 9 20 

3UA5000-1J 6.3 - 10 40 40 ED63A025 15 15 15 20 
3UA5000-1 K 8 - 12.5 50 50 ED63A025 20 20 15 30 
3UA5000-2S 10 -145 50 50 ED63A030 25 25 20 30 

(1) The use of RK5 fuses is recommended. Where the line fuse does not exceed 225% of the motor fuliload current, 
a time delay fuse may be used (see NEe 430-52l. 

(2) For use in factory assembled combination starters only. 
(3) No damage in accordance with lEe 947-4-1. 
(4) UL Listed. 

Siemens Energy & Automation, Inc. 
Canton, Georgia 30114 

Distribution and Controls Division 

These instructions do not purport to cover all details or variations in eQuipment, nor to provide 
for every possible contingency to be met in connection with Installation, operation, or 
maintenance. Should further information be desired, or should particular problems artse which 
are not covered sufficIently for the purchaset·s purposes. the maner should be referred to the 
local Siemens Energy & Automation. Inc. Sales Office. 

The contents 01 thiS instruction sheet shall not become part 01 or modify any prior or existing 
agreement. commitment or relationShip. The sales contract contains the entue obligation of 
Siemens Energy & AutomatIon, Inc. The W8rT8ntycont8ined in thecontr8ct between the parties 
IS the sale warranty 01 Siemens Energy &. Automation. Inc. Any statements contained herein 
do not creale new warranties or modify the eXisting warranty. 

Industrial Control Products 
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[§]( BUTTERFLY VALVES ~=) 
High Performance Valve Technology Now in a 

BF-2-109'4 

Chemical & Corrosion Resistant Thermoplastic Valve ! 

(')pt.iOrts 
" High Impact Polypropylene Lever Handle 

Provides Quick Selection From Any One Of Seven 
Stop Positions, With Suilt-In Lockout Capability 
(standard on 3" " 8" sizes). Reversible 1800 For 
Either Right Or Left Side Operation 

" Low Profile Gear Operator (standard on 
10" & 1211 sizes) 
With High Impact Polypropylene Handwheel And 
Built 111 Position Indicator. High Efficiency Worm 
Gear Drive With Chemical And Corrosion Resistant 
Epoxy Coated Housing 

'. Valve Assembly Less Handle/Gear 
Operator For Custom Actuation 

3 Standard EPDM Or Optional Viton@ Seat 
Is Replaceable - Without Full Valve 
Disassembly 

.J 316 Stainless Steel or Zinc Plated L 1214 
Steel Lug Inserts 
Field Installable for Easy Single-Side Installation 
and Quick System Add-On - No Special Body 
Needed 

~) Teflon® Lined High Purity Valve 
Custom Manufactured. Contact Spears Technical 
Services for additional information. 

~eatun~s 

" Special Offset Disc 
Lifts quickly from sealing surface to reduce Slaat 
wear and lower operating torque, with positive 
seal-off at high, low and vacuum pressures. GI,)ss 
reinforced PVC or CPVC disc material improves 
strength and stability. 

-- True InterferencI! Fit Seat Design 
Does not rely on line pressures to assist sealing. 
Eliminates seat creep and extruSion typical with 
conventional liner-type seats. 

-, Solid, Chemical & Corrosion Reshtcllnt 
316 Stainless Steel Stem and Hardwal'e 
Standard 316 Stainless Steel Stem and Hardware 
for structural integrity and superior chemical cind 
corrosion resistance . 

. 1; Rugged PVC or CPVC Body 
Incorporates integrally molded actuation 
mounting pad and lug receptacles. 

:,; 150 psi Maximum Internal Pressure 
150 psi Maximum InternaJ Pressure Rating @ 7~:oF 
-Including Dead-End Service 

Polypropylene 
Lever Hsndle 

" Integrally Molded 
'\a, Actuation Mounting Pad 

~--------r~/ 
....,.""I"'T"",.,.....,....."",. ...... 316 StalnlElSs 

Bui/t·ln Lockout 
Capability 

+-+- Steel Stem 

Offset 
Di$c--+~"'" 

Optional 
315 Stainless St8el Or 

Zinc Plated L 1214 Steel 
Lug Inurt Sell: 

True Interference Fit SNt Design 
for 100% Positive Shut Off 

standsrl' 
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Sample Engineering Specification 

AII8utterfly Valves shall be produced by Spears Manufacturing Company from PVC, cell classification 124548, or 
CPVC. cell classification 23447-8. conforming to ASTM Standard D 1784. Seats shall be EPDM or Vlton*. Bolt 
hole pattems shall conform to ANSIIASME 8-16.5 CL 150. Disc shall be offset design with 316 stainless stoel 
stem and hardware. Handle shall be lever style high impact polypropylene with lockout capability. Gear operator 
shall be equipped with position indicator and polypropylene hendwheel. Lug inserts shall be 316 stainless steel 
or zinc plated steel and field installable. 

SPEARS Buttertiy Valves are designed for installation wtth user supplied full-face, .1L8'~ thick Neoprene (or desired elastomer) 
gaskets, hex bolts, nuts, and washers. Valves may be installed for flow in either direction in a dual flange (flange each side) 
instailation. but require attention to direction or flow when installed in a single-side (flange one~side only) application tordead-end 
service. Consult installation instructions fordetails of single-side installation and special instructions for use of lug-insert optilm. 

General Conformance Speci'icatic,ns 

Material -ASTM D 1784 (PVC Cell Classification 12454-8, CPVC Cell ClaSSification 23447-8); 
NSF Approved for potable water service. 

Bolt Hole Pattern -ANSIIASME 8-16.5 CL 150; ASTM D 4024 

Pressure Class -150, A'NWA C504-87 

Hydrostcnic Pressure Test -AWNA C504-87, ASTM D 1599 

Not For Use With Compressed Air or GaSies 

The information contained in this publication is based on current information and product design at the time of 
publication and is subject to change without notification. Our ongoing commitment to product improvement may 
result in some variations. No representations, guarantees orwarranties of any kind are made as to its accuracy, 
suitability for particular application or results to be obtained therefrom. For additional information not contained 
herein, please contact Spears Technical Services Department [West Coast: (818) 364-1611 - East Coast: 
(717) 938-9006). 

~ 
SPEARS*MANUFACTURING COMPANY /~. CORPORj\ TE OFFICES 

15853 Olden Slreet, Sylmar, California 91342 
·1 " " 

P.O. Box 9203. Sylmar, CA 913S2 ~ 

(818) 364-1611 II,tH ,"IQ~ 

PACIFIC SOUfHWESr NORTHWi:ST ROCIW ioJ/O UN TA IN SOUTt-f CENJ'RAL UrAH 

12740 Arroyo Street 3902 'e" Streot N.W. 4800 Nome Strcct 1838 Form$ Drive 1415 South 700 We~ *J 
Sylmar (Los Angeles), CA 91342 Aubum (SeaUle). WA Denver, CO Carroltton (Dallas). TX Salt Lake CIIV. U1' 

P.O. Box 9203. Sylmar. CA 91392 98002 10239 7500& B4104 
(618) :3134-1611 ('206) 939-4433 (303) 371-9430 (214) 2~5-<l387 (801) 972.(l659 
(IlOO) 862.1499 (800) 347-7327 (800) 777-4154 (800) 441·1437 FAX: (801) 972-01368 

FAX: (B1B) 367·3014 FAX.' (206) 939-7557 FAX.' (303) 375·9546 FAX: (214) 2454205 

!:ORTrJEASr SOUrHfiAST FLORIDA MIDWest INTERNA TlONAL $,lt.LES 
543 Industrial DrIVe 2751 Miller Road 3445 BsnleU Boulevard 8S4 Fairway Orive 15853 Olden Strellt 

Lewisberry (Harrisburg). PA Decatur (Allanta). GA Orlando. FL Bensenville (ChiC;1lgo), I~ Sylm.-.r (Lo$ Angeles), CA 9HI42 
17339-9532 30035 32811 60106 ".0. Bol( 9203 

(717) 938-8844 (404) 981-7122 (407) 843-1960 (708) 773-<l07S Sylmar. CA 91392 
(800) 233·0275 (800) 662-6326 (BOO) 432...01762 InsOde FL (800) 662~330 (11111) 364-1611 

FAX: (717) 938-6547 FAX: (404) 981-6106 (800) 327-6390 Outside FL FAX: (708) 773-<l43S FAX: (818) &91-3774 
FAX: (407) 425-3563 

Spears Manufacturing Company Printed 10 U.S.A.10IU BF-2-1084 

-

-

--



WAITS 



BRONZE BALL VALVES -
Series B·6000 2·piece, NPT Ends, Reduced Port, V4" - 2" 600 WaG, 2V2" - 4" 400 waG 
Se.jes 8-6001 2-piece, Sweat Ends, Reduced Port, 3/8". 3" 400 WaG 

BRASS BALL VALVES -
Series 8·6800 3·piece, NPT Ends, Full Port, V.'· 1" 600 WaG, 1V4"- 2" 400 waG 
Series 8-6801 3-piece, Sweat Ends, Full Port, V2"· 1" 600 WaG, 1V4"· 2" 400 waG 
S eri es 8·6802 3-piece, SiI·braze Ends, Full Port, Y2"· 1" 600 WOG, 11A" - 2" 400 WOG 

Watts Series 8-6000 has been the standard in the 
bronze ball valve market since its introduction. OHered 
in a complete size range, standard Durafill seats up 
through 3", Virgin PTFE seats in the 4" size, and hard 
chrome plated ball provide highest possible operating 
pressure/temperature limits, with a steam rating of 150 
WSP (over 50 PSI steam requires stainless sfe~1 trim). 
Temperatures from O°F to + 450°F at 50 psi for Durafill 
and O°F to + 350° at 50 psi for Virgin PTFE. 

Watts Series 8-6801 oHers serviceability ot aU operating 
parts without disturbing the rigid pipeline system. Simply 

FEATURES: 
Series 8-6000 
• Standard DuraJilI (up to 3") or Virgin PTFE (4") 

sealS and chrome plated ball 
• Large orifice sizes 
• AISI 316 slainless steel ball and stem available 
• 801l0m loaded stem and packing nut threaded to body 

Sertes B-6800 
• Maintenance design 
• Hard chrome plated ball 
• Full port 
• Ouralill seats 

MODELS: 

-.... 

remove one body bolt, loosen the other three and litt the 
entire body section out at the piping tor service or 
replacement. 
Full port orifice size insures maximum flow capacity, 
while Duratill seats, hard chrome plated ball and bottom 
loaded stem provided maximum safety and highest 
operating temperature/pressure limits with a steam rating 
of 150 WSP (over 50 psi steam requires stainless steel 
trim). Temperatures from -55°F to + 450°F at 50 psi. 

Heavy duty vinyl insulator 

'" 
Adjustable 
packing ---------~ 
nut 

Bottom loaded 
pressure 
retaining stem 

Durafill or 
Virgin PTFE for 
30% longer lite 

Hard chrome plated brass ball 

°8-6001 end connections are solder type in compliance with ANSI a16.18 Wa"- 3") 
• 8-6801 end connections are solder type (1f2" - 2") 
8-6802 end connections are sil-braze (1jz" - 2") 

'''This valve IS deSigned 10 be solt soldered inlo lines W1l1lout disassembly. using a low temperature solder (420°F). Oilier solders such as 9515 lin antimony (460°F) or 9614 lin 
sliver (430°F) can be used, however. e~lreme caution must be used 10 prevenl seat damage. Higher temperature solders will damage Ihe seal malerial. ANSI 816.18 Slales Ihal 
Ihe ma~lmum operalmg pressure 01 50·50 solder sweal connecllons IS 200 PSI at t(lOoF. and decreases wllh higher lemperalUres." 
"Apply neal wltn Ihe flame directed AWAY Irom Ine cenler of lIle valve bOdy. ExceSSive neat can harm Ihe sealS. Alter Soldering. lIle packing nut may have to be lighlened." 

SPECIFICATIONS 

3eries 8·6000 - Approved valves shall have bottom loaded 
pressure retaining stems, glass reinforced Durafill or Virgin 
PTFE seats and reinforced PTFE stem packing seals. Valve 
shall be pressure rated at 600 psi WOG 114" - 2" and 400 psi 
WOG 2112" and 3", 150 psi saturated steam. Valve must con­
form to Federal Spec. WW-V-35C, Type II, Class A, Style 3. 

I 

Series 8·6800 - Approved valves shall have bottom loaded 
pressure retaining stem, glass reinforced Durafill seats and 
reinforced PTFE stem packing seal and thrust washer. Valve 
must conform to Federal Spec_ WW-V-35C, Type II, Class A, 
Style 1. 



MATERIALS 

® ® 
® 

Series 8-6000 
1 Handle Nut Plated carbon steel 
2 Handle Plated carbon steel with vinyl insulator 
3 Packing Nut Brass 
4 Stem Packing Glass reinforced PTFE 
5 Thrust Washer Glass reinforced PTFE 
6 Stem Brass 

Stem designed to stay In place 
when packing IS removed 

7 Body Bronze 
B Seats Durafill (1/4"_ 3"), Virgin PTFE (4") 
9 Ball Hard chrome plated brass 

10 Adapter Brass 
11 Body Seal PTFE (11/4" - 4" only) 

DJMENSIONS - WEIGHT 

r6-·---E.--~ 

o 

1 

c __ "_G_·~.1 
Two Piece Design 
8-6000, 08-6001 

1 ... ---0---.. , 

r~ 
c 

! 
'1," NPT thread 
on Model SE only 

Three Piece Design 
8~6800, 08-6801, 8-68Q2 

® 
Series 8-6800 

1 Handle Nut Cadmium plated carbon steel 
2 Handle Cadmium plated carbon steel 

with vinyl insulator 
3 Packing Nut Brass 
4 Stem Packing Glass reinforced PTFE 
5 Thrust Washer Glass reinforced PTFE 
6 Stem Brass 

Stem designed to stay In place 
when packing IS removed 

7 Body Brass 
8 Seats Duratill 

(Virgin PTFE for Model SE) 
9 Ball Hard chrome plated brass 

10 Adapters Bronze 
11 Body Nuts Cadmium plated carbon steel and Bolts 
12 Body Seals PTFE 

8-6000 
II. • , ' c ,,~-,i:i i:";-D;. - ' E' F G 

)'..t~:. ';CdIIr.' ' 1I._of Oi •• s-. o.",Swut Welvht ... Ortfloo C_c.b. Edt. EoI, :i'.MIMIt·" H_·-- c ......... c._ 
Sin I ...... .... I .... " .... I ...... . .. , ..... .. .. , ..... '- In- .... I ...... .. .. In. kL 
".'. ll. 9.5 1'/111 26,1 2''', S2,' Ill. 44,S 3'tHI IS,3 - - - -, ,S8 ,26 
ll." ll. - 9,5 l'f,. 26.9 2'1,. 52" Ill. 'U ]'1" 95.3 - - - - 60 ,2/ ,/," 'I, 12.7 1'1,. 26,1 23/,. S5,5 Ill. 44,S 3

'
1. 953 - - - - 63 ,21 

3/." "/'1 11.4 1111& 36,S 2'3/11 11.4 2 50,1 33/. 95.3 - - - - 1.19 ,~ 
I" 'I, 22,2 111/,. 41.1 3'11. 11.3 201,. 51./ .'/2 114.3 - - - - 2,13 ,96 

1'1." I 15.' 1
'
511, 49,2 3'10 98,4 2'0/,. 14.6 5'1, 139.1 - - - - 3,25 '-'1 

1'1':," 111. 3U 2'1. 53.9 .'1. 107.9 2'11,. 14.6 5'1, 139.1 - - - - 4,13 U7 
I" 1'1, 31, I 2111, 61.9 4

'
3118 122,2 3'1. 92, I B". 1063 - - - - 6,31 2.89 

2'1," 2 SU Ph, 80,1 6'1, 165, I .'/. 107,1 1'/, 106,3 - - - - 12,/5 UB 
3" 2'1," 63.5 3711. 11.3 6'lft. 173.0 4'1, 114,3 1'/. 206.3 - - - - 17.75 8,05 
4" 3 16,2 3'/. 914 

1" '" 
204,4 5 13/,0 11 211,4 - - - - 25,00 10,19 

°8-6001 

',." 'l. 9,5 l'he 26,9 2'/. 52,4 Ill. 4U 3ll. 95,3 'I, 12.1 l/. 9,5 ,SO ,n 
'1," 'I, 12.1 1'11, 26,9 2'1. SH Ill. 44,5 331. 95,3 ". 15,9 'I, IV ,63 ,21 
3/." "h. 1/,4 ,7/,. 36,S 35/1. 13,0 2 50,1 3::1/. 953 '1. 122 l/. 19,1 t.t3 ,51 

I" 'I. 12,2 Ill. LeS J'lI,. 88.9 2 ..... SB.1 "/2 114.3 PII 18.& '1. 21,2 I.Bl ,82 
, 'I." I 25,4 2'/. 57.2 4 '12 114,3 2'S/" lU 5'1, 139.7 Ill. 301.9 1'''' 26.1 2.11 1,30 
1'/," 1'/. 3U 2'1, 63,S 5 127,0 2'"'' /4,6 5'1, 139.7 1°1. 41,3 1'1. 21.8 4.25 1.93 

2" 1'1, 31,1 3'" 19,4 6'1. 151.1 Jll. 92.1 1'1. 20&.3 2'" sa Ill. 34.1 Ul 3,09 
2'1," 2 50,1 l"h. 93.6 ,.,, 203.7 4'1. 114.3 1'1. 206.3 1°1. 66,1 "", 36.5 13,00 5,&& 

3- 2'1, 63,S "/,1 120,7 811,. 217,' 4'1, 114.3 1'1. 106,' 3'1. 194 1"1,. 42,1 11.00 7," 

8-6800 
A • f.~,t:-:::,~;t; "'" ' D" F G 

End' to E~,j 
·}i •• t.ni_!:' 1:.\1104"111" DI •• S_t D.",s-.c ' 

I,H Orifice ' <H .... II~- \< H ...... COnMebO" C •• MCti •• WtItM 
Sill Inch .. .... Inch" .... loth .. :' ....... 1 •• 1Ift .. .. Indln .. .. Indo .. mOl lb<, kl, 

'I." J:. 9.5 PIS 52,4 PI. 44,S 3'18 98,4 - - - - 1.12 ,SO 
J/," JI. 9,5 23/. 52.4 Ill. 44,5 371. 98,4 - - - - U2 ,SO 

"," 'I, 12.1 PI. 52.4 1'1'. U,S 371. 98,4 - - - - U2 .50 
l/ .. ·• JI. 19,0 3'1. 12,5 2'1. 51,1 4'" 114,3 - - - - 2.50 1.13 

I" I 15,4 3'1. 98,4 231. 69.1 &'1. 155,5 - - - - 4,12 1.86 
1 '1." 1'1. 3U .112 114.1 3 7&.1 6'1. 155,5 - - - - 625 U3 
t "," t", 38,1 5 127.0 311. IU I 203.1 - - - - 925 4,19 

I" 1 50,1 5". 142,1 3'1. 91.4 I 20l.1 - - - - 13,75 6,2] 

08-6801 
'/2" 'I, IU PI. 52,4 131. U,S 371. 98,4 518 15,9 'I, 12.7 I 12 ,50 
3/." JI. Ig,O l1f. 82,5 2'1. 57,1 4'1. 114.3 71a 22,2 3/. 19,' 1,50 1.13 
I" I 15,4 HI 98.4 23/. 6'9.1 &'1. ISS,S l1/a 28.6 71a 22,2 4,12 1.8& 

1'1." PI. 3U '112 114.3 3 162 6'10 155.5 131. 34,9 11/,. 26.9 615 2.13 
PI," 1'1, 3B, , 5 127.0 3'1. 8U I 203,' ,s/a 4l.3 I1la 28,6 925 4,19 

2" 2 SOB 60/. 161.2 J71, 91,4 8 203,1 2'1. 53,9 13/a 34,9 IpS &23 

o See solder instructions on left. 
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BEE LINE 
PRESSURE GAUGE 
AVAILABLE WITH 2V2" OR 3V2" DIAL SIZES 

An inexpensive utility pressure gauge for the broad 
commercial and industrial market. 3-2-3% accuracy. 

Furnished in 114" NPT, bottom connected steel cases, the 
Bee Line gauges measure water, air, oil, gas or any 
other medium not corrosive to brass and phosphor bronze. 

When Ordering: Please specify (1) Type UA12-0 or 
UA13-0 and (2) Range. 

RANGES 
30"-0 Hg. Vac. 

30"-0-30 PSI 
30"-0-60 PSI 
30"-0-150 PSI 
30"-0-300 PSI 

3%" Dial Size 

0-15 p.s.i. 
0-30 p.s.i. 
0-60 p.s.i. 
0-100 p.s.i. 
0-160p.s:i. 
0-200 p.s.i. 
0-300 p.s.i. 
0-600 p.s.i. 

TYPE UA12-0 
DIMENSIONS, 

=:r--.~ NPT 

TYPE UA13-0 
DIMENSIONS 

~r---~NPT 

2V2" Dial Size 

11 
32 

25 
64 

WEKSLER INSTRUMENTS CORPORATION-80 Mill Rd.-P.O. Box 3040, Freeport. N.Y. 11520.516/623-0100. Telex: 96-7700 





5.0 LOCAL SERVICE REPRESENTATIVES 

American Colloid Company 

Badger Compu-Sonic Flow Meter 

Baker Moniter PS 

** Bergerson-Caswell, Inc. 

Brainard Kilman Centralizers 

Conbraco Air Cocks 

•• Additional Vendor Data incorporated on 6/30/95 

NTROP!43U!0dM MANUAL 8-8 

Local Representative 

Recovery Equipment Supply 
P.O. Box 322 
9060 Zachary Lane North 
Maple Grove, MN 55369 
(612) 493-4818 

Hydro Supply Company 
12231 Wood Lake Drive 
Burnsville, MN 55337 
(612) 890-3811 

Baker Wholesale Division 
6100 Wayzata Blvd. 
Golden Valley, MN 55416 
(612) 592-7660 

Robert Cabo 
5115 Industrial Street 
Maple Plain, MN 55359 
(612) 479-3121 

Carbonair 
8640 Monticello Lane 
Maple Grove, MN 55369 
(612) 425-2992 

PVF Midwest Inc. 
1618 New Brighton Blvd. 
Minneapolis, MN 55413 
(612) 781-4342 

(REv. 6, 6/30;')5) 



•• 

Construction/Mechanical 

Dwyer Instruments, Inc. 

Electrical 

EPG Companies Well Float 

Franklin Electric 
Submersable Motors 

Grundfos Stainless Steel Pumps 

Additional Vendor Data incorporated on 6/30/95 

NIROP/4324/O&M MANUAL B-9 

Local Representative 

Horwitz, Inc. 
5000 North Highway 169 
Minneapolis, MN 55428 
(612) 533-1900 

Dwyer Instruments, Inc. 
P.O. Box 373 
Michigan City, IN 46360 
(219) 879-8000 

Electrical Maintenance Services 
3548 Idaho Avenue North 
Minneapolis, MN 55427 
(612) 533-4484 

EH Renner & Sons 
15688 Jarvis Street NW 
Elk River, MN 55330 
(612) 427-6100 

Electric Motor Repair 
2010 North Fourth Street 
Minneapolis, NM 55411 
(612) 588-4693 
(800) 348-2420 

Woodruff 
7367 Washington Avenue South 
Edina, MN 55439 
(612) 941-1800 

Pumps of Oklahoma 
1220 NW 3rd Street 
Oklahoma City, OK 73106 
(405) 235-2695 

(REV. 6, 6/30;\15) 



* * Industrial Electronic Supply 

Industrial Electric Co. 

Komax Motionless Mixer 

Louvers and Dampers, Inc. 

Marley Electric Heating 

Northstar PVC Pressure Pipes 

Penn Ventilator Company 

Additional Vendor Data incorporated on 6/30/95 

NIROP/4324/O&M MANUAL B-I0 

Local Representative 

Hallock Company, Inc. 
7185 Washington Avenue South 
Edina, MN 55439 
(612) 941-9111 
(800) 871-7348 

Industrial Electric Co. 
600 South Ninth Street 
Minneapolis, MN 55404 
(612) 339-1268 

Northwest Power Equipment 
684 Transfer Road 
St. Paul MN 55114 
(612) 646-7904 

Tbermodyne 
14149 21st Avenue North 
Plymouth, MN 55447 
(612) 557-4900 

Carroll Appliance 
3150 Mercer Street, Suite 526 
Kansas City, MO 64111 
(800) 654-3545 

JM Manufacturing 
Highway 169 South, Box 6 
Winnebago, MN 56098 
(507) 893-3121 

Penn Ventilator Company 
1126 N. Main Street 
Lombard, IL 60148 
(708) 268-9700 

(REY. 6, 6,130,19.5) 



PVF Midwest, Inc. 

Siemens Electrical Products 

Wilkins Regulator Company 
Bacldlow Preventor 

•• Aditional Vendor Data incorporated on 6/30/95 

NlROP/4324/0dM MANUAL B-11 

Local Representative 

PVF Midwest, Inc. 
1618 New Brighton Blvd. 
Minneapolis, MN 55413 
(612) 781-4342 

Viking Electrical Supply 
924 N. Fifth Street 
Minneapolis, MN 55401 
(612) 338-3420 

PVF Midwest, Inc. 
1618 New Brighton Blvd. 
Minneapolis, MN 55413 
(612) 781-4342 

(REY. 6, 6/30~) 





6.0 WARRANTY INFORMATION 

Copies of all warranties are included in this section. 

B-ll 
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=rlIIOrwiI2INC. 
mechanical contractors 

MECHANICAL GUARANTEE 

ISSUED TO: Morrison Knudsen Company 

JOB NAME: FMC - Contract #SC43424-019 

JOB NUMBER: 1281.44 

DATE: 5/11/95 

********************************** 

Horwitz Inc. hereby guarantees all workmanship and materials supplied by ourselves and 
our subcontractors for one year starting ~ 15 /-26 

If, during the guarantee period, any defects of installation or faulty materials are found, 
we shall correct such defects within a reasonable period of time. Service calls required to repair 
damage or defects due to improper maintenance or abuse will be billed at our current standard 
service rate. 

A Tradition of Innovation and Excellence 
5000 North Highway 169 Minneapolis, MN 55428 

612-533-1900 FAX 612-533-1438 
E~~Empb;er 



BERGERSON = CASWELL INC. 
Commercial • Municipal • Residential 

Submersible & 7Urbine Pumps 
Environmental Drillers 

Well Drilling, Abandonment & Repair Since 1948 
Certified Weu Drillers 

Certified Pump IlISIlIlJers 

May 17, 1995 

Mr. Greg Hibbard 
MORRISON KNUDSEN ENVIRONMENTAL SERVICES 
180 Howard Street 
San Francisco, California 94105 

Morrison Knudsen Proj.# 2826.05 
Bergerson-Caswell Proj.# 95E4812 

RE: Warranty for extraction wells numbered AT-5A and AT-5B at the NIROP facility, 5001 East 
River Road, Fridley, Minnesota 

Mr. Hibbard: 

In reference to the above well and pump installations, all well materials purchased by Bergerson 
Caswell are 100% warranted (parts and labor) for a period of one year beginning May 16, 1995 and 
extending to May 16, 1996. For materials purchased by others, Bergerson Caswell warrants the 
installation labor for the equivalent time period. 

We appreciate the opportunity to be of service to you for this project. If you have any questions, 
regarding the warranties or if we may be of further assistance to you, please do not hesitate to contact 
me at (612) 479-3121. 

Sincerely, 

BERGERSON-CASWELL, INC. 

Robert W. Caho 
Operations Manager 

RWC/dap 

g:\publix\wrdprf\dap\95e48121et 

5115 Industrial St., Maple Plain, MN 55359 (612) 479-3121 Faz 479-2183 



CARBONAIR-
ENVIRONMENTAL SERVICES 

8640 MONTICELLO LANE 
MAPLE GROVE, MINNESOTA 
55369-4547 

612/425-2992 800/526-4999 
FAX 612/425-6882 

December 16, 1992 

Mr. Delbert Zirger 
Morrison Knudsen Corp. 
7100 Belleview Avenue #300 
Englewood, CO 80111 

RE: Warranty - NIROP 
Carbon air Project No. 301960 
MK Purchase Order 3917-008 

Dear Mr. Zirger: 

As requested, we have reviewed the warranty language in the attached Terms and Conditions. 
We have amended the language to reflect a twelve-month warranty period beginning from the 
start-up date (September 21, 1992). 

This amended language applies only to the equipment purchased under the referenced purchase 
order and will not apply to any other equipment installed at this site or any other in the future. 

Please sign both of the letters and initial in the appropriate place on the attached Terms and 
Conditions. Return a fully executed original of the letter and Terms and Conditions to 
Carbonair at your earliest convenience. Retain the other originals for your records. 

Sincerely, 

!t:t:lflafv 
Sales & Marketing Director 

TMF:cb 
Enclosure 

~41~ 
Kelly Barnes 
Project Manager 

Accepted b 

Title: 

Date: 
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CARBONAIR Terms & Conditions of Sale 
11115/92 

ACCEPTANCE - This proposal is an invitation for an offer and will become a binding contract when accepted. 

LIMITATION OF PROPOSAL - The prices and tenns quoted in this proposal are subject to acceptance by the Purchaser within a 
period of thirty (30) calendar days from the date hereon. 

EXCLUSIONS - This proposal is based solely and completely on specifications submitted to Carbonair Services, Inc. (Carbonair) at 
the time of the drawing of the proposal. General plans and specifications not actually submitted shall not apply. This proposal, 
when accepted, shall be the complete agreement between the parties; and any alterations or unusual and undisclosed conditions or 
deviations from the above specifications involving extra costs shall be agreed upon by the parties and shall become an additional 
charge over and above the proposal price set forth herein. 

Delays or impossibility of perfonnance by Carbonair because of strikes, accidents, or other reasons beyond the control of Carbonair 
shall relieve us from all liability herein. 

SHIPMENT - Time of shipment specified is after receipt of order and acceptance and final approval of all drawings. 

TERMS OF PAYMENT -
To purchasers of approved credit, net upon receipt of invoice. We reserve the right to cancel the contract or cease work if payments 
thereon are not received when due. Eighteen percent (18%) interest per annum shall be charged on all unpaid balances. 

TAXES: 

Any local, state or federal sales, excise or use tax imposed on the equipment or work covered by this proposal shall be paid by the '1..-
Purchaser in addition to the prices quoted. ~ C; ,.j'~ \'l 
WARRANTY LIMITATION: ~ 
There are no warranties which extend beyond the warranties hereinafter expressed. ,..J.~(" "Z,.\ \ Me; 'l- c~s ;:11::0; 
WARRANTIES: ~\Je.Cl..1.) t'MIt\\-"Vo S«f"+e ~. i 
All work shall be done in a ractices. We warrant perfonnance against defects inl Mr... 
workmanship for a period of . fro . We agree to pass on to the Purchaser such 
warranties, if any, as may be extended by the manufacturer for material supplied. Labor for replacing defective materials shall not 
be provided by us unless it is specifically spelled out in the proposal. We shall not be responsible for materials damaged, lost or 
stolen after delivery, through no fault of ours, or for failure to deliver and perfonn because of reasons beyond our control. 

EXCLUSIVE REMEDIES: 

Remedies are limited to the repair or replacement at F.O.B. point of shipment. Consequential damages are excluded. In no event 
shall Carbonair be responsible for consequential damages of any such defective material or workmanship including, but not limited 
to, the Purchaser's loss of material or profits, increased expenses of operation, downtime or reconstruction of the work, and in no 
event shall Carbunair's obligation under this warranty exceed the original contract price of the defective item. It is agreed that any 
action for breach of express or implied warranty shall be initiated within one year from the date of shipment by Carbonair or from 
the date of one year from the date of shipment by Carbonair or from the date of installation by Carbonair. 

DISCLAIMER: 

Carbonair will not be responsible for damage to equipment or materials through improper installation, storage, improper servicing, 
or through attempts to operate it in excess of its rated capacity or recommended use, intentional or otherwise, by parties other than 
Carbonair or its authorized representatives. No Carbonair equipment is certified for operation until the installation is inspected and 
start-up is perfonned by Carbonair or its authorized representatives. 

CONDITIONS OF SALE - Prices quoted are those now in effect. Seller reserves the right to bill at the prices in effect at the time 
of shipment if the proposal is not accepted in writing within thirty (30) days, unless a longer tenn of validity is in writing on the 
proposal. 

LIMITATIONS OF LIABILITY 

A. Neither Seller nor its suppliers of any tier will be liable to Purchaser, whether in contract, in tort (including negligence and 
strict liability), under any warranty, or otherwise, for any special, indirect, incidental, or consequential loss or damage 
whatsoever, or for loss of or to the plant, loss of use of equipment or power system, cost of capital, loss of profits or revenues 
or the loss of use thereof, cost of environmental damage or clean-up, or claims of customers of Purchaser. The remedies set 
forth herein are exclusive, and the total cumulative liability of seller and its suppliers under any purchase order or any act or 
omission in connection therewith or related thereto, whether in contract, in tort (including negligence and strict liability), under 
any warranty, or otherwise, will be limited to the price of the contract. 

B. The provisions of this Article shall survive tennination, cancellation or expiration of the purchase order and shall apply, 
notwithstanding any other provisions of this Agreement or any related document thereto, to the fullest extent pennitted by law. 
Prior to the transfer of any equipment or material furnished or for which work is furnished hereunder from the project site 
(except temporarily for repair work or pennanently for disposal), or the transfer of any interest therein or in the plant, 
Purchaser shall obtain for Seller written assurances from the transferee of imitation of and protection against liability following 
the proposed transfer at least equivalent to that afforded seller and its suppliers under the purchase order. 



I Standard terms and conditions of sale 

1. WARRANTY-Company warrants that on the date of shipment to Purchaser 
the goods will be of the kind and quality described herein. merchantable, and 
free of defects In workmanship and material. 

If within one year from date of Initial operation, but not more than eighteen 
months from dale of shlpmenl by Company, of any item of the goods, 
Purchaser discovers Ihal such Item was not as warranted above and promptly 
notifies Company In wrlling thereof. Company shall remedy such defect by, at 
Company's option, adjUstmenl, repair or replacement of the item and any 
aHected part of the goods. Purchaser shall assume all responsibility and 
expense for removal. remstallallon and freight In connection With the foregOing 
remedy The same obligations and conditions shall extend to replacement 
Items furnished by Company hereunder. Company shall have the right of 
disposal of Items replaced by It. Purchaser shall grant Company access to the 
goods at all reasonable times In order for Company to determine any defect In 
the goods. In the event that adjuslment, repair or replacement does not remedy 
the defect. the Company and Purchaser shall negotiate In good faith an 
equitable adlustmenl m the contract price. 

The Company's responsibility does not extend to any item of the goods which 
has not been manufactured and sold by Company. Such item shall be covered 
only by the express warranty, If any. of the manufacturer thereof The Company 
and Its suppliers shall also have no responSibility if the goods have been 
Improperly stored. handled or Installed, if the goods have not been operated or 
maintained according to their ratings or according to instructions in Company 
or supplier furnished manuals, or If unauthorized repairs or modifications have 
been made to the goods 

THIS WARRANTY IS EXPRESSl.Y IN LIEU OF ALL OTHER WARRANTIES 
(EXCEPT TITLE) INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES 
OF MERCHANTABILITY AND FITNESS, AND CONSTITUTES THE ONLY WAR­
RANTY OF COMPANY WITH RESPECT TO THE GOODS. 

The foregOing states Purchaser's exclUSive remedy against Company and ItS 
suppliers for any defect In the goods or for failure of the goods to be as 
warranted, whether Purchaser's remedy is based on contact, warranty, failure 
of such remedy to achieve Its essential purpose, tort (including negligence) 
strict liability IMemMy or any other legal theory, and whether arising out of 
warranties, representations Instructions, installations or defects from any 
cause 

2 PATENTS-Company shall pay costs and damages finally awarded in any suit 
against Purchaser or Its vendees to the extent based upon a finding that the 
deSign or construction of the goods as furnished Infringes a United States 
patent (except infringement occurnng as a resul1 of incorporating a design or 
modification at Purchaser's request), provided that Purchaser promptly noti­
hes Company of any charge of Infringement, and Company IS given the right at 
Its expense to settle such charge and to defend or control the defense of any 
suit based upon such charge. THIS PARAGRAPH SETS FORTH COMPANY'S 
ENTIRE LIABILITY WITH RESPECT TO PATENTS. 

3. PERFORMANCE; DELAYS-Timely performance by Company IS contingent 
upon Purchaser's supplYing to Company, when needed, all reqUIred technical 
information and data. including drawing approvals. and all reqUired commer­
cial documentation. 

If Company suHers delay in performance due to any cause beyond Its 
reasonable contrOl. Including but not limited to act of God, act or failure to act 
of government. act or omission of Purchaser, war, fire, flood, strike or labor 
trouble. sabotage. or delay In obtaining from others SUitable services, materi­
als, components, equipment or transportation, the time of performance shall 
be extended a period of time equal to the penod of the delay and its 
consequences Company Will give to Purchaser nollce In wrrting within a 
reasonable time after Company becomes aware of any such delay 

4. DELAYED SHIPMENT; STORAGE-Any item of the goods on which manu­
facture or shipment IS delayed by Purchaser or by causes which aHect 
Purchaser's ability to receive the goods may be placed In storage by Company 
for Purchaser's account and risk, and Purchaser shall pay all charges for 
storage, trucking and other Incidental expenses incurred by Company. In the 
event of delayed shipment. Company may inVOice Purchaser upon completion 
of manufacture or upon date the goods would have been ready for shipment. 

5. SHIPMENT. TITLE AND RISK OF LOSS-The term "shipment" means deliv­
ery to the Imllal carrier In accordance with the delivery terms of thiS order 
Company may make partial shipments. Company shall select method of 
transportation and route, unless terms are f.o.b. POint of shipment and 
Purchaser specifies the method and route and is to pay the freight costs in 
addition to the pnce. When terms are f.o.b. deslinatlon or freignt allowed to 
destination, "destlnallon" means common carner delivery POint (within the 
conlinental United States. excluding Alaska) nearest the destination. 

Title to the goods and risk of toss or damage shall pass to Purchaser at the 
f.o.b. point. Company shall not be responsible for damage to :he goods after 
haVing received "In good order" receipts from the carner All claims for loss, 
damage and delay In transit are to be handled by Purchaser dlrec:iy with the 
carner. Claims for shortages or Incorrect items must be maae ,n wnllng to 
Company Within thirty days after receipt at ~hlpme"t. I' allure to give SUCh 
notice shall constitute an unqualifiea acceptance and waiver Oy Purchaser of 
all claims for such shortages or Incorrect Itef'1S 

6. TAXES-Any applicable autles or sales, use, exe'se. value-added or Similar 
taxes will be added to the price ana Invoiced separately (unless an accept­
able exemption certificate IS furnished). 

Sremens 

Terms and Conditions 

7. TERMS OF PAYMENT-Unless otherwise stated all payments shall be In 
United Slates doliars, and a pro rata payment snail become due as each 
shlpmenl IS made if shipment IS delayed by Purchaser, date of nOlice of 
readiness for shipment shall be oeemed to be date of shipment for payment 
purposes 

On late payments. the contract pnce shall. Without preludice to Company's 
right to Immealate payment, be Increased by IY:% per month on the unpaid 
balance, but not to e.ceed the maximum permitted by law. 

If at any time In Company's judgment Purchaser IS unable or unwilling to meet 
the terms speCified, Company may reqUIre satisfactory assurance or full or 
partial payment as a condition to commenCing or continuing manufacture or 
making shipment. and may, if shipment has been maae, recover the goods 
from the carner, pending receipt of such assurances. 

8. NONCANCELLATION-Purchaser may not cancel or terminate for conve­
nience. or direct suspension of manufacture, except with Company's written 
consent ana then only upon terms that Will compensate Company for ItS 
engineering, faOncatlon and purchaSing charges and any other costs relating 
to such cancellation, termlnallon or suspenSion. ptus a reasonable amount 
for profit. 

9. GOODS RETURNED FOR CREDIT -Company will not accept goads for 
return unless an authorization for such return has been issued by Company In 
wnhng. Only goods currently manufactured by Company and invoiced Within 
the preceding twelve month period will be conSidered for return. If Compa­
ny's permission to return any goods IS granted, the amount of credit will be 
governed by the facts In each case. Credit issuea for any Item not returned in 
its onglnal crate or carton will be subject to a deduction to compensate for 
crate or carton replacement. SpeCial goods fabricated to oraer are not 
returnabte under any condil1Ons. 

10. NUCLEAR-PurChaser represents and warrants that the goods covered by 
this contract shall not be used In or In connection With a nuclear facility or 
application. 

11. LIMITATION OF lIABILITY-Neither Company nor ItS suppliers shall be liable, 
whether in contract, warranty, failure of a remedy to achieve its essential 
purpose. tort (including negligence) stnctliability Indemnity or any other legal 
theory, tor loss of use, revenue or profit. or for cost of capital or of substitute 
use or performance. or for indirect. speCial, liquidated, Incidental or conse­
quentiat damages, or tor any other loss or cost of a Similar type, or for claims 
by Purchaser for damages of Purchaser s customers. 

12. COMPLIANCE WITH LAWS-Company Will comply With all laws applicable to 
Company dUring manufacture and sale of the goods. Purchaser will comply 
With all laws applicable to Purchaser dUring operation or use of the goodS. 

13. GOVERNING LAW AND ASSIGNMENT-The laws of the State of Georgia 
shall govern the validity, interpretal10n and enforcement of thiS contract. 
ASSignment may be made only with written consent of both parties. 

If this Proposal Includes goods manufactured by the Company's CirCUit Protecllon 
or Electrical Apparatus DiviSions, the follOWing additional terms· and conditions 
shall apply to those goods 

14. PROPOSALS-Fuses are not considered a component part of any device 
and are not Included in this proposal unless specliically listed. Oral proposalS 
are subject to Immediate acceptance and terminate on the day made. 

15. PRICES-In the event of a price Increase. the price of :loadS on order but 
unshipped Will be aalusted to the price In eHect at the time of shipment. In the 
event of a price reducllon, all goods unshipped as of the eHectlve aate of the 
reduction (except shipment held by request of the PurChaser) will be inVOiced 
at the reduced price. Goods already shipped are not sublect to pnce 
reduclion. Orders on a bid or contract oasIs are not sublect to thiS clause. 
Oraers amounllng to less than $100.00 net will be InVOiced at $100.00 plus 
transportation charges for goads covered by Discount Schedules. The 
company's pnces Include the costs of stanaard domestic packing only. Any 
deViation from thiS standard packing (domestiC or export), including U.S. 
Government sealed packing. necessitates extra charges. To determine such 
extra charges. consult Company's sales oHlces 

16. ADDITIONAL TERMS OF PAYMENT-InVOIce payment terms are as shown 
on latest discount sheet~ as issued from time to lime Cash alscounts are not 
applrcable to notes or trade acceptances. to prepaid transportation Charges 
when addea to Company's Invoices or on disc:Juntable Items if there are 
undisputed past due items on the account. Portions of an invoice In dispute 
should be deducled and the balance remItted With a detailed explanation of 
the deduction Cash discounts will only be allowed on that portion of the 
InVOice paid Within the normal discount penod. 

Freight will be allowed to any common-carner free-delrvery paint within the 
United States. e.clualng Alaska and HawaII. on shipments exceeding $1,000 
net or more prOViding the Company selects the carrier. On shipments to 
Alaska ana HawaII, freight Will be allowea to dockslae at the listed port of 
debarkation nearest me destinal10n point on shipments of $1,000 net or more. 
The Purchaser shall pay all speCial costs such as cartage, stevedoring and 
Insurance. Special freight allowances are as shown on latest discount sheets 
as Issuea from time to time. Catalogued weights are estimated, not guaran­
teea The Company assumes no responsibilrty for tariH classifications of 
carners. 

341 

'::~;~: ' 

.. '~ .. 
~T :. , 



." 
,/ 

/ 

L. 

!: 
T .... .... 
I ,.. 

'0 
'D .>1 

.... 
U1 

'<] 
(<] 

;J ~ ;' >I'~ ~ G) _. T· 

"h.. :5. [[J i 
~~. .~ 

II 

nOr 

~ im m 

3~lJ o. t!l 
~ a o -, 
~ t'l 

"Ii. a-n srlJ :e ~ if 
_ III r -Iv _ t 1/ .... 1 so 

Ii fai i J I.J }! ::. ~ n~II!I"1 ~Il-fn~~ I~ l"!'. ~ I .• f :! Ii ~ e 
. ____ . D:r lr.. 9 I -'1 0 It; I-.If it -" it •• if" I . 

Iflll!lri~h 'ri i::!~!!hIPJ~.:!llllr di!llHft~.;!I~! (.~. rJf:i 11 :JU8~~diiljl·JI 11- i~i!!lfIJJ't 
. tf'U~fh H ;·I!·~~~~lfl·HJ!J4.11' l'J;I,fl,lrlf i 

~51 •• f." 1= 5. [ •. ·.;-efstll.·l-

01 
',I 
'D 
-1 
o 
,,) 
'0 

.1 

o .... 



TERMS AND CONDITIONS OF SALE 

GENERAL - Allen-Bradley Company, 
Inc ("A-B") and Customer agree that the 
terms and conditions identified in this 
document and in any written A-B specifi­
cation of services to be furnished hereun­
der shall govern exclusively the sale or 
licensing by A-B of all hardware, 
firmware, software and services (collec­
tively referred to as "Goods") within the 
United States. The term 'services' shall 
include without limitation any program­
ming and commissiOning of a control sys­
tem, eqUipment start-up and repair, ap-
plication engineering services, on- and 
oft-site classroom training courses, and 
exchange and repair of Goods. No addi­
tion or modification to any of the terms 
and conditions as they appear In this 
document shall be binding upon A-B un­
less in writing and signed by an author­
ized representative at A-B Headquarters. 
A-B objects to other terms and condi­
tIOns that may be proposed by Customer. 

TERMS - Payment terms to Customers 
with satisfactory credit are net thirty (30) 
days from date of inVOice. 

If payment of any amount owed A-B is 
not made when due, A-B reserves the 
nght (in addition to and without limitation 
of Its other nghts) to suspend further per­
formance, without liability, until such pay­
ment has been made . .J SHIPMENT - Shipment will be F.O.B. 
A-B's factory, warehouse or other pOint 
of shipment by A-B. Customer to pay all 
shipping, Insurance and related ex­
penses. For Industrial Control Group 
Goods, A-B shall pay the lowest cost 
shipping expenses within the continental 
United States. Scheduled or stipulated 
shipping dates are approximate and 
based upon prompt receipt of all neces­
sary Information from Customer. 

If shipment IS delayed at the request of, 
or due to acts or omissions by Customer, 
A-B shall have the nght to store the 
Goods at a place of ItS own choice at 
Customer's risk and expense. 

TITLE AND RESPONSIBILITY - Title 
to hardware shall remain with A-B as se­
curity only and until full payment therefor. 
Title for software or firmware remains With 
A-B and IS licensed for use by Customer 
pursuant to A-B's license agreement. 
Risk of loss or damage shall pass to Cus­
tomer upon shipment from F.O.B. point. 

All replacement Goods prOVided hereun­
der shall be furnished on an exchange 
basis, and may be new or used if 
eqUivalent to new In performance. The 

.
j replaced Goods shall become the prop­

."." erty of A-B 

EXPORT PACKING - A-B will pack 
Goods for air shipment and underdeck 
overseas shipment In accordance with ItS 

regular export standard at no additional 
charge to Customer. Where such packing 
for export must conform to definite speci­
fications that differ from the A-B stan­
dard, the Customer will be charged for 
the extra cost incurred. 

SHIPPING WEIGHTS AND DIMEN­
SIONS - Published weights are careful 
estimates but are not warranted. Dimen­
sions shown in catalog are approximate. 

QUOTATIONS - All written quotations 
automalically expire untess accepted 
within thirty (30) days from the date quot­
ed. Verbal quotations expire the same 
day they are made. In order for catalog 
orders to be binding, quotations must 
specifically identify Goods and list the 
actual quantities involved. All steno­
graphic and clencal errors are subject to 
correction. All quotations are subject to 
approval by an authonzed representative 
at A-B Headquarters. 

PUBLISHED PRICES - Prices shown in 
any A-B publication are subject to 
change Without notice and are not to be 
construed as a definite quotation or offer 
to sell by A-B. Such publication is main­
tained only as a source of general infor­
mation, and any prices shown therein are 
subject to confirmation with a specific 
quotation. 

With respect to services, unless other­
wise agreed In writing by A-B and Cus­
tomer, (i) the price of any services shall 
be A-B's published price therefor in ef­
fect as of the date such services are pro­
vided; and (ii) A-B shall have the right to 
increase or decrease the pnce of any ser­
Vice, effective with respect to any portion 
of services which have not been prOVided 
as of the date of such price change. 

Hourly service pnces are based on a 
standard work day of 8:00 a.m. to 5:00 
p.m. Monday through Fnday. Unless oth­
erwise agreed in writing between A-B 
and Customer, services prOVided outside 
the standard work day will be charged at 
one and one-half times the applicable 
base service rate, except on Sundays 
and holidays observed by A-B, In which 
case the services will be charged at two 
times the applicable base rate. 

Billable service time includes all time A-B 
representatives spend traveling to and 
from the job site and all time A-B repre­
sentatives are available for work and 
waiting (whether on or off the Job site) to 
perform the services. In addition to billa­
ble service time. Customer shall payor 
reimburse A-B at cost for all travel and 
living expenses Incurred by A-B repre­
sentatives (in accordance with A-B poli­
cies) In the course of providing services 
to Customer, including without limitation 
hotel, meals, air, rail, bus or taxi transpor­
tation, car rental, and automobile mileage 

ALLEN-BRADLEY CO, 

cost reimbursement if a personal vehicle 
IS used. 

TAXES - The Customer shall payor re­
imburse A-B for all sales, use, excise or 
similar taxes. 

SCOPE CHANGE - All changes affect­
ing Goods, delivery date or otherwise af­
fecting the scope of the order are to be 
documented in writing and subject to pri­
or approval at A-B Headquarters. All 
changes approved by A-B may result in 
price, delivery, specification, and/or other 
changes. 

WARRANTY -

A. HARDWARE: Unless otherwise pro­
Vided in writing and approved by A-B 
Headquarters, A-B warrants for a pe­
riod of one (1) year from the date of 
A-B invoice that all hardware fur­
nished under the order will be of mer­
chantable quality free from defects in 
material, workmanship and design 
each as determined, at the date of 
shipment by A-B, by generally recog­
nized, applicable and accepted prac­
tices and procedures in the industry -
to include any specifications as spe­
cifically agreed to in writing by A-B 
prior to the date of shipment. A-B will 
not be liable for any design fumished 
by Customer and incorporated into. 
hardware. Hardware includes prod­
ucts purchased by A-B for sale with 
the hardware manufactured by A-B 
when the decision to include such 
products is solely that of A-B. Other­
wise, any warranty applicable to such 
products shall be limited solely to the 
warranty extended to A-B by the orig­
inal manufacturer. Repaired or re­
placement hardware IS warranted for 
a penod of six (6) months from the 
date of invoice, or the remainder of 
the original warranty term, whichever 
is longer. 

B. SOFTWARE AND FIRMWARE: Un­
less otherwise provided In an A-B or 
third party license agreement, A-B 
warrants for a penod of one (1) year 
from the date of invoice that the 
software or firmware furnished under 
this order will perform in accordance 
with published or other written specI­
fications prepared, approved, and is­
sued by A-B Headquarters, when 
used with specifically identified hard­
ware. In any event, A-B makes no 
representation or warranty, express or 
implied, that the operation of the 
software or firmware will be uninter­
rupted or error free, or that the func­
tions contained in the software or 
firmware will meet or satisfy the Cus­
tomer's intended use or requirements. 

r· _,(. _ ~ 
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TERMS AND CONDITIONS OF SALE 

Nare or firmware support IS 
the terms and conditions of 

Icense agreement or A-B ex­
upport agreement Software 
Iware corrections are WBr­
,r a period of three (3) months 
date shipped by A-B, or the 

er of the onglnal warranty 
IIchever IS longer. 

~Ion of thiS warranty, consis-
1 other provisions herein, will 
3d to the replacement, or re­
nodlficatlon of, or Issuance of 

for the Goods Involved, at 
ptlon, only after the return of 
lods with A-B's consent In ac­
,e with RETURN OF EQUIP· 
Any warranty service (consist­
time, travel and expenses 

. to such services) performed 
1an at A-B's factory, shall be at . 
~e(s expense. 

/arranty satisfaction is available 
(a) A-B IS promptly notified In 

upon discovery of an alleged 
and (b) A-B's examination of 

Ibject Goods discloses, to ItS 
ctlon, that any alleged detect 
It been caused by misuse; neg­
mproper Installation; improper 
Ion; Improper maintenance, re­
Ilteration or modificatIOn; acci­
or unusual deterioration or deg­
In of the Goods or parts thereof 
) phYSical enVIronment or due to 
Ical or electromagnetic nOise en­
nent THIS WARRANTY IS IN 
OF ALL OTHER WARRANTIES 

rHER EXPRESSED, IMPLIED OR 
UTORY INCLUDING IMPLIED 

RANTIES OF MERCHANT ABILI­
R FITNESS and thereby excludes 
Icatlons or the like for product 
,rmance, use or deSign With re­
t to any standard. regulation or 
Ike (unless and to the extent In­
mdently approved In wrillng at 
Headquarters) AND EXTENDS 

.y TO CUSTOMER PURCHASING 
iM A-B OR AUTHORIZED A-8 
ELLER. 

:>F LIABILITY - IN NO EVENT, 
DLESS OF CAUSE, SHALL A-B 
IE RESPONSIBILITY FOR OR BE 
(a) FOR PENALTIES OR PENAL­

,USES OF ANY DESCRIPTION, OR 
'R INDEMNIFICATION OF CUS­
~ OR OTHERS FOR COSTS. DAM-
OR EXPENSES EACH ARISING 

)F OR RELATED TO THE GOODS 
RVICES OF THIS ORDER. OR FOR 
FICATION, UNLESS OTHERWISE 
FICALL Y PROVIDED HEREIN, OR 
R INDIRECT OR CONSEQUENTIAL 
IGES UNDER ANY CIRCUM­
:E, INCLUDING ANY LOSS, INJU­
R OTHER DAMAGES. A-8'S MAXI-

MUM LIABILITY. INCLUDING DIRECT 
DAMAGES, SHALL NOT EXCEED THE 
AMOUNT OF THE PURCHASE ORDER. 
THIS LIMITATION OF A-B'S LIABILITY 
WILL APPLY REGARDLESS OF THE 
FORM OF ACTION, WHETHER IN CON­
TRACT OR TORT, INCLUDING NEGLI­
GENCE. ANY ACTION AGAINST A-B 
MUST BE BROUGHT WITHIN EIGHTEEN 
(18) MONTHS AFTER THE CAUSE OF 
ACTION ACCRUES. 

LICENSED SOFTWARE AND 
FIRMWARE - Software or firmware 
which IS subject to A-B license agree­
ment (a) is also subject to Terms and 
Conditions herein unless inconSistent 
with the A-B license agreement, in which 
case the license agreement shall govern, 
and (b) shall not be provided to Customer 
until Customer agrees to the terms and 
conditions of the A-B license agreement. 

EXPORT CONTROL - Any Goods or 
technical data supplied by A-B under 
these Terms and Conditions are subject 
to the United States Export Administra­
tion Act and Regulallons thereunder, 
which includes the licensing of certain 
products. It is the responsibility of the 
exporter to comply with the Act and 
Regulations. 

RETURN OF EQUIPMENT - Approval 
for return of Goods, whether under the 
Warranty clause or otherWise, must be 
obtained from A-8 Headquarters. No ap­
proval shall be granted for the return of 
Goods under any Circumstances where 
the original InVOice date for such Goods 
IS more than ninety (90) days pnor to the 
date that a request IS made to A-B for 
such approval. All Goods returned must 
include reference to all pertinent order in­
formation for those Goods to Include or­
der, part, model and serial numbers as 
well as details of the system from which 
the Goods were removed, when appro­
priate Except for Goods under warranty. 
cost for placing Goods returned for credit 
In d saleable condition Will be charged 10 

Customer. Goods returned must be care­
fully packed so as to reach A-B Without 
damage. 

No credit will be issued for returned 
Goods where the net amount Involved IS 
less than $100.00, except when an error 
made by A-8 IS to be corrected. 

Goods accepted for return, WhiCh are not 
covered by warranty, are subject to a 
minimum restocking charge plus all 
transportation charges Incurred by A-B 

Replacement Goods returned to A-B 
must In a repairable condition: otherWise 
Customer Will be billed per A-8 policy. 

Goods bUilt to a Customer's speclficalion 
or Goods that have been modified by the 

ALLEN-BRADCEY CO: 

Customer cannot be returned for credl! 
under any conditions. 

JONS 

55330 
3 

All Goods to be returned must be ' t 
shipped to locations stipulated by A-8 at' ........ _ 
the time A-B approves the return of the 
Goods. The shipping container of all re-
turned Goods must be clearly marked In 
accordance With A-B directives 

CANCELLATION AND TERMINATION 
Any order or contract may be terminated 
by the Customer only by written notice 
and upon payment to A-8 of reasonable 
and proper cancellation charges, Includ-
ing but not hmlted to all labor, faCility, and 
eqUipment costs identified in the order or 
contract and which have been Incurred 
prior to the date of notice of cancellation. 
All additional costs resulting from the 
cancellalion and ten percent (10%) of the 
final net price will be included in the can-
cellation charges to compensate tor dis-
ruptions In scheduling. planned produc-
tion, and other direct costs. Payment 
shall be made within thirty (30) days from 
date of invoice, 

A-B shall have the right to cancel any 
order or contract at any time by written 
notice for any breach of the order or con­
tract by the Customer and A-8 shall be 
entitled to collect cancellallon charges as 
identified above. 

No termination. by Customer for default •. 
shall be effective unless and until A-B • 
shall have failed to correct such alleged 
default within forty-five (45) days after re­
ceipt by A-8 of the written notice speci­
fying such default. 

TECHNICAL TRAINING COURSES -
The fee for classroom training ("Technical 
Training") courses shall include all course 
materials furnished by A-B, but A-B shall 
not be responsible for any transportation 
lodging, meal and other expenses In­
curred by Customer or ItS representative 
in attending the course. Published course 
descriptions are for general reference on­
ly. A-B reserves the nght, Without liability 
to Customer, to change course sched­
ules, modify course content, discontinue 
courses, limit class size and cancel 
courses. 

For Technical Training courses to be 
presented at A-B's premises, a cancella­
tion charge equal to fifty percent (50%) of 
the course tUition shall be payable If A-B 
receives notice of cancellation less than 
fourteen days before the first day of train­
Ing for which Customer's representative 
is scheduled. If a student falls to appear 
for a scheduled course, the full tUition Will 

, 
lfar 

EPG 
af 
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3. 

3. 

be payable. • " 

For Technical Training courses to be ~' 
presented at Customer's premises, a f 
cancellation charge equal to fifty percent 
(50%) of the course fee shall be payable 



Warranties include both materials. equipment and labor to switch 
and replace these units. 

Not covered under any warranty are lightning or power spikes. sand 
wear. or running the pumps out of the respective pumping range for 
cooling or upthrusting. 

If the pump or motor is not covered under the warranties given by 
the manufacture. the labor and equipment is also chargeable. 

If you should have any questions concerning these warranties. 
please feel free to call me at any time. 

Sincerely Submitted. 

Roger E. Renner. President 
MASTER WATER WELL CONTRACTOR 

E.H. RENNER & SONS. INC. 
MINNESOTA LICENSE 171015 

\'II.'l\IIIO'-CO 



Franklin Electric 

SUBMERSIBLE MOTOR WARRANTY 

SCOPE OF POLICY 
This service policy applies to all Franklin Electric submersible motors. 

LIMITED WARRANTY 
Franklin Electric warrants apparatus sold against faulty workmanship or the use of 
defective materials. Franklin Electric shall in no way be liable for any special. 
incidental or consequential damages resulting from any cause whatsoever. which 
might be claimed as the result of the use or malfunction of the apparatus sold. 

WARRANTY DETERMINATION 
The duration of the warranty period is one year from the date of a product's 
installation, within two years from the date of its manufacture. 
For delayed installation. the warranty period. which applies to motors only. is one 
year from date of installation. within three years from the date of manufacture. 

SUBTROL WARRANTY is three years from date of installation. within four 
years from date of manufacture. 
This warranty is applicable only for water well installations and applies only to 
Franklin Electric three phase motors equipped with and used with SUBTROL 
retrofit kits and with a properly grounded lightning arrestor. In order to validate the 
SUBTROL warranty, the SUBTROL warranty registration card must be completed 
with all requested information and mailed within 10 days of installation. 

WARRANTY SERVICE 
A Franklin Electric motor which fails in warranty will be replaced with a new 
motor. The exception is minor type repairs on an emergency basis. A minor repair 
may include all repair except rotor and/or stator. 
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5854 
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BILL OF MATERIALS 

LOC, 

01 

01 
!7 

7,18,2-
18 
27 
19 
19 

24,25 

24 
25 
25 
33 
68 

68 

69 

69 
100 

100 

100 
100 
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DISCRIPTlON 

RELAY, 3PDT, 120 VAC COIL, 15 A, 
SCHRACK ffRM702615 

SOCKET,RELAY,l1 PIN BLADE,IDEC ffSR3B05 
SEL,S\I,2 POS,BKL,SIEMENS nSB02-2MKB 

CONTACT BLOCK,1 N.D"SIEMENS ff3SB1400-0B 
SEL, S\I"3POS,, SIEMENS ff3SB02-3MKB 
KEY S\I, 2POS" SIEMENS ff3SB02-2MHC4 

PB,BLK,MIN,FLUSH,SIEMENS ff3SB02-PFB 
CONTACT BLOCK,1 N,C"SIEMENS #3SB1400-0C 
PILOT LIGHT (LESS LENS), 

SIEMENS ff3SB02-LRl 

LENS, PILOT LIGHT, RED,SIEMENSff3SBI91O-IGC 
LENS, PILOT LIGHT, GREEN, 

SIEMENS ff3SBI910-IGE 
CONTACTOR, NEMA 0, SIEMENS ff3TF-3200-0AK6 
FUSE BLOCK,1 POLE,250 VAC 30 A, 

GOULD ff20321 

FUSE, 250 VAC, 5 AMP, GOULD #1R-5R 

FUSE, BLOC~ 3 POLE,600VAC, 30~ 
GOUL D 1160328 

FUSE, 600VAC,30Af:P, GOULD 
DISCONNECT, 30 AMP, 3¢, 

ABB ffOETLNF30 

DISCOtJtJEr:T. OPERATOR 
.. FF ~ nF T 7;(~:gr 

ffTRS-30R 

S~AFL ABB IOEfL-XS57 
AUX, CONT ~.CT, 1 N,O, & 1 N,C., 

t,BB 1I0ETLZ);79 

, 
MSP, 10-:6A, SIEMENS #3VUI300-1I1MOO 

PRESSURE SIJICH, (SUPPLIED BY CARBONAIR) 
MAGNEHLIC GAUGE,(SUPPLIED BY CARBONAIR) 

BULKHEAD UINON,II 4 T X 1/41, 3186-56-00 
MALE BRA~CH TEElI4T X 114M, 3108-56-14 

TERI',INALS, ENTRLEC ff115118,11 
END STOP, ENTRLEC ffl03002,26 

END SECTION, ENTRLEC 11183368,16 
TERI1INAL, GROUND, ENTRLEC til65115.10 
NAP,EPLATE, 3/4' X 2', BLK/\lHT IBLK, 

PHENOLIC (SEE NAMEPLATE LIST) 

ENCLOSURE, HOFFMt,N IA-20R208HCR 
PA"ELS, HOFFI1AN IA-20P20 

SCREI-!, PAN HEAD 18-32 x 112', PLATED 
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\lASHER, FLAT, ff8, PLATED 
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NUT, JAM, 1/4'NC, PLATED 
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MOUNT, CABLE TIE, ADHESIVE BACK, PLASTIC 

TIE, CABLE, 3' LONG, NYLON 
RAIL, MOUNTING, CENELEC, 4' LONG, PLATED 
RAIL, MOUNTING, CENELEC, 17' LONG, PLATED 
RAIL, MOUNTING, CENELEC, 15' LONG, PLATED 

SCRE\I, PAN HEAD, 118-32 x I', PLATED 
DUC T, \lIRING, OPEN SLOT, \l/COVER, I' x 

2' x 7' LONG, PLASTIC 
DUCT, \lIRING, OPEN SLOT, \I ICOVER, I' x 

2' x 1" LONG, PLASTIC 
LABEL, SELF -STICK, 112' xl', IJHITE 
\I!1H BLACK FIGURES (SEE PAGE 2) 

TERMINAL, SOLDERLESS, RING TONGUE 
FOR 10 GA, I-!IRE x 114' STUD 

APPRC'VAL DATE 
~ - CARBONAIR DRFT 

EU JF 7/21/92 = VlATER AND AIR ECONTAI,.\!NA nON 
PRES, 

SIJITCH 9 
I CHKR ~ ;e MINNEAPOLIS, MINr~ESOTA \91992 

TOLERANCES UNLESS NOTED OTHERWISE I 01MSCAL£ Tl TLE I 
4 -

• 

,­
LOW LOI-! 

DEC!MAL 

I
FRACTlONAl ANGLES AIR STRIPPER CONTROL PANEL 

--.. ~r'71ENGINEERING J 03 1/32" l' meALE 4 NIROP II #301 0 60 
1 

i::::j \C.J UNLIMITED,INC ' -- .- ;::; 
nilRD 

I~' PANEL TO BE UL LI STED - Hinneo.polis MN - 55411-4063 ,~" T1<ESE MATERIALS ARE CONFIDENTIAL ANGLE ~--=:::::-J_ S:ZE DI'G NO 
, L AND ARE THE PRO?RIETARY INFORMAT- PROJ£CT,ON -'47~ ' \.. AI 2 087 AI REV A 

.:\ VARISTORS O~ ALL AC COILS ,ION OF CARBONA!R SER\IlCES, INC. AND --" D 

l I . OLD CAS CC500 MAY NOT BE USED OR REPRODUCED UNLESS OTH£~\"SE SPECIFIED: 

~ 
EU ACAD FILE #64B5A VIlTHOUT THE CONSENT OF CARBONA1R • OI/o.',ENS1QNS ARE IN INCHES SCALE _ I"OL NO. 1 
EU REV, PER ED 05<9 SER"'CES, INC, • 00 NOT seRE DRA"'NG 1 - 4 119898 SH'ET 1 OF 1 I 
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