[*TM 55-1930-209-14&P-9-2|

TECHNICAL MANUAL

OPERATOR, UNIT, DIRECT SUPPORT
AND GENERAL SUPPORT
MAINTENANCE MANUAL

(INCLUDING REPAIR PARTS AND
SPECIAL TOOLS LIST)

FOR

WATER PURIFICATION BARGES
(NSN 1930-01-234-2165)
VOLUME 9-2
ELECTRIC POWER SYSTEM

This technical manual is an authentication of the manufacturer’s commercial literature
and does not conform with the format and content requirements normally associated
with the Army technical manuals. This technical manual does, however, contain all
essential information required to operate and maintain the equipment.

Approved for public release; distribution is unlimited.

*This manual supersedes TM 55-1930-209-14&P-92, 30 January 1989.

HEADQUARTERS, DEPARTMENT OF THE ARMY
15 OCTOBER 1992



TM 55-1930-209-14&P-9-2
WARNINGS AND SAFETY NOTICES
WARNING
DANGEROUS VOLTAGES AND HAZARDOUS MATERIALS
ARE USED IN THIS EQUIPMENT.
DO NOT TAKE CHANCES!
GENERAL WARNINGS
Always redtag electrical equipment, controls, circuits, and switches before beginning repairs.
Do not service or adjust high voltage electrical equipment when alone.
Do not overload circuits.
Always use authorized, insulated tools and test equipment when working on electrical equipment.
Remove all jewelry before working on or around electrical equipment with exposed current-carrying areas.
Do not wear clothing with exposed metal fasteners when working on electrical equipment.
Always use approved breathing apparatus when working with chemicals.
Avoid chemical contact with eyes, skin, and clothing.
Always wear safety glasses, gloves, and rubber aprons when handling chemicals.
Wear protective clothing and safety glasses as required when working on barge equipment.
Always wear approved ear protection in noise hazard areas.
SPECIFIC[WARNINGS
Do not connect any new circuit to an existing circuit.
Do not energize circuits if water condensation is present.
If any sparks are seen, stop operation immediately. Determine cause and take corrective action.
Never touch radio antennas of fixed-base radio transmitters. When transmitting, antennas contain high voltage.

Always use approved breathing apparatus when handling material in multimedia filters and chlorination unit descaling
add crystals. Do not breathe dust from these materials.

Avoid breathing vapors from coagulant aid chemicals. Use in a well-ventilated area. In case of chemical contact with
skin, wash with water. For eyes, immediately flush at eyewash station and obtain medical help as soon as possible.

Always wear work gloves and shirts with full length buttoned sleeves when handling fuel oil and gasoline.
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Do not smoke or have open flames within 10 feet when handling fuel oil or gas. Only minimum number of personnel
necessary to conduct fueling operation is permitted in area.

Before starting any repairs on compressed air system, always release pressure from air receiver and compressor and
open and redtag circuit breakers.

On air compressor, do not adjust automatic regulator switch (pressure switch) and pilot valve settings.
To avoid flying particles lodging in eyes, do not use compressed air to “dust-off” clothing or workspace.
Stay clear of anchor cables when operating anchor winches.

Always wear safety glasses or face shield when using power tools.

Always wear lifevests when on weatherdeck and throughout the barge during storm conditions.
Lifevests are to be worn at all times aboard workboat.

Only qualified persons will operate and maintain arc and fuel gas welders.

When welding, always make sure those working with or near the welder wear proper clothing: heavy, hole-free gloves,
heavy shirt, cuffless trousers, high shoes, and cap. Keep clothing dry and free of oil and other flammable substances.

Use dry heavy canvas drop cloth to cover work area and adjacent deck when arc welding.

Before welding on bulkheads, deck plating and similar surfaces, always check carefully to make sure that the other
side of the surface to be welded does not hide fuel or compressed gas tanks, flammable or hazardous materials, or
electrical equipment or wiring.

When welding, keep your head out of the fumes and make sure area is well ventilated.

Before welding on surfaces which have been cleaned with cleaning solutions containing chlorinated hydrocarbons,
always wash with water, dry and ventilate area thoroughly.

Use shield with proper filter lens when welding. Do not allow others near welding operations to assist or observe
without proper eye protection. This must include side shields during slag chipping operations.

Warn personnel in area during welding operations not to look at arc or expose themselves to hot spatter or metal.
In an extreme emergency, when welding is required in void 2 port, shut down chlorination system. Close all valves.

Cover the parts of chlorination system not being welded with a heavy canvas drop cloth. Turn on vent 8 and, if
available, provide additional forced air ventilation.
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- Before welding on fuel oil or sludge tank, make sure tank is gas-free by: 1) removing all liquid from tank, 2) cleaning
tank thoroughly, 3) seeing that tank is thoroughly dry, and 4) force ventilating tank.

« Connect arc welding work cable as dose to welding area as possible. Work cables connected to barge framework or
other locations far from welding site increase the possibility of the welding current passing through lifting chains, crane
cables or other possible circuit paths. This can create fire hazards or weaken lifting chains or crane cables until they
break or fall.

« Always weld with all doors, portholes, and hatches propped open and necessary ventilation systems operating.

« Take frequent breaks away from the area where you are welding.

« Do not take oxygen and acetylene tanks into confined areas when welding.

« Always use a friction lighter to start oxyacetylene torch.

« Always maintain all welding equipment in proper working condition. If you have any doubts about the safety of any
welding equipment, do not use the welder.

ELECTRICAL SHOCK SAFETY STEPS
Five safety steps to follow if someone is the victim of electrical shock.
1. Do not try to pull or grab individual.
2. Turn off electrical power when possible.

3. If you can not turn off electrical power, pull, push, or lift person to safety using a wooden pole, rope, or some other
insulating material.

4. Get medical help as soon as possible.

5. After the injured person is free of contact with the source of electrical shock, move the person a short distance away
and, if needed, start CPR immediately.

c/(d blank)
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INTRODUCTION TO

TM 55-1930-209-14&P-9-2

You can help improve this manual. If you find any mistakes or if you know of a way to improve the
procedures, please let us know. Mail your letter, DA Form 2028 (Recommended Changes to Publications
and Blank Forms), or DA Form 2028-2 located in the back of this manual direct to: Commander, US Army
Troop Support Command, ATTN: AMSTR-MMTS, 4300 Goodfellow Blvd., St. Louis, MO 63120-1798. A
reply will be furnished directly to you.

SCOPE

TM 55-1930-209-14&P covers the Reverse Osmosis Water Purification Barges, Models 300-WPB-1, 300-WPB-2
and 300WPB-3, NSN 1930-01-234-2165. This manual consists of twenty-one volumes.

REVERSE OSMOSIS WATER PURIFICATION BARGES

The Reverse Osmosis Water Purification Barges provide up to 300,000 gallons of drinking water per 24 hour
period. The drinking water, converted from seawater or brackish water, is for use by a Rapid Deployment Force in
a forward area. When needed, the drinking water can be pumped to a shore facility or to another vessel. This
manual provides operation and maintenance procedures for all the component systems on the barges.

VOLUME 1 -- NORMAL OPERATIONS

This volume provides information and procedures on normal Reverse Osmosis Water Purification Barge
operations, including barge movement and deployment, communications and electrical power systems, drinking
water production, shutdown, and required operational maintenance. Emergency shutdown procedures are also
provided.

VOLUME 2 -- SEAWATER SYSTEM

This volume describes operation and maintenance of the seawater system which supplies seawater to the
Reverse Osmosis Water Purification Units (ROWPUSs) for processing to the air conditioning unit for cooling to the
ballast tank for barge trimming to the chlorination unit for priming and cooling, and to the diesel generators for
cooling.

VOLUME 3 -- REVERSE OSMOSIS WATER PURIFICATION UNIT (ROWPU) SYSTEM

Volume 3 provides operation and maintenance procedures for the ROWPU System which processes seawater or
brackish water to produce drinking water. Normally, this system processes seawater supplied by the seawater
system (TM 55-1930-209-14&P-2) to create product water. Chlorine is then added to this product water by the
chlorination system (TM 55-1930-209-14&P-4). The resultant drinking water is discharged into four storage tanks
that are part of the drinking water system (TM 55-1930-209-14&P-5)

VOLUME 4 -- CHLORINATION SYSTEM
Operation and maintenance procedures for the chlorination system onboard the Water Purification Barges are
contained in this volume. This system produces chlorine in a sodium hypochlorite solution, upon demand, to water

processed by the ROWPU system just before the water enters the four drinking water storage tanks.
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VOLUME 5 -- DRINKING WATER SYSTEM

The drinking water system provides storage for water produced by the ROWPUs and includes pumps and valves
to move this water from onboard storage tanks to the shore discharge system, to another vessel, or overboard.
The drinking water system also provides a pressurized water supply for drinking and washing on board the barges.

VOLUME 6 -- SHORE DISCHARGE SYSTEM

This volume provides operation and maintenance procedures for the shore discharge system which transfers
drinking water from barge storage tanks to holding/storage facilities ashore.

VOLUME 7 -- COMPRESSED AIR SYSTEM

Volume 7 describes the operation and maintenance of the compressed air system which provides compressed air
to five air stations in the ROWPU space, one in the workshop, and one on stem weatherdeck. This system also
provides compressed air to two air stations for blowdown of seachests in void 2 starboard and void 4 port.
Compressed air is used on the barges to operate air-powered impact tools, to propel air through the shore
discharge hose, to blowdown seachest, and for general cleaning blowdown.

VOLUME 8 -- FUEL OIL SYSTEM

This volume provides operation and maintenance procedures for the fuel oil system which functions as a
centralized receiving storage and distribution system for diesel fuel used for barge operations. This onboard fuel
system provides fuel for two 155 kW diesel ship service generators, a 20 kW ship auxiliary generator, two
ROWPU high-pressure pump diesel engines, and a fueling station for the barge workboat.

VOLUME 9 -- ELECTRICAL POWER SYSTEMS

Operation and maintenance procedures for the two electrical power systems installed aboard the Water
Purification Barges are contained in Volume 9. The normal electrical power system generates, controls and
distributes all electrical power for operating the water purification system and its auxiliary systems. The
emergency electrical system supplies 24 Vdc from a battery bank to 24 Vdc equipment and converts to 24 Vdc
through an inverter to 120 Vac to power emergency lighting and equipment.

VOLUME 10 -- LIGHTING SYSTEM

Volume 10 contains operation and maintenance procedures for the onboard lighting systems for the Water
Purification Barges. This system supplies interior and exterior lighting. Normal and emergency interior lighting is
provided in the deckhouse ROWPU space, dayroom, workshop, and voids. Exterior lighting consists of
searchlights and floodlights for use at night or during reduced visibility. Lights on the weatherdecks and standard
navigation and status lights are for use during operation and towing.

VOLUME 11 -- EQUIPMENT MONITORING SYSTEM

This volume provides operation and maintenance procedures for the equipment monitoring system which monitors
the operation of several equipment components onboard the Water Purification Barges. This system monitors
operating conditions such as amount of drinking water in storage tanks and temperature of diesel engine cooling
water. Sensors detect unacceptable operating conditions, the main processor flashes at double intensity and
remote alarms (horns, strobe lights and buzzer alert crewmembers that corrective action is necessary.
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VOLUME 12 -- COMMUNICATIONS SYSTEM

Operation and maintenance procedures for the communications system are provided in Volume 12. This system
consists of three separate communications methods, radio communications, foghorn and intercom telephones.

VOLUME 13 -- HANDLING EQUIPMENT

This volume contains operation and maintenance procedures for handling equipment used for lifting, transporting
and repositioning equipment and materials onboard the barges. The system includes a bridge crane, bow crane
and a void 4 trolley hoist.

VOLUME 14 -- ANCHOR, MOORING, AND TOWING EQUIPMENT

Volume 14 describes the operation and maintenance procedures for the anchor mooring, and towing equipment
on the Water Purification Barges. This equipment provides a method to hold (anchor) the barges in a fixed
position offshore, at dockside, or next to another vessel and a method to move the barges from one location to
another.

VOLUME 15 -- MISCELLANEOUS EQUIPMENT (DAYROOM, WORKSHOP, ACCESSES, AND SANITATION
SYSTEMS)

Volume 15 addresses operation and maintenance procedures for miscellaneous equipment installed on the Water
Purification Barges. This equipment includes the dayroom on the forward starboard side of deckhouse, the
workshop on the forward portside of deckhouse, accesses such as deckhouse doors and portholes and various
accesses to and from the voids, and two separate sanitation systems (toilets and bilge). Additional equipment
addressed in this volume includes: guard rails, rubber fendering, removable rubber floor mats, eye-wash stations,
component labels, caution, warning and danger signs, and storage areas.

VOLUME 16 -- VENTILATION, HEATING, AND AIR CONDITIONING SYSTEMS

This volume contains operation and maintenance procedures for the deckhouse and voids ventilation systems and
the heating and air conditioning (HAC) system installed on the Water Purification Barges. The ventilation system
provides fresh air circulation in the deckhouse and voids with 17 hatches and 10 ventilation fans. The HAC
controls the temperature in the dayroom and deckhouse.

VOLUME 17 -- WORKBOAT, LIFESAVING, AND FIREFIGHTING EQUIPMENT

Volume 17 includes procedures for the operation and maintenance of:
a. Workboat -- provides water transportation for crew members and visitors, small cargo items, transportation
of the messenger line for the shore discharge hose and similar work-related tasks associated with operating
the Water Purification Barges.

b. Lifesaving Equipment -- installed on the barges and consisting of 2 liferafts, 15 Type Il and 24 Type V
lifevests and 4 lifesaving rings.

c. Firefighting Equipment -- installed on the barges and consisting of Halon 1301 system, 2 CO, hose reel
units, a smoke detector system, 17 portable CO, fire extinguishers, 5 dry chemical fire extinguishers, 5 self-
contained breathing apparatuses, and a portable, engine driven firefighting pump. The workboat also has a
10-pound, portable, dry chemical fire extinguisher.

VOLUME 18 -- SUPPORTING APPENDICES FOR VOLUMES 1-17.

Volume 18 contains the Maintenance Allocation Chart, Components of End Item List, Tools and Test Equipment
List, Expendable/Durable Supplies and Materials List and the Repair Parts and Special
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All of the information contained in this volume is common to volumes 1-17 and does not appear in each individual
volume.

Appendix A in volumes 1-17 provides information unique to each volume. Appendix B in volumes 1-17 provides
manufacturers manuals and instructions unique to the system described in each volume. Appendixes C-G are
located in Volume 18.

VOLUME 19 -- PREVENTIVE MAINTENANCE CHECKS AND SERVICES (PMCS)

Volume 19 contains PMCS pertinent to all onboard systems for the Reverse Osmosis Water Purification Barges.

VOLUME 20 -- SUPPLEMENTAL DATA

Volume 20 contains the Basic Issue Items List, and additional Authorization List for all onboard systems for the
Reverse Osmosis Water Purification Barges.

VOLUME 21 -- WINCH, DOUBLE DRUM, DIESEL
This volume contains operation and maintenance procedures for the 20-ton double drum diesel engine winch used

on the Water Purification Barges. Appendix B of Volume 21 contains the Maintenance Allocation Chart and the
Repair Parts and Special Tools List for the winch.
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APPENDIX B
MANUFACTURERS’ SERVICE MANUALS/INSTRUCTION
B-1. Normal Electric System
Component Document title Manufacturer
NOTE

The following documents can be found in TM 55-1930-209-14&P-9-2

Switchboard Electric Power Controls Operation Electric Power Controls
Manual for Main Service Generation P.C. Box 5146
and Distribution Switchboard Springfield, IL 62705

Ph: (217) 629-8506
B-2. Emergency Electrical System
Component Document title Manufacturer
NOTE

The following documents can be found in TM 55-1930-209-14&P-9-2

Inverter LaMarche Instruction Manual for LaMarche Manufacturing Co.
Model A-51 Inverter with Trouble 106 Braddock Drive
Shooting Information Des Plaines, IL 60018

Ph: (312) 299-1188

Battery charger LaMarche Installation Instruction
Manual for Model A33-60-24V-Al

B-3. 155 kW Ship Service Generators
Component Document title Manufacturer
NOTE

The following documents can be found in TM 55-1930-209-14&P-9-2

3306TA engine Caterpillar Operation and Maintenance Caterpillar Tractor Co,
Manual for 3304, 3306, 3304B and 3306B 100 N.E. Adams St.
Industrial Engines, SEBU5779-01 Peoria, IL 61629

Caterpillar Specifications for 3304B
and 3306B Generator Set Engine Attachments,
SENR2798

Caterpillar Systems Operation Testing
and Adjusting Manual for 3304B and 3306B
Generator Set Engine Attachments, SENR2799

B-1



Component

SR4 generator

Spring isolators

Battery charger

Engine crankcase
filter system,
Oildex XCAD-13T

Document title

NOTE

Caterpillar Disassembly and Assembly
Manual for 3304B and 3306B Generator Set

Engines, SENR2800

NOTE

TM 55-1930-209-14&P-9-2

Manufacturer

The following document can be found in TM 55-1930-209-14&P-9-2

The following documents can be found in|TM 55-1930-209-14&P-9-3

Caterpillar Parts Manual for 3306 Generator Set Engine,

SEBP1406

NOTE

Caterpillar Operation and Maintenance
Manual for SR4 and SRCR Generators,

SEBUS5717-02

Caterpillar Service Manual for SR4

Generator SENR7968-03

Caterpillar Special Instructions for
Alignment of Single Bearing Generators,

SMHS7259

Ace Mounting Co. Series 630 Spring Isolators

for Seismic, Marine, & Mobile Applications,

catalog 83A-170

Master Control Systems Bulletin for Regulated
Two Rate Battery Charger, Model MBC8, 474-2

Master Control Systems Installation and Operation
Instructions for Models MBC8, MBC8/9(10000)-3
Oildex - How It Operates, Installation,

Instructions, Dwg no. XCAD-12T/XCAD-14T

B-2

The following documents can be found in|TM 55-1930-209-14&P-9-4

Ace Mountings Co., Inc.

11 Cross Avenue
South Amboy, NJ 08879
Ph: (201) 721-6200

Master Controls Systems
910 N. Shore Drive
Lake Bluff, IL 60044

Ph: (312) 295-1010
Telex: 25-4636

Oildex Corporation
PO. Box 3755
Long Beach, CA 90803



B-4. 20 kW Ship Auxiliary Generator Set

Component

4.236M engine

SC144E
generator

Spring Isolators

Battery charger

Gages

Document title

NOTE

Perkins Engines Operators Manual for
Marine Diesel Engines, 4.236M

Perkins Engines Workshop Manual, 4.236M
Perkins Engines Parts Manual, 4.236M

Newage Stamford 'C’ Generator Range
Frames 1, 2, & 3 Series 4 AV.R.,
Controlled Operation and Maintenance
Manual Machine Designations PC1 64SC
and MSC 144, 244, 344, publication

no. 1 H-059 1st edition

Newage Stamford 'C’ Range Frames
1, 2, & 3 Series 4 A\V.R. Parts Manual

Series 630 Spring isolators for Seismic,
Marine, & Mobile Applications,
catalog 83A-170

Master Control Systems Bulletin for
Regulated Two Rate Battery Charger,
Model MBC8, 474-2

Master Control Systems Installation &
Operation Instructions for Models MBC8,
Regulated Two Rate Battery Charger,
MBC8/9(10000)-3

Murphy A20T Series Temperature Swich-
gages Bulletin A20T-7974, effective
5-1 « 5-79, Catalog Section 10, Class R

Murphy A20 Series Pressure Murphygages
and Swichgages, Bulletin A20P-7973,
revised 12-30-81, Catalog Section 05,
Class (5)

B-3
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Manufacturer

The following documents can be found in TM 55-1930-209-14&P-9-4

Perkins Engines Inc.
32500 Van Bom Rd
PO. Box 697
Wayne, M| 48184
Ph: (313) 595-9600
Telex: 234002

Newage Engineers, Ltd.
3 Independence Court
Folcraft, PA 19032

Ph: (215) 534-9500
Telex: 43551

Ace Mounting Co., Inc.
11 Cross Avenue

South Amboy, NJ 08879
Ph: (201) 721-6200

Master Controls Systems,
Inc.

910 N. Shore Drive

Lane Bluff, IL 60044

Ph: (312) 925-1010
Telex 25-4636

Frank W. Murphy & Co.
PO. Box 470248
Tulsa, OK 74147

Ph: (918) 627-3550
Telex: 492332



Component

Exhaust silencers

Oildex crankcase
filter system

TM 55-1930-209-14&P-9-2

Document title Manufacturer

Murphy Instructions for Installation &
Maintenance of Pressure & Vacuum Swichgages,
Series 20-P, 25P, A20-P, A25-P,

Instruction Booldet 2025P-INS, revised

9-28-84

Murphy Instructions for Installation &
Maintenance of Temperature Swichgages,
Installation Sheet 2520T-INS, revised
2-1-85

Nelson Industrial "100" Level Exhaust Nelson Manufacturing
Silencers, two page fact sheet

Oildex - How It Operates, Installation Oildex Corporation
Instructions, Dwg. No. XPERK-1 P.C. Box 3755
Long Beach, CA 90803
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SECTION 1: COMPONENT FUNCTION

A. A. C, Metering and Generator Control

1. A. C. Ammeter (AM)

a.

Reads the generator load on each phase of the generator. Generator full load rating is 243 amps,

2. A. C. Voltmeter (VM)

a.

Reads the generator voltage between any two phases. Voltage should read 460 volts at all times
when generator is running. Voltage can be adjusted the volt adjust rheostat located under the
voltmeter switch. Voltmeter can be calibrated for scale by checking the actual voltage at the breaker
with a calibrated voltmeter and adjusting the voltmeter pointer by the screw adjustment on the meter
front.

The Bus voltmeter reads the voltage between phase A & B at all times and is there to compare the
main bus voltage to the generator voltage when paralleling.

3. Frequency Meter (FM)

a.

b.

Reads the generator frequency. Frequency should always be 60 Hertz at all times when the generator
is running.

The bus frequency meter reads the bus frequency at all times and is ther to compare the main bus
frequency to the generator frequency when paralleling.

4. Ammeter Switch (AS)

a.

Selects which phase of generator load current the Ammeter is reading. The Ammeter is scaled to
read the full generator current at a ratio of 80:1 and a full scale deflection of 5 amps. So at full load of
243 amps the Ammeter will receive 3.04 amps.

The switch shorts out the current transformers that are not connected to the Ammeter which not only
prevents high voltage build up at the open current transformer terminals but also maintains current
sensing for the reverse power relay.

5. Voltmeter Switch (VS)

a.

b.

Selects two phases of generator to read the voltage on. The voltmeter is scaled to read the generator
voltage at a ratio of 4:1 and a full scale deflection of 150 volts. So at proper voltage of 460 volts the
vlotmeter will recieve 115 volts.

Also selects phase A & B of the bus for proper voltage level comparison before synchronizing.

6. Voltage Adjust Rheostat

a.

Adjust the generator voltage to maintain 460 volts at all times.

PAGE 1



10.

b.

Adjusts the generator voltage during synchronization to match the bus voltage.

Governor Speed Switch (GS)

a.

b.

Adjusts the generator frequency to maintain 60 hertz at all times.

Adjust the generator frequency during synchronization to bring the generator in synchronization with
the bus.

Idle/Run Switch (IRS)

a.

In the Idle position the engine will run at a low speed for warm up or maintenance checking. The
generator breaker cannot be closed in this position.

In the Run position the engine will run at full speed for accepting the load. The switch should always
be left in the Run position.

Synchroscope (SS)

a.

The synchroscope is used for checking synchronization between any generator and the main bus.
When the rotating needle is pointing straight up the generator is synchronized to the bus. When the
rotating needle is pointing straight down the generator is completely (180 electrical degrees) out of
phase with the bus. When the generator is rotating faster than the bus frequency the needle will
rotate counter clock wise. When the generator is rotating slower than the bus frequency the needle
will rotate clock wise.

Generator Selector Switch (GSS)

This switch selects which generator is being synchronized to the main bus.
The off position will turn off the synchroscope but not the voltmeter and frequency meter.

The switch should always be placed in the off position while not being used for synchronization. If the
switch is placed in the position of a generator that is not running the bus voltage will back feed through
the synchroscope to the generator and present hazardous voltages at the generator during
maintenance.

11. Ground Detector Lights and Test Switch

a.

b.

The lights will be full bright during normal operation when the main bus is energized.

When the test push button is pressed all lamps will maintain the same brightness unless a phase is
grounded or has a resistance to ground. If the phase is grounded the light will go out when the button
is pressed. If the phase has a resistance to ground the lamp will glow dimly in proportion to the
amount of resistance. The grounded wire must be corrected to prevent ground current flowing in the
ships Hull.

12. Potential Transformers (P.T.)

a.

All are rated 50 VA capacity.

PAGE 2



All primary fuses are, high capaicty, inrush time delay, 1 amp fuses.

All secondary fuses are low capacity, one time, 2 amps fuses.

PT 1, 2 & 4, 5 are connected open delta., The primary line to line is 460 volts and secondary line to
line is 115 volt. Phase B is grounded on all secondaries for proper fuse protection and common A.C.
reference voltage between circuits.

PT 3 is the bus potential transformer connected on lines A & B.

PT 6,7,8 are connected wye to wye. The primary line to ground is 265 volts and the secondary is 110
volts.

13. Current Transformers (CT)

a. The current transformers are mounted so that the generator phase wires must run through them,

therefore, all load currents are sensed and converted to a smaller current that can be easily handled
by switches and meters.

Current transformers are constant current devices which means the current remains constant with
various loads. When the load on a current transformer changes the voltage reduces and the current
remains the same. Itis easy to see that when a current transformer secondary terminals are open (no
current) the voltage will rise high. For this reason, the secondary terminals on the current
transformers are either connected to the Ammeter and reverse power relay or shorted out by means
of the Ammeter switch. This is done to prevent arcing at the switch contacts and high voltage at the
current transformer terminals.

B. BREAKER CONTROL

1. Generator Run Lights

a.

120 Volt lamp operates from PT1 which is connected to the respective generator’'s phases A & B.

2. Breaker Position Lights

a.

120 volt breaker closed light operates through the breaker auxiliary contact 'a’ which closes when the
breaker is closed.

120 volt breaker open light operates through the breaker auxiliary contact 'b’ which closes when the
breaker is open.

The breaker auxiliary contacts are mounted inside the breaker case and wired out to terminal strips
TB B located directly behind the breaker pan.

3. Under Voltage Relay (UVR)

a.

Each breaker has a separate under voltage relay that shunt trips the breaker upon loss of generator
voltage.

Each generator under voltage relay operates at 120 volt from PT1 which is connected to the
respective generator’s phases A & B.

The 120 volt input to each generator undervoltage relay has a normally closed contact of the reverse
power relay in series. When a reverse power occurs the breaker is shunt
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tripped off by removal of voltage to the respective under voltage relay.

d. The 120 volt input to each generator undervoltage relay has a normally closed contact of the shore
power auxiliary relay (BR-SP) in series. When the shore power breaker is closed the BR-SP relay
contact opens which prevents generator voltage from operating the respective under voltage relay.
The generator breaker cannot be closed when its shunt trips circuti is energized. This interlocking
between breakers is provided to prevent paralleling any generator with shore power,

4. Reverse Power Relay (RPR)

a. Each generator has a reverse power relay which senses current in phase A and voltage across phase
A & B.

b. Reverse power can occur when two or more generators are running in parallel. If one generator does
not accept load, usually because its unloaded running speed is less than the other generators (called
speed droop), the other generators will motorize the drooping generator which is called reverse power.
Reverse power not only creates extra loads on the other generators but can hurt the engine being
powered.

c. The reverse power relay is screw driver adjustable from 4% to 20% of normal forward power with a
separate screwdriver adjustment from 0.5 to 20 seconds. Adjustment should be made to over ride
normal reverse power surges when breakers are first closed or when loads change. Motor start up

currents can cause reverse power surges during the time required for a motor to go from start to full
speed.

d. A normally closed contact of the reverse power relay will shunt trip the breaker by removing voltage
from the under voltage relay.

e. A mormally open contact of the reverse power relay will signal the auto start to shut the engine down
ON reverse power.

5. Shunt Trip Relay (STR)

a. The shunt trip relay operates from the Power Monitor relay. When the Power Monitor operates from
loss of phase or reverse phase, the shunt trip relay will operate to shunt trip the shore power breaker.

6. Breaker Relay (BR-SP)

a. The breaker relay operates from an auxiliary 'a’ contact in the shore power breaker. When the shore
power breaker is closed the breaker relay operates to shunt trip all three generator breakers.

b. The electrical interlock between the shore power breaker and the generator breakers prevent the
shore power and generators from operating in parallel at anytime.
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C. ENGINE CONTROL
1. Autostart Module (ASM)

a. Basic module connections and jumper selections

REMOTE
START
- t 1
<SRANK 21 Fl,.,., 5 RE [33p)——
Zopd T 6@ =S | i
8+— 20 R N 32 ! |
JUEL 19 < @g [31 d 1
o
B+ 18 jssa T ER RESET . B~
- \ 7
17 o |29 »B— s+
161 )
PRE ALARM OPR
15 =
Low oIL PRE§ ] o[
B+ CRANK STOP |3 Ole
Il b A S P
B+— 12
B=—l 11 c.
SHUTDOWN —
—-——_—ﬁ .
Bt SToNarC 10 co
FOWO!LPRB. o Hk|OPR
Y
50
8 REOPR
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b. Connections:

1
2)
3)
4)

5)

6)

7

8)

9)

10)

11)

Connect 8+ to terminals 12, 18, 20.

Connect B- to terminal 11.

Connect engine crank solenoid to terminal 20 and B-.

Connect engine run solenoid (or governor control B+ terminal) to terminal 19 and B-.

Connect low oil pressure shut-down signal to terminal 14. The OPR relay contact from
terminal 14 to 9 closes 15 to 45 seconds after engine runs.

Connect low oil pressure warning signal (when used) to terminal 16. The OPR relay contact
from terminal 16 to 15 closes 15 to 45 seconds after engine run.

Connect crank cut-out to terminal 13 either positive or negative.

Connect all engine failure signals to terminal 10. All signals must be of the same polarity either
positive or negative. When used in conjunction with an LM-4 Light Module, the comon failure
output on the LM-4 provides this signal to the Autostart.

For signle light Autostart operation, connect the common failure light to terminal 29 and B+.
Common failure jumper "F" must be in place for dingle light operation, (see jumper selection
below).

Terminal 30 goes to ground in reset (off) position of engine control switch. This signal is used
to reset the Light Module.

Connect the engine control switch as shown:
Terminal 33 is a regulated 8 volt supply.
Terminal 32 arms the engine failure lockout and the remote start contact.
Terminal 31 will start cranking the engine to run by the manual switch or the remote
start contact.

c. Jumper Selection:

1

2)

Voltage Jumper:

This jumper is located directly behing terminal 8 and is marked "V". When this
jumper is in place the system is ready to operate at 12 to 24 VDC. When clipped out
the system is ready to operate at 32 VDC.

Re-Crank Jumper:

This jumper is red insulated and located next to the large 2200 MFD capacitor and
marked "C". When in place the system can be manually re-cranked immediately after
an engine shut down signal. When clipped out the system will re-crank only after a
20 second time delay after an engine shut down signal. Re-crank delay is always in
effect, independent of jumper, when the engine control switch is in the automatic
position.
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3)

4)

5)

6)

Over Crank-Common Failure Jumper:

This jumper is yellow insulated and located by the side of OPR relay and marked "O"
& "F". There are two positions with three solder holes, the center hole being
common. This jumper is used for converting from a 4 light Autostart to a single light
Autostart. In the "O" position terminal 29 will signal overcrank and all common failure
inputs. Never install both jumpers at the same time. The Autostart will operate as
either an over-crank output or a common failure output.

Run-Stop Jumper:

This jumper is green insulated and located just above the CRANK & REST
potentiometers and marked "R" & "S". There are two positions with three solder
holes, the center one being common. This jumper programs SSR relay to energize to
run or to energize to shut down. The jumper will be in the "R" position for energize to
run type fuel systems. When energized to shut down, relay SSR will operate for 20
seconds. The re-crank delay jumper "C" must be clipped for timed shut down.

Crank Cycle Jumper:
Place this jumper in any position on the DIP socket from 1 to 8 for cycle seletion
(count from left to right). When this jumper is out, the Autostart will never overcrank
but continually crank until the engine runs.

Timing Adjustments:

All timing potentiometers adjust maxumum time in the clockwise direction and
minimum timing in the counter-clock-wise direction.

Location of the timing potentiometers are from left to right; oil pressure delay (OPD),
rest time delay (REST), crank time delay (CRNK).

Each timing adjustment should be calibrated with a stop watch. The potentiometers
are linear, therefore, adjust to a point that seems correct and then check with a stop
watch. Continue this proceedure until calibrated.

Repeatability of timing is within 1% of full adjustment.
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2. The Light Module (LM-4)

a. Basic module connections and jumper selections.

* RESET
o . -
g8+ —> 7 OIV 5_4__ T lO 28 B
ol 7% ~ L rest
B-—+6 | 4]0 27 —0 O—jgry B
© SiL 3
SOMMON FAILURE| ¢ o 26 ———rQ__LQ—{Ebj
Révsass POWER " .lo o-oz :O:
"' 4 o 25 » R
OVERSPEED 3 - lo ° °:l“ 24 4\’5"‘ :
b |
N 0.0 &)
L2 Ig A2 AT
LOW OIL PRESS | 5 o0 23 ‘;@"
o) Yo Y N
HIGH WATER [ | lo Al 22 NS
» '\d’
TEMP : N +
B

b. Connections:

1)

2)

3)
4)

5)

6)
7

8)

9)

Connect high water temperature device to terminal 1 either B+ or B-.

Connect low oil pressure engine device to terminal 2 through OPR time delay contact in the
Autostart. (See-Autostart Module: Item A.)

Connect overspeed engine device to terminal 3 either B+ or B-.
Connect overcrank from terminal 29 of the Autostart to terminal 4.

Connect common failure output terminal 5 to common failure input on the Autostart terminal
10.

Connect B+ to terminal 7.
Connect B- to terminal 6.
Connect the respective lights to terminals 22, 23, & 25 as shown on the diagram. Connect the
other side of the lights to B+ or terminal 27. (When terminal 27 is not being used for lamp test-

see LAMP TEST JUMPER.)

Connect the alarm horn to terminal 26 through a normally closed push-button as shown on the
diagram.

c. Jumper Selection:

Each jumper is marked 1, 2, 3, 4 to correspond to input signals at terminals 1, 2, 3, 4
respectively.

L 1, 2, 3, 4 GREEN INSULATED JUMPER. When in place the Light Module will lock-in on

that corresponding signal input and require system reset before the light will go out. When
clipped cut the corresponding light will go on and off with the input signal.
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CF 1, 2, 3, 4 RED INSULATED JUMPER. When in place the Light Module will signal common
fault at terminal 5. When clipped out the corresponding input signal will not signal the common
fault at terminal 5.

A1l, 2, 3, 4 YELLOW INSULATED JUMPER. When in place the horn will sound on that
corresponding signal input. When clipped out the horn will not sound when the corresponding
signal appears.

LAMP TEST JUMPER MARKED "T". When in place, terminal 27 is a B+ voltage for the lights
and horn. When clipped out a lamp test switch can be connected from terminal 27 to B- for
simultaneous test of all lamps connected to the module.

VOLTAGE JUMPER MARKED "V". When in place the Light Module will operate at 12 to 24
VDC. When clipped out the Light Module will operate at 32 VDC.

d. The Complete Engine Control System (Autostart A ght Module):

All connections shown in the diagram below are described in Articles A & B of this section.

REMOTE
START
? ?
- 8v. -
<SRANK Y s [gf |33 -
CR 000 & - L
B4+—u 20 .=T R ot 32 4 | *g
<FUEL [o]& :
« 19 =1 z e |31 |
B+— |8 jss;? a [Gle 20 I
[+]
17 ﬁ OVERCRANK L22
e — | 21
PRE ALARM OPR
i_________ 15 %z' ASM
LOW OlL PRESI 4 |
CRANK STOP. TEST
p+ =R ES TR 13 l > 7 28 l
B 12 Siima 2T ° HORS—
B (1 ENE 260 lo— 4"
-— . 4
B + SR TCOYN 0 Lol 4 25 Sit (R
| N 2N
"3 24 '®,
OPR PN __ s
S BA o2 23 >R
L P D N
{ 22 »(R |
b 4 \
5 Jorn , RN

OVERSPEED

HIGH WATER
TEMP.
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D. Terminal Strips

1. TBB

a.

Breaker Terminal Strips

Breaker terminal strips are located on the rear side of the breaker mounting pan, directly behind each
respective breaker.

The breaker auxiliary contacts and shunt trip are connected to TBB.

The number with TBB indentifies which breaker the strip is for, le, TBB-1 is for generator breaker #1,
etc.

A. C. Voltage Terminal Strip
TBC terminal strips are located behind the rear doors with the potential transformers and fuses.
TBC terminals are used as interlock all A. C. metering and control.

The number with TBC identifies which generator rear cubicle the terminal strip is located, ie, TBC-1 is
for generator section #1, etc.

Door Terminal Strip
TBD terminal strips are located behind front doors and screw on panels.
TBD-1, 2, 3 are located behind respective upper generator doors.
TBD 4 is located behind the synchronizing section door.
TBD-5 IS located behind the distribution section panel.
TBD-6 is located behind the generator breaker panel.
TBD-7 is located behind the shore power breaker panel.
Engine Inter Connect Terminal Strip

TBE terminal strips are located at the engine automatic cranking controls behind each respective
generator door.

TBE terminals inter connect the diesel engine for start and stop control.
The number with TBE identifies which engine the strip is for, le, TBE-1 is for engine number 1, etc.
Engine-Generator Operating Control Terminal Strip
TBO terminal strips are located behind each respective generator door.
TBO terminal inter connect to the following controls:
1) Idle run switch
2) Voltage adjust rheostat

3) Governor speed switch

The number with TBO identifies which engine/generator the strip is for, le, TBO-1 is for
engine/generator number 1, etc,
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SECTION 2:

SYSTEM OPERATION

A. EACH ENGINE CAN BE OPERATED AT THE SWITCH BOARD OR AT THE ENGINE.

1.

10.

TO START AT THE SWITCH BOARD, PLACE THE ENGINE CONTROL SWITCH (ECS) IN THE START
POSITION. THE ENGINE WILL AUTOMATICALLY CRANK TO RUN.

TO START AT THE ENGINE, PLACE THE ENGINE CONTROL SWITCH (ECS) IN THE 'REMOTE’
POSITION. THEN OPERATE THE START SWITCH ON THE ENGINE AND IT WILL AUTOMATICALLY
CRANK TO RUN.

IN BOTH MODES OF OPERATION THE ENGINE WILL SHUT DOWN AND A FAILURE LIGHT ON THE
SWITCH BOARD WILL LIGHT FOR ANY OF THE FOUR FAILURES (REVERSE POWER, OVER SPEED,
LOW OIL PRESSURE, HIGH WATER TEMPERATURE.)

THE ENGINE CAN BE STOPPED AT THE SWITCH BOARD BY PLACING THE ENGINE CONTROL
SWITCH IN THE OFF (RESET) POSITION, NO MATTER WHERE IT WAS STARTED FROM.

WHEN THE EMERGENCY STOP PUSH BUTTON ON THE ENGINE IS USED TO STOP THE ENGINE,
BE AWARE THAT RESETTING THE BUTTON WILL CAUSE THE ENGINE TO IMMEDIATELY START
CRANKING TO RUN AGAIN UNLESS THE ENGINE CONTROL SWITCH IS RETURNED TO THE OFF
POSITION.

THE VOLTAGE REGULATOR ’IDLE-RUN’ SWITCH MUST BE USED WHEN OPERATING THE ENGINE
AT IDLE SPEEDS FOR WARM-UP OR MAINTENANCE TESTS.

VOLTAGE ADJUSTMENT CAN BE MADE BY ADJUSTING THE VOLTAGE RHEOSTAT WHILE
OBSERVING THE VOLTMETER. THE VOLTAGE LEVEL SHOULD BE THE SAME ON ALL PHASES.

FREQUENCY ADJUSTMENTS CAN BE MADE BY ADJUSTING THE GOVERNOR SPEED SWITCH
WHILE OBSERVING THE FREQUENCY METER.

THE GOVERNOR SPEED SWITCH CAN ALSO BE USED TO BALANCE LOADS BETWEEN ENGINES
WHEN OPERATION IN PARALLEL. THIS IS ACCOMPLISHED BY THE AMMETERS AND ADJUSTING
THEIR RESPECTIVE GOVERNOR SPEED SWITCHES ('RAISE’ WILL INCREASE THE LOAD AND
'LOWER’ WILL DECREASE TIE LOAD.)

THE VOLTMETER SWITCH ON GENERATOR NUMBERS ONE AND TWO WILL ALSO READ ONE
PHASE OF THE LOAD BUS. THE VOLTMETER SWITCH ON GENERATOR NUMBER THREE WILL
ALSO READ ONE PHASE OF SHORE POWER.

B. EACH GENERATOR IS SET UP TO OPERATE IN PARALLEL BY ANY SCHEME OF MANUAL
SYNCHRONIZATION. (ALL DISTRIBUTIONS LOAD BREAKERS SHOULD BE CLOSED.)

1.

2.

3.

START THE FIRST GENERATOR AND CLOSE ITS BREAKER TO THE BUS.

ADJUST THE VOLTAGE AND FREQUENCY FOR THE DESIRED LOAD.

START THE SECOND GENERATOR AND ADJUST ITS VOLTAGE AND FREQUENCY TO MATCH THE
BUS BY OBSERVING THE BUS VOLTMETER AND BUS FREQUENCY METER.
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5. PLACE THE GENERATOR SELECTOR SWITCH (GSS) TO THE POSITION OF THE INCOMING

GENERATOR. THE SYNCHROSCOPE WILL INDICATE IF THE INCOMING GENERATOR IS RUNNING
FASTER OR SLOWER THEN THE GENERATOR ON THE BUS BY THE DIRECTION OF ROTATION
AND SPEED OF THE NEEDLE. BOTH GENERATORS ARE IN SYNCHRONIZATION WHEN THE
NEEDLE ON THE SYNCHROSCOPE IS POINTING STRAIGHT UP. BEFORE CLOSING THE INCOMING
GENERATOR'’S BREAKER BE SURE THE SYNCHCOSCOPE NEEDLE IS PASSING VERY SLOWLY
THROUGH SYNCHRONIZATION OR EVEN STOPPED, THEN CLOSE THE BREAKER. ADJUST THE
GENERATOR TO PICK UP LOAD BY INCREASING THE GOVERNOR SPEED SWITCH SLOWLY.

WHEN CHANGING FROM ONE GENERATOR TO ANOTHER WITHOUT INTERRUPTING THE LOAD,
SYNCHRONIZE THE GENERATOR'S THE SAME AS IN PARAGRAPH FIVE EXCEPT; ADJUST THE
INCOMING GENERATOR TO ACCEPT LOAD AND THE OUTGOING GENERATOR GO TO DROP LOAD
WHILE IN PARALLEL. THIS IS ACCOMPLISHED BY INCREASING THE GOVERNOR SPEED ON THE
INCOMING GENERATOR AND DECREASING THE GOVERNOR SPEED ON THE OUTGOING
GENERATOR. WHEN THE LOAD IS NEAR ZERO ON THE OUTGOING GENERATOR OPEN IT'S
BREAKER.

C. THE SHORE POWER WILL BE USED ONLY WHEN THE GENERATOR BREAKERS ARE OFF.

1.

2.

3.

WHEN THE SHORE POWER BREAKER IS CLOSED IT IS NOT POSSIBLE TO CLOSE A GENERATOR
BREAKER.

THE SHORE POWER BREAKER WILL NOT CLOSE IF THE PHASE IS NOT IN PROPER SEQUENCE
OR THE VOLTAGE IS BELOW NORMAL. THE PHASE SEQUENCE LIGHTS INDICATE THE SHORE
POWER PHASE ROTATION.

THE SHORE POWER BREAKER WILL NOT CLOSE IF ANY GENERATOR BREAKER IS CLOSED
FIRST.

D. GROUND DETECTION LIGHTS.

1.

THE GOUND DETECTION LIGHTS BURN BRIGHT WHEN THE BUS IS LIVE. WHEN THE TEST PUSH
BUTTON IS DEPRESSED THE LIGHTS SHOULD REMAIN UNCHANGED. IF THERE IS A GROUND OR
PARTIAL GROUND ON ANY PHASE ITS RESPECTIVE LIGHT SHOULD GO OUT OR BURN DIM WHEN
THE TEST PUSH BUTTON IS PRESSED.
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SECTION 3:  Trouble Shooting Guide

A. When any problem occurs the first thing to do is check all fuses that are involved in the trouble area. A blown fuse
can cause unusual operations and metering indications that are difficult to define.

B. The next thing to do is measure voltages at component terminals and thereby determine if the component is
functioning. For instance, there should be 120 volt at terminals 1 & 2 on the undervoltage relays when the
generator is running to keep the breaker from shunt tripping. If the voltage is present and yet the breaker shunt
trips, the undervoltage relay is probably faulty.

C. The following trouble shooting guide will be helpful:

SYMPTON

Generator breaker shunt
trip off and voltmeter
does not read on V1-2
while genertor is
running, frequency meter
not working properly.

Generator breaker shunt
trip while engine is
running (no reverse
runner)

Shore power breaker
will not close

CHECK

FuseF1, 2,4

120 VAC at UVR

Relay BR not operating
properly

Check that all
Generator breakers
are off

Check phase
rotation
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Fuse blown, replace

Replace UVR if 120
volts is on terminals
1&2

Jumper terminals
TBS-3,4 for Generator
1. TBS-3,4 for
Generator 2. TBS-5, 6
for Generator 3.

If jumper corrects
problem replace relay
BR

Trip shore power
breaker off if it is

on.

Jumper TBD4-7 to
TBS-9. If breaker
closes a "b" contact

in one of the
Generator breakers

is open. Check each
"b" contact on

TBB 1, 2, & 3 terminals
4&6

Change leads on
shore power for
proper rotation.



SYMPTON

No response to
engine start
signal. Engine
control switch

in Start or Remote

SSR (start/stop
relay) energizes
(picks up) but
CR (crank relay)
does not, on
engine start

CHECK

Check battery voltage at terminal
11(B-) and 12(B+) on ASM.

Check for 8 Volts positive at
terminal 33 on ASM.

Check 8 Volts positive at
Terminal 31 on ASM when control
switch is in start or Remote

(In Remote position, the remote
start switch must be closed

Remove the failure input wire
on Terminal 10 on the ASM and
attempt restart. If engine

starts manually shut down and
check as follows.

Disconnect wire(s) from ASM
terminal 13 and attempt restart
with the crank solenoid discon-
nected. If auto start cranks,
check voltage measurement on
engine wires coming crank
disconnect speed switch.
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Check wiring back to battery
connections for open circuit.
Repair as needed.

Check indicating fuse on ASM
Module. Replace if blown
(Plunger extended)

Check engine control switch and
remote start switch for 8 Volt
through the switch and contact
replace switch or remote start
contact or wiring as required.

Check failure indicating lamps
for bad bulbs - engine could be
in failure mode (lamp test push
button.) Repair engine failure.
Check for additional relays or
lights or other circuits added

to engine failure inputs. These
may require diodeclipping or
blocking to repair - Contact
factory.

Check for ground signal at Terminal
5 on LM4 with no lights lit -
Contact factory.

Check crank cut out switch on
engine - should be normally open
or read Zero volts when wires(s)
on Terminal 13 of the ASM are
disconnected.

If switch is okay, contact factory

If switch is a solid state speed
switch, Contact factory.

Any voltage measured on the crank
disconnect circuit when discon-
nected from auto start should

be eliminated as a cause of
locking the auto start in run mode.



SYMPTON

Engine cranks until
run speed and then
shuts down for 20
seconds and recranks

CHECK

Check crank, disconnect signal
from engine.

Check suppression diode on
crank circuit at terminal TBE.
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Intermittant or loss of crank
cut out signal - must be
corrected.

If diode reads open or high in
forward bias, replace with
IN4004 or equal diode.
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MODEL A-51-100.48V IN #3 CASE

MODEL A-51
DC TO AC POWER SOURCE
WITH
REGULATED SINE WAVE OUTPUT

GENERAL DESCRIPTION
The La Marche MODEL A-51 is a completely solid state
SCR inverter which provides a regulated, sine wave
output for such applications as:
Boiler Controls
Telephone and Micro-wave
Communications.
Burglar Alarms
Supervisory Control Equipment
Data Processing and Telemetering
Equipment
Nuclear and Missile Installations
P.A. Systems
Fire Alarms

SPECIALLY DESIGNED CIRCUITS PROVIDE INVERTER PROTECTION

UNDER VOLTAGE PROTECTION:

Provides protection for the inverter so that the inverter
is automatically turned off before a malfunction due to
low voltage.

AC-DC SHORT PROTECTION
Isolated output terminals are provided to protect against
ground faults.

OVER-VOLTAGE PROTECTION:

Special circuitry is provided to automatically turn OFF the
inverter if the DC voltage exceeds maximum rated input
voltage.

CURRENT LIMIT:
Ferroresonant transformer limits the load current under
over-load conditions.

REVERSE POLARITY PROTECTION:
Special circuitry is provided in the event that the
input cables are connected in reverse polarity



ELECTRICAL SPECIFICATIONS

AC OUTPUT VOLTAGE ..ottt 120 Volts Nominal

LINE REGULATION  ...cccoiiiiiieiiiiieees + 1 % for £15% DC Change

LOADREGULATION ..o +2% No Load to Full Load

FREQUENCY 60 Cycle Nominal (50 Hz Optional)

FREQUENCY STABILITY .ottt +.025% for Load,. Input, and
Temperature Variations

WAVE SHAPE Sin Wave

DISTORTION Approximately 5%*

OVERALL EFFICIENCY ..cciiiiiiiiiieeite et Approximately 70% (For units above 500 VA)

OPERATING TEMPERATURE ... 0°to 50°-C (32° to 122°F)

*Measured at full load nominal DC input
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OUTPUT VOLTAGE VERSUS LOAD CURRENT OUTPUT VOLTAGE VERSUS LOAD CURRENT
P.F. | WITH LEAD ACID BATTERY P.F.—I WITH NICKEL CADMIUM BATTERY.

The above specifications are for unity power factor loads. Although regulation is not affected by power factor, the nominal
voltage does change. A lagging power factor will cause the nominal voltage to drop while a leading power factor causes the
nominal voltage to rise. The voltage variation with power factor is shown in Figure 3.
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TABLE NO. 1

MODEL DC.INeuT [ D.C. CURRENT CONTINUQUS | AC. CURRENT [ ., o
o FULL LOAD NG LOAD LOAD RATING | CONTINUOUS | S&%%
volts amps amps V.A, amps
A51-100-24Ve 24Y 10.0 5.0 100 .83 3
AS51-100-48 V 48V 7.0 3.0 100 .83 3
AS51-100-120V 120V 2.0 1.2 100 .83 3
- A51-250-24V 24V 15.0 5.0 250 2. 6
Ab1-250-48Y 48V 9.0 30 250 2.1 )
“AS51-280-120V 120V 3.5 1.6 250 2.1 6
A51-500-24V . 24V 320 8.0 500 4.2 b
AS51-500-48V 48V 15.0 5.0 500 4.2 )
- A51-500-120V 120V 7.0 3.0 500 4.2 [
AS1-1K-24V 74V 54.0 1.0 I3 8.3 19
AB1-1K48V 48V 8.0 8.0 K 8.3 19
AG1-1K-120V 120V 10.0 30 K 8.3 9
s 24V 85.0 8.0 T5K 12.5 o
AS|-1.5K-48V 48V 37.0 9.0 1.5K 12.5 16
A51-1.5K-120V 120V 15.0 5.0 1.5K 12.5 I
AB-2K-A48V 48V 50.0 100 2K 166 13
AB1-ZK-120V 120V 20.0 5.0 K 16.6 16
ABT-3K-48V 48V 77.0 18.0 3K 25.0 6
A51-3K-120V 120V 30.0 8.0 3K 25.0 16
A51-4K-48Ve 48V 110.0 20.0 4K 33.3 51
A5 1-4K-120Ve 120V 44.0 10.0 4K 1 33.3 51
AS51-5K-48V 48V 128.0 20.0 5K 42.0 Si
A5T-5K-120V 120V 54.0 12.0 5K 42.0 ]
AB1-6K48V 48V 178.0 42.0 &K 50.0 50
ABT-6K-120V - 120V 70.0 20.0 6K 50.0 50
AG1-8K-48Vs 48V 210.0 410 8K 66.7 50
A51-8K-120Ve 120V 85.0 © 200 8K 66.7 50
ABT-10K-48Ve 48V 2520 39.0 10K 83.3 50
AS1-T0K-120V 120V 990 20.0 10K 83.3 50
A51-12.5K-120Ve 120V 130.0 26.0 12.5K 104.1 52
AG1-15K-120Ve 120V 156.0 300 15K 125.0 52
AS(-20K-120Ve 120V 208.0 42.0 20K 166.6 57

Note

MECHANICAL SPECIFICATIONS
FINISH: Base material pretreated with zinc phosphate.
Grey primer covering all base metal. Hammertone Grey
baked enamel finish coat.
MOUNTING: Mounting flanges are supplied as part of

the cabinet back plate on wall mounted units,

Case specifications are subject to change and where space
requirements are critical it is best to check the plant for
latest dimensions. Unit will be supplied in wall mount

d""i':ﬁ"' A-51 IN case unless otherwise specified.
wall mounting RACK MOUNT CASE .

CASE NO. WIDTH DEPTH HEIGHT MOUNTING

CASE DIMENSIONS ; % T R Wl
' [ 25 | 1% 27% Wall/Floor
8 27% 15 30% Woll/Heor

19 27 1716 441 Hoor

16 27 26% 44% Hoor

50 48 28 72 Floor

51 34 28 72 Hoor

52e 54 28 78 Floor

q 57« 40 38 80 Floor

#Denotes change or addition

*Due to design changes case dimensions can change

3

t #8 case optionaf



SAMPLE SPECIFICATIONS FOR MODEL A-51

The inverter to be furnished shall be La Marche Mfg. Co. Model A-51 or approved equal. A transistorized oscillator shall
maintain the frequency at +1% of 60 cycles with variations in load, input voltage, and temperature. The inverter shall
employ a ferroresoant, sine wave filter and shall maintain the output voltage within +£3% from no load to full load (P.F.-1)
with DC input variations of +15%. The output waveshape shall be sine wave with less than 5% distortion. The overall
efficiency of the inverter shall be better than 65%. The inverter shall be capable of operating at a rated output continuously

at an ambient temperature of 50°C (120°F) .

The inverter shall be convection cooled in a ventilated steel enclosure and painted a gray color. This inverter shall have:

Automatic current limiting.

Automatic regulation with load variations.
Automatic compensation for DC input changes.
Low voltage, overload, and short circuit protection.
Automatic regulation of frequency.

agprpwONE

6.
7.

8.
9

Fused DC input.

ON-OFF switch to operate solenoid. disconnecting
the inverter from the battery.

Reverse polarity protection.

Quartz oscillator.

WHEN ORDERING PLEASE SPECIFY

La Marche model number.
Number and type of battery cells.
Ampere hour capacity of batteries.
AC loads.

rone

©~No O

Application.

Type and capacity of charging equipment.
Type of mounting, wall or rack mount.
Optional accessories.

OPTIONAL ACCESSORIES

AC and DC Circuit Breakers
Ground Detection

Low DC Voltage Relay

High DC Voltage Relay

DC Voltmeter and Ammeter
AC Voltmeter and Ammeter
Frequency Meter

Export Packing

N~ WNE

9

10.
11.
12.
13.
14.
15.
16.

Special Paint

Transfer Switch

Relay Rack Mounting

Automatic Load Demand Panel
Line Synchronization
Inverter/Line Phase Angle Meter
50 Hz.

120/240 Output



INSTALLATION AND OPERATING INSTRUCTIONS FOR INVERT-A-VOLT MODEL A-51

INSTALLATION

The -LaMarche Model A-51 Inverter is designed to supply
120 volt AC, 60 cycle, sine wave from a DC battery
system. Since this unit is convection cooled, it is
necessary to mount the inverter in a vertical position so
that the expanded metal case openings are at the top
and bottom with the nameplate right side up. A minimum
of two (2) inches should be clear above and below the
case. The unit should not be mounted in any space less
than 10 times the volume of the case.

The Invert-a-volt can be damaged by high temperatures
and should be mounted in an area that does not exceed
an ambient temperature of 140°F.

Check the nameplate of the Invert-a-volt to make sure
the correct type and number of battery cells is provided
for the DC input to the inverter. Connecting wires from
the inverter to the battery must be as short as possible
and permanently fastened. When connecting the input
cables to the battery make certain the positive lead to the
inverter is connected to the positive terminal of the
battery and a negative lead of the inverter to the negative
terminal of the battery. The output terminals should then
be connected to the AC load. For correct AC and DC
cable size consult table number 2. Make certain the AC
load demand does not exceed the continuous rating of
the inverter. Consult table number 1 for continuous
ratings.

OPERATION

The inverter is equipped with an on-off switch on the front
of the case. Turning this switch on puts the inverter into
operation

PRELIMINARY TESTS

The inverter DC terminal voltage reading should be the
same as the battery voltage and should agree with the
nominal nameplate voltage. The inverter is designed to
operate on a battery within a voltage range of 1.75 to
2.45 volts per cell (lead acid battery) or 1 to 1.55 volts per
cell (nickel cadmium battery).

The AC output load wires should be disconnected or all
AC loads turned off. Turn the inverter on and measure
the AC output voltage.

Reconnect the load wires or turn on the AC loads. Turn
on the inverter to power the load. The voltage drop

should be checked between the inverter and the battery
when the inverter is operating. A very slight voltage drop
will indicates gold installation.

SAFETY PROTECTION

The low voltage protection feature protects the inverter in
the event the DC input voltage is low. The DC contractor
will not operate to power the inverter unless the voltage is
correct. This also protects the batteries from excessive
discharge.

Should the continuous rating of the Invert-a-volt be
exceeded due to an overload or short circuit, the unit will
go into a current limit mode of operation.

Excessively high DC input voltages may damage the
inverter, therefore, a high voltage protection circuit is
employed to protect the inverter and shut the unit off. If
the DC input is shorted to the AC output of the inverter,
the unit will not be damaged.

CHARGING EQUIPMENT

A generator or charger should be used to maintain the
inverter batteries. The charging equipment should be
sized so that it will keep the battery charged and carry the
average DC load to the inverter.

The maximum "on charge" voltage of the charging
equipment should be adjusted so that voltage does not
exceed 2.45 volts per cell on lead acid batteries or 1.5
volts per cell on nickel cadmium batteries. If the on
charge voltage exceeds the above values. the inverter
high voltage protective circuitry will automatically turn the
inverter off.

BATTERY SIZE

The battery size is an important consideration in
successful inverter operation. The amp hour capacity of
the battery must be large enough so that the voltage will
not drop below 1.75 volts per cell when the inverter is
operating at its full load capacity. If the inverter is to
operate on the battery continuously without charging
equipment, the battery size must be large enough to
carry the inverter load for the length of time required.
Other DC loads on the battery must also be considered
in sizing the battery. The number of battery cells must
agree with the nameplate rating of the inverter, otherwise
the inverter will not operate correctly.



TABLE NO. 2

The table below gives wire sizes based on an assumed wire distance of not over 25 feet from the invert-a-volt to the
batteries. At distances exceeding 25 feet, the DC wire size should be chosen to keep the voltage difference between the
inverter terminals and the battery at less than 1/2 volt when the inverter is fully loaded.

WIRE SIZE

DC INPUT AC OUTPUT
A5I-100-24 14 E
A5 -100-48 4 I8
ABI -100-20 E I8
A5| - 250-24 0 E
ABI - 250-48 14 E
A5I - 250-1 20 6 E
ABI - 500-24 8 16
ABI - 500-48 0 16
ABI - 500-120 14 16
ABI - IK-24 6 4
ASI - IK-48 8 14
A5I - IK-I20V 12 4
A5I-1.5K-24V @) @)
A5|-1.5K-48V 8 12
AB5I- 1.5K-20V 0 12
A5| - 2K-48 6 0
ABI - 2K-120 8 o
A5| - 3K-48 4 8
ABI - 3K-120 8 8
A5 - 4K-48¢ 2 6
ABI - 4K-120¢ 6 6
A5| - 5K-48 2 6
AB5| - 5K-I20 6 6
A5I-6K-48 | 6
ABI - 6K-120 4 6
A5| - 8K-48¢ 10 4
ABI - 8K-120¢ 4 4
A5| - [0K-48¢ 210 4
A5I-10K-120 2 4
AB5| - 12.5K-120e | 2
ABI - I5K-120¢ | 2
A51 - 20K-120- 1/0 |




ADJUSTMENT INSTRUCTIONS FOR MODEL A-51

The inverter is factory tested and adjusted so that

no field adjustments
installation. Should

are necessary upon

field adjustments become

necessary, apply the following:

Two potentiometers are provided for adjusting

the inverter.

P2 Under voltage cut-out
P3 Over voltage cut-out

UNDER VOLTAGE CUT-OUT

POTENTIOMETER P2

Should the d-c input voltage drop below the voltage
setting of this potentiometer, the inverter will
automatically turn off. The inverter will automatically turn
on again, after a time delay, when the input voltage is
restored to normal. The factory low d-c voltage cut-out
.point is set at 1.75 volts per cell for lead acid batteries
and 1.1 volts per cell for nickel cadmium batteries. If the
inverter does not start, due to misadjustment of low
potentiometer setting, proceed as follows:

1. Check input voltage for normal (2.17 Lk, 1.4 NC)
input voltage.

2. Turn potentiometer P2, fully counterclockwise.
3. Turn switch on, start inverter.

4. Lower d-c input (apply load or reduce cells) until
the low voltage setting is reached (1.75 volts per
cell, lead acid, 1.1 volts per cell, nickel
cadmium).

5. Raise the cut-out voltage setting by turning
potentiometer P2 in the clockwise direction.
When the cut-out voltage is reached, the inverter
will turn off.

6. When the voltage returns to normal, the inverter
will automatically turn on after a two second time
delay.

7. The adjusting screw should be resealed to
prevent further movement.

OVER VOLTAGE CUT-OUT

POTENTIOMETER P3

The over voltage cut-out potentiometer is located on the
over and under voltage protection printed circuit card
AC3. This potentiometer is located to the right of the
under voltage potentiometer (see schematic).

The over voltage cut-out will turn the inverter off should
the d-c input voltage exceed the. high voltage setting.
Potentiometer P3 is factory set at 2.5 volts per cell for
lead acid batteries and 1.65 volts per cell for nickel
cadmium batteries.

Adjusting instructions are as follows:
1. Check input voltage for normal output.

2. Turn adjusting screw on potentiometer P3 on PC
card AC3, clockwise. This will raise the voltage
cut-out point.

3. Turn switch on, start inverter.

4. Raise the d-c input voltage. Adjust the charger
voltage to 2.5 volts per cell (lead acid), 1.65 volts
per cell (nickel cadmium).

5. Turn the potentiometer adjusting screw
counterclockwise to lower the cut-out voltage
until the inverter shuts off.

6. The inverter will automatically turn on when the
voltage is returned to normal after a two second
time delay.

7. Reseal the adjusting screw to prevent further
movement.



TROUBLESHOOTING GUIDE FOR A-51 INVERTERS

INSTALLATION
If the unit is newly installed and does not function,
recheck installation and operating instructions.

Check the nameplate data input voltage, input and output
connections, fuses, etc. Check to see that terminals 1
and 2 on the terminal board are jumpered.

Check reverse polarity fuse (F3). If fuse blows, check
input cables for reverse polarity.

OPERATING FAILURE (See Procedure)
I. D-C input fuse blows.
Check power stage.
Check surge and DV/DT protection.
Check oscillator printed circuit card.
Check over and under voltage protection printed
circuit card.
E. Check Resonating Capacitors C3.
Il Fuses good - no output volts.
A. Contactor does not pull in.
B. Contactor pulls in but output voltage is zero or
low.

ooy

PROCEDURE
I. A. Power Stage
1. Remove small 4 amp fuse F2. Removing this
fuse de-energizes the pilot start relay which
controls the main contactor. The oscillator is also
de-energized so that the gates to the silicon
controlled rectifiers (SCR) are not energized.

2. Manually close the contacts DK-1 of relay DK.
This connects the battery to the mainpower
stage. If the SCR’'s are shorted, the relay
contacts will draw a big arc. If the contacts
remain closed, the main d-c fuse FI will blow.

On small low voltage units, the contactor may be
totally enclosed. In this case, the relay contacts
can be closed by energizing the relay. To
energize the relay, turn on the on-off switch and
short out terminals 3 and 5 on the over and
under voltage card AC3.

If the main fuse blows, one of the fe JI back diodes

SD1 and SD2 or the S( may be shorted. Check
the SCR’s as follows: Disconnect the leads to
the cathodes of the SCR’s. Disconnect the gates
at terminals 2 and 7 of the surge and DV/DT
card AC5. Check the continuity of the SCR’s with
an ohmmeter. Clip the ohmmeter leads to the
anode (heatsink) and cathode, check continuity,
reverse leads or polarity and check continuity
again. The meter should read open circuit in both
polarity directions.

3. Check feed back diodes SD1 and SD2.
Disconnect the wire to the cathode end (pigtail) of

the diode so that one end of the diode is free.
Check continuity with ohmmeter from pigtail end
of diode to the heatsink. Ohmmeter should read
continuity in one direction and high resistance in
the other.

. The commutating capacitors can be checked

for a shorted or open condition with an
ohmmeter.  Disconnect the wires from the
capacitor terminals, and momentary short the
terminals to ins that the capacitor is discharged.
Connect the ohmmeter leads to the capacitor
terminals. The meter should indicate a low initial
resistance and gradually increase to a high
resistance.

. Check surge protector SP1, SP2 mounted near

the SCR’s. Isolate SP1, SP2. Ohmmeter reading
should be open for both polarities. The inverter
can also be operated without the suppressors.

. Check surge and DV/DT protection card. If the

SCR’s intest |.A. are not shorted, the DV/DT
circuit may be shorted.

. Reconnect all wires disconnected in test L. A.

. Remove wires from terminals 4 and 5 of the

surge and DV/DT card AC5. This completely
disconnects the snubber circuits.

. Try to start the unit by turning the DC switch to

the "ON" position. The verter may be operated
with these minals disconnected.



4., fuse still blows, check the diodes in the card
ACS.

. C. Check oscillator printed circuit card AC2.
Replace fuse F2. Turn on-off switch off.

1. Put a piece of paper (insulator) between the
contacts of relay DK so that when the relay is
energized, the contacts will be insulated and not.
make contact. If the relay is a totally enclosed
type, remove the heavy wire from one side of the
relay contact to open the main circuit.

2. Turn on the on-off switch DCS. The unit should
be energized except for the power stage.

3. Check the control voltage at terminals 1 and 2 on
the over and under protection card AC3. This
voltage should measure approximately 26 volts
with a d-c input float voltage of 2.17 volts per cell
(lead acid), 1.4 volts per cell (nickel cadmium).

4. Check the output of the oscillator at the output
terminals of the oscillator transformer OT. The a-
C output voltage at terminals 4 and 5, and 5 and
6 should be approximately 4 volts. If no voltage is
measured at these points, turn the on-off switch
off and remove the wires from terminals 4 and 6
of the oscillator transformer OT. Turn the inverter
on and measure the voltage again as above. If
no voltage is measured, the oscillator card
should be replaced. Note, turn the on-off switch
off before reconnecting the oscillator leads.

I. D. Check over and under voltage protection
printed circuit card. The main fuse may blow due
to a defective timing circuit in the over and under
voltage card AC3. The timing sequence is as
follows: When the on-off switch (DCS) is turned
on, the oscillator panel AC2 is energized
immediately. Card AC3 is also energized and its
timing circuit begins timing. After a two second
delay, a pilot relay is energized and its contacts
close connecting terminals 3 and 5. These
terminals in turn apply voltage to DK. DK
operates to energize the power stage. The time
delay allows the oscillator time to start so that the
gates of the SCR’s are properly energized when
the power circuit is connected.

The time delay can be manually checked by
disconnecting the wire from terminal 5 of AC3.
Turn the on-off switch on. This will energize the
oscillator and the gates to the SCR’s should be
properly firing. Connect a jumper wire one end to
the disconnected wire from terminal 5, the other
end of the jumper wire to touch firmly to terminal
5. The contactor should energize immediately
and the inverter should operate.

If the inverter starts and runs when manually
started (per I. D. 1.), turn the on-off switch off
and reconnect the wire to terminal 5.

Turn the on-off switch on. If the contactor pulls in
immediately with no time delay and the fuse
blows, the timing circuit is defective. Replace the
over and under voltage protection card AC3.

E. Check Resonating Capacitor C3 as in step I. A. 4.

Fuses good no output volts.

A.

1.

Contactor does not pull in.

Check input voltage and jumper between
terminals 1 and 2 on Main Terminal Board.

. The over or under voltage setting may be outside

of the limits of the input voltage. See adjustment
instructions.

If the input voltage is proper for the unit and the
main contactor does not pull in, the contactor can
be energized by jumpering terminals 3 and 5 on
the over and under voltage card AC3. Note, the
on-off switch must be turned on before terminals
3 and 5 are jumpered. See ID. If the inverter
starts and runs, check the pilot relay on the card
or replace the card AC3.

Contactor pulls in but output is O or low.

1.

If the inverter starts and runs but the output
voltage is low, capacitors C3 may be open or
leaky. Voltage across capacitors should be
approx. 660 volts A.C. Check as per 1. A. 4.

. Check for broken wires. Voltage checks can be

made from terminals 4 and 5 of the power
transformer PT, through the a-c output terminals.
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[FMERCHE

Manufacturing Company

MANUFACTURER’S WARRANTY

All La Marche Mfg. Co. equipment has been thoroughly tested and found to be in proper operating condition upon
shipment from the factory and is guaranteed to be free from any defect in workmanship and material that may develop
within a period of one year from date of purchase.

Any part or parts of the equipment that prove defective within a one year period shall be replaced without charge when
subjected to examination at our factory, providing such defect, in our opinion, is due to faulty material or workmanship and
not caused by tampering, abuse or misapplication. All such adjustments are made F.O.B. Des Plaines, lllinois.

Contact your local sales representative for minor parts replacement or equipment adjustments

Should a piece of equipment require major component replacement or repair, these can be handled in one of two
ways:

1. The equipment can be returned to the La Marche factory to have the inspections, parts, replacements and testing
performed by factory personnel. Should it be necessary to return a niece of equipment or parts to the factory, the
dealer from whom the equipment was purchased will obtain authorization from the factory. If, upon inspection at
the factory, the defect was due to faulty material or workmanship, all repairs will be made at no cost to the
customer.

2. If the purchaser elects not to return the equipment to the factory and wishes a factory service representative to
make adjustments and repairs at the equipment location, field service rates will apply. A purchase order to cover
such service must be issued.

In accepting delivery of the equipment, the purchaser assumes full responsibility for proper installation, installation
adjustments and service arrangements. Should minor adjustments be required, the local La Marche / Sales Office should
be contacted to provide this service.

All sales are final. Only standard La Marche units will be considered for return. A 10% restocking fee is charged when
return is factory authorized. Special units are not returnable.

In no event shall La Marche Mfg. Co. have any liability for consequential damages. or for loss, damage or expense
directly or indirectly arising from the use of the products, or any inability to use them either separately or in combination with
other equipment or materials, or from any other cause. In addition, any alterations of equipment made by anyone other
than La Marche Mfg. Co. renders this warranty null and void.

La Marche Mfg. Co. reserves the privilege of making revisions in current production of equipment, and assumes no
obligation to incorporate these revisions in earlier models.

The failure of La Marche Mfg. Co. to object to provisions contained in customers’ purchase orders or other
communications shall not be deemed a waiver of the terms or conditions hereof, nor acceptance of such pro.
visions.

The above warranty supersedes and is in lieu of all other warranties, expressed or implied. and no person. agent or
dealer is authorized to give any warranties on behalf of the Manufacturer, nor to assume for the Manufacturer any other
liability in connection with any of its products unless made in writing and signed by an official of the Manufacturer..

La Marche Mfg. Co.
3/1/78 Des Plaines, lllinois

20
INSTALLATION & OPERATION

INSTRUCTIONS
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MODEL MBC8

REGULATED TWO RAT

FLOAT EQUALIZE

BATTERY CHARGER

This Charger has been specifically designed for recharging and maintaining engine starting batteries.
1t will carry continuous or intermittent loads up to 100% of the charging rate.

" J

These Chargers Provide:

* Automatic Float operation — output is
regulated to meet battery demand.

* A.C. Line Voltage Compensation.

* D.C. Voltage Regulation.

* Two Rate, Float-equalize toggle switch.
e Built-in Crank disconnect relay.

¢ Complete Solid State Control.

* Output Voltmeter and Ammeter.

CHARGER PERFORMANCE SPECIFICATIONS

FOR MBCB8 MODELS. 12 and 24 Volt Nominal Voltage, and S and
10 Ampere Rated Current.

INPUT LINE REQUIREMENTS. Nominal 117V. A.C. at 80 Hertz.
Range of input voltage: 105-125V A.C. .

RECOMMENDED BATTERY CAPACITY. 5.0 to 23.0 Times rated
current.

The following specifications apply at 117-125V. A.C.input at 25°C
in either mode.

OUTPUT CURRENT: Unit will deliver at least rated current into a
fully discharged battery.

QUTPUT VOLTAGE LIMITS: Nominal Value (Factory Set).

BATTERY TYPE. LA (1.2755.G) FL (1.220 S.G.) NC (High Rate)

EQUALIZE. 2.42 ViCell 2.29 V/Cell 1.55 v/Cell

FLOAT: 225 V/Cell 2.17 V/Cell 1.40 V/Cell

MODE SWITCHING Front — Panel Toggle Switch.

VOLTAGE REGULATION — LOAD. = 1.0% Maximum — No Load to
Full Load (Float Mode)

VOLTAGE REGULATION — LINE: = 1.0% Maximum for 10% Line
Change.

OPEN CIRCUIT LEAKAGE. 50mA Maximum.

QUTPUT DRAIN (A.C. INPUT OFF). 10mA Maximum.

QUTFUT TERMINAL VOLTAGE FOR CHARGER SHUTDOWN
(WITH SHUTDOWN OPTION): = 4.0 Volts Maximum.

Although designed especially for use with engine starting
batteries, the MBC8 is a true, two rate float charger and
can be used on other applications not requiring the preci-
sion output regulation of the Master Controls Mode! MBC7
or the automatic high recharge capability of the MBCB8.

This charger will carry external loads up to 100% of its rat-
ing. In order to prevent extremely high external loads
{such as engine cranking) from overicading the charger. a
buiit-in crank disconnect relay is provided. Under no load
conditions, when the battery is fully charged. and with the
charger in the float mode. only enough current will be sup-
plied to replace the power lost through the internal leakage
of the battery. This keeps gassing and water consumption
to an absolute minimum.

When batteries are charged by the float method, the bat-
tery has a tendency to deveiop ditferences (inequatities)’in
the charge level among the individual cells. This condition
can be corrected by applying an “equalizing” charge at
periodic intervals. This is accomplished by raising
charger output voitage by several tenths of a volt per ¢...
for a specified time. A manual toggie switch is provided for
this purpose.

All charge controls are factory preset so as to provide
proper operation on the particular type of battery.

LOW AND HIGH VOLTAGE ALARMS

Master Control's low voltage atarm Option {LCA) provides
a set of SPDT dry contacts rated for 10 amps # 115V. AC.
The alarm set point is factory-adjusted te a voltage set
point which represents an open circuit battery that is 25%
to 50% discharged. Factory-adjusted for the particular bat-
tery type involved, it requires no field adjustments. in order
to prevent false actuation of the aiarm during high battery
load conditions. a built-in time delay of approximately t5
seconds is provided.

High voltage alarm Option {HCA) is also available. It will
detect abnormally high charge rates due to charger failure.
The alarm set point is factory-adjusted to a voitage slightly
higher than the charger’s normal output.

Construction Features:
* A.C circuitbreakerand D.C. Fuse is provided

* All semiconductors are silicon and hermetically
sealed

* Modular construction (Plug-in printed circuit regula®
board)

+ Float and equalize voitage levels are factory preset for
the specific battery type

+ Notransformer tap settings are required
* Qutput is completely isolated from A.C. power
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MODEL A33

MANUFACTURERS AND ORIGINATORS OF THE WORLD’S MOST COMPLETE LINE OF BATTERY CHARGERS

GENERAL DESCRIPTION

The model A33 float charger/power supply is approved
for application as a component of fire protection signaling
systems. Solid state design provides constant voltage
output plus A.C. input compensation and current limiting.

Designed to carry continuous and intermittent loads up to
maximum rated output.* Current limited at 140% of rated
output. The A33 charger section is designed and set to
charge a specific type of battery containing a stated
number of cells.

The La Marche Transistor Controlled magnetic amplifier
circuits provide continuous taper charging.

Maintains rated output voltage within -11% from no load
to full load with A.C. input variations of " 10%,.

Silicon diodes are used for rectification. Regulation off
the battery, less than 5%.

The model A33 charger floats lead-acid batteries at 2.17
volts per cell and by means of a front panel switch
equalizes at 2.33 volts per cell. Both float and equalize
voltages are adjustable to meet battery manufacturers
recommendations. This type of charging imparts the
longest battery life and is the accepted method for
charging batteries used in standby service.

*Independent, fused output terminals for charger and
power supply hook up.

GUIDE BBGQ2 Component-Battery Charger
GUIDE UTRZ Power Supply
File Number E25071

DESIGN FEATURES

1. Quality parts throughout. Silicon diode rectifiers
and transistor magnetic amplifier used exclusively.
No aging adjustment

2. A.C. power loss relay, output voltmeter/ammeter
and fused input-output are standard on all models.

3. Seventy sizes available in five input voltages.

4. Adjustable equalize and float levels, float/equalize
controls located on face panel for easy operation.

5. Designh and operation tested and approved by
battery manufacturers, alarm manufacturers and
utilities.




DATA SHEET 336 LA MARCHE

MODEL A33 CHARGER

SPECIFICATIONS

ELECTRICAL:

A.C. INPUT VOLTAGES:

120. 208. 240; 480 or 575 single phase, S0/60 cycles
208. 240. 480 or 575 three phase. 50/60 cycles Models
marked * are available in 3 phase only.

D.C. OUTPUT COMBINATIONS AVAILABLE:
D.C. amps. - 3 to 250
D.C. volts* - 6. 12. 24, 32, 36. 48, 130, or 260
*Nominal values. other D.C. voltages available.

MECHANICAL:

Overall dimensions and approximate shipping weights
are listed. Case specifications are subject to change and
where space requirements are critical it is best to check
the factory for latest dimensions.

FINISH: Base material pretreated with zinc phosphate.
Grey primer covering all base metal. Hammertone Grey
baked enamel finish coat.

STANDARD FEATURES SUPPLIED.

MOUNTING: Mounting flanges are supplied as part
of the cabinet back plate on wall mounted units.
I.Potentiometer for desired float and equalize charge
voltage adjustments.
2. Quality D.C. ammeter and voltmeter with 50
illivolt movement, 2% accuracy.
3. Power failure relay with terminals for connections
to a remote alarm system.
4. Fused A.C. input and D.C. output for complete
protection.
5. Convenient switch to transfer from float charge
to high rate equalize charge.
6. Internal terminal board for easy connection of
A.C. input, D.C. output and power failure
equipment.

7. One complete manual is supplied with each A33
charger. This manual includes and covers the
following  topics: Technical Operation,
Installation and Operating Instructions,
schematic wiring diagram. parts list, case
drawing, trouble shooting and replacing silicon
diodes. The manual supplied is packed inside
the charger. Additional manuals are billed at the
rate in effect at time of purchase.

OPTIONAL ACCESSORIES:
See Accessory Price List

Ace.
Code .
040 0-24 hour equalizing timer.
041 0-72 hour equalizing timer.
030 Low D.C. voltage alarm relay.
032 High D.C. voltage alarm relay.
03H Low/High D.C. voltage alarm relay.
034 No current alarm relay.
Ground detection systems.
050 Voltmeter.
05 1 Relays.
052 Lights.
053 Switch & Lights.
IOA Individual float/equalize adjustments, specify
model A338.
060 A.C. pilot light.
091 Special paint.
094 Export packing. Ace
A.C. circuit breaker replacing fuse.
Remote meters and controls.
Special input voltages.
Manuals.
Dual voltage A.C. input.
104 Dual fusing for A.C. input and D.C. output re-
105 { placing single input and output fusing.
%F 11% meters replacing 2% meters.
Relay rack molting. (Consult factory for
applicable models.)

SAMPLE SPECIFICATIONS FOR MODEL A33

The charger to be furnished shall be the La Marche Mfg. Co. Model A33 or approved equal. The charger shall employ
transistor controlled magnetic amplifier circuits to provide continuous taper charging. This charger shall maintain rated
output voltage within | 1% from no load to full load with A.C. input variations of ::10%.

This charger shall have:

1. 2ranges. Floatat 2.17 V.P.C. and Equalize at 2.33
V.P.C. on lead-acid batteries. Both settings
adjustable from face of panel. (Nickel cadmium
1.4 V.P.C,, float 1.55 V.P.C. equalize.)

2. Automatic A.C. line compensation.

3. Automatic overload protection (current limiting) 4.

Automatic D.C. voltage regulation.

5. Silicon diode full-wave rectifiers.

6. Automatic surge suppressors.

7. Power failure relay with remote indication connect
ing terminals. Single form "C".)

8. D.C. ammeter and voltmeter with 50 millivolt
movement, 2%accuracy.

9. Fused A.C. input and D.C. output. Separate, dual

fused output load terminals.




LAMARCHE D.C. OUTPUT CASE | APPROX
MODEL NO. NO. WT.
AMPS. | SYSTEM
VOLTAGE
6 AND 12 VOLT SYSTEMS
A33- 3- 12V 3 12 2 24
A33- 6-12V 6 12 2 51
A33- 10- 12V 10 12 2 54
A33- 15- 12V 15 12 2 69
A33- 20- 12V 20 12 7 72
A33- 30- 12v 30 12 7 88
A33- 40- 12V 40 12 7 110
A33- 50- 12v 50 12 3 115
A33- 60- 12V 60 12 3 120
A33- 75- 12V 75 12 3 167
A33- 100-12V 100 12 8 207
24 VOLT SYSTEMS
A33- 3- 24V 3 24 2 51
A33- 6- 24V 6 24 2 55
A33- 10- 24V 10 24 7 67
A33- 15-24V’ 15 24 7 88
A33- 20- 24V’ 20 24 3 104
A33- 30-24V 30 24 3 117
A33- 40-24V’ 40 24 3 120
A33- 50-24V 50 24 6 135
A33- 60-24V’ 60 24 6 175
A33- 75-24V1 75 24 8 204
A33- 100-24V 100 24 19 303
32 VOLT SYSTEMS
A33- 3- 32V 3 32 2 52
A33-6- 32V 6 32 2 63
A33- 10-32V 10 32 7 71
A33- 15-32V 15 32 7 79
A33- 20- 32V’ 20 32 3 96
A33- 30-32V 30 32 3 109
A33- 40-32V 40 32 6 140
A33- 50-32V 50 32 6 220
A33- 60- 32V 60 32 8 240
A33- 75-32V 75 32 19 278
A33- 100-32V 100 32 16 307

* DENOTES CHANGE OR ADDITION
UNDERWRITERS LISTED

* DENOTES 3 PHASE STD.

LAMARCHE D.C. OUTPUT CASE | APPROX
MODEL NO. NO. WT.

AMPS. | SYSTEM

VOLTAGE

48 VOLT SYSTEMS
A33- 3- 48V 3 48 2 51
A33- 6- 48V 6 48 22 68
A33- 10-48V 10 48 77 73
A33- 15-48V 15 48 33 87
A33- 20-48V 20 48 66 94
A33- 25-48V 25 48 66 101
A33- 30-48V 30 48 66 107
A33- 40-48V 40 48 66 112
A33- 50-48V 50 48 88 210
A33- 60-48V 60 48 19 230
A33- 75-48v 75 48 16 350
A33- 100-48V 100 48 16 373

130 VOLT SYSTEMS
A33- 3- 130V 3 130 7 78
A33- 6- 130V 6 130 3 99
A33- 10-130V 10 130 6 126
A33- 15-130V 15 130 6 138
A33- 20-130V 20 130 6 141
A33- 25-130V 25 130 8 175
A33- 30-130V 30 130 8 249
A33- 40-130V 40 130 16 340
A33- 50-130V 50 130 16 470
A33- 75-130V 75 130 16 1105
A33- 100-130V 100 130 27 1337

260 VOLT SYSTEMS
A33- 3- 260V 3 260 6 84
A33- 6- 260V 6 260 6 95
A33- 10- 260V 10 260 6 122
A33- 15-260V 15 260 8 138
A33- 20- 260V 20 260 16 240
A33- 25-260V 25 260 16 370
A33- 30- 260V 30 260 16 407
A33- 40- 260V 40 260 16 535
A33- 50- 260V 50 260 27 670
A33- 60-260V 60 260 47 820
A33- 75-260V 75 260 47 1560
A33- 100-260V 100 260 47 1875

t WHERE SPACE REOUIREMENTS ARE CRITICAL CHECK FACTORY FOR CURRENT CASE SIZES.
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When ordering please specify:

La Marcha Model Number A33

input Voltage, Cycles, Phase

Number and Type of Battery Celis
Ampere Hour Capacity of Battery
Intermittent D.C. Loads and Duration
Continuous D.C. Load

Allowable Recharging Time frem

Full Discharge where Applicable

L TELTASE AEGMATION OF TYMICAL COMSTATOLT MBAT onnzmc momﬂoN:

T T T 7 -

] -

Er;

NeMAWN -

TYPICAL SCHEMATIC

@«-.7 P
~
&E @ /) BATTERY
Fes TERMINALS
T aCF
4 4
IN‘PCUT q‘) wj.au —
o—t
OCF OCF
PF=y
-3 Tt;ml.s
()

case no. A B C mountin
2 1214 10 17Y% Wall
3 15% 11 234 Wall
6 25 11%, 2T% | Floor/Wall
7 14Y% 10% 194 g Wail
8 2% 151 32% | Floor/Wall
16 27 26% 4416 Floor
19 27T 1T 441 Floor
27 2% 25% 5614 _ Floor
47 38 39% 70 Floor
47B 38 47 71 Floor
57 60 36 80 Floor

Complete catalogs are available from:

ZEM‘”ME 106 Bradrock Drive, Des Plaines, lllinois U.S.A. 60018

Phone: 312/299-1188 Telex: 282526 Cable: LaMarche

Manufacturing Company



INSTALLATION AND OPERATING INSTRUCTIONS
FOR THE LA MARCHE
MODEL A-33

The Constavolt Rectifier operates as a power supply or as a battery charger. Once properly installed and adjusted the
Constavolt Rectifier will supply regulated power to the load or maintain the battery in a fully charged condition. Install the
rectifier so that the flow of air through the ventilators is not obstructed. Binding posts with wire lug connectors are provided
on a terminal board within the unit. When hooking up the DC cables to the battery, be certain the positive terminal of the
rectifier is connected to the positive battery terminal and the negative terminal is connected to the negative of the battery.
Load terminals are provided with fuses so that the load may be connected directly to the unit. The load may be powered
with or without a battery connected to the battery terminals.

After the rectifier has been installed, give the battery a freshening charge to make certain it is fully charged by putting the
High-Float Switch on the front of the rectifier in the equalize or high position. The battery should be given an equalizing
charge for at least 24 hours. When the battery is in a fully charged condition, return the switch to the float position. With
the switch in this position the voltage should average 2.17 volts per cell for lead acid cells, 1.4 volts per cell for nickel-
cadmium and 1.5 volts per cell for nickel-iron (Edison) cells.

A potentiometer is provided to adjust the DC output so that the desired level may be maintained. The range of the
potentiometer adjustment is a minimum of plus or minus .08 volts per cell. The potentiometer adjustment is intended for
adjusting the precise float level when batteries are used.

In normal operation the Constavolt Rectifier maintains a constant battery voltage from no load to loads up to its rated load
capacity as indicated by the name-plate. If the external loads exceed name-plate capacity the rectifier will attempt to carry
the excess load up to its current limiting capacity. Beyond this point, the battery will carry the excessive loads.

If the battery is discharged, the charger will re-charge the battery on a taper curve from its current limiting capacity to full
charge. When a battery is not used the rectifier will supply regulated power to the load up to its current limiting capacity.
With output current limited further loading will cause the regulated voltage to drop off.

The High-Float Switch is used to raise the rectifier output voltage to 2.33 volts per cell for lead acid cells, 1.6 volts per



cell for nickel cadmium cells, 1.6 volts per cell for nickel-iron (Edison) cells so that the battery can be given an equalizing
charge. To give an equalizing charge, it is only necessary to throw the switch to the high position and leave it there for 24
hours. The rectifier will automatically hold the cell voltage at equalizing voltage when the switch is in high position and will
drop back to float voltage when the switch is put back into the normal or float position.

If a 24 hour equalizing timer is provided, the timer switch replaces the manual high-float switch. To operate the timer, it is
only necessary to turn the timer knob to the desired equalizing time setting. The time switch transfers the rectifier from the
float to the equalizing charge rate. The timer times out to automatically return the rectifier to the float charge position.

The inherent design of the transformer-reactor combination provides compensation for line voltage variations of + 10%.
The DC output is regulated to * 1% from no load to full load with AC line variations of * 10%.

The DC output current is limited to provide for complete protection. The current limiting feature allows for the unit to carry
overloads and limits the output to a maximum of 140% of the rated output.

Power failure contacts are provided for remote power failure indication. One normally open and one normally closed
contact are connected to three terminals on the terminal board for connection to the remote alarm system.

The charger is factory tested and preset so that no field adjustments are necessary. Potentiometer (s) are provided for
adjusting the float and equalizing voltages to the required levels. Should further field adjustments be necessary the float
voltage may be adjusted by moving the red slider band on the voltage divider resistor RV1. Moving the slider toward the
green slider or toward RV2 raises the taper and shutdown point and moving the slider in the opposite direction lowers the
point of shutdown. The green slider band is the equalizing voltage adjustment and may be adjusted in the same manner
as the float slider.

-2-
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MODEL: A33 F0-24V -Al 10109 ECL BATTERY CHARGER TO1MM 04/10/95
ITEM PART NO. REQ'D DESCRIPTION SCHEM
ABBR.
2021112H1-24117-A 1 TRANSFORMER ASSEMBLY PT
20021H2K2-73212-A 1 REACTOR ASSEMBLY SH
20031P8RB-B1C2-B60 1 FUSE BLOCK, ONE POLE AC
2004P8 -C2-B50 1 FUSE (c) 250v-50a ACF
0005P8—A1-A100 3 FUSH (AT) 130V-100A DCF
0007P17-200-150J1 2 SILICON DIODE 150A 200V SD1
0008S2C{17A-A4 1 SURGE PROTECTOR ASSY. SP
0009P6, -50C -250B 1 RESISTOR 50 WATT 35 OHM FIX RI
0010P6M|-75B -175C 1 RESISTOR 100 WATT 35 OHM VAR. IN SERIES RC
0011P6P }4A -25V 1 PONTENTIOMENTER 4 WATT 25 OHM PV
0013P6P [4A -25V 1 PONTENTIOMENTER 4 WATT 250HM PV
0014P2D}-400-0.10T1 1 FILM CAPAC 400 VDC -0.10 MFD C1
0015P22T7 -1B1 1 TOGGLE SW. -PANEL MTG.-SPDT FFS
0016P16R -AP120-2R1 1 RELAY, 2P, 120VAC \%
0017P1DY -M35 -B5S 1 DC VOLTMETER (0-12-_ 2% A
0018P1DA- M100-B13S 1 DC AMMETER (9-120) 2%
0019P3-6tA01H 1 #6 CASE ASSEM. COMPLETE HG
0020AC1iB3-18 1 CONTROL UNIT
0024S4A 4-1A1 1 TERMINAL BLOCK ASSY. (OUTPUT)
0025P5B |20G -3B3B 1 BARRIER TERM. STRIP-3 FOR PF CONTACTS DC
0026P1S [E100-A50M 1 AMMETER SHUNT 100 A.50 MV. CC
0028P14C-AJ1-2 1 CHOKE FILTER-035HY. C4
0029P2A [150-1.9KA2 1 ELECT CAPAC 150 VDC 1.9K MFD MOUNT OFFPANEL C3
0031S2C{47A -AA01 1 DIODE ASSEMBLY SD3
0032P2A{2 150-1.9KA2 1 ELECT CAPAC 150 VDC 1.9K MFD MOUNT OFF PANEL AC
0036P5E 160F-6A4T 1 MODULAR TERMINAL BLOCK AC
4005P3 61002H 2 #6 CASE DRIP PROOF COVER
4078S4A1-1A1A 1 TERM BLOCK ASSY. (OUTPUT) (POS. LOAD FUSE) DC
4190S4H|-1B -1A1A 1 TERM BLOCK ASSY. (OUTPUT) (NEG. LOAD FUSE) DC
7000E1021-54 1 SCHEMATIC DRAWING DC
VVHALEIN RUERTIN REFCACENVIENT FPART VUL T ANVIF ECIN T N REV. DATE DWG. BY N. DY AFF. DY
RATINGLé PLUS '\IfHE SERIZL NO. OF THI;UI\\IJIT MUST - DX?’E I ;w bRKS TCS ﬁﬁaﬁqﬁgﬁ“:
BE SPECIFIED WITH THE PART NO. I ! 106 BRADROCK DR, DES PLAINES, ILL.
/A
I I DWG. DATE ISS. DATE A
* - RECOMMENDED SPARE PART I I 01/22/85 04/02/85
I I SHEET SIZE DWG. NO. A33 00
1  OF2 A 24V -Al- -10109




TROUBLESHOOTING AND REPLACING SILICON DIODES

The silicon diode may be a source of trouble. The function of the diode is to allow the flow of current through it in one
direction only. If the polarity of the conducting current is reversed, the diode will block the current flow. Thus, the diode has
a low resistance to current flow in one direction, and a high resistance to current flow in the other direction. Therefore, a
simple ohmmeter may be used to test the diode. The procedure for checking the silicon diode is as follows:

1. Isolate one end of the diode by disconnecting the wires attached to the nipple (or pig-tail) end of the diode. (Only
one end of the diode must be disconnected.

2. Clip one lead of the ohmmeter to the nipple (or pig-tail) lead of the diode. Clip the other ohmmeter lead to the
aluminum heat sink. (If a portable multimeter is used, set the switches on ohms, DC and scale RX100

3. Note the ohmmeter reading. Then reverse the leads to the diode. Again, note the ohmmeter reading. If the diode is
good, the meter will indicate a high resistance in one direction, and a low resistance with the leads reversed. If the
diode is shorted, the meter will read full scale, or "0" resistance with the leads in either direction. If the diode is
"open”, the ohmmeter needle will indicate or show infinite resistance, indicating an open circuit with the ohmmeter
leads in either direction.

4. All diodes must be checked in the event that more than one diode is defective.

5. If the diode is defective, remove the defective diode from the heat sink and replace with a new diode. When
installing a new diode, be sure to note if the old diode was insulated from the heat sink. If the diode should be
insulated from the heat sink, care should be taken so that the mica insulating washer is placed properly on each
side of the heat sink with the insulating bushing between the diode mounting stud and the aluminum heat sink.

1/28/83
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WHEN ORDERING REPLACEMENT PARTS, DRAWINGS OR SCHEMATICS, OR
REQUESTING SERVICE INFORMATION, ALWAYS GIVE MODEL NUMBER, SERIAL
NUMBER, AND A. C. INPUT VOLTAGE.



[FMERCHE

Manufacturing Company

MANUFACTURER’S WARRANTY

All La Marche Mfg. Co. equipment has been thoroughly tested and found to be in proper operating condition upon
shipment from the factory and is guaranteed to be free from any defect in workmanship and material that may develop
within a period of one year from date of purchase.

Any part or parts of the equipment that prove defective within a one year period shall be replaced without charge when
subjected to examination at our factory, providing such defect, in our opinion, is due to faulty material or workmanship and
not caused by tampering, abuse or misapplication. All such adjustments are made F.O.B. Des Plaines, lllinois.

Contact your local sales representative for minor parts replacement or equipment adjustments.

Should a piece of equipment require major component replacement or repair, these can be handled in one of two
ways:

1. The equipment can be returned to the La Marche factory to have the inspections, parts, replacements and testing
performed by factory personnel. Should it be necessary to return a niece of equipment or parts to the factory, the
dealer from whom the equipment was purchased will obtain authorization from the factor,. If, upon inspection at the
factory, the defect was due to faulty material or workmanship, all repairs will be made at no cost to the customer.

2 If the purchaser elects not to return the equipment to the factory and wishes a factory service representative to
make adjustments and repairs at the equipment location, field service rates will apply. A purchase order to cover
such service must be issued.

In accepting delivery of the equipment, the purchaser assumes full responsibility for proper installation. installation
adjustments and service arrangements. Should minor adjustments be required, the local La Marche Sales Office should be
contacted to provide this service.

All sales are final. Only standard La Marche unite will be considered for return. A 10% restocking fee is charged when
return is factory authorized. Special units are not returnable.

In no event shall La Marche Mfg, Co. have any liability for consequential damages, or for loss, damage or expense
directly or indirectly arising from the use of the products, or any inability to use them either separately or in combination with
other equipment or materials, or from any other cause. In addition, any alterations of equipment made by anyone other
than La Marche Mfg. Co. renders this warranty null and void.

La Marche Mfg. Co. reserves the privilege of making revisions in current production of equipment, and assumes no
obligation to incorporate these revisions in earlier models

The failure of La Marche Mfg. Co. to object to provisions contained in customers’ purchase orders or other
communications shall not be deemed a waiver of the terms or conditions hereof, nor acceptance of such provisions.
The above warranty supersedes and is in lieu of all other warranties, expressed or implied, and no person.
agent or dealer is authorized to give any warranties on behalf of the Manufacturer, nor to assume for the Manufacturer any
other liability in connection with any of its products unless made in writing and signed by an official of the Manufacturer.

La Marche Mfg. Co.
3/1/78 Des Plaines. lllinois
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FEATURINGOPTINAL ACCESSORIES

Reliable-simple, few components, field
proven, SCR ferro resonant design.

State of Art Static Switch.
Inverter Star/Off Switch

Current limited and protected for AC-
DC short, over/under voltages, and
reverse polarity.

Class H Insulation.

Convection Cooled, Front Access
Enclosure.

Available for 24 VDC 48 VDC, AND
120 VDC battery supplies.

50 or 60 Hertz Operation.
Wide range of models and options.

MODEL A-51

D.C. TO A.C. INVERTER
SINE WAVE OUTPUT

La Marche inverters use highly reliable, solid state, SCR
circuitry with a ferroresonant transformer that has
inherent regulation.  Output filtering, and overload
protection (current limiting ) The inverter is self-protected
for AC-DC shorts, reverse polarity, and over or under dc
VOLTAGE Battery protection is provided by low voltage
shutdown and DC input fusing.

TWO TYPES OF OPERATION

CONTINUOUS INVERTER-During normal operation, the
A-51 inverter draws power from the charger and supplies
regulated since wave AC power to the load. If AC power
to the load. When power is restored. The change back
to normal operation is automatic, including recharging of
batteries.

STANDBY INVERTER-During normal operation, the load
is supplied power directly from the commercial AC line,
wired through a transfer relay or static switch (optional
accessory) in the inverter. in the event of AC line failure,
the load is disconnected from the line, the inverter begins
drawing power from the batteries and supplies Ac power
to the load. Reversed and batteries are restored.
(Manual retransfer optional.)

Transfer Relay 100 to 1000 2 to 10
KVA 40 12-5 to 20 KKVA 50 msec.

Transfer from and retransfer to
inverter Failure-DC Light Load on
Line-AC Light

Manual Maintenance bypass Switch.
Concidental line synchronization.

Y cycle Static Switch require
coincidental line sync) with
coincidental line sync) with Manual or
Delayed Automatic transfer Switch,
Test Switch Fused Inverter and utility
Branch Life LED’s for:

Utility Available

Inverter Available

Load Powered by Prime Source
Load Powered by Alternate

Source

Sources Phase Locked

The following adjustments are provide:
Inverter Overvoltage Limit +10
Inverter Undervoltage Limit -10
Utility Overvoltage Limit +10
Utility Undervoltage Limit -10
Load Overvoltage Limit +15
Load Undervoltage Limit -15
Delayed Retransfer sec 1-10
Phase Lock (degrees) 1-10
Prime source Selection Inverter
or Utility

e Alarm Contacts

Utility Power Failure

Inverter Failure

Contacts for all status conditions

(5) form C

¢ Meters +2

DC ammeter

DC voltmeter

AC ammeter

AC voltmeter

Frequency meter

Low DC voltage alarm

High DC voltage alarm

AC and DC circuit breakers
Special Paint

Others: (see General Catalog)



Ordering Information:

e  State Master Control’'s Model number

« A.C. input voltage frequency and phase
* Number and type of battery cells

Specific gravity of lead acid batter(y

Ampere Hour Capacity of Battery

Continuous D.C. load

Allowable Recharging Time from full discharge
(when applicable)

MODEL DESIGNATION

CHARGER BATTERY
Max. A.C. No. of

Nominal Rated Amps. Input Approx. LA or Recommended

Qutput Output at Weight FL Capacity
Model Number D.C. Voits D.C. Amp. 120 VAC Lbs. (KG) Cells Range (A.H.)
MBC8-12- 5(*) 12 5 1.5 22 (10} 2] 25-115
MBC8-12-10(") 12 10 3 26 (12) 6 50-230
MBC8-12-20(") 12 20 [3) 34 (15) (3 100-460
MBC8-24- 5(*) 24 5 3 25 (11) 12 25-115
MBCB8-24-10(") 24 10 6 34 (15) 12 50-230
MBCB8-24-20(") 24 20 2 37 (17) 12 100-460
MBC8-30- 5(*) 30 5 4 29 (13) 15 25-115
MBCB8-30-10(") 30 10 8 36 (16) 15 50-230
MBCS8-32- 5(*) 32 ] 5 4 28 (13) 16 25-115
MBC8-32-10(") 32 10 8 36 (16) 16 50-230

(* ) Add Suffix (LA) to model number when charger is for use with automotive lead acid batteries having 1.265-1.285 sp. gr.
(* ) Add Suffix (FL) to model number when charger is for use with float service lead acid batteries having 1.200-1.200 sp. gr
(* ) Add Suffix (NC) to model number when charger is for Nickel Cadmium Batteries.

NOTE: Battery manufacturers recommend that the equalizing current be not less than C/20 with C
representing the ampere hour capacity of the battery. As an example, a 200 ampere hour battery would
require a charger having a rated current of 10 amperes.

The charger output recommendations outlined in the above table should be followed to assure proper
system operation and reasonable operating life of the charger and batteries.

-~ ~\
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i 170 203 !
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SAMPLE SPECIFICATIONS

The battery charger shall be a Master Control Model
MBCS8 or approved equal. The charger shall have an
output rating of at least 1/20 of the rated ampere hour
capacity of the battery to which it is applied and be
capable of carrying continuous loads up to 100% of its
rated output. The charger shall have two ranges

(equalize and float). Voltage settings for both ranges
shall be factory preset for the specific battery type and
shall not be field adjustable. It shall maintain its rated
output voltage within + 1% with A.C. input variation of +
10%. Output voltage regulation between no load and full
load shall be within + 1%.

MASTER CONTROL SYSTEMS, Inc. 1
910 NORTH SHORE DRIVE, LAKE BLUFF, ILLINOIS 80044, U.S.A.
TELEPHONE: AREA CODE 312/295-1010

TELEX: 25-4636 _ 1

B R T




INSTALLATION INSTRUCTIONS FOR MODEL MBC8 & MBC9 BATTERY CHARGERS

The Charger cabinet must be mounted in a vertical position, preferably on a wall in close proximity to the battery. The areas
above and below the Charger must be clear for at least 12 inches to allow free air flow for cooling. The Charger cabinet
must not be loacted in areas subject to falling or spraying water.

The cabinet should not be subject to shock or vibration. If it is necessary to mount the unit on an engine skid, select a point
subject to the least amount of shock or vibration and install suitable vibration dampers.

The four mounting ears have 5/16 inch holes (or slots) to accept X inch bolts. The horizontal spacing is 10 inches (centers)
and the vertical (center) spacing is 13% inches. The unit weight is less than 60 pounds.

For wiring, use wire having insulation which is unaffected by the environment of the installation. For engine starting battery
installations, use flexible stranded copper’ wire having insulation which is unaffected by oil or engine heat.

The bushing supplied with the Charger are in 7/8 inch diameter holes for % inch nominal conduit fittings. Discard
bushing(s) when conduit(s) is used.

TABLE 1 - LOWER CHASSIS TERMINAL STRIP WIRING

TERMINAL MINIMUM WIRE SIZE DESIGNATION

GND As Required Chassis Ground--Connect to ground wire of a three prong line cord when used. Connect to ground
wire in a conduit wired installation when a wired ground is
required. (The chassis is not insulated from the cabinet).

Nameplate
Input Amperes  AWG

AC-H 1thru 8 amps #14 A.C. Power Input Terminal (High Side, Fused Side)
9thru 12 amps #12 Connect to high side of A.C. supply which has
13 thru 20 amps #10 branch circuit protection capable of supplying
21 thru 30 amps #8 the nameplate listed current requirement.

AC-N Same as 'AC-H’ A.C. Power Return Terminal Low Side --
Connect to Low or Neutral Side of A.C.
supply.

+B --Table 2 -- Positive Charge Current Output--Connect to batters
positive terminal.

-B  --Table 2-- Charge Current Return Terminal--Connect to battery
negative terminal.

NOTE: Neither battery output terminal is grounded in the Charger. Therefore, the unit may be used in positive ground,
negative ground, or ungrounded installations.

MBC8/9 (10000)-3  -1-



INSTALLATION INSTRUCTIONS FOR MODEL MBC8 & MBC9 BATTERY CHARGERS

TABLE 1 - LOWER CHASSIS TERMINAL STRIP WIRING (Cont'd)

(Continued)

TERMINAL MINIMUM WIRE SIZE (COPPER)

DK1, DK2 -#24 AWG

DESIGNATION

Crank Disconnect Relay Input Terminals--Connect to a source of DC voltage equivalent to
the Charger nominal DC voltage rating, when battery is
supplying high current loads such as engine cranking or switch
gear operation to prevent overloading the Charger. Coil
resistance--800 ohms on 12 volt Chargers and 3,200 ohms on

24 volt units.

TABLE 2

BATTERY MINIMUM WIRE SIZES (COPPER WIRE)

CHARGER WITHOUT REMOTE SENSE

Rated D.C. Max Wire Min Wire Total Loop
Current Run Length  Size Drop

10FT 16 AWG 0.2V 16 AWG
2Y> AMP 25 FT16 AWG 0.5v

50 FT 14 AWG 0.6V 16 AWG

10 FT 16 AWG 0.4V 16 AWG
5 AMP 25 FT 14 AWG 0.6V

50 FT 12 AWG 0.8V 14 AWG

10 FT 12 AWG 0.3V 1'2 AWG
10 AMP25 FT 12 AWG 0.8V

50 FT 8 AWG 0.6V 10 AWG

10 FT 10AWG 0.4V IOAWG
20 AMP25 FT 8 AWG Oo6bV

50 FT 6 AWG 0.8V 8 AWG

Min Wire
Size

WITH REMOTE SENSE
Total Loop
Drop

0.2v
16 AWG
1.0V

0.4v
14 AWG
1.2v

0.3v
12 AWG
1.0V

0.4v
10 AWG
1.2v

0.5V

0.6V

0.8v

1.0V

Note that while the wire size shown for the AC wiring is based on wire current carrying capacity (‘fampacity"), the wire sizes
shown for the battery wiring are based on wiring resistance. In addition, splices or junctions in the wiring path must be low

in resistance.

Runs may be two of the next smaller even wire size, e.g. two #12 AWG wires may be used in place of a #10 AWG wire,
etc. Aluminum wire NOT recommended.

MBC8/9(1 0000)-3  2-



. REVISIONS

» CENERALIZED AC
sou7 oy, wo17

BATTERY CHARGER

AC
—N—
GND H N +8 -B DKl DK2

DO0O0O0C

CRANK
To AC. Powsr Source . 7 = 7"Dlsgiogﬁﬁcr
A ———
At Nameplate Voitage and Frequency { D
( Bronch Circuit Protection Required )
NOTE == STARTER
See Namaplate for Maximum CONTACTOR
Required Input Current P Cot.
e -0
&
POS -
KEG
BATTERY STARTE}l! MOTOR

EXTERNAL WIRING OF
MBCH & 9
BATTERY CHARGER

Wmm CARTROL SVETLLAE INC.
7304 8 MORanCIItO A mUwd AL
M ——
el
Cd :_
1-9-1‘

n sr b et




OPERATING PROCEDURES FOR MODEL MBC8 BATTERY CHARGER

GENERAL The Model MBC8 Battery Chargers are constant voltage, two rate (Float-Equalize) manually switched,
regulated (line compensated) battery chargers.

OUTPUT CAPACITY These Chargers are capable of supplying up to 100% of their DC rated output current without
allowing the battery to be depleted. Loads across the battery which are less than the Charger's rated current will be
supplied by the Charger with the remaining Charger output being available to charge the battery, if required. For loads
greater than the rated output, the Charger will supply at least its rated output (if the crank disconnect terminals--DK1 and
DK2--are not energized) with the battery supplying the remainder.

LINE REGULATION The Charger is regulated (line compensated) and requires no tap settings.
The line voltage regulation (output change) is 1% maximum for a 10% line voltage change. The Charger will operate with
line changes of up to + 15% of nominal with reduced current rating on low line voltages.

WATER CONSUMPTION In the "float" mode water consumption will be low. If left in the "equalize" mode the Charger will
produce considerable gassing and subsequently high water consumption once the battery is fully charged. THE
CHARGER SHOULD NOT BE LEFT IN THE "EQUALIZE" MODE FOR EXTENDED PERIODS OR BATTERY DAMAGE
CAN OCCUR. The battery water level should be checked once a month until a water consumption pattern is established.
The water level should be checked at least every three months due to climatic changes. Longest battery life will be
obtained when distilled water is used to fill batteries.

FLOAT MODE This is the NORMAL operating mode of the Charger, in this mode the Charger will maintain the battery
charge level, supply external loads up to the Charger output current rating and will bring the battery up to a charged
condition after a discharge. Water consumption will be low in this mode. With no external loads the final or maintaining
current into a fully charged battery will be less than 0.5 amperes.

EQUALIZE MODE For batteries within the recommended range of capacity (ampere hour capacity of 5 to 20 times the
Charger output current rating) the Charger will have sufficiently high output voltage and current to equalize a battery to
eliminate charge level differences between individual cells. The equalize mode can also be used to charge the battery
more rapidly. Most applications do not require equalizing the battery more often than once a month.

On engine starting applications the battery charging generator or alternator will equalize the battery if the engine is run long
enough for the battery to be fully charged first.

NOTE THE CHARGER SHOULD NOT BE LEFT IN THE "EQUALIZE" MODE FOR MORE THAN 24
HOURS OR EXCESSIVE WATER CONSUMPTION AND BATTERY HEATING WILL OCCUR.

CRANK DISCONNECT In applications requiring battery output currents which exceed the Charger output rating, such as
engine cranking, a crank disconnect signal must be supplied to the Charger. This signal should be a DC voltage of the
same nominal value as the Charger DC rated voltage. The signal may be either polarity and is supplied to terminals DK1
and DK2. The current required by the disconnect relay is less than 20mA on 12 volt units and IOmA on 24 volt units.
Wiring these terminals to the starter contactor or starter motor terminals would provide the required signal on engine
starting applications.

MBCS8B
lof2



OPERATING PROCEDURES FOR MODEL MBC8 BATTERY CHARGER
(continued)

BATTERY CONDITION A fully charged battery will be indicated by a low Charger output current and, for lead acid
batteries, a full charge specific gravity hydrometer reading in all cells. A-Battery which has approached end of life will have
a reduced ampere hour capacity (something less than the battery’s rated capacity). An adequate check of a battery for
capacity in an engine starting application is to monitor the battery voltage while it is cranking the engine during an expected
worst case starting attempt. If the battery was fully charged its cranking voltage should be more than 75% of nominal
voltage (9 volts minimum on a 12 volt lead acid battery). Batteries which have sufficient capacity but which are not fully
charged may not pass this test. Similarly, worst case voltage drop can be established for other high current load
application to determine the battery condition assuming that the battery is fully charged.

TO PUT THE CHARGER INTO OPERATION Connect per installation instructions and apply A.C. power. CAUTION
Always disconnect, turn off, or remove A.C. power from the Charger before attempting to service the Charger or before
connecting or disconnecting Charger or battery leads. Similarly, do not connect or disconnect battery leads with any loads
connected.

NORMAL OPERATION When power is first applied the Charger will normally supply at least rated current as indicated on
the Charger ammeter. As the battery charge builds up the charge current will reduce finally to a level required to maintain
the battery charge and supply any additional loads. The charge current should reduce to lower values within 30 hours or
less for properly sized Chargers.

When a drain is put on the battery or A.C. power is interrupted the Charger will again produce higher output currents until
the battery voltage builds up to a charged condition.

When connected to a fully discharged battery the charge current will be higher than rated current for part of the charge
cycle. As above, a deep discharged battery can cause Charger shutdown (if its terminal voltage is less than +5.0 volts) for
up to several hours before high charge currents to occur as above. Note that for a deep discharged battery to eventually
allow Charger turn on, there must be no other loads on the Charger (or battery).

CHARGER MAINTENANCE There are no field adjustments to be made on these Chargers. The only adjustable device is
the float voltage adjustment on the regulator P.C. board which is factory set using precision equipment.

LOW VOLTAGE SHUTDOWN These Chargers are normally supplied with low voltage shutdown which causes the
Charger to reduce its output current any time the battery output terminal voltage drops below +5.0 volts. The Charger will
shut off completely if the output terminal voltage drops below +2.5 volts. This provides reverse polarity and short circuit
protection. In addition, in the absence of capacitive loads, the Charger will shutdown on "missing battery" or open leads, if
the Charger output terminals (+B & -B) have 3.0K ohms or less of load resistance connected.

MBCS8B
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THEORY OF OPERATION MODEL MBC8 BATTERY CHARGER

GENERAL Refer to drawing 10003 for schematic representation. Note that while the transformer winding configuration
changes with Charger voltage and current ratings, the typical winding configuration is representative of the Charger
operation. This discussion will assume the unit is a 24 volt model.

A.C. PATH The A.C. power is applied to the power transformer primary through fuse Fl. Note that the primary taps
shown are factory wiring options to accommodate different battery types. The 'GND’ terminal is tied directly to the chassis
which is in electrical contact with the cabinet. The primary and secondary circuits are electrically isolated from each other
and from chassis or cabinet ground. The transformer, then, isolates the A.C. power and transforms the voltage to the
level required by the battery.

The regulator board has its own regulated power supply which is supplied via the 'AC’ pins and terminals 15 and 16.The
wiring options shown on drawing 10003 are to provide approximately 12 V AC to the regulator board. The return line for
this supply is the 'RET’ pin which connects to the transformer center tap via terminal -B’. The local regulated supply on the
board supplies the reference element providing the double regulated reference voltage for low line regulation error.

D.C. PATH The main power rectifiers are part of the SCR assembly 010. Rectification is full wave center tap with the
center tap leads extending to the -B1 terminal (battery negative). The rectifier output goes directly to the anode of the SCR
which is also part of the SCR assembly (Q10). Battery charge current will flow, then, when the SCR (Silicon Controlled
Rectifier) is turned on and vice versa. The resistor and capacitor of Q10 SCR assembly form a "snubber" network to
prevent false turn on of the SCR with line surges or transients. When the SCR is turned on via the '+PT’" output from the
regulator P.C. (Printed Circuit) board via terminal 14 of TS2 (blue) charge current will flow through the SCR to terminal 13
(green), terminal 23 (F2), Fuse F2, Ammeter (A) terminal 24 and to battery positive from the '+B’ terminal. The SCR turn
on signal is a pulse supplied from a pulse transformer on the regulator board. The return lead from this transformer is -
PT" which is connected to the cathode of the SCR via terminal 13. The shutdown sense line (SD) is also connected to
terminal 13.

VOLTAGE SENSING The regulator board is the controlling element of the whole Charger. The SCR assembly is a
"Slave" to the regulator. The regulator senses the battery terminal voltage via terminal 24 (+V), the "Float" switch (SW-1),
or resistor R30, and 25 (+RS) and terminal 26 (-V). The regulator will turn on the SCR sooner in each half line cycle when
the sensed battery voltage is below the internal regulated reference voltage. Turning on the SCR sooner in each half cycle
will allow more charge current to flow. When the battery voltage increases (with charge level) above the fixed reference
voltage, the regulator will turn on the SCR later in each half cycle causing reduced charges currents. With the "Float-
Equalize" switch in the "Equalize” position resistor R30 is in series with the regulator voltage sensing circuit, which reduces
the battery terminal voltage seen by the regulator voltage comparing circuit. This causes the Charger output voltage to
increase to equalize the battery. With the "Float-Equalize” switch in the "Float" position resistor R30 is shorted out causing
the regulator voltage comparator to see a true battery terminal voltage reducing the Charger output voltage to the "Float"
level.

The battery voltage sensing network is high in impedance (approximately 100K ohm) and will not cause battery discharge
on power outage.

MBCB8(10003) iss2
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THEORY OF OPERATION MODEL MBC8 BATTERY CHARGER
(continued)

CRANK DISCONNECT The crank disconnect relay is supplied by the 'DK’ terminals. This reed relay shunts the SCR
pulse transformer input when operated which prevents SCR turn on.

SHUTDOWN The shutdown sense line (SD) is connected to the internal SCR trigger drive signal on the regulator board
through a diode. The 'SD’ line does not input current and will not discharge the battery on power outage. Thus with a
shorted output, the load will "Steal" the SCR trigger drive signal (via terminal +B), preventing SCR turn on, to shutdown the
Charger.

MBC8(10003) iss2
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REPLACEMENT PARTS LIST

MODEL MBC8 BATTERY CHARGER

PART NUMBER

CHARGER MODEL
NUMBER

CHARGER
(PC)

REGULATOR CIRCUIT

BREAKER

D.C FUSE (F2)
3 AG (SIZE)

RESISTOR
R30

MBC8-12V-5A-LA

MBC8-12V-100A-LA

MBC8-24V-5A-LA

MBCB8-24V-10A-LA

MBCB8-12V-5A-FL

MBCB8-12V-10A-FL

MBCB8-24V-5A-FL

MBCB8-24V-100A-FL

MBCB8-12V-5A-NC

MBCB8-12V-10A-NC

MBCB8-24V-5A-NC

MBC8-24V-10A-NC

B600780

B600781

B600790

B600791

B600782

B600783

B600792

B600793

B600784

B600785

B600794

B600795

B504000

B504000

B504001

B504001

B504002

B504002

B504003

B504003

B504004

B504004

B504005

8504005

B300804 (1 .5A)
B300793 (3.0A)
B300793 (3.0A)
B300796 (6.0A)
B300804 (1 .5A)
B300793 (3.0A)
B300793 (3.0A)
B300796 (6.0A)
B300804 (1.5A)
B300793 (3.0A)
B300793 (3.0A)

B300796 (6.0A)

B201566 (15A)
B201569 (30A)
B201566 (15A)
B201569 (30A)
B201566 (15A)
B201569 (30A)
B201566 (15A)
B201569 (30A)
B201566 (15A)
B201569 (30A)
B201566 (15A)

B201569 (30A)

COMMON PARTS (ALL MODEL MBC8 BATTERY CHARGERS)

DESCRIPTION

SCR Assembly
0-30V Voltmeter
0-15A Ammeter
3AG Fuse Holder
SPST Switch

SYMBOL

Q10

\Y

A

F2
"Float"

PART NUMBER

B600032
780289
780290

A400013
730243

B101491 (6.2K
8101491 (6.2K
B101491 (6.2K
B101491 (6.2K
B101490 (5.6K
B101490 (5.6K
B1 01490 (5.6K
B101490 (5.6K
B101490 (5.6K
B101490 (5.6K
B1 01 490 (5.6K

B101490 (5.6K

Note: When ordering Replacement Parts, be sure to specify MODEL NUMBER and SERIAL NUMBER of
Charger in which they are to be used.

MBC 8(B600780/795)-2

MASTER CONTROL SYSTEMS, INC.
910 North Shore Drive

Lake BIuff, lllinois 60044 USA
Phone: (312) 295-1010 Telex: 25-4636



-t | REVISIONS
5 [ nEomAwn
» i-239

+B
————— 4
y R~ F ) =i
]
—— }f_ —J
—Q0R—
AC-H FIR A FIF
TSI TSz CBI TS3
-8
3
s TYPICAL i
=5 ONLY
GND
TSI
LI | \
DK
- DK2
NOTES:
SPADED WIRING IS CABINET WIRING (RL—084)
CHASSIS WIRING (I2V,S5A=RL-07l; I2V,10A - RL~-096 |, 24V, 5A-RL-072; 24V,10A-RL-097)
-3 DIRECTION OF SIGNAL, POWER OR INFORMATION
FLOW. (NOT NECESSARILY CURRENT DIRECTION)
~—CHARGE CURRENT PATH
() cHARGER TERMINALS TS2
—-—i2V. WIRING
———24V. WIRING
er:
TRANSFORMER WIRING SHOWN TYPICAL M esoreo
8600790
SW~1 SHOWN IN "EQUALIZE" POSITION -
WIRING OIAGR.
(O cHARGER TERMINALS TSI8 TS3 Mty
MC|MASTER CONTROL SYSTEMS I,
= LASE WP RUNOS UsA A
SO W [ Y
Daks FRwas
are (1N 4% (DR
e 10003 158 |outr 1 oo




124 oy
r 10" —|
gt S I
@ -
BATTERY cuI;RGE —(-l; —é‘t
ML,
=
[ S ] l@; [ 5 ] |
| 4] 1L e

o : S
TOP & BOTTOM SURFACES ARE VENTILATED " L

REMOVABLE BUSHING
LOCATE BOTH ENDS)

MOUNT CABINET WITH AT LEAST 5 (
OF UNRESTRICTED AIR FLOW HOLE ACCOMMODATES
CLEARANCE ABOVE & BELOW

172" CONDUIT
R o1a-4 PLACES

!

MBCT788 CHARGER
MOUNTING DIMENSIONS

7344 N MONIR (1O 4 talmd I

EFROV 3V R T

E MASTER CONTIOL SEVLS ML




YlasT=s CoOMTH

MODEL MBCS

REGULATED TWO RA

FLOAT EQUALIZE

BATTERY CHARGER

This Charger has been specifically designed for recharging and maintaining engine starting batteries.
It will carry continuous or intermittent loads up to 100% of the charging rate.

These Chargers Provide:

* Automatic Float operation — output is
reguiated to meet battery demand.

* A.C. Line Voltage Compensation.

* D.C. Voltage Regulation.

* Two Rate, Float-equalize toggle switch.
¢ Built-in Crank disconnect relay.

* Complete Solid State Control.

¢ Qutput Voltmeter and Ammeter.

CHARGER PERFORMANCE SPECIFICATIONS

FOR MBC8 MODELS. 12 and 24 Voit Nominal Voltage, and 5 and
10 Ampere Rated Current. .

INPUT LINE REQUIREMENTS. Nominal 117V. AC. at 60 Hertz.
Range ot inpu! voltage. 105-125V. A.C.

RECOMMENDED BATTERY CAPACITY: 5.0 to 23.0 Times rated
current.

The following specifications apply at 117-125V. A.C. input at 25°C
in either mode. -

OUTPUT CURRENT: Unit will deliver at least rated current into
fully discharged battery.

QUTPUT VOLTAGE LIMITS: Nominal Value (Factory Set).

BATTERY TYPE: LA (1.275 S.G.) FL {1.220 S.G.) NC (High Rate)

EQUALIZE: 242 V/Cell 2.29 V/Cell 1.85 V/Celt

FLOAT. 225V.Cell 217 V/Cell 1.40 V/Cell

MODE SWITCHING: Front — Panei Toggle Switch.

VOLTAGE REGULATION — LOAD = 1.0 Maximum — No Load to
Futi Luad (Float Mode).

VOLTAGE REGULATION — LINE. = 1.0% Maximum for 10% Line
Change. .
OPEN CIHQUIT LEAKAGE: SOmA Maximum.

OUTPUT DRAIN (A C. INPUT CFF) 10mA Maximum.
QUTPUT TERMINAL VOLTAGE FOR CHARGER SHUTDOWN
(WITH SHUTCOWN OPTION): = 4.0 Voits Maximum.

Bulletin 474-2

Although designed especiaily for use with engine starting
batteries, the MBCS8 is a true, two rate float charger and
can be used on other applications not requiring the preci-
sion output regulation of the Master Controts Model MBC7
or the automatic high recharge capability of the MBCBE.

This charger will carry external loads up to 100% of its rat-
ing. In order to prevent extremely high externa! loads
(such as engine cranking) from overloading the charger, a
built-in crank disconnect retay is provided. Under no locad
conditions, when the battery is fuily charged. and with the
charger in the float mode, only enough current will be sup-
plied to replace the power lost through the internai leakage
of the battery. This keeps gassing and water consumption
to an absolute minimum.

When batteries are charged by the float method, the bat-
tery has a tendency to develop differences (inequalities) in
the charge level among the individual cells. This condition
can be corrected by applying an “equalizing” charge at
periodic intervals. This is accomplished by raising
charger output voltage by several tenths of a volt per
for a specified time. A manual toggle switch is provided for
this purpose.

All charge controls are factory preset so as to provide
proper operation on the particular type of battery.

LOW AND HIGH VOLTAGE ALARMS

Master Control's low voltage alarm Option (LCA) provides
a set of SPDT dry contacts rated for 10amps 2 115V. A.C.
The alarm set point is factory-adjusted to a voltage set
point which represents an open circuit battery that is 25%
to 50% discharged. Factory-adjusted for the particular bat-
tery type involved, it requires no field adjustments. In order
to prevent false actuation of the alarm during high battery
load conditions, a built-in time delay of approximately 15
seconds is provided.

High voitage alarm Option {HCA) is also available. It will
detect abnormally high charge rates due to charger failure.
The alarm set point is factory-adjusted to a voltage stightly
higher than the charger’s normai output.

Construction Features:
e A.C.circuitbreaker and D.C. Fuseis provided

* All semiconductors are silicon and hermetically
sealed

¢ Modular construction (Plug-in printed circuit reguiatar
board}

* Float and equalize voltage levels are factory preset for
the specific battery type

* No transformer tap settings are required
e Outputis completely isolated from A.C. power



Ordering Information:
+ State Master Control's Model number

« A.C.inputvoltage frequency and
phase

« Number and type of battery cells

MODEL DESIGNATION _

Specific gravity of lead acid battery
Ampere Hour Capacity of Battery
Continuous D.C. load

Allowabie Recharging Time from full
discharge (when appiicable)

CHARGER BATTERY
Max. A.C. No. of

Nominatl Rated Amps. Input Approx. LAor Recommended

Output Qutput ~ at Weight FL Capacity
Model Number D.C. Voits D.C. Amp. 120 VAC Lbs. (KG) Cells Range {A.H.)
MBC8-12- 5(*) 12 5 1.5 22 (10) 6 25-115
MBC8-12-10(") 12 10 3 26 (12) 6 50-230
MBC8-12-20(") 12 20 5] 34 (15) 6 100-460 I
MBCB-24- 5(°) 24 5 3 25 (11) 12 25-115 |
MBCB8-24-10(*) 24 10 ] 34 (15) 12 50-230
MBC8-24-20(") 24 20 12 37 (17) 12 100-460
MBC8-30- 5(*) | 30 5 4 29 (13) 15 25-115 i
MBC8-30-10(") 30 10 8 36 (16) 15 50-230 |
MBC8-32- 5(") 32 5 4 29 (13) 16 25-115 |
MBC8-32-10(*) 32 10 8 | 36 (16) 16 50-230 |

(*) Add Suffix (LA) to model number when charger is for use with automotive lead acid batteries having 1.265-1.285 sp. gr.
(*) Add Suffix (FL) to model number when charger is for use with float service lead acid batteries having 1.200-1.200 sp. gr.
(*) Add Sutfix (NC) to model number when charger is for Nickel Cadmium Batteries.

NOTE: Battery manufacturers recommend that the equalizing current be not less than C/20 with C representing
the ampere hour capacity of the battery. As an example, a 200 ampere hour battery would require a charger having

a rated current of 10 amperes.

The charger output recommendations outlined in the above table should be followed to assure proper system
operation and reasonable operating life of the charger and batteries.
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SAMPLE SPECIFICATIONS

The battery charger shall be a Master Control Model
MBCS8 or approved equal. The charger shall have an
output rating of at least 1/20 of the rated ampere
hour capacity of the battery to which it is applied and
be capable of carrying continuous loads up to 100%
of its rated output. The charger shall have two ranges

(equalize and float). Voltage settings for both ranges
shall be factory preset for the specific battery type
and shall not be field adjustable. It shall maintain its
rated output voltage within £ 1% with A.C. input
variation of + 10%. Output voltage regulation be-
tween no load and full load shall be within £ 1%.

Specitications subject to change without notice.

MASTER CONTROL SYSTEMS, Inc.
- 910 NORTH SHORE DRIVE, LAKE BLUFF, ILLINOIS 60044, U.S.A.
TELEPHONE: AREA CODE 312/295-1010

R

TELEX: 25-4636
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SELECTION GUIDE JANUARY, 1581

CLASS 2510 TYPE F FRACTIONAL HORSEPOWER MANUAL STARTER — Maximum
rating of | HP single phase. Provides overioad protection. as well as “ON-OFF " control for fractional
horsepower motors.

For product listing see page 3

CLASS 2510 TYPE K MANUAL MOTOR STARTING SWITCH ~ Manual control for small
ac motors where overload protection is not required or is provided separately. Also well suited for
non-motor application, such as resistance heaters.

For product listing see page 5

CLASS 2512 TYPE F TWO SPEED MANUAL STARTER AND CLASSES 2511 and 2512
TYPE K REVERSING AND TWO SPEED MANUAL SWITCHES — Two speed Type F
starters and Type K switches may be used with ac motors having separate windings for high and low
speed operation. The Class 2511 Type K reversing switch provides a means of reversing ac three
phase or single phase motors where overfoad protection is not required or is provided separateiy.
Lon mmmdeset skl o i a2 P &

For product listing see page 3 & 5

CLASS 2510 TYPEM & T INTEGRAL HORSEPOWER MANUAL STARTERS — Designed
to controi and provide overioad protection for motors up to 5 HP single phase and 10 HP polyphase.

For prbduét listing see f)age 7

CLASS 2510 TYPE M & T INTEGRAL HORSEPOWER MANUAL STARTERS WITH LVP
— OSHA 1910.213b3 and 1910.217bBiii require low voltage protection on certain woodworking
machines and all mechanical power presses. NFPA79 Section 130-2! requires it on certun metal-
working machines. Some local safety regulations have extended it to other applications such as
mixers, conveyors, or wherever operator satety could be in jeopardy.

For product listing see page7

CLASS 2511 REVERSING AND CLASS 2512 TWO SPEED TYPE M & T INTEGRAL
HORSEPOWER MANUAL STARTERS — Consist of two mechanically intertocked Class 2510
Types M or T manual starters. Reversing and two-speed starters are. available with or without low

voltage protection.
For product listing see page 8

CLASS 2601 TYPE AG AND BG REVERSING DRUM SWITCHES — For across-the-line
starting and reversing on ac single phase, polyphase or dc motors.

For product listing see page 15.

=)
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Class 2510 Manual Starter With Low Voltage Protection —
Types M and T, Sizes M=0, M=t and M-1P — Series A

DANGER: Hazard of electrical
shoeck or bura. Be sure to turn off
.| powar supplying um equipment
before warking on it.

- ———————d

CONTACT ACTUATOR — The movable contacis of the
device can be operated by a push button or toggle operator.

CONTAC‘I' INSPECTION — It is unnecessary to remove
any wiring 1o inspect contacts. Mersly loosen the two captive
sczews (ltem A) which hold the contact actuator mechanism
to the contact block. Lift the contact actuator to expose the
contacts. Silver alloy contacts are not harmed by the dis.
coloration and slight Ettﬁ.nq which may oecur in nomal

relays are provided as standard and are available with 1 or
3 !hcrmal units, THERMAL UNITS MUST BE INSTALLED
AND THE DEVICE RESET BEFORE STARTER CONTACTS
WILL OPERATE.

Continued overcurtent through the thermal unit raises its
temperature, melting the alioy in its solder pot, allowing the
ratchet whael to rotate. This releases the averioad relay pawl
assembly which permits the toggle spring to reiract the

umcc NOT as dressing
material. Replacement is necessary caly when the silver has
worn thin,

CONTACT REPLACEMENT — Replacement contacts and

springs are availahle, see Parts List.

The contacts ate saxily repl hle as
1. Looun two captive screws (ltemn A) and remove contact

achiator,

$all

2 R bl ‘:h(nml)ircmthoyohbu
hyeunwudnqth e contact spring and the contact
sideways. Be sure to change the contact springs before
inserting new movahle contacts,

3. Removwe the stabonary con 1 ning th
mmhnqacxm(lhmBudCb)y *

TERMINALS — Power and control terminals on standard
devices are suitable for use with copper wire ouly.

OVERLOAD RELAYS — Melting alloy thermal overload

FYRpEre

Supersedes 389AS. dated March, 1978

SOQUARE J) COMPANY

This action also conhu the push

indicating the starter is tripped. AFTER mppme Lo

ONE TO TWO MINUTBS FOR THE ALLOY TO SOLIDIFY

BEFORE RESETTING THE RELAY. The overload relay biock
assembly should not be disassembled.

ASSMLY INSTRUCTIONS —*Factory recommended

torques for mechanical, electrical and pressura wire con-

necticns are listed in the Recommended Driving Torque Table.

Thess must be followed to insure proper oning of the

device. When the operating head has been removed for

contact inspection or , the device must be reset aiter
y.

mcuucu. m'n:m.ocxs (l‘cnn X) — All manual

have p for iion of 1 internal interiock,
aithar N.O. or N.C. (Item 3) I! occupies either the upper rignt
band or left hand cornera of the device, and can ke field
added. Refer to Square D Cataiog, Class 2999 secricn, lor
seiection and appiicaticn infcrmation.

SEPTEMBER, 1578

P.0. Box 472

Milwaukes, Wis, 53201
(414) 132.2000

Page 1
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LOCK OFFr MECHANISM — The starter can be locked

only in the “off’ pasition by liiting the metal tlb labeled

“LOCK" located on the comtact actuator and placing a pad.

lock through the hole in this tab. If the starter is in !ho “en"

mﬁm&&aﬂg the "LOCK" tab will open the contacts
.

RUN-JOG SELECTOR (l'om M2) — A lever located on
the contact actuator will convert the device from maintained
contact in the RUN position to momentary contact in the 10G
position. This RUN-JOG selactor is available as an optional
feature on open type devices as well as with NEMA 1 and
NEMA 1 flush mounting enciosures. Sincs this moditication is
an integral part of the starter, it is supplied factory installed
only and can be crdered as Form M2,

REMOTE STOP FUNCTION (Form N10) — A remcie
emergency stop function can be factory installed oaly to
manual starters with Low Voltage Protection. The user then
wires an N.C. push button or other control dewvice in series
with the LVP coil. After operation of the emergency stop, the
starter must be manually reset.

PILOT LIGHT KIT (Form Pl1) — A red pilot light suit-
able for use on any woltage (110-600 volts) may be iacto or
tield installed in the cover of the NEMA 1
mousnting enclosures. The kits for field mcdabcahon ua
as follows:

Class 9993 Type MP.1 — 110-120 Voits

Class 9999 Type MP-2 — 208-240 Volts

Class 9999 Type MP-3 — 440-600 Volts

SHORT CIRCUIT PROTECTION -— Branch-circuit over-
current protection rgust be provided for each contactor or

ORDERING INSTRUCTIONS — Specify

starter. For starters refer to instructions furnished with the
thermal unit selecticn table. Far contactors provide branch
circuit overcurrent protection in accordance with the National
Electrical Code.

REPLACEMENT INTERIORS -— Replacement interiors for
Class 2510 NEMA [ surface and flush mounted enciosures can
be obtained with either push button or toggle operation. For
NEMA 4, 4X, 7 & 9, & 12 enclosures, order a pusd button
replacement interior. Reler to catalog for listing of open type
starters usad as replacement.

CLASSES 2511 (REVERSING) and 2512 (TWO SPEED)
MANUAL START — These starters are mecaamcaily
interiocked through an interference type mechanism, part
number 31085-070-01, which mounts between the starters
engaging the :nou.bl- contact carriers. A special contact
actuator is used for Classes 2511 and 2512, Therefore, the
standard Class 2510 starter cannot be used for repiacement
units. {f either a right or left hand unit needs repiacement,
order complete open style starter using Form M3 (for Class
2511) or Form M4 (for Class 2512). for factory modificabion.
For example, a right band replacemant starter for Class 2511
Type MCG-21 is a Class 2510 Type MCO-21 Forrm M3.

LVP OPERATION — The LVP (Low-Voltags Protection)
{eature is accomplished by a solencid assembly located under
the overicad relays on the Class 2510 Type M or T manual
starter. When line voitage is present, the solencid is energized
and normal operation of the manual starter can be performed.
When a power fsilure occurs, the sclencid assembly wi
mechanically open the starter contacts, When power is re-
stored, the device must be manually reset befors normal
starter operation can be resumed.

quantity, part number and description of part, giving complete nameplate data of the

device. For example, one contact kit Class 9998 Typo ML.-2 for Class 2510 'l'ypo MCG.23, Series A manual starter,

PARTS LISTZ
+ L etd b rusm-dihotetae]
ANTIT T
: | ! . Sas
ltem | Description Part { Size MO Size M-1 M.1P
Number -
| i 2 | .23 2 | 3 2
| Pole | Pole Pole | Pole Pole
1 Class 9988 i .
Type ML-1 1 1 ]
ypo ML-2 1 01 1
2 30018-018-50 4 8 4 ] 4
3 Trpe SX-11 :
ype F 3 e 1 e
T 5X-124 va. | . .
F 21920-16160 | 4 -] 4 8 4
G 21%507-14080 2 4 2 2 2 2

*For Class 2511 reversing and Class 2312 two epoaed reier to p

titled *Class 2511 (Revernag) and 2512 (Two Speed) Manual Starters.”

A A mazimum of either 1 N.O. or 1 N.C, interiock may be added per starter.

FACTORY RECOMMENDED DRIVING TORQUES
Drivuw Torque
Rem Description b, —in.)

A f:uua Actanetor Scrows (Z Per Devioe) . . . ..o ieviierciirerareierroensarirnssssassstsarsnarasssoann 2433
] Side Stationary Conlact Fasteners (L Pee Pole). ... ...ooviiin ittt iiiiiiieanconnnnsss 3.18
< .udsuasnmc«wum( 1 Per Pole)... 8.9

D Pressuze Wire Coan, Screw (2 PerPole)............... 18-21
E Electrical lateriock Pressure Wire Conn. (2 Per Interiock). . S.12
F : Qverload Tharmal Umt l‘mq Screws (2 Per Element). . 18.21
G { Screw (2 Fer Dewiom). . . ... ...t araa e 13-16

SQURRET) CDMPFINY

Supersedes 369AS. dated Mareh, 1976

P.O. Box 472
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312AS
I

Class 2510 Manual Starters — Types M and T
Sizes M-O, M-1 and M-1P — Series A

CONTACT ACTUATOR — The movable contacts of the
device can be operated by a push button or togqle operator.
A version with round extended buitons {not shown) is available
‘for installation in enclosures of the user's own design.

CONTACT INSPECTION — [t is unnecessary to remove
any wiring to inspect contacts. Merely locsen the two captive
screws (ltem A) which bold the contact actuater mechanism
to the contact block. Lift the contact actuator to expose the
contacts. Silver alloy contacts are not harmed by the dis.
coioration and clight pitting which may occur in normal
service. DO NOT FILE THEM as dressing wastes contact
material. Replacement is necessary only when the silver has
worn

CONTACT REPLACEMENT — Replacement contacts and
springs are available, see Parts List.
The contacts are easily replaceable as icllows:

1. Loosen two captive screws (Item A) and remove contact
actuater.

2. Remove the movable contacts (item 1) from the yoke bar
by compressing the contact spring and sliding the contact
siceways. Be surs to change the contact springs befare
inserting new movable contacts.

3. Remove the stationary contacts by locsening the contact
mouating serews (ilems B and Cj.

Superseces 312AS, datsd Novemoer, 1972

SQURARE T) COMPANY

OVERLOAD RELAYS — Melting alloy thermal overload
relays are provided as standard and are availabie with | or
3 thermal units, (Three phase manual starters manufactured
prior to mid 1972 had a shorting strap instailed in the center
ieg of the overicad relay. Conversion of these devices from 2
to 3 thermal units can be accomplished by romovinq the
sherting strap and installing a third thermal unit) THEF

UNITS MUST BE INSTALLED AND THE DEVICE RESET Bi.
FORE STARTER CONTACTS WILL OPERATE,

Continued overcurrent through the thermal unit raises its
temperature, melting the alloy in its solder pot, allowing the
ratchet wheel to rotate. This reisases the overload relay pawl
assembly which permits the toggle spring to retract the
contacts.

This action also centers the push button or toqqlu opemtor.
indicating the starter is trip AFTER G, ALLO
ONE TO TW OMINU'I'ESFPRTHEALLOY 70 SOLIDIFY
BEFORE RESETTING THE RELAY. The overioad relay biock
assembly should not be disassembled.

TERMINALS — Power and control terminals on standard
devices are suitable for use with copper wire only.

ELECTRICAL INTERLOCKS (Form X)— All manual
starters have provisions for the addition of 1 internal interiock,
either N.O. or N.C. (Item 3). It occcupies sither the upper right
band or left band corners of the device, and can be Heid
added, see Parts List,

Faztory assembled, tkese units have the ioilowing form
designanons for Class 2510 starters:

SEPTEMBER, 1578 = P.Q. Bo:

X 472

Milwaukes, Wis, 53201
(414) 332-2000
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SERVICE
BULLETIN
Intetlock
Form ' Loclﬁon Replacement Iaterlocks
s ' Class 9299 | Class 9999
LH ' RH  TypeS%Zll'! Typc SX.12
X1 ¢ NO. | .. l 1 | ...
X2 : ... | NG ! ..t | 1

% Consult field office for {orm designations of Class 2511 re-
versing and Class 2512 two speed starters.

LOCK OFF MECHANISM — The starter can be locked
oaiy in thc “off’’ position by Li.ftinq the mn!nl tab labeied
“LOCK" located on the t actuatar and placing & pad-
iock through the hole in this tab. If the starter is 1n the “on”
position, withdrawing the "LOCK'' tab will open the contacts
of the device.

RUN-JOG SELECTOR (Form M2) — A lever located on
the contact actuator will convert the device from maintained
contact in the RUN position to momentary contact in the JOG
posihon. This RUN-JOG selector is avaiable as an optional
featura on open type devices as well as with NEMA 1 and
NEMA 1 flush mounting enciosures. Since this modification is
an integral part of the starter, it is supplied factory installed
only and caa be ordered as Form M2,

PILOT LIGHT KIT (Form P11) — A red pilot light suit-
able for use on any voltage (110-600 voits) may be factory or
tield installed in the cover of the 1 and NEMA 1 flush
mounting enciosures. The kits for field modification are as

follows:
Class 9999 Type MP-1 — 110-120 Voits
Class 9999 Type MP-2 — 208.240 Voits
Class 9999 Type MP-3 — 440-600 Volts

REPLACEMENT INTERIORS — Replacement isteriors for
Class 2510 NEMA [ surface and flush mounted saciosures can
be obtained with either push button or toggle operation. For
L, , 4X. 7 & 9, & 12 enclosures, order a push button
replacement intericr. Refer to catalog for listing of open type
starters used as replacement.

Individual replacement starters for Classes 2511 and 2512 are
ORSIRING NISTRUISTIIN,

listed in the following paragraph. For complete replacement
interiors, zefer to catalog.

CLASSES 2511 m:vmtsmc) AND 2512 (TWO svm;
MANUAL STAR S — These starters are mechanically
intezlocked !hrouqh an interierence type mechanism, part
aumber 31085-070-01, which mounts b.hvm the starters en.
qgaging the movable contact carriers. A special contact ac.
tuator is used for Classes 2511 and 2512, thnoieu, the stand.
ard Class 2510 starters cannot be used i{or replacement units.
If either right hand or left unit needs replacement, order
complete right hand or left hand starter as follows:

Complete Rigat Hand or Lelt Hand
Repiscemant Sterter for:
Type of NEMA
Operator Sue

Class 2511 Revermng Cleass 2512 Two Speed
Manual Sterter Manual Starter

Push Buiten M0 C‘ni 2510 Type

O-2 Form M3
Class 2510 Type

Class ..510 Trpe
MZ2C-2 form M4

Push Button M-i

Ciass 2510 Type

MCQO-3 Form M3 MCO-3 Farm M4

Toggle - MO Class 2510 Type Class 2310 Type
R TBO-2 Formm M3 TBC.2 Form M4

Toggie M-l . Class 2510 Type i Class 2510 Type
! TCO-3 Form M3 TCO:3 Form M4

SHORT CIRCUIT PROTECTION — Branch.circuit over-
current l'px-mu:tlcm must be provided for each conmtacter or
starter. For starters refer to instructions furnished with the
thermal unit selection ta.b!o Fo: contactors provide branch

circuit ov trent prot in accordance with the
Naticnal Electrical Code.

ASSEMBLY INSTRUCTIONS — Factory recommended
torques for mechanical, electrical and pressure wire con-
nections are listed in the Recommended Driving Torque Table.
These must be [ollowed to insure proper functioning of the
device. When the operating head has been removed for
contact inspection or change, the device must be reset after
re-assembly.

-- Specify guastity, part number and description of part, giving complate nameplate data of the

device. for example, one contact kit Class 9998 Type ML.2 for Class 2510 Type MCG.3, Series A manual starter.

PARTS LISTZ
! f QUANTITY USED
i Size
ltem Description Bart . Size M0 | Size M.-1 | M.1P
! Number X
, c 2131213 2
,‘ . Pole ; Pole | Poie . Pole | Fole
1 | ContactBili................................. Class 9998 Type ML-L | 1 |
Class 9998 Type ML-2 1 1 1
2 | Wise Clamp Scraw Assembly. .. ................ 30018018-50 , 61416/ 4
3 . Internal Interlock (N.OJA ..................... Class 9999 Type SX-114a ¢ ... ! A
i Internal Interlock (N.Ca ....... ... ... ... ... Class 9909 Type SX-124 - ‘

% For Class 2511 reversing ud Ch.n 2512 two speed starters, refer to paragraph entitied “'Classes 2511 (Reversing) and 2512

™ (Two Speed) Manual Start

A Awmdu!hcxlhlo ot 1 N.C. interlock may be added per starter.

FACTORY RECOMMENDED DRIVING TORQUES
Driving Torque
Item ! Descsiption {. b, — mrgu
A | Contact Actuator Scraws (2 Per Device). . ...........covireieeaineiiiiiaeaiean. l 24—35
B : Line Side Stationary Contact Fasteners (1 Per Pole)............... ... ... ... .. ! 13—16
(o] Load Side Stationary Contact fasteners (1 Pez Pole).. ... §— 9
D Pressure Wire Conn. Scraw (2Per Pole). ........ . ... 1821
E Zlectrical Interiock Pressure Wire Conn. (2 Per Interlock). 912
F Overload Thermal Unit Fastening Screws (2 Per Element) 18 — 21

SOURRE T] COMPANY

Supersedes 312AS. aatea Novemoar. 1972
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January, 1981 ERACTIONAL HORSEPOWER MANUAL STARTERS
WITH MELTING ALLOY TYPE THERMAL OVERLOAD RELAY

Tvpe F fractional horsepower starters provide overioad protection as well as manual “on-otf™ control

for small motors in a variety of industrial and commercial installations. Available in one or two poic-
versions, these devices are suitable for use with ac single phase motors to | hp. Two pele stanters can
also be used with dec motors to % hp. Typical applications include fans. conveyors. pumps. and small
machine tools.

® 1 or 2 Pole ® Reliable Qvericad Construction
® Optional Pilot Light @ Compiete Line — available with toggle or
® 115-230 Voits key operator in wide range of enclosures
SINGLE-UNIT TYPES
1 Sonarsi Perpese Fluss itounting !
} Gonersl o IWihast Al Bax) Watsrognt 8.C.808% Num-
: Enaosure Surtace o CGass 1| Grouos Goen Ser
el N, Moung - Sancard Jumbo Ousmont EE&G Tree ot
Oow- of Festurws NEMA Type | frobed Sawrsems Starvest Enciasure Enciosure Ther-
Pom e Steel Stowt NEMA REMA ma
ol Sanowd Overzzsd Fusn g Fush Pam Trpe 4 Trees 74 8 s
- a . - ry ‘ - l - Y T | amm
Type | Prica| Type | Pnce| Type [ Pncs| Type {Prce| Type | Pnce| Type | Price | Type ! Prce| Type |Prce| o
BASIC STARTER - CLASS 2510
t | Sancaa.......... TSR CRIEERE S ESBE I con | e [ R ESEE: '
Toope Wt Plot Ligre .. ... Gp | 38 Jresp| ) AP | 34 | PSP | 38| PSP | SAZ | ..... RS D ... | Ro-p ] 32,
.......... a2 n | RR .| R 2| 5 2| ... F3-2 2%,
2 | wen Prat Lot . G| MR Wirr| mise | @)l B @] .o R-P | I8 1
32 | R ] n | 53 2| ... s Rl | 2
M| @] rwe | et | ] st sl L o3P | 48 1
X | G4 o | A 34, | F54 S ) [ FO4 ‘ [-3
@ | e | 2| Frap | as |5 | e FSee | S ... RIS OO FO-4P | 44, 1
-OFF —. CLASS 2310
Sancand . ......... NN TREEE) © o . CEEREE
With ot g ... G5 | M | ISP | 4| © © O | ... PwaPE 2} ...
tlwm@uarr L] FURES RVURETE IR IPDDUTEE BTV O i FRIH | 108 .. 0 i
wn
; PP SR DU P Y bbb I .. VT T
ooge B | | © ) ° ! Tes | 1L ...
“jreee| | © © © | ...} WPE| 1284 .....
FIRR 0B 53 AR DANAUR SUUUE IUNDIR U SUSDPIRS ERRDN IRPRFUR UUN SR R | naf..... 1
DUPLEX UNITS
‘ General Purpose Flush Mounting (Witnout Pull Box) Numoer
Genersl Purpose Gray Flusn Staniess Steet Jurnoo Stainiess ot
fm- Q: sna%u-sm mmgwau mmﬁa&:for P'srwﬁuw:un T?l'j'g;"
Festures ount o or ate tor or
Operstor Poles NEMA 1’ynpqo 1 M«m“n'; Mmoqw Cawvity Mountng Requires
Type | Prices Type | Prcss Tyoe | Pnces Tyoe | Prces -
{OM& STARTEN IN DUPLEX ENCLOSURE — CLASS 2510
Togpe | 2 o | oo i e ‘
Key 2 s | ..... [ N i [
TWO STARTERS IN ONR ENCLOSURE — CLASS 2510
F] SUBNOAIG 1 . v eveseeerreranninaeansn FG-22 soa | FR2m | sed | ... een | e L e
TOU0® | gocn Sir, | Wi Pliot Light on Each - ...} FG22P 12, | FR22rml  tos | Fszrw ] gz | 10T L. 2
Key 2 Ea Str. wmﬂuou.mensm.... .o.{ FG-4ap 128. FF-44PWQ | 124, FS-44PW | e | ..., L. 2
STARTER AND “AUTO-OFF-NAND™ SPOT SELECTON SWITCH (AC ONLY) — CLASS 2510
1 FG71 82 | FR71@ se8. | ... ceir b eeeen [ ,
Toowe FG-71P 74, | revem| 7o |esTiew | s | L Ll
2 FG-72 . | rmT2m @ | ... s [ '
FG-T2P 8. | Fe-72P8 74, | FS-72P8 n | ... |
Key 2 FG 74P 8. | FF-74rm 82. | Fs.74PH e | ... 1 1
TWO SPEED STARTERS — CLASS 2512«
3 86 | FEIE s | oo | e ) eens
1 £GP 132 | Fra1PR 128 | een | eeee ] eene 2
TOPH® e | MMM PNUGMS ..ol [T e ees FS-101P | $132. [FSJ101P | S14a,
FG-22 s | rr22m n | ... TR (R
2 rG-22P 140, | FFR-2Pm 7’ ) ... PR e 2
..... $S.202P 140. | FSy-202P 182,
= Prigas 40 net Inciuds thermal uaits. Seo © Orger DasiC SIArter Plus SE0Erste hancie guard at,
*meommmok 0@ 130 tn DOMOM (revers:Die for top sor + To oroer starter tor wmmmam%uzam a0d sutfix tetter “T %0

gpommo-r oggo cperated starter And 300 $4.00 to price. (Exampie:
lass 2512 Type 22 conmtans wo 2510 FO-ZT startors, $28.00 eacn.|

FOR ORDERING INFORMATION -SEE PAGE 4. Cevncas manuiacuures anr Jan 1381 dare code AL nave oeen moaied o it 4
DIMENSIONS-SEE PAGE 11-13.
ACCESSORIES AND APPLICATIONS DATA- SEE PAGE 4.

onty 330 avaladle: Class 9991 TypoFEJMIIID‘IS

@ SOUARE T] COMPANY D1A DISCOUNT
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FRACTIONAL HORSEPOWER MANUAL STARTERS
TYPE F — WITH MELTING ALLOY TYPE THERMAL OVERLOAD RELAY

JANUARY, 1981

APPLICATION DATA ACCESSORIES

o Dm Ciass & Type Pnes

Voitage Rating — 230 voits maximum ac (| or 2 pole) or de (2 Trod Faon Pot L 115530 Vo o 5359 PLI0 S1i0

poie only). Greon Neon POt Ught 110120V, .. %099 PL1IG 20.08

orsepower Ratings — - Greon Neon PO Ligt 200-200 V. ... ... ... ... 9999 PL-12G 20.08
H - Handie Guard Kit wen Pegiocx Provison ......... 2510 FL-1 4&

Maxmum Horsaoowsr Accitional Key for Key Cperated Dewces ... ... ... 2510 FK-1 1.20

AC Single Phase 29!30 REDICHMent Nomepiates .. ... . ................ Ses Page 8

b o idaiad o Pilot Light — Red or green neon pilot light units are availadle
118230 ! ! ol Jactorv insialled in NEMA Type | surface and flush mounting

Continuous Current Rating — 16 amperes.

Overioad Trip Assembly — Motor protection is provided by a
Type A thermal unit which must be installed before the starter
will operate. The thermal unit incorporates a heater winding
through which the load current flows, a solder pot, and a
ratchet wheel. Melting of the eutectic solder on a prolonged
overioad condition reieases the ratchet wheel, actuating a trip
mechanism which opens the starter contacts. This mechanism
is trip-free, so that the contacts will open cven if the handle is
held in the ON position. After the solder has cooled the mech-
anism can be reset by pushing the handle to its extreme OFF

position,

Contact Mechanism — Quick make, quick break toggie action.
‘The silver ailov contacts are visible from sides of starter.

Terminais — Binder head screw type terminals are suitable for
#10 or smaller copper wire. and are accessibie from the front.
All terminals are clearly marked.

Enclosures — NEMA Type | jurface mounting enclosures are
sheet steel, with a wrap-around cover for convenience in wir-
ing. The NEMA Type | enclosure is also available in an
oversized version aillowing more wiring space. A zin¢ alloy
die casting is used for NEMA Type 4 enciosures, and a cast
aluminum enclosure is offered for NEMA Type 7 & 9 applica-
tions.

Mounting — Open types without a pilot light fit standard single
gang switch boxes, and can be used with any cover plate
having a standard toggle cutout. Singie-unit flush mounting
tvpes. including those with pilot light. are suitable for wall
mounting in a standard switch box or tor machine cavity
mounting without a box. Flush mounting types incorporating
two starters. or one starter and a seiector switch. are available
in two basic styles — with stainiess steel flush plate, or with
gray flush plate designed for wall or cavity mounting.

Operator — Available with toggie handle or with removable key
- type operator to discourage unauthorized operation. Toggle
handle and housing for key operated versions are gray with
ON-OFF in recessed white letters. An exrernal rocker arm
operates the toggle on NEMA 4 and NEMA 7 & 9 versions.

Two Speed Class 2512 — Type F two speed manuai starters are
designed for control of smail singie phase ac motors having
separate windings for high and low speed operation. Two tog-
gle operated starters are used. with overicad protection in-
cluded for each motor winding. On devices with stainless steef
flush plate the toggie operators are normally left ON, and are
uscdonlvformemngrhcovedoadmpmecmmsm A HIGH-
OFF-LOW selector switch on these versions is used to stop the
mortor or run it in the desired speed. Surface mounting de-
vices. and those with gray flush piate. utilize a mechanical
interiock which allows direct control of the motor by means of
the toggle operators. Type F general purpose flush mounting
two-speed manual starters will fit in standard duplex puilbox.

#

and NEMA Type 4 enclosures or as a field modificazion kit for
‘JEMA Type | enclosures and gray flush plates. The piiot
lights are permanently encased in a red or green plastic mod-
ule that does not increase enclosure size. Bulbs are not re-
placeable. Class 9999 pilot light accessory kits (shown in table
above). inciude a ciear lens for enclosure cover and appropri-
ate nameplate for field addition to Class 2510 starters. For
Class 2512, a special nameplate is required. Refer to type
numbers FN-40 through FN-45 in replacement nameplate
table on page 6.

Handle Guard/Lock-off — An optional handle guard on NEMA
| enclosed starters prevents accidental operation of the toggie
operator and aiso allows the toggie operator to be padiocked in
either the on or the off position. This handie guard can be
factory msmlled on NEMA Type | enclosed stanters (see list-
ing on page 3) and is also availabie in kit form for field
mslallauon on NEMA Type 1 surtace and flush mounting en-
closures (see accessory table above). Standard NEMA 4 .and
NEMA 7 & 9 enclosures include provision for padlocking in
the OFF position.

TYPICAL WIRING DIAGRAMS

T 2y T2
,—-.—-—.2 L2 r [—~¢.2 ! <] p—a 2
i . 1 \
| | 2|
1
o an e B
[} i
] : pioT "5 ! PLOT.
uBHT -— LIGH
| “-—---Iih IF useD! “'m'\ #%sen == 185 ¥ seo
besesod bipened o Looeene
™ T2 4 & T2
2 WiRE
CONTROL
JEVICE
2 Pole 2 Pole with

D1B DISCOUNT
4

Selector Switch

THERMAL UNITS

Starters will not operate without properly installed thermai
unit. Thermal unit must be imstailed so that markings face the
front of starter.

Thermal units should be ordered ssparately. For selection ses “Over-
load ond Short Circuit Protection.”

Dimensions — 500 nages 11-13

ORDERING INFORMATION REQUIRED

1. Class and type number of device.

2. Quantity and type number of thermal units.

SOUARE T) cOMBANY




= To oraer swatch for Asoiacement n Class 2511 or 2512 dewice. aaad suffix iatter T~ 0 tyoe numpar
Switch and a0d $4.00 to once. ‘(Examoie: Class 2512 Tvpe KG-11 contuns twa 2510 KO-17 switches. $18.40 eacn.)

HDevices manulactureq after January. 1981 date cone AL have been moafied 10 fit a standard dupiex box. For gimen-

a

JANUARY, 1981

AC MANUAL MOTOR STARTING SWITCHES
WITHOUT OVERLOAD PROTECTION

Type K motor starting switches provide manual “on-otf™ controi of
single or three phase uc motors. where overload protection is not
required or is provided separately. Compact construction and a 600
volt rating make these switches suitable for a wide range of indus-
trial and commercial uses. Typical applications include small ma-
chine tools. pumps. fans. conveyors, and many other types of
electrical machinery. They can also be used on non-motor loads
such as resistance heaters.

® 2 or 3 Pole.

® QOptional Pilot Light.

© Handie Guard/Lock-Off Feature — Standard.

©® Smail Size — Open Type Fits Standard Single Gang Switch Box.
® Complete Line — Availabie with Toggie or Key Qperator

Type KQ-1A in Wide Range of Enclosures.
NON-REVERSING — CLASS 2510
Ganerst Paroces Generat Purnoes Flush Mesating Cass | Grouos
Enciosurs Sutacs {Wathout Pull Ban) Watrsont 3.C.&404&
Froe Mounng ana Cass !l Grouos
of No NEMA Typo 1 Sancar moo Dustignt £ FAG
Oper- of Festurms Gray Starsats Sarvess Encosure Enciosur
Jor Fois Stanciard Overaced Rush Stewt Stew NEMA NEMA Opent
Pl Fusn Pam Fusn Pae Tyse 4 © Trees 7890 Tree
Woeo | Prea | tme | Proe | o | Prce | Roe | Pa | Toe i Px | Toe | Pa | Hoe | e
i G |s22.60) M1 31848 kST | B1B48 | .. ... b | xwet jssmon | KR | s96.00 | kOt | s14.40
12 KGriA | 42.40) KRIA | 38.48( XS-1A| 3040 | <S-1A 54440 <W-A 120,08 |..... U T ST TP
e | GHIB | 4Z48| ¥F1B | 3840 (SB[ 38.48 | KSi1B | 4448| «W-B | 120.00 | ... .. { cee. | xO-Bm 3448
i 3 XGi2 | 4608 2 00| xSz 4208 ..l | kw2 10608 [ KR | 1Ta08 | K02 | 3808
| XGr28 | ¢a.08f «F28 | 60.08) xS28| €208 | <S-28 ! swoa| w28 |vemom|..... KO-29% |  S8.08
KGHC | S6.08) XFC | S0.08) XS-2C| 6208 | XSS | 6B.08| XW-2C, |140.08 | ... .. KO-2Cx | 38.08
2 KGR | 4| R | M) KST | M8 ... v e e i X0-3 : 24
| KGIIA | S8.48) M | 4440) KSOA| eBam | xSiIA | S2e@| g0 ...}l [T I~ TR X1 |
oy XGHB | se.4a| KF38 | ead8) xS3B| 4sam | kSR8 | S2eml .Y DDLU Pl trods ! s
3 %m ) XG4 S48 XF4 | 48.08) XS4 | Sa08| ..... AU I ORI KO+ ©  4b.0s
080V 4C..... KG43 | 78.08 | XGI48 | 74.08] \Fa8 | 58.00| kS<B| TR0 ) kS48 i Tmes| ... | ... |..... K048 | s8.08
V.AG..... KG4C | 78.08 { XGM4C | 74.08| WR4C | 8800} XS4C| Tm.08) KkS4C | Teoe] .I0 | (D00 ]ITDD KO<4C | 68.08

O Furmaned wath one ° D 1a0 N bOOM (reversidle for too feed). Ta obtan %° PHE 12D 10N and DOOM, add Sutfix tetter “H™ [0 type number and aad 38.00 t0 pnce.
* 00 not use as repiacement mtencrs tor NEMA Type 4 gevices.

REVERSING — CLASS 2511x

ELECTRICAL RATINGS

g:non: with 'Fl'-;:h Yoltage Rating — 600 volts maximum ac.
Type Na. Encioes ¢ Horsepower Ratings —
of of Motor 2]9“ Featurss Surface ) Ing po
Qoer- Poles for Which Suitable (Inciuding Mounting Without Maximuym HMP
ator Mechanicai EMA Type L i Box)® No.
interiock) - Davica! of Motor Type | 115 ;200-230! 360-575
Typs Price Tyos Prics Poies Voits | Voits ; Voits
Single Phase Standard. . KG-11 | 8 88 | KF-11 i !
2 R I 3-L.I.dd ot w"IQ;‘SP\‘Ih}\C KG-11A 112. | KF-11A e %’;1‘0’ : . . : -
epuision=induction . .. - 1 ™ Ph. 1
Fooute 230 V. AC KG-118 | HZ | KF-NB | 108, : S '"P el 213 2
ingle Ph. 1
- Three Phase; Also tandard......... KG-22 124, | KF-22 120, c"",’ e e 2 :
3 | Singie Phase Cacacitor, | With Pilot Light: 25 3 | Three Phase| 2 ) 10
Split Phass, or 4~Lead 110-120 V, AC..| KG-22A | 158 } KF.22A | 182
RAspulsion-induction 208-220 V. AC..| KG-228 156 | KF.228 | 182, 2 | Single Phase{ 1 2 3
440800 V, AC..| KG-22C| 136 | KF.22C | 182, TPn
ase,
TWO SPEED — CLASS 2512+ Class | 3 | SVmapie | 2] s |
Qeneral With Flush 2 Toraue
Purpose Plate for 3 Phase,
Tayl?. ':‘:?‘ Motar Types Fastur Eguﬂ:. vy Mm-unun 3 HConsur.lt 2 s 10
L ace
Oper- Poles for Which Suitabdle {including Mounting Wm!out' hdbdekidebid l
ator hl‘nurlwu%‘ NEMA Type 1l i Box)®
Type | Prica | Type | Price Conﬁnuonszsgurr?nt Rmin:g_ 30 am-
- at voits max.. 20 amperes at
.~ Single Phase Standard. ........ KG-11 | $ 88 | KF-11 peres
2 'ru(m Wlnd)lrm With 2 Piiat Lightsi katia| 1e | Keot1A s 600 volts max., based on a power
3eLead LAG. ..... 11 11 140, ctor o%
Toauie V. AC KG-11B | 144 | KFei1B | 140 fa of 75 to 100%.
Three Phy X 126 X
3 Socarats e B )| k&2 " KF-22 | 13| BMENSIONS- See Pages 11-13
1 -
(Wys-Connegtea) SV AC KEHB | e | KEZ2! 18| ORDERING INFORMATION REQUIRED

sions see page 13,

onty 30

Class and type number.
FOR ACCESSORIES
& APPLICATION DATA- See Page 6

of toggie ogerated

Class 9991 Type KE-1 $8.00 D18,

@ SQURRE T] cOMPRNY

D1A DISCOUNT
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ACCESSORIES
PROY LIGHT KITS
Red Groen
Phot Ligmt Puat gt
Class Class
Apphcation Yoitage & Type & Type Price
For fieia 110-120V. 99911 | 9NOIPL-N1G 28
©
Class 2510 | 208-240V. POIPL-12 | 999OPL-12G 28,
Type KF or KQ
Swrten 440-800V., 9999PL-13 | 9999PL-13G 0.

Pilot Light — Red or green neon pilot light units are available
factory installed in NEMA Type | surface and flush mounting
and NEMA Type 4 enclosures or as a field modification kit for
NEMA Type | enclosures and gray flush plates. The pilot
lights are permanently encased in a red or green plastic mod-
ule that does not increase enclosure size. Bulbs are not re-
placeabie. Class 9999 pilot light accessory kits (shown in table
above), include a clear lens for enclosure cover and appropri-
ate nameplate for field addition to Class 2510 starters. For
Classes 2511 and 2512. a special nameplate is required. Refer
10 type numbers FN-20 through FN-25 in replacement name-
plate table below.

HANDLE GUARD, NAMEPLATED AND XEY

AC MANUAL MOTOR STARTING SWITCHES — TYPE K
WITHOUT OVERLOAD PROTECTION

JANUARY, 1981

APPLICATION DATA

Operator — Available with toggle handle or with removable key
rype operator to discourage ~unauthorized ToT:
handle and housing for key operated versions are gray with
ON-OFF in recessed white letters. An external rocker arm
operates the toggle on NEMA 4 and NEMA 7 & 9 versions,

Contact Mechanism — Quick e. quick break toggle action.
The siiver alloy contacts are visible from sides of starter.

Terminals — Binder head screw type terminals are suitable for
#10 or smaller copper wire. and are accessibie from the front.
All terminals are clearly marked.

Mounting — Open types without a piiot light fit standard single
gang switch boxes. and can be used with any cover plate
having a standard toggie cutout. Single-unit flush mounting
types. including those with pilot light. are suitable for wall
mounting in a standard switch box or for machine cavity
mounting without a box. For difficult wall surfaces such as
concrete block or tile. a jumbo size flush plate is
recommended. See dimension drawings for additional details
and mounting provisions of enclosed types.

Enclosures — NEMA Type | surface mounting enclosures are
sheet steel. with a wrap-around cover for convenience in wir-
ing. The NEMA, Type | enclosure is also available in an over-
sized version allowing more wiring space. A znc alloy die
casting is used for NEMA Type 4 enclosures, and a cast alumi-
num enclosure is offered for NEMA Type 7 & 9 applications.

Osecnotion Class & Type | Pnes
Feciacement Handie Guard Kil win Paciocs Proveon . | 2510 FlL-1 | $4.00 Reversing Class 2511 — Type K reversing manuai switches pro-
~ o~ vide a compact means of starting, stopping. and reversing ac
Key tor Key Dewces ... s | 129 motors, where overload protection is not required or is pro-
RODIACOMANS NAMODISLOS . .. ... oo aeenen. ] See Below vided separately. They are suitable for use with three phase
squirrel cage motors and for single phase motors which can be
reversed by reconnecting motor leads. Two switches are used.
one (0 connect the motor for forward rotation and one for
reverse. :
Two Speed Class 2512 — Type K two speed manual switches may
TYPICAL WIRING DIAGRAMS be used with separate winding three phase or singlte phase ac
motors. where overioad protection is not required ot is pro-
" u 7 vided separately. Two switches are emploved to give “on-off™
nor T alamd nrers | 4 control in each speed.
1 T2
1 : —f 2
{ T3 L3 !
S el % P Dingrame @ ! '?_"‘,____f—°_ Tewor  DIMENSION- See Pages 11-13.
e ~gonr be—e--iodged  ORDERING INFORMATION REQUIRED
2 Pale =1 Phase 3 Poio —3 Phase 1. Class and type number of device.
REPLACEMENT NAMEPLATES — CLASS 2510 TYPES F AND K
Nameoiate Type Number — Class 2510
For T‘u £ Starter
Namespiate For Type K Switch “Reget™ indication)
Description Appliastion Marking Price
Without Without ith
Piiot Pliot Pilot Piiot
Light Light Light Light
136° x 2%,° N iate | Stes visi switch
with £Emoossed Mounting box cover or fiush piate, (Blank).................. PNt | ... FNs2 ] Ll s$6
Foine tor 48 Oval Head ingiygding Saquare D {Special marking «—
Sersws stainiess steel Dintes Sosaify marking desired.). ] FN.5 | ...... FN&S | L., 1”2
1B * x 374, (Blann) FN-10 FN-20 FN-30 FN40 [
Flat Namegiate Square D NEMA 1 Migh. .. FiN.11 FN-21 FN.31 FN-A1 [ S
with Mounting urtece moured Low. ... .. EN-12 FN.22 FN.32 FN-42 [y
Hoies for ¢8 *OCIOSUTe OF Farward FN.13 T e <
Pan Head Screws gray tusn piate Revarse FN-14 FN-2¢ | ... | ... s
(Speciat marking —
Soecify marking desired.)..{ FN-1% FN-25 FN.35 FNess ”
D18 DISCOUNT SOURARE T] COMBANY @
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INTEGRAL HORSEPCWER MANUAL STARTERS

CLASS |
WITH OVERLOAD PROTECTION 7510

Types M and T integral horsepower manual starters provide convenient ~ON-OFF operation of smail
single phase. polyphase. or DC motors. Typical applications include smail machine tools. pumps. fans,
and conveyors. See Pages 8-9 for ordering information. application data. and modifications.

@ Push Button or Toggie Operators
® Optional Jog-Run Feature

@ Retiabie overicad protection

® Pilot light and etectrical

interiock available.

Clags 2510 Types M and 7
n General Purcse Enciosure
HON REVENSING CLASS 2510 MAX. VQLTAGE: 800 V. AC — 230 V., DC
General- Watertgnt Wwaterngnt, Far Yazarcous Justmgnt
Purposs ang Qustignt ang Locanons Class ang Ongught
Asungs Surtace Dusivgnt stant | 1 — Groups C. 0 Industnal Numpar
No. Glags-Polyester [ Use OQpan Type at
of NEMA Max. HP Enciosurs Stamiess Stes Enctosure Geoups E. F G Eactosure with Square Thermat
Size Voits ot . KEMA Type 1© NEMA Type 4 SEMA Type 4% MMATypos 7 & 3| KEMA Type 124 Buttens© units
Phase Phase Type Prcem Tyoe Pricam Tyoe Pricak Type Pricew Type Prces Ty @ Prces
115 1 !
M-0 230 2 MBG-1 $ 74, [MBW-11w | 3202 | MBW-iw | $S202. | MBR-1w | S22 | MBA-1w | $102, M8O-1 ! 3 S8 !
2 11§ F] i
Pole M-1 230 k] MCG-1 84, |MCW-11 258, | MCW-1 238, | MCR-: 338, | MCA-1 12 MCO-1 | “. 1
113 3 '
Me1P 230 $ MCG-2 138, |MCW-12 308, | MCW-2 308, | MCR-2 388, | MCA-2 168 MCO-2 ’ 138 1
115 e 1 !
3 M-0 gﬁgg g 2 MBG-2 K JMBW-12% | 218, | MEW-2# 2. | MBR-2» m. MBA'Z’! e MBO-2 ! -8 3
Pote TS o ) ~ 1 ;
M1 200-230 ™ 3 MCG-3 108, JMCW-13 284, | MCW-3 . | MCR-I | 382, | MCA-d 138 MCO-3 | 108 3
380-575 10 .. | ! i r
115 {  HP-D.C i i :
020 M-0 20 1% HP—0.C. MBG-4 74, {MBW-1a | 282, | MBW-s | 202 i MBA-4 | 1oL | vE0-4 | s& :
Pote 115 % HP—0.C. ! ! ! !
M-1 230 2 HP=0.C. MCG-§ 4. FMCW-1§ 298, | MCW-5 | 2%8. . MCA-§ 12, MCO-§ £8.
INTEGRAL HORSEPOWER MANUAL STARTERS WITH ELEAISE
(X} €] (=) -
Low-Valtage ‘I AnD OVERLOAD PROTECTION

Types M and T manual starters with Low Voltage Protection (LVP) combine the features of
the standard Types M and T with the additional advantage of protection from automatic start-
up after a power loss. Low voltage protection is accompiished by a continuous duty solenoid
which is energized whenever line side voitage is present. In the event of a loss of power. the
solenoid de-energizes. opening the starter contacts. To close contacts after power returns. the
starter must be manually reset.

Manual starters with LVP meet OSHA. ANSI. NFPA. and local safety standards requiring
iow voltage protection for certain applicacions. They are directly interchangeable with stan-
dard Types M and T and utilize the same enclosures and accessories. Tvpical applications
include metal and woodworking machinery, grinders. mixers, conveyors. and power
presses. See pages 8-9 tor ordering information, application data. and modifications.
When ordering manual starters with low voitage protection, coil voltage (same as
motor line voitage) must be specified.

NON-ARVENSING CLASS 2510 MAX. VOLTAGH: 600 V, AC.
Generas- Watsrugnt Waternght, far Hazarqous Oustugnt
Purpose and Dusmgnt and Locations Class and Dronght
Astings Surtaca 0 c t — Groups C. 0 Industnal Numoer
No. & Glass-Poryester It = Uss Open Type at
of NEMA Max, HP Enclosure Stuniess Stest Enclosure Grougs E. F. G Enciosure With Square Thermas
Poles Size Motor - WC& WA Typs 1O REMA Type 4 NEMA Type 4X |NEMA Typau 7 & 0 Type 124 3uttens© Umts
Poty- Singie .
voitags | Phass Phass | (80 Mz} Type | Pncaw| Type |Pricem} Typa (Pricem| Type |Pricem| Tyos | Pricem| Typt | Prcewm
118 e 1 120
-0 230 ceo. 2 240 MBG-21 | STIR. [MEW-31+| ST IMEW-21w| $248, |[MBR-21w | S320. IMBA-21w| $148, | MBO-21 (3110, 1
2 118 .- Fl 120
Poie M-1 230 “ee 3 240 MCG-21 138, |MCW-31 204, {MCW-21 204, |MCR-21 380 |MCA-21 186 | MCO-21 | 138 1
18 s 3 120
M-1P 2_3_.; vees ] 240 MCG-22 | 182 JMCW-32 I |MCW-22 398. IMCR-22 432, |MCA-22 8. | MCO-22 | 174, 1
200 3 ver 208
M- % g . m MBG-22 132, [MBW-324| 288 {MBW-22#| 208 |MBA-22+ | 342. |MBA-22+{ 188, | M80O-22] 124, 3
3 57§ 5 | &m0
Pois 700 % . 708
M-1 i%g T‘\g 24 MCG-23 152, |MCW-13 308, JMCW-23 308, |MCR.23 3188, [MCA-23 188, | MCO-21 | 144, 3
480 ' ;
575 0 <00 ! ] !
Dyt T o b AUV S L L AT N H0 S o
*PRICES DO NOT INCLUDK THERMAL UNITS. SRE ORDERING INEORMATION FOR SELECTION.

starters, r protix latter M by T in device type number: 6.g.. Class 2510 Type

O Devices iiaten heve pusk button To order toggis

operstors,
TCG-3 — same kst pnces aopty. NEMA Types 4. 4X. 7 & 9 ana 12 use. as sxternel toggIe CDNrAONs (See page t4).
tAwwcctor%mummumumnonnm 10,
ANEMATyuI SNCIOSuTES MRY U flexd MOOINieq for QUICOOr APPHCITONS. For detads refer (o Class G941, .
SCURRE ] COMPANY D1A DISCOUNT '
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INTEGRAL HORSEPOWER MANUAL STARTERS  JAMuanv, 1se1
REVERSING AND TWO SPEED WITH OVERLOAD PROTECTION

Class 2511 reversing and Class 2512 two-speed manual starters consist of two mechanically interiocked
Class 2510 Types M or T manuai starters. Reversing and two-speed starters are available with or without
low voitage protection in NEMA Tvoe | enclosures or open type. See page 9 for appiication data and
modifications Dimensions are on page 14.

When ordering manuai starters with iow voitage protection, coil voitage (same as motor line voltage)
must be specified.

| S
m Qpen
) Ratings Enciosure Number
‘ NEMA Mﬁ”m of
No. Type 10 Burons© Ther-
} of NEMA Motor Manmum Vottage mal
" Class Descrmtion Poies Size Vortage P {80 My Type I Prces Type ] Prcew Unns
[ ARVEREING CLASS 2511 MAX. VOLTAGE: 600 V. AC
? 200-230 3
: '] 380-575 5 MBG- 170, MBO-1 3282, [
’ pote 200- ™
M- 380-5758 10 . MCG-1 338 MCO-t 312 6
I 2819 200 3 208
'] 230 3 240 MBG-21 384, MBO-21 340, 8
| weth 480 ] 480 .
Low Voitage 3 578 s 80
foe
| e 200 ™ 208 .
e 23 ™ 240 MCG-21 [ty MCO-21 400. s
480 19 40
[ 73 10 600
’ Two seurn (MU T ey CLASS 2512 MAX. YOLTAGE: 800 ¥. AC
| s M0 gg i'i?: L MBG-1 78 M8t | 282 8
e Pole 200-220 HTV)w
2 ["S] 300-57% Th(10)w MCG-1 320 MCO-1 312, ]
200 ANw 208
("2 =0 AD> 240 MBG-21 184, MBO-21 340. [
e | 2 @ | =
Low Voitsge Pate HUSw
e 200 STw)w 208
M-t 230 ST 240 MCG-21 Az MCO-21 400. [}
480 TW{10\» 480
575 Tl 10w 600
« SRICES 0O HOT INCLUDE THEAMAL UNITS. SIE OACENNG INFORMATION SOR SELRCTION. )
tisted have push butten eperaiers. To arder t10ggie op profix intter M by T in dovies type vumber: v.g.. Class 2512 Tyoe
TCG-21 same list onces appry.
revings par are ter C. Hersepower. A 9 in pae e tor C. que oF o
CLASSES 2510, 2511 AND 2512 THERMAL UNITS
ORDERING INFORMATION REQUIRED Starters will not cperate without properly instailed thermal units. Ther-
1. Class ond type number of device. mal unit must be installed so that markings face the from of storter.
2. Caoil voltoge and frequency (equal to line voltage). Thermai units should be ordered separately. For salection see “Over-
3. Any special features required. Refer to poge 9 for listing of factory lood end Short Circuit Protection.
and field modifications available. i
4, T.h.rmcl units should be ordered seporately. See information at DIMENSIONS- See Page 14.
right. REPAIR PARTS KITS- See below and Class 9998
MAINTENANCE OF EQUIPMENT
For proper performance. all equipment shouid be periodically in- Servios Builewn
spected and maintained. Replacement contacs and interiocks are e ey Preotacement
available in kit form to facilitate servicing and stocking. In addi- oow Low Contact Kit
tion. the seryice bulletin referenced contains an exploded view of NEMA | conee | P e, oen | Case | Type
the dcvic_e yvith components clearly marked for easy identification o 3 P 312AS PreYP ve98 | ML
by description and part number. 8 20c3 3128 A11AS 9998 ‘ M-t
M-1 A 2003 31248 380AS 9998 | ML-2
B 2003 312A8 A11AS 9998 M2
1P A 2 21248 36945 9998 | ML-2
8 2 12A8 411AS 9996 | ML-2
- Forr roater 19 isung page 9.
D1A DISCOUNT SOUARE ) COMBANY @
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Size — Available in NEMA Sizes M-0. M-1. and M-IP.

Poles — Two poles single phase; three poies polyphase: 2 poles de
{without Low_Voltage Protection only).

Voltage — 600 volts ac maximum: 250 volts dc maximum (without
Low Voltage Protection oniy).

Overioad Relays—Meiting alloy thermal overioad relays have
: provisions for one Type B thermal unit for single phase starters

INTEGRAL HORSEPOWER MANUAL STARTERS
WITH OR WITHOUT LOW VOLTAGE PROTECTION

APPLICATION DATA — TYPES M & T

Mechanism Lock Off—Both open devices and starters in NEMA

Type | surface and tiush mounting. NEMA types 4. 4X, 7 & 9
-and 12 enclosures can be locked in the OFF or STOP position.
in addition, the NEMA Type | surtace mounting 4. 4X. 7 & ¢
and 12 enclosures can be locked closed to prevent un-
authorized entry.

TERMINALS
and three Type B thermal units for three phase starters. All -
thermal units must be instailed and the device reset before the . Power Terminats Aunliary Interioex T':""m
starter contacts will operate. After overfoad relays have : Wire Size Wire Size
tripped allow one or two minutes for the alioy to solidify NEMA | Tyoe (&:::.'.':..'mm Tyos (S‘;‘::-'r’:'.::f”
betore resetting. Size of Lug Min.—Max. of Lug Min.—Max.
Operator—Availabie with a pushburton or toggle operator in open | Preasure Pressure

or NEMA Type | versions. The NEMA 4. 4X. 7 & 9 and 12 aind ' P“’"‘ ki wire e
versions feature an extemnal toggle of extremely rugged con- ressura Pressure R
struction to actuate a push button device. Type M open type Mo | Wire ae Wire il
manual starters are also available with round extended buttons Motp E:- et Prassure 1612
suitable for installation in enclosures of the user's own design. k y
(Refer to page S1.)

Electrioni "'-:}

Elwtriasl  ACCESSORIES AND MODIFICATION KITS ¥, a B gm

(14

One ELECTRICAL INTERLOCK., either N.O. or N.C. can easily
be added internally to any open or enclosed manual starter. It
occupies the space provided in either the upper right hand or left
hand comers ot the device. These interlocks are for ac loads only.
Electrical ratings are shown in the Class 9999 section.

A JOG-RUN selector can be factory installed to
provide both momentary and maintained opera-
tion. This modification is ideal for applications
where moderate jogging is encountered. such as
machine set-up or occasional positioning. The
Jog-Run selector switch is available on NEMA
Type | ac enclosed and open style starters. Since
the Jog-Run selector switch is an integral part of
the starter. it is not practical to add Form M2 in a NEMA Type 4.
4X. 7 and 9. or 12 enclosure. Access to the starter is not readily
available to enabie operator to easily change from Jog to Run.

A unigue red PILOT LIGHT assembly that just clips into place is
available factory installed on NEMA Types [, 4, 4X. 12 and flush
enclosures or as a field modification kit on the NEMA Type |
surtace or flush mounting Generai Purpose enciosures. The color
cap assembly snaps into a knockout in the enclosure cover on the
General enclosures. Pilot light kits are available for use on
various voltages (110-600 voits). The repiacement bulb for all the
piiot lights is an ASA B2A.

A REMOTE EMERGENCY STOP function may be factory
added to manual starters with Low Voltage Protection. The user

Jog=Run Selector

»

then wires a N.C. pushbutton or other control device in senes with
the LVP coil. After operation of the ¢mergency stop. the starter
must be manuailv reset.

MODIFICATIONS *
PACTORY MOOIFICA. MELD
o TIONS AND FORM3 MODIFICATIONS
Form Z Prce Kit i
Numboer Adaditron Ciass & Type Pnce
JOG-RUNA l Factory instaned
Selector M2 s e oy
{ 9999 MP-1 110-120 V)
PHot Ligntt P11 l 32 3999 MP-2 (208-240 V) | $20.0
. 9999 MP-7 (440-600 V.
Electnca ! 3999 SX-11 (N.O.)
Intenocks X, s 9999 §X-12 (N.C)) 4.0
Provisions |
for Remote N1O NG. Faciory iestalied
Slooss nty
Seoarate
Contros of N10S N.C. Flcmré Instakes '
WP Colm il
LVP Cait :
Wirea to . Factory installed !
Transtormer Frgy 108. Qnty )
Seconasryw !

& Aviiladie on sc starters. NEMA Type 1. flush ang open gewvicas onty.
+ Can be fisis a00ea to NEMA Type 1 enciosures onyy.
HAvadadia on SIAnters with low voitage protecton only.

* Availatie on starters with LVP in NEMA Types 1 or 12 enciosures onty. (Not appraved
1Or GrouD MOtOr INSLAHANONS. |

o[ D1B DISCOUNT

SEPARATE ENCLOSURES FOR CLASS 2510 TYPE M

The Class 9991 separate enclosures listed at right.

allow instailation of one Class 2510 Type MBO or CLASS 991 For Use Win Ciass 2510 Type M

MCO open style manual starter. Class 2510 Types NEMA Type Witertignt, Dusmgnt

TBO and TCO starters may aiso be installed in Canersi o Dusttiant ana and Dnongnt

NEMA Type | flush mounting enclosures. All en- and Glass-Potyester Use

closures listed will accept starters with or without wath Puiiox Without Pulibox | Dusr ..m.E"‘.’:".:«'“ Enciosure nciosu

l;w ;o[ltage protection and are dlcsigned fgr gx&ater Plaster Adiustment | Mounting Strap NEMA Type 44 Type 4Xa Type 124
exibility of manuai starter appiication. See Class ; ; : _— —

»9991 for a complete listing of separate enclosures. T | Prces | Type | Proed | Type | Prced | Tye | Prces | Toe Pncea
MF-1 | 380. | MF2 | S3& } MWt 3138, | Mw ¢ 3136 VA1 - g3a,

For DIMENSIONS — See Page 14.

A NEMA Types 4. 4X ang 12 enciosures wnl accent Class 2510 Type M ousSn DUION OOEAtes slarters onwv.
NEMA Type 1 flush mounting enciosures will aCCeO! PUSN DUMON OF tDGQIA ODErEIA] JOVICas.

s|{ D1B DISCOUNT

@ SOURRED ¢ Y

D1A DISCOUNT
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7510

AC MANUAL LOOM SWITCHES
FOR TEXTILE LOOMS AND OTHER GROUP

MOTOR INSTALLATIONS PER NEC 430-53(C)

® Addition of one electrical interiock, ei-
ther N.O. or N.C., for greater controi
fiexibility ’

@ Trip mechanism 0 prevent disassembiy
with contacts closed

@ Reliable Qvericad Protection

@ Straight through wiring for quick and
easy Instailation

® Avaiiabie with low voitage protection

For many applications. particularly in the Textile Industry, manual starters are required
for group motor instailations. Class 2510 Type TBL devices are NEMA Type | En-
closed Loom Switches which are used with textile looms and other group fused motors.
The NEMA Type 1 enclosed Loom Switches utilize standard open type manual starers
as the interior with a speciai enclosure designed specifically for group fusing and severe

JANUARY, 1981

mill service where lint accumulations are common, and humidifiers create dampness. [n applications where
NEMA Types 4. 4X, 7 & 9 and (2 enclosed manual starters are required. the standard Class 2510 Type M Size
M.O manual starters are approved for group motor installations per NEC 430-53 (c).

For additional application data covering the standard Type M manual staner line, see pages 7 through 9.

NON-REVERSING CLASS 2518
Meourmam Stancerg Dewice wih Low imtenor Replacemaent Starter
No. Horsepower Qevca Yotage P
NEMA | ot Voa E Standang Dence wth Low |
Size | Poies Sustatie for Tye Tyoe Owwce Voitage Protectiond iNumber of
@” m Pricew frices * 11}
Type Pricss | Type | Prcess = Unts
Bt oL s 7e T2 | se | o | see | TEO21 | s1re | o
NEMA Type 12 MBA-1 . MBA-21 1a8 ! |
2 s . Lot | | ({Formeny MBL-Y) | (Formenty MBL-21} i !
ﬁ* 20 2 Wetesort & Bestagme|  MEW11 2 W31 208 . ; }
Singe NEMA Type X veo-t | e |maoar| 1o ‘ 1
Phase Waserngnt & Oustiont MBW-1 N W21 28
el AL veA-t a2 ven-21 s i ;
»o
Pcoei ool ™2 s = ™22 [waa | TRO2 | see |TRO-2 | m12e | 3
NEMA Type 12 MEA-2 MBA-Z2
3 - s Unesgne (Formeny MBL-Y|  1'® | iFormeny MBL.22)| 1% i
Pole | a Weterog 4 Duotsgre|  MBW12 8. Mow.32 08 }
% ) saoers NEMA Ty 4X MBc-2 | e |MEOZ| 1. | 3
Phase a MBW-2 ne MEW-22 200,
NEMA Time T4 9 MEBA-2 ™. MBR-22 342, ! !
% Prises e rot inciude trarmes uns. SEN OROERING INPORMATION POR SELECTION.
S Vokage (ine) recred. MODIFICATIONS
FACTONY MODIFICA- LD
ORDERING INFORMATION REQUIRED: ) ACTOWY WonimCa DB s
1. Class ond type number. Form Price Xit |
2. Quantity and type number of thermal unifs. Numcer | Additon Class & Type |_Prce
. Coil volt fro ; devi JOG-AUNA Factory instailed
i Cail "‘ ‘md N .;.:‘va Sewector M2 (X8 om';
m;ymu UNITS should be ordered separately, For selection C S 1 | SasaM:(x0s2i0V) | s2m0
)
“Overicad and Short Cim:.f'm For e 9999 MP.3 (440-600 V.)
Sectmea 9999 SX-11 (N.Q.)
interiock x “ 9099 8X-12 N.C.) %0
Provons
for Remote N10 NG ihotated
Sionl
APPROXIMATE DIMENSIONS AND SHIPPING WEIGHTS — See Srogor | wos | we Factory tneraied
poge 14, WP Cod J

10

D1A DISCOUNT

AAvaiadie on aC starters. NEMA Type 1. flusn and coen devicad only.
+ Can be fieid added 1o NEMA Type 1 enciceures only. mumm“mtmfm

TBL dewces.
B Avasiabie on stanters with low yoltage protecton onty.

o/ D18 DISCOUNT |
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JANUARY. 1381 MANUAL MOTOR STARTING SWITCHES
AND FRACTIONAL HORSEPOWER STARTERS
APPROXIMATE DIMENSIONS

OPEN TYPE
TYPE F TYPE K
FRACTIONAL HP STARTER MOTOR STARTING SWITCH
TS MOLES FoR “6-32 scrEWs () TS MOLES FOR "6-32 JCREWS- 0 wremess ey T LD PORTL I SRR ot e
peee o el o
e - " ; 3 -
A A -
isee— O ¥, ﬂ% e ik
i R D e e——
: —1 i .—-—3&
T i ‘x5 : ‘F
[ . [T TSNP Vo S — T PTI Y
e S ———
—r—Y =T LI A Y -
ki ~ e A e e @ zh 4o o= w9 2
hadanad, : ] Pt .
g e =g= @ z== &
bt s 2 s P e ax D 3 e et -
Types £O-1, 18, 2, 2P Typas £0-3, IP, 4® Typoe KO-1, 1A, 18, 2, 28, 2C Types KO-32, 3A, 38, 4. 48, 4C
(WHN (0GQGHe ODerator) (vth Xey Operator) \with lOggHe Operatov) 1WAt K@Y Operator!
NEMA TYPE 1
GENERAL PURPOSE SURFACE.
MOUNTING ENCLOSURE
STANDARD OVERSIZED
NTG wOLES Vs D1A.(2) NTO. HOLES Y4 DIA.(2)

<

— ~ile

v

‘
Seweas

[5 o ;"
ef'-'.

o HR] &
»
bl_—‘
5
8

-_44

. f
: N : AY |
) o 1 o { ol ! ] y
i ol |y At e |
! —f ———d b 2 et
3k %
D e 30000127 H Lo
Class 2518, Class 2810,
Types FG & XGQ Types FQJ & KGJ
(Single-Unit) { } + (Stngie-Unit) o
Waight — 1 Lb, A Weight — 1 LD, _”f'
i
€173 -3/4 CONOUIT KNQCKOUT.BOTH ENDS &ify -3/4 CONOUIT KNOCKOUT,BOTH ENDS

@ SOURREY) C
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MANUAL MOTOR STARTING SWITCHES

JANUARY, 1981

AND FRACTIONAL HORSEPOWER STARTERS
APPROXIMATE DIMENSIONS

TYPES F AND K

GENERAL PURPOSE FLUSH MOUNTING

1’oyl” Dimensisn
Device | Oper= Class 2510 Tyos
ator A 8 | ¢
FE.1, 1P, 2, 2P ‘
FS-1,1P, 2, 2P 1% 2% 4
Toasle \ T oimp, 2P e | % | %
Frace
{ H | FFa), 3P, ¢, 49
“f-’c'b"" ! Fs.i 3P, 4, 4P 1% 2% v
Starter) Koy 1SR, 4P v | 3% | %
KF-1, 1A, 18, 2, 28, 2C
KS-1, It 18,2, 28,2C | 1'% 2% “e
Toge!
Motor | 3 | KSH1A, 18, 28, 2C 1%, % Ve
Start-
| KF=3, 3A, 38, 4,48, 4C
Fluih Mounting | Swich [ KS3,3A 36,4 484C | v | 2% | w4
Waight — 14 Lb. Kay : PRSI v 7Y ™

NEMA TYPE 7 AND 9 CAST ALUMINUM ENCLOSURE FOR HAZARDOUS LOCATIONS

o

—
uLﬁ —
Q@ ~ D
u-}-:—'.

CONDUIT GENTERCINE,

Slo—« ke T S

©

v

Y RlA
£apLocx
HOLE,

4
S-i4 _pree TAP,
SQTTOM Oy

&

NEMA 749
Waeght ~—~ 4 Lbs.

Device Tyos
Fractional HP Starter. .. . .......................... FR-1, 2
Motor Starting Switch. ... ..... ... ... .. ... KR.1, 2

NEMA TYPE 4 WATERTIGHT DIE CAST ZINC ENCLOSURE

oy

T

Device

Type

Fractional HP Starter. |

FWa

1,19, 2, 2P

Motor Starting Switeh. .

KWat, 1A, 18,2, 28, 2C

NEMA ¢
Waeight ~ 3 Lb.

12
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JANUARY. 1581 MANUAL MOTOR STARTING SWITCHES
AND FRACTIONAL HORSEPOWER STARTERS
APPROXIMATE DIMENSIONS

TYPES F AND K — TWQ UNIT DEVICES
NEMA TYPE 1 GENERAL PURPOSE ENCLOSURE

Class 2511 Type KG-228
(Cover Removed)

Type of |
Devics On’-nm Class Tyne
Toggie | 2510 | FA-02, 02F
One Starter. . ...
Key 2310 | FG-04P
Toqgie | 2810 | FG-22, 22P
Two Starters bl (
Key 2910 | Fa-44pP
Togole | 2510 [ FG-71, 71P, 72, 2P
One Ste. and. ... ..
One Sel. Sw.©.....| Key 28510 { FQ-74P

Reversing Switcha | Togate | 2811 | KG-11, 11A, 118, 22, 22A, 228, 22C
Two Speed Starter | Toggie | 2812 ' F3-11, 11P, 22, 22P
Twa Speed Switch | Tognte | 2512 | KG-11, 11A, 118, 22, 228, 22C

©Seisctor switcn is on left, increases averal! deoth to 2%3°.
xOnty one pilot light (lacated an right) is used on 2511 switchea.

Class 2510 Type FQ-72

GENERAL PURPOSE FLUSH MOUNTING FOR TWO UNIT DEVICES

Class 2512
Type Oimensiont '
o 4 o Type { Type FE.22
Qoerator l A 8 ¢ | o
FF.22 22P ST | 3% | S | 1
Toggle 2510 L
o FS.22p e | 3w | S | 11y
Starters [ $7 | P | 5 | 1'%
| ey 2510 -
B FS-dap Mo | | su |1 -
i FRTLZIP.72.72P | S | 3% | $% | 1'%
SO“:" Toggie 2510 JI; !
and One FS-71P, 72P She | 3w | sw |1 @
Spiactor . 210 FR.748 S | 3% | ST | 1'%
Y
o #8748 e | M| Sw | 1'% @ [
K11, 11A. 118
Revertng | Togpie | 2311 | K22, 224 M | e | % | =
’
T @ -
TwoSeend | tooge |28z {PRrnnm2z22e | M | 3% | s | 1w “L\
Two Speed KF-11, 11A, 118, 3
Swmcn | Toggie 2812 | on 208 22 % | % | 5% "% N .
> 506C207 Swiich 1300 left. ™ trom g T
T Dimensiona iNCIU0E ALY Wirsd DOWSr CONNACHONS. N ol
y- ! ?1' i
e —
8

(D] suamep cousmer
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INTEGRAL HORSEPOWER MANUAL STARTERS JANUARY, 1981

TYPESMAND T
APPROXIMATE DIMENSIONS

NEMA Type 1 NEMRA Type 4X NEMA Type 4 NEMA Type 12
General Purposs Surface Mounting Watsrtight, Dusttight, and Watertight and Dusttight o] i ana Oriptight
Flush Mounting aiso Available Corrosion Aesistant Qlass Stainiess Steel tndustrial Use
Polysster
ll!lll Wp! 1
¥ [] JE '
R N RZInN
Cpon Type 3 t 3
ne S i
-ty ) srear 3
s , =
! T = %
r—ry _l; — : :
1§ . 1 . T :
| & ) N
: t i
& :—-[ : .
n
| . —
' N | lrr ;
! . i ’ R
D e —mmov FORQINO - f=TRATL TO RENET ool iogelii g .
—'hﬁ TG SGREWS o A | | ] “u—"v—*;-(*———-ﬁ‘-
can.nmwp:nu‘:‘:suuu.o,u.q s " T].._..
—— -IR§-] 49
clmzﬂify.:::"s;:nul-l e CL 2!1501 =L 5’&“’ —_———
Approxmate Shipping Wegnt — 3 Lbs. Approxwiate Shoong Wegnt — -
Classes 2311, 2912, Types M & T
Sizea M-0 and M-
Approxsmate Shioping Wergnt — 3 Lbs.
NEMA Type 4X Watertight NEMA Type 4, Watertight Stainé Steel NEMA Type 7 & 9, Haxzardous
Corr Glase 2 NEMA Type 12, * tad Use & Losation
Rnctosure Cast iron Encieeure

B

-
o
1
e
r
AL '.!m‘... . ' ——
TR mewa & OmY ud comg 138 & eeToN 3t -
Mg ORI CEA B AOTION (A .ae
Clase 2510 Type M Sizes M-0, M.1 Class 2510 Type M Sixes M-0, M-1 and M-1P Class 2510 Type M Sizee M-0, M-1
and M-1P Approximate Shipping Wegnt — 9 Lbs. and Me1P
Approxsnate Shomng YWeght — 8 Lbs. ADOrOXNTItE SpOg Waght — 18 Lbs.

2
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JANUARY, 1981

Reversing drum switches are designed to start and reverse motors
by connecting them directly across-the-line. The devices may be
used with squirrel cage morors, single phase motors designed for
reversing service, and series. shunt. and compound dc motors. The
applications should be such that across-the-line starting of the
motors is not objectionable. uniess other means is provided for
limiting starting current and torque. Class 260! drum switches are
field convertible from maintained to momentary operation.

REVERSING DRUM SW‘TCHEi‘//.E

800 VOLTS MAX. AC CLASS 280t 250 YOLTS MAX. DC.
RAanngs
General
Maximum Horsepower Puroose
intermal S 3\::\1? AC C luE Type 10
wcrng A MEMA 1
Diagram o Poyy- oc
Phase Phase Type ] Pnca
G— L] L] ! 1
I I Te———  Qrens— { l
o | o /——-—-‘n 1% "% v |
. . 205-3275 2 Y Ve AG:2 ' 8 e
Aev. on For. _‘L
>~— e @ N
I I ! 115 ™ 3 2
L g d * ( ? | 200230 e 5 ceae B8G-1 129,
Ty 230 3 Z
| e o L T A80-575 s ™ PR
Rev. on For. ¥ |

©flt is recOMMEnded AL these CRAT SWHENEE DO MOUREE Y TH VDS PONBON.
APPLICATION DATA

The reversing drum switches find application wherever manual
reversing control is desired. They are particularly suitable for use
on machine tools, woodworking machines, and similar types of
equipment. Exampies include lathes, milling machines, pianers.
grinders, shapers, and boring mills. Other possibie applications
include door operators. small hoists and conveyor belts.
Overload and low voltage protection are not incorporated in these
reversing drum switches. Shouid the power fail, the contacts will
remain closed. unless assembied for momentary operation, and the
handle stays in the selected position. The motor will restart when
the power retumns.

Contact Mechanism — Large movable contact segments are
rigidly attached to the main operating shaft. They are fully insu-
lated from each other and from the shaft. Stationary contact fingers
are mounted in bakelite blocks. Both movable and stationary con-
tacts are plated for maximum life. Exremely accessible terminals
are provided for easy wiring. Type AG is provided with screw type
terminais and Type BG-1 with pressure wire connector terminals.
Contacts are not repiaceabie.

Operating Mechanism — As supplied from the factory, the oper-
ating mechanism is assembled for maintained position operation.
That is, when the handle is moved to the forwarnd or reverse posi-
tion. it will remain there until moved. The mechanism can be easily
convented. with no additional parts necessary, to provide “spring
return to off™ operation. This conversion consists of unscrewing
the handle. removing the hub. turning the shaft (80 degrees. and
then replacing the hub and handle.

QRDERING INFORMATION REQUIRED
1. Class and type number of drum switch,
2. Hortepower, voitoge and phase of mator.

@ sQuaARe ) ca Y

15

D1A DISCOUNT

Enclosures — The general purpose sheet steel NEMA Type |
enclosure is designed to prevent accidental contact with live parts
and is suitable for indoor use when normal atmospheric conditions
prevail. The enclosure provides generous wiring space and two
knockouts or openings for %" conduit are located in the bottom
plate.

A single captive screw holds the cover on. Removal of the U
shaped cover allows free access to three sides of the switch mecha-
nisim. An instruction sheet showing motor connections 15 riveted to
the inside of the cover. A large, legible namepiate securely fastened
to the cover clearly indicates switching positions and provides com-
plete rating informarion.

DIMENSIONS

so""' { Troe A [ Troes
A 2% N
] e S
¢ e b4
D % 1%
E 7% 174

) Ao ) o xW

F Obiong Oblong
N Holes

24 |

-

Class 2801 Types AG and BG

!

For Connacton
RNr 10 “Wining Diagram * Boowat,
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281 AS 281 AS
FNXE n TIRKE

30 Ampere Disconnect Switches with Flange Mounted Operating Mechanism
Used in Classes 8538 and 8738- Type SB Size O and Type SC Size 1
3-Pale AC Combination Starters

WARNING: Be sure o open the back-up disconnect device ahead of the combination
starter before inspecting or servicing the disconnect switch. Do not operate starter or
disconnect switch with arc chamber cover ar arc suppressor removed.

TABLE 1- PARTS LIST FOR OPERATING MECHANISM

Item ! Part Quantity
No. I Description Number Required
1 Opcuﬁnq mechanism assembly, complets:
For NEMA land 12enclosure . . ............ ... ..o, 31008-04C-51 1
For NEMA 4 stainless stee! enciosure (housing is chrome plated)........ 31008-040-55 1
2 ! Operating handle assembly | i
For NEMA 1 and 12 onclcmc ................................... 31085.229-51 1
For NEMA 4 stainless steel enciosure . . i 1
3 Cap screw, 1/4.2025/8%............ 2
4 Lockwasher, L1/4%. ... ... oo ittt iiaitinintaneanesesarneaarnaanne 2
] Frame and cam uunhiy, complete. (Items 3, 4 and 7 not included). . 31008.034.50 1
6 Handle return spring......ccuoeneiiiienietnniiaceenasnererennencenn. 31008.017-01 1
. 7 . Cotter pin, 1/8 3 1 1/4' ............................................. 24201.08400 1
ORDERING INSTRUCTIONS
Specity quantity, part number and description of part.
Supersedes 281AS aatad Novemoar, 1977
SOURRE D COMPANY
JUNE, 1973 P.0, Box 472 \GE !
MHiwsukes Wis. 53201
(414) 332-2000

Page 1
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TABLE 2- PARTS LIST FOR DISCONNECT SWITCH ASSEMBLY |
{tem i Part
Na. Description i Number
1 .
1 ' Non-fusible disconnect switch assembly complete. . . ... [ 31008.041.51
' 5
Fusible disconnect switch assembly compiete: f
2 Non-fusible disconneetswiteh. . .......................... i ltem 1 above
3 Fuse Block....... ..ottt ! Class 9999 Type SF-1
4 FU38 CHP. oottt ! See Kit Table Below
TABLE 3- FUSE CLIP KITS =- For use with 30 Ampere Disconnect Switch
INTERCHANGEABLE f NON-INTERCHANGEARLE
Class H Fuses Class J Fuses ‘ Class 2 Fuseso
Fuse Clip Fuse Clip Fuse Clip
NEMA Rating — Amps. Class Rating — Amps. Class Rating — Amps. Class
ss::. 250 V. 600 V. T ""u‘il’ [ T 250 V. 600 V. Tome
Max, Max, ! TPe Mazx. Max,
0&l 0-30 - S e ) 0-30 SR-1
0 . 0-30 82 0-30 §J-2 e 0-30 SR-2
1 31-60 0-30 S2 0-30 S.2 31-60 0-30 + SR-2

¢Clips cannot be removed, once installed.
ORDERING INSTRUCTIONS -See Page 1.

SQUARE T) COMPANY

s Each kit includes six fuse clips, mounting hardware, and instruction sheet,

Supersedes 281AS dated Novemoer. 1377

P.Q. Box 472
Milwaukes, Wis, 5320
(414) 332-2000

Page 2

JUNE, 137%



S14 AS T 314 AS
SERVICE SERVICE
BULLETIN BULLETIN
100 Ampere Disconnect Switches with Flange-mounted Operating Mechanisms
Used in Classes 8538 and 8738, Type SE, Series A, Size 3-3pole
AC Combination Starters
WARNING: Be suxe to open the back-up disconnect device ahead of the combination
starter before inspecting or sexvicing the disconnect switch. Do not operate starter or
disconnect switch with arc chambaer covers or are suppressor removed.
TABLE 1- PARTS LIST FOR OPERATING MECHANISM
Item Part Quantity
No. Description Number Hequired
1 Operating handle mechanism:
For NEMA lenclosure. ... . ....... ... ... ... 31088-205-50 1
For NEMA 4 stainless stesl enclosure (Assembiy is chrome piated)........ .. 31055-205-52 1
For NEMA 12 enclosure 31055-205-51 1
. 2 Stiffener br. L AN 31055-16701 1
3 Hex. head cap screw, 1/4-20 x 5/8° 21401-20200 2
4 Lock washer, 1/4” . ......................... 23701-00200 2
-] Handleretumspring. .............coooeene... 30017-143-01 1
6 Colterpin, 1/8 2 1-1/4"..........ccivvinnnn 24201-08400 2
7 Stiffener coupling. ... ... ... i i i ettt e et eans 310558-168-01 1
8 Stitfener rod agsembly. ... ... ... ... ... i i i e, 31085-162-58 1
9 NEt, B/8-18. . . e 23002-00240 1
10 Operating rod 5 2 31055-162-57 1
ORDERING INSTRUCTIONS -See Page 2.
Superseces 314AS dated March, 1978
SQURRET) COMBANY
NOVEMBER, 1977 - P.O. Box 472 QE 1
Milwaukes, Wis. 53201
(414) 332-2000

Page 1



314A3 314 A3
SERVICE D SERVICE
BULLETIN BULLETIN

~ Noa-Fusthle

e

Fusible

TABLE 2PARTS LIST FOR OPERATING MECHANISM

Quantity Required l
Item Part -
No. ) Description Number Non.Fusible ! Fusible
Disconnect switch assembly: . :
1 Non-usible.............. .. i 31055.150-50 1 : .
2 Fusible (less lower fuse block and fuse clips). .. .... .. 31055-150-51 o ! 1
3 Fuse base assembly (less fuse clips)................... 30015-019-50 . ! 1
4 Screw assembly, $10-24 x1°. ... ... ... ... ... ... .. 21911-16320 L. |
5 Fuseclipassembly. ...............ccoiviiiiianninnn. See Xit Table Below
* TABLE 3- FUSE CLIP KITS-For use with 100 Ampere Disconnect Switch
Interchangeable Non.Interchangeable 4
Class H Fuses Class ] Fuses Class R Fuses
Fuse Clip Rating — Amps. Fuse Clip Fuse Clip Rating — Amps.
Class 9999 | Rating — Amps. | Class 9999 - Class 9999
250 V. Max. 600 V. Max, Type 600 V. Max. Type 250 V. Max. 600 V. Max. Type
61.100 61-100 S4 61.100 Sl4 61.100 61.100 SR4
101.200 .. ss 101.200 SIS 101.200 cee SR4

% Each kit above includes six fuse clips, mounting hardware, and instruction sheet.

A&chh!nboninduduonlythmnan—mabhm and instruction sheet, Kit must be used in conjunction with Class H

fuse clips.

ORDERING INSTRUCTIONS

Specify quantity, part oumber and description of part.

SQURRET) COMPANY

P.Q. Box 472
Milwaukes, Wis, 53201
(414) 3322000

Page 2

Suosrsedes 314AS cated March, 1375

-

NOVEMSER, 1377



Class 8538

8539
JANUARY, 1382
SUPERSEDES CATALOG SECTION DATED JANUARY, 1981

Combination Starters

FILE: Controt Products Catsiog

CONTENTS

Description Class Pages
Disconnect Switch Type.................. 8538....cccee 2-3
MAG-GARD Circuit Breaker Type...8539........ccc.u...... 4-5
Oversized Enclosures .........c........... 8538/39.......c....... 6-7
Thermal Magnetic Circuit Breaker

TYPE ettt 8539 ... 8-9
Applications and Modifications......... 8538/39.......c....... 10-13
Current Limiting Module .................. 8539 ... 14
Outline DIMENSIONS ........cccceeviveennee 8538/39.......ceue.. 15-16

D SQUARE T) COMPANY
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CLASS AC Combination Starters

853318 fusible disconnect switch type
mmm&hwﬁmmdmsmcdaipuﬂbﬁnmnpm

visible blade switch. Interchangeablie fuse clips, straight through wiring, three
overloads as standard, space for a fused control transformer with additional
capacity and provisions for adding a disconnect switch electrical interlock are

key features of this starter.

LINE VOLTAGE TYPE, NON-REVERSING

WITH THREE MELTING ALLOY OVERLOAD RELAYS

3 POLE «~ ¢80 VOLTS MAX. =~ 50-80 HERTZ

JANUARY, 1982

Ousttght and Oripugnt
Watertight indusina Use Encb“gun
snd Dusttight Watertight, NEMA Type 1204
Ratings Enclosyre Dusttight and
Qeneral Purpose Stainiess Stee! ion Resistant With Without
Motor Max, Fuse oeure (Sizes 0-8) Enciosure External | External
Vaitage HP NEMA Clig NEMA Type T NEMA Typs dX 4 Reant Ao
(Starter Poiy Size Size
Voitage) phass Amps Type | Pricem Type Prices Type Prices Type Tyoe Pricew
3 0 k] §8G-12 83 J78. SBW.12 $ 700, S8wW.22 S e 38A.22 8BA-12 3 472
) s 0 8CG-12 398. SCW-12 ™ SCw.22 ... SCA-22 | SCA12 492,
% ] 3CG-13 404, SCW.13 ™R SCW.23 900, SCA-23 SCA-13 300.
200 10 2 (%) 80G-12 CTY SOW.12 1218, SOw.22 1348, S0A-22 | SDAs12 70,
(208) 2 R 100 SEG-1S 82 SEW.1S 2004 SEW.25 2. SEA25 | SEA-18 1228
23 200 SEG-12 1148, SEW.12 272 | e | ool SEA.22 | SEA12 1318,
L] 4 200 SFQ-13 2008, SFW-15 £~ 7 S O SFA-28 | SFAS %08,
1) L] %00 3GG-15 4828, SQW-13 e T O SQA-25 | 3GA-15 s,
1% ] 600 SHG-13 | 11904 SHW.13 | e | ........ | ...... SHA-23 | SHA-13 | 13388
3 [} 30 984-12 ITe. SBW-12 e S8W.2 e, SBA-22 S8A-12 a2
L] ' X $Ca-12 3 SCW.12 708, SCw.-22 ”»e SCA-22 SCA-12 482,
™ 0 9CG-13 404, SCW.13 TR W23 8. SCA-3 SCA=13 | s00.
R i 2 [ 800-12 34, SOW-12 1218, S5DW.22 1340 SOA-22 | SOA-12 | 7e0.
(ﬁ‘ 28 ) 100 SEG-18 1082 SEW-15 2084. SEW-25 2292 SEA-28 | SEA-1S | 1228
30 200 SEQ.12 1148 SEW.12 33 o SO T SEA-22 SEA-12 1318
%0 4 200 SFG.18 2020. SFW.18 0. 7 | e SFA-25 SFA-18 2508.
100 s 40 3aG-18 [Ty SQW-15 ™wes | ... ...l SGA-2% | SGA-15 sMa.
200 ] 400 SHG-13 | t1ses. SHW-13 wiss | ... | L SHA.23 | SHA-13 | 1334
s 0 30 $8aQ-13 384, $8W.13 788 3|W.23 s8e. S8A-23 SBA-13 480.
! 10 1 k- SCGu14 404, SCW-14 T8 SCW.2¢ L SCA-24 SCA-14 300.
18 2 % SDG-18 [ SDW.18 1228, Sow.28 1344, SDA-28 | 3DA-te 764,
‘m P28 [ S00-14 s SOW.14 | 1228 SOW-2¢ | 1382 | SDA.2¢ | SDA-14 ™
v s 3 100 SEG-13 | 197 SEW-13 2106, SEW.23 314 SEA-23 | SEA-13 | 1248
100 . 200 SFG-13 2038 SFW.13 L T B SFA-23 | SFA-13 8524
0 ) «0 | SA0-13 | % | saw.rs | e | ... | ... SGA23 | SQAI3 | ST
400 [ 600 SHG.12 | 11988 SHw.z | 1ST8& | SHA-22 | SHA-12 | 13368
= Prices do 2ot insiude thermal uaits. & HAZARDOUS LOCATIONS
ONEMA Type 12 encicsures may de feid
ANEMA Type 4X hubs ae ncaed Wit 88ch RAer &t N BSOS COR. NEMA 12 dovices are aveiadie U.L. Listed for use i Class I, Division 2,
Group G and Class Ill. Dinmons | and 2 iocstions. Reguest form G2-1. No
againonsl charge.
ORDERING INFORMATION REQUIRED »UL LISTED
1. Class ond type number. SHORT CIRCUIT WITHSTAND RATINGS:
2. Horsepower, voitoge, phose, frequency ond Rl lcod cuwrent of Availabie Ampares RMS
motor. NEMA Size Symmatrical
3. Control woitage and freguency if different from line voltage. 3 13.838
4. Any foctory modifications and forms required. s 18.000

THERMAL UNITS

Thermal units should be ordered separotely. Stondard trip thermal

units are priced ot $6.00 each.

~

D Sauam O Comoany 1582

SNEMA Type 4X davites are not UL Listed.

D1A DISCOUNT
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JANUARY, 1982 AC COMBINATION STARTERS cLASS
FUSIBLE DISCONNECT SWITCH TYPE 3538

The disconnect switch type combination starter design utilizes a flange operated visible blade
switch. Size 0-2. non-fusible combination starters can be converted to a fusible type. All
NEMA Type 1. 4 and 12 enciosures have the same size enclosure for fusible and non-fusibie
combination starters. Therefore, space is available for the conversion (o a fusible type. UL
listed except NEMA Type 4X. Shorn circuit withstand rating not applicable.

LINE VOLTAGE TYPE, NON-REVERSING WITH THREE MELTING ALLOY OVERLOAD RELAYS
3 POLK == 608 VOLTS MAX, = 50-60 HERTZ

Ousmgnt ang Driptignt. Industnai
Watertight and Watertight, Enciosure MEMA g'yp. 120%
RATINGS Dusttight ogure Dmmw and
Genersl Purpose Stainleass Steel common Rmum With i Without
Maotor Maz. Enclosure (Sizes 0-8) External | External )
Voitage HP NEMA Type 1 NEMA Type 4 Nlﬂ 'l'm ax‘ Reset Reset |
{Starter Poly~ NEMA i
Voitage) phase Size Tyoe Pricem Type Prices Type Pricex ! Tyoe | Pricax
|3 [] $8G-11 $ 384 SBW-11 S 860 T sBA | 3
7% 1 SCQ-11 384, SCW-11 [ SCA-21 SCA-11 480.
10 2 SDG-11 08, SDWa11 SDA-21 | SDA-11 | 7ak
200 | 28 3 SEG.11 1012 SEW-11 SEA-21 | SEAI1 ;1188
(208) 40 4 SFG.11 1962 SFW.11 SFA-21 | SFA.11 2440.
75 -] saqg-11 4382, SQW-11 SQA-21 i SGA-t% Y 3866,
150 (] SHG-11 11882, SHW-11 SHA-21 SHA-11 12942
3 0 11 384 =11 SO t SBAMI 480,
% 1 11 384, SCWa11 SCA-11 480,
230 18 2 SDG-11 [y SOW-11 SDA-21 SDA-11 744
(240) 30 3 SEG-11 1012, EW=11 SEA-21 I SEAett 1188,
30 4 SFQ.11 1962, SFWa=11 SFA-21 SFA-11 2440
100 ] 3aQ-1 4382, SGWa1t  § TTS& | ... | ..l SGA-21 i SQA-1t 5888,
200 ] SHQ-11 11882 SHW.11 SHA-21 ¢ SHA-T1 ' 12942
] <0 1] 384 SEW-11 946, “SBA-21 S8A-1 <0, |
10 1 8CQ-11 384, SCW-11 84, SCA-21 SCAl1
400-87% 25 2 S$0Q-11 808, SDW-11 1320, SDA-21 SDA-11 \ 744,
(480-600) 50 3 SEG.11 1012 SEWa11 2248, SEA-21 | SEAT | 1188
100 . SFG-11 1952 SFWat1 | 3ama. | L0 | L L SFA-21 | SFA-11 ' 2e40.
200 3 SQG-11 4382 SGw=1t | Trse. | . ... | oLl SQA-21 | SQA-11 | 5544
400 [} SHQ-11 11582, SHW-11 SHA-21 SHA-11 12942
*® Priges @8 not insiede thermal units. & HAZAROCUS LOCATIONS
ONEMA Type 12 enciosures may De fieid MOdified 10r CMNEOO! 2DDRCATIONS.
ANEmwummmm-mmuwmwn NEuAWui devicas s/ avanadle U.L. Listed for use in Class It. Division 2.
NEMA Type 4X devicas are not UL Listea. Group G and Ciass ill, Divisions ! and 2 locations. Recuest Form G2-1. No
| UL Listed additonat charge.

UL LISTED

PO 155 DoOA ¢ AC COMBINATION STARTERS

FUSIBLE DISCONNECT SWITCH TYPE WITH CLASS R FUSE CLIPS

LINE VOLTAGE TYPE, NON-REVERSING WITH THREE MELTING ALLOY OVERLOAD RELAYS
s 600 VOLTS MAX. = 50-40 M

Watertight, ngqm an: .D.l:ou nt Ingustnat
atertig nclosure A Type 1204
RATINGS Dusttiqht Encloluro D ight and -
General Purpose Stainiess Steet Corrosion Resistant With i Without
vl:;t:r MH.P" Fclusu . Enclogrun N (Sizes 0-8) . N Ene-ilgluu“ E.!Rtlrs'ﬂ ! Eatumu |
o L3 EMA Type NEMA Type EMA Type 4XA - . egat '
(Starter Poty- NEMA Size -
Voitage) phase Sizs Amps. Type | Prices Tyoe Pricom Tyoe Pricax Tyne Type ' Pricex
3 [ 30 $8G-32 s 382 SBwW-32 3 Tea SBA-32 $ 478,
-] 1 0 $CG-32 402, SCwW-32 788, 8CA-32 488,
% 1 60 $CG-33 410. $CW-33 794, SCA-33 S04,
200 10 2 60 SDG-32 630, | SOW.32 1222 SDA-32 68,
(208) 20 3 100 SEQ-38 1004, SEW-38 2096, SEA-38 1240,
28 3 200 SEG-32 1182, SEW.32 2184, SEA-32 1328,
4« 4 200 SFG-38 32, '-35 3383, SFA-38 2520,
73 5 400 $GG-35 4854, aw-38 7922, G s730.
150 [] GQ SHGE 12014, SHW.33 15214, SHA-33 13394,
3 [] ) S80~32 Ix2 32 7e6. SEA2 aTe.
El 1 k] $CQ-32 402, SCW.32 788, SCA-32 498,
% 1 @ $CG-33 416 SCW.33 ™4 A=33 504
23 18 2 [ SDG-32 430, SDW.32 1222, SDA~32 T80,
(249 23 3 100 3EQ.38 1084, SEW-33 EA-33 1240,
0 3 200 SEG-32 1152 SEW.32 184, SEA-32 1328,
50 “ 200 SFG-38 2032, =38 32 A-35 2520,
100 ] 400 80G-35 4884, -35 ™ A28
200 8 600 $HG.33 12014, SHW-33 16214, SHA-I3 13304,
] [ 30 ) SBG-3 | SBW-33 TR SBA-I3 ]
10 1 ] $CGQ-34 416, SCW.34 T84, Ae34 304.
480-878 18 2 30 SDG-36 24, SDwW.3s 1228, SDA.36 770,
(400-600) ! 25 2 60 SDG-34 saz, SDOW-34 1234, SDA-34 .
50 3 100 SEG-33 1088 | SEW.33 2118, SEA-33 | tase
g |2 g | m mes |3 eon o
Q0 G-33 SAwW-33 |
00 6 600 SHQG-32 12014, JHW.32 18214, SHA-32 13384,
= Prices do not (nciude thermal units. & HAZARDOUS LOCATIONS
© NEMA ‘.'ypc 12 enciosures may e fiewd L]
A NEMA yD® 4X huos 276 INCluded wih eech starter at NO addition® NEMA Type 12 devices are avaiaote U.L. Listed for use tn Class if. Division 2,
T A X AMS sy cal. NEMA Type 4X devices aré not u|. Listea. Grouo G ang Class 1l Dwimong 1 ana 2 lccations. Request Form G2-1. No
aaditlionsl charge.
@ 3QUARE 7] CIMEANY D1A DISCOUNT
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AC COMBINATION STARTERS JANUARY, 1982
8539 ' FUSIBLE DISCONNECT SWITCH TYPE

UL LISTEDe
FOR 22,000A
OR 100,000A

LINE VOLTAGE TYPE, NON-REVERSING Wl‘ﬂl THREE MELTING ALLOY QVERLOAD RELAYS
3 POLE, 898 VOLTE AC MAXIWUM — 5048 HERTZ

me, ous o
tions— .Dustugnt and Drongnt
SPIN TOP® m%u:mu uum
Watertight Watertight E'c':?.':"x" HIUEMMN:NO
General and Duattight Ousttight Growe C & D
Ratinga Purooss * Enclosure and Corrosion Class [I
- Encieaure Stainiess Steal Reasstant Grouss EE F & G Wwith | Withaut !
! Catalog Number NEMA (Sizes 0-8) Enciosure NEMA Types External | External |
Motor H.P. (See page 222 Type 1l MNEMA Type 4 | MEMA Type 4X 4 7 and 3 RAeget Aeset
voluqo Rangs | NEMA for Breaker
(Starter | Poiy- Size Adjustment » » b * -
Voltage) | phase ange) Type Price Type Price Type Price Type Price Type Type Price
Yaeth FAL38003.11M | SBG-41 S8W-41 SBW.S1 SBR-41 SBA-S1 | SBA.41
e 0 | FALIS007.12M 1 SEG-2 |y gee, | SBW-42 | 5 uea, | SBW-22 | gy00, |SBRu2 | o000 | SBA52 | S8Aw2 | g sae
1¥5-3 FAL38015-13M S8G-43 SBW-43 58wW-53 SHR.43 | 58A-53 | SBA-43
la=i4 FAL36003-11M SCO-41 SCW-41 SCW-51 SCR-41 SCA-31 SCA-41
. 1| EACIotE1aM | 36843 | sae, | SCWees W33 | yoee, | SCRZ Soass | SEA4T . eae
” - | H
oy FALI8030-15M | SCG-44 SCW-sa x wase | 3CRe | 198 | 3850 | SCAas |
% FALJ38050-18M S5CG-48 SCW-48 SCw.58 SCR-48 ! SCA-58 ! SCAS
1443 FAL38015-13M | SDG-41 SDOWe41 SDW-51 SOR-41 SDA-51 | SDA-41 |
) 2 FAL38030-15M | 3002 | 7ea. | SOW=2 | 13em. | SOW-52! 147e | SOR-42 | yare | SDA-32 | SDA-2 | asa
200 T¥aet0 FAL38030-16M SDO-43 SOW=43 SDw-53 SDR-43 An83 | SDA43
{ 1525 3 FALIS100.18M SEG-42 | 1008 SEW-42 2120, | SEW-52 2332, | SER42 2438, | SEA-S2 | SEA42 i 1284,
30 4 KALISZ25.29M | SFG-42 | 2988, SEW-42 ITeR. | SFW.82 enpn, | SFR.42 798, SFAS52 | SFA42 ars.
40 KAL38225-26M- | SFGe43 SFW.43 SFw-83 R.43 SFA-42 ,l
50 KAL36225.30M 0 G-42 SOW-42 SAR-42 : SGA-52 | SGA-42
[ 5 LALISA00.32M SGG~44 | SAM, | SCWe44 | a8 | ..... v... | SGR-44 s280. | SGA-54 | SGA4s 1 Sat8.
”n LAL3IS400-3IM 8GQ-48 SQw-s! | ... SGR-48 S5QA-88 | SOA-45
100 [ LAL38400-38M S$HG-43 SHWeas| ] ... SHR.43 SHA-83 | SHA43
128 MAL30800-40M | SHG-ad [ 12000 | SHW.44a i 10028 | .. ... ce.. | SHR-44 | jp124. | SHAS4 | SHA44 | 13108,
180 MAL3S800-42M | SH Q48 SHW.4s AN SHR48 SHA.S3 | SHA4S
thatly FAL3S003.11M | SBG.41 BEW-41 38W.5t SBR-41 SBAST | SBA41
- et 0 FAL3B007-12M | $8G-42 e | 38W-42 82, | SBW.S2 1 4034, | SBR-42 1078, | SBAS2 | SBA42 | 604,
1153 FAL3E015-13M | S8G-43 S8w-3 S8W.83 SBR-43 SBA-S3 | SBA43
Vambla FALIS003-11M | SCGw4t SCW-41 SCW.51 SCR-41 SCAS1 | SCA-41 |
gt 1 FAL38007-12M | SCG-42 $28. | SCW.2 912 | SCW.52 | 1048. | SCR-42 1104 | SCAS2 | SCA-42 QA
1 y,;a FAL36015-13M | SCG43 SCW.43 SCwW.83 SCR.43 SCA.83 | SCA-43
7% FAL38030-15M SCGe44 SCWeas SCW-54 SCR-44 SCAB4 | SCAw44
1y£a FALI36015-13M 30Q-41 SDW~41 S0wW.81 SDR.4t SDA-8t | SOA4t
7% 2 FALI8030-13M 80G-42 T | SOW.42 } 1340, | SDW-52 | 1474 | SDR-42 1474, SOA-52 | SDA42 s
10 FAL35030-16M | SDG-43 SOW-43 SOwW-.353 SDR.43 SOA53 | SDA-43
18 FAL3B100-18M | SDGaas SOW.44 SDW.84 SDR.44 SOAS4 | SDA-44
(m) 1530 3 FAL38100-18M SEQ-42 1008, | SEW.42 | 2120, { SEW-52 |, 2332 | SER42 2436, | SEAS2 | SEA42 1284,
40 L3 KAL3S225-26M | SFG-43 | 2388, | SFW43 | I708 | SFW.53 | 4080, | SFR-43 3796 | SFA-S3 | SFA-43 2874,
50 KAL3S725-23M | SFGQw44 SFW-44 SFW.54 SFR44 SFA54 | SFA44 :
60 5 KALIE22S-31M | SGG43 SGw.43| | .. .. SQR43 30A-53 | SQA-43
758 LAL38400-32M | SGG«s | 3638 | SQW-44 | 0908, | cevr | SOR4 | 9280, | SQGA-34 | SQA-s | S418.
100 LAL30400-35M | SGG48 SGwW.es| | ... [ SQR-48 S0A-38 | SQA-48
125-150 [ MAL3S800-40M | SHQ-44 | 12036 | SHW.44 | 18028 e veee | SHR44 | 18124 | SHA-84 | SHAw4 | 13108
200 MALJS600-44M | SHQ-48 SHW-46 e SHR.48 SHA-56 | SHA-48
230 7 MALISE00-4 3.3-42 SIWA2 | oaga | -ee.- P veon | SdA-82 | L.
300 MACa e oon-amel] Siaas | veaex. | NS | rmea ] e} oo RO - I 17332
;NEMA W.:O.l.z‘ . field modified for
NCIONIDS MBY 0O
Tglan 2 uses Killarx Electne boitea snclasure: not U.L. Listed., +MOTOR CODA LATTER TABLE
A Type xmwmmmmnmmm
gz o
UL LISTED SHORT CINCIIT WITHSTAND RATINGSS Pyt o
- A
Avasiable Amosree AMS ’u _ﬁa »3
NEMA Size Voitage Symmerice 150 or more fasad
041 0-480 22.000 For 0thar motors a soecisl tno crcutt wih magnec o gs for the
041 431-500 10.000 SO0CHIC MOOr 18 reCAArad. When Oroeryg COMDIIATON STAMTErs fof NeLE S0eCIEl APOHCA-
28 800 22.000 son, soecty he motor . vOItAQ y. full 1080 Current 3nd
; “W‘m gggg oode letter (or locked wmwv 10 ASSUrS Droper sewection. This specia) Grout
05'3 wp.m cu“ %00 100,600 Dreaker will be listed as $3-8
o-:'»:ea: .7'& [ 800 5.000 & HAZANRDOUS LOCATIONS
45N
SNEMa7as | 809 19.0%0 NEMA Type 12 nmnen ar- nvulm U.L. Listedt for use i Class it, Division 2

BNEMA Type 4X 13 not UL Listed. Group G ang Class i and 2 Form G241,

MAG-GARD i» a Registarsd Tredemark of Square D Comgp jodiions) charge.
** SPIN TOP is a Registsred Trademark of Square O Comg

3
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AC COMBINATION STARTERS
MAG-GARD?® MOTOR CIRCUIT PROTECTOR TYPE

JANUARY. 19§2

CLASS
85338
UL LISTED.

FOR 22,000A
OR 100,000A

NOTE: The lype numDar SeecCtions are hsted tor MOIOrs with typica! I0CKked roor (rTusn
charactensacs.

LINE VOLTAGE TYPE, NON-REVERSING WITH THREE MELTING ALLOY OVERLOAD RELAYS
POLEK, 600 VOLTS AC MAXIMUM «— 50-60 H

For Mazardous
Locations
SPIN TOP® Oustught and Dncognt
Enclosure Indumu Use
Watertight Watertight, Class I Encio
Ratings General and Dusttight Ousttight Grovos C & O NEMA Type 1:00
Purpose tosure ang Corrasion lass
Catalog Number Enclozure Stainieas Stes! Reaistant Grouns EF4 G With | Without
Motor H.P. (Ses below NEMA {Sizes 0-5) Enclosure NEMA Types | Externai | Externat
Voltage Range | NEMA for Breaker Type 1 MA Type 4 | NEMA Type 4X 4 Reset Reset
{Starter Poly~ Size Adjustmant
Voitage) | phase 1 ange) Type | Pricex Types | Pricex Type Pricom Type Pricex Type i Type | Pricex
Va1 FAL36003-11M | SBG-41 ! SBW.41 ! SBW.S1 SBR-41 SBA.51 | SBA-41 !
1143 [] FAL3I6007-12M | SBG-42 | § 508. | SBW-42 | 5 g92. | SBW-52 | $1024. | SBR-42 | g107s. | SBA-52 ' SBA-42 | s 60a.
L] FAL36015-13M S8G-43 ; SBW.43 SBW-53 SBR-43 SBA-83 | SBA-43 :
[7A8] FAL36003-11M | SCG-41 ’ SCW-41 SCW-S1 SCR-41 SCA-81 | SCA-41
115-3 1 FAL36007-12M SCQ-42 528 Wed2 912, | SCW-52 1048, | SCR-42 1104. | SCA-52 | SCA-42 824.
5-7% FAL36015-13M SCG-43 [ SCW-43 SCw.s3 SCR-43 SCA-53 | SCA-43
10 FAL36030-15M G-44 | SCWesd SCW.54 SCRe44 SCA-54 | SCA-44
3.7% FAL35015-13M SDG-41 SOW-41 SDW.51 SDR-41 SDA-51 ? SDA-41 |
10-18 2 FAL36030-15M SDG-42 748. | SDW.42 1348. | SDW-52 1474. | SDR-42 1474, | SDA-52 ' SDA-4? §84.
20-28 FAL36050-16M SDG-43 SDW.43 SOw-53 SOR« SOA-33 ; SDA-43 !
20-28 3 FAL36050-16M | SEG-41 1088 | SEW-41 | 2120, | SEW-51 | 2332. | SER-41 | 2436, | SEA-S1 ; SEA-41 1264,
wo | 30-50 FAL38100-18M | SEG.42 SEW.42 SEW.52 | SER.42 SEA-52 ' SEA-42
(480) 1' 60-7% L) KAL36225-25M | SFGe42 ' 12388 | SFW.42 3708 | SFW.52 4080. | SFR-42 3796, | SFA-52 ' SFA-42 2878,
100 KAL36225-29M | SFG-4s SFWeds SFW.54 SFR-44 SFA54
125 KAL3E225-31M | SGG-43 SGW-43| | ... SGR-43 SGA-53 | SGA-43 |
180 ] LAL36400-32M SGGQ-44 5338, | SGW-44 | ss0s. | .. ... SGR-44 8230. | SGA-54 | SGA-44 | 8418
200 L36400-35M SAG-46 SGwW-48| | ..... SGR-46 SGA-56 | SGA-46 |
250 LAL38400-36M | SHG-43 SHW-43| | ... SHRA43 SHA.53 | SHA-43 |
00 6 MAL36600-40M | SHG-44 | 12026, | SHW.44 | 14026. | ..... SHR-44 | 19124, | SHA-54 | SHA-44 | 13108.
350 MAL36600-42M | SHG-45 SHw.45) | . SHR-45 | SHA-55 | SHA-45 |
400 MAL36600-44M | SHG-46 SHW-46 SHR-48 | SHA-56 | SHA-46 |
500 MALIBE00-45M SJG-42 SUW-42 | canae | ... : SJAS2 1 ...,
200 7| MAL281000-37M | 3.G-43 18242, | WS i wae2. oo | o | i Suass | 17322,
700900 s PAFN KG-1 24170, | KW-t | 2e370. | ..., KAt ] L. 25290,
Vet ! FAL36003-11M | SBG-41 SBW-41 | SBW.51 SBR-41 SBA-S1 | SBA-41 |
1%4-3 ] FAL36007-12M | SBG-42 | 508, | SBW-42 892. | SBwW.52 1024. | SBR-42 1078, | SBA.52 l SBA-42 | 804,
5 FAL36015-13M SBG-43 | SBW-43 | S8w-53 SBR-43 | SBA-53 | SBA-43
A8 ] FAL36003-11M SCG.41 « SCW-41 SCW/.51 SCR-41 ; SCA-51 | SCA-41 .
114-3 1 | FAL36007-12M | SCG-42 | 528. | SCW.42 912. | SCW-32 | 1048. | SCR-42 ; 1104, | SCA-52 | SCA.42 , 624,
5-10 i FAL36015-13M | SCG-43 | SCW-43 SCW-53 SCR-43 | SCA-33 | SCA-43 :
5-10 FAL36015-13M SDG-41 | SDW-41 SOW-3S1 SOR-41 SDA-51 | SDA-41 |
15-20 2 FAL36030-15M SDG-42 748, | SDW42 1340. | SDW-52 | 1474, | SDR-42 1474. | SDA-52 | SDA-42 | (119
28 FAL38050-16M SDG-43 SDW-43 SOw-53 SDR-43 SDA-53 | SDA-43 |
25.30 l 3 FAL360%0-16M | SEG-41 1088, | SEW.41 2120, | SEW-81 ! 2332 | SER-41 | 2438. | SEA-51 | SEA-41 1264,
s78 40-50 | FAL36100-18M | SEG-42 SEW-42 SEW-52 | SER-~42 | SEA-52 | SEA-42
80!
{800) 60-100 4 KAL3IE225-25M | SFG-42 ' 2388, | SFW-42 | 3708 | SFW.52 | 4080. | SFR-42 | 3796. | SFA-52 | SFA-42 2876.
125 | KAL36225-29M | SGG-41 SGW-41 SGR-41 i SGA-31 | SGA-41
150 5 KAL36225-30M | SGG-42 | $838 | SGW-42 | asos. | . . SGR-42 ! 8280. | SGA.52 | SQA-42 sare.
200 LAL36400-32M | SGG-s SGw-44! | 1. SGR-44 | SGA-54 | SGA-44 I
250 LAL36400-35M SHG-42 SHW.42 SHR-42 | SHA-52 | SHA-42
300 L] LAL38400-36M SHG-43 | 12026, | SHW-43| 1e028. | ... . SHR-43 | 19124, | SHA-S3 | SHA-43 ° 13106,
i 350-400 MAL36600-40M | SHG-44 SHW~4| | ... SHR-44 | SHA-54 | SHA-44 .
500 MALIE800-44M | SJG-41 SUW41 | oeaan | L.l e b ] sdAst :
800 7 | MAL38800-45M | SUG-12 | 19242 | Syw.sp | 183421 oo NOOEE EROEON bl | siasz ! 117322
700-300 9 | PaFm KG-1 24170, | xw-1 |aerze | N : ka1 125250,
* Prices go not inciude thermal units. UL us‘rln SHORT cmcun‘ wn‘nsuuo RATINGS=
ONEMA Type 12 enctosures may te fHield d tor
MCircuit Dreaker ratings for Size 7 anc 8 devices are dependent on H.P. ang valtags | Avaliable Amperes RMS
upplied af ime of order entry. NEMA Size Voitage H Symmetrical
1 Size 8 device uses Killark Electric bolted enciosure: not U.L. Listed.
ANEMA Type 4X hubs are inciuded with asch starter st no saditional cost. 9841 0-480 | 22.000
%% e 22000
MAG-GARD TRIP RANGE 58 0-480 30.000
7 481-600 .000
Suttix Range Suttix Range { Suffix i Range 0-3 With CLM 800 100.000
Nunoder AMDS, Number Amps. | Number Amps. See Pags 14
H 0-3NEMA 74 9 800 5.000
1M 8-28 25M 828-1250 | 33M | 1500-3000 45NEMATA 9 800 i 10.000
12M | 18-70 28M 7501500 |  35M 1750-3500 ENEMA Type 4X is not UL Listed.
1M | 50-180 29M 8751750 | 38M 2000-4000 4 HAZARDOUS LOCATIONS
15M i 100-350 ; I0M t 1000-2000 | $OM ' 25%00-5000 NEMA Type 12 cevices are avaiadbla U.L. Listed for use in Class I. Division 2
- - - - Group G ana Ciass Hl. Divisions 1 and 2 iocations. Request Form G2-1 No
16M ! 150-580 | 31M ¢ 1125-2250 | 42M ! 3000-6000 addiionai charge.
I8M ¢ 300-11001 32M . _1280-2500 - 44M |_3500-7000 SPIN TOP is a Registerad Trademark of Square D Company.

MAG-GARD is a Registerad Trademark ot Square J Company.
DtA DISCOQUNT
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;’-SA;E COMBINATION STARTERS IN OVERSIZED ENCLOSURES vANUARY. 1982

LINE VOLTAGE TYPE, NON-REVERSING
WITH THREE MELTING ALLOY OVERLOAD RELAYS

3 POLE — $00 YOLTS MAX. — $5-90 HERTZ
CLASS 8538 NON-FUSIBLE DISCONNECT SWITCH TYPE

Ousthght and Onptignt
e Industnal #:: E'gﬂ:m
Ratings Dusttight -
Enciosure Staniess Steet Enm External
Motor | Fuse UP TO 190 SQ. IN. PANEL
Yoiage | HP | NEMA " Gip A Trve 1 A Tros 4 Ream Resst SPACE FOR CUSTOMER USE
ms“‘m"", onase Amos Troe Pricam Troe Pricas Tyoe Type Pricese
3 0 | NONE [ S8G-11.58 | 484 | SBW-11-S8| $1048. | SBA-21-58 | SBA-11-58 | SSed
fi,d ™ 1 NONE | SCG-11-58 | 484. | SCW-11-S8| 1088, | SCA-21.58 | SCA-11.58 | 680.
[E ] 10 2 NONE | SDG-11.58 | 788. | SOW-11-S8| 1588 | SDA-21.58 | SOA-11.58 | 924,
3 0 | VONE | $8G-11-58 | 4B4. [SBW-11-58| 1044 | SBA-21.58 | SBA-11-58 | 848,
239 T 1 NONE | SCG-11-58 | asa. |SCw-11.58 1 1088 | 5CA-21.58 | SCA-11.58 | e
{249 15 2 | NONE | 5DG-11-58 | 708, |SOW-11.55| 1308, | SOA-21-58 | SOA-11.58 | %26,
wnars | S 0 | NONE | SBG-11-58 | 484, | 5BW-11.S8| 1048, | SBA-21-58 | SBA-11.58 | 84d.
10 1 NONE | SCG-11.58 | 484. | SCW-11.58 | 1088 | 5CA-21-58 | SCA-11-53 | &8d.
[458-508 | 25 2 | NONE | 50G-11-58 | 788 |SOW-11.58| 1S08. | SDA-21-58 | SDA-11-S8 | 824,
CLASS 8%38 FUSIBLE DISCONNECT SWITCH TYPE
3 0 30 | SBG-12-58 | 3478, | SBW-12-58 | st088. | SBA-22.58 | SBA-12.53 | ses2,
208 5 ] 0 | 5661258 | s | scwe12-sa| 1eee. | sca-z2-58 | SCA-12-58 | w72
(208 ) 1 50 | SCG-13.58 | 3564 | SCW-13-38| tess. | SCA-23-S8 | SCA-13.58 | sem.
10 2 50 | SDG-12-58 | 724. | SOW-12-58| 1S1% | SDA-22-58 | SDA-12.58 | 98,
3 ) 30 | S86-12-58 | 476 | SBW-12-.55| t0em. | 5BA-22.53 | SBA-12.58 | ss2.
28 5 1 30 | 5CG-12-58 | s | SCw-12-58( 1ees. | SCA-22.58 | SCa-12.58 | 672
ft7 ™ } 80 | SCG-13-S8 | see | SCW-13.38| 1tess. | SCA-23-S8 | SCA-13.58 | sad.
15 2 60 | S0G-12-S8 | 724, | SOW-12.58] 1318 | SDA-22.58 | SDA-12.58 | e
5 0 30 | SBG-13-58 | 484 | SBW-13.53| 1088 | SBA-23.S8 | SBA-13.53 | a8
48573 1y, 1 30 | SCG-14-58 | S | SCW-14-53| tess | SCA-24-58 | SCA-14-53 | ae. Fusible Compination Slarter
(408-000 In Oversizea NEMA 12 Enciosure
15 2 30 | S0G-18-S8 | 7L | SDW-16-S85| 1428 | SDA-26-S8 | SOA-18-58 | 84k
25 60 | SDG-14-58 | 738 | SDW-14-S3] 1328, | 50A-24-58 | SDA-14-58 | 82
1200
3 POLE — $00 VOLTS MAX. — 50-80 HERTZ
I.—!‘Ot.')-o-v— 7 00 e
: ] CLASS 8538 FUSIBLE DISCONNECT SWITCH TYPE
1—1—“[———-—-—— WITH CLASS R FUSE CLIPS
: , 'ngmqm J"d Enauqm
1 nausirial Use Enclosure
|| o sw Aanngs it NEMA Type 120+
1 Motor [y Fuse General Puroose Enclosure Hith Without |
ks —T Voltags wp | nema | cip Enctosure Stainiess Stest External External |
| i : (Starter | Pary- | Sas | Size NEMA Type 1 BEMA Type 4 Reset Reset
.rs i ‘ voitage) phase Amps Type i Pncew -Wu Prcew Typ._; T""L i Pricem
) ':’“ 3 [} 30 | 58G-32-58 | SAB2. | SBW-32-58 | S1084. | SBA-42-581 S5BA-32-53 , $654.
. i Pax 900 200 3 1 30 | SCG-32-5B ) SB2. | SCW-12-58 | 1088, | SCA-42-S8] SCA-32.58 ' 678.
: 1 ! e 1 50 | SCG-33-58{ 10, | SCW-33.58 | 1084 | 5CA-43-58| $CA-33-38 | s#s.
! | ! {10 2 §0 | 50G-32-58 | 730, | SOW-32-58 | 1822 | SDA-42-58] SOA-32-58 & 846.
1 R s 3 i 30 | SBG-32-58 | 482 | 5BW-32-58 | 1088, | SBA-42-58] 58A-32-58 & 65K
. wALABLE | | =] 3 1 30 | SC6-32-58 | 362 108, | SCA32-S8] SCA-32-58 | 678
2660 pvrral (208 A 1 80 |5c6-33-58 | ste. 1084, | SCA-43.58! SCA-33-58 | ass.
: fom FELD | 15 ] 50 | SUG-32-54 | 738. | SOW-32-58| 1522 | S0A42-58] G0A-32-58 . 94B.
azoumenenrs] ST 5 0 30 | SBG-33-58 | 494, | SBW-33-58 | 1878, | S8A-43-581 SBA-33-58 , 688,
! j 40857y | 10 1 30| SCG-34+-58 | 918, | SCW-34-58 | 1884, | SCA-44-S8I SCA-34-58 . B8&.
! : Laaae s BT F 30 | SUG-36-58| 734 | SOW-36-38] 1828, "ﬁuus-sa S0A-36-38 | 980.
i ! | | 25 2 60 | SDG-34-S8| 742, | 5DW.34.58 | 1834, | SDA-44.58] 5DA-34-58 | 938
629 —e ® HAZARDOUS LOCATIONS
NEMA gpa 12 devices are avadiadie U.L. Listed for use in Class Il Oivision 2.
Group G and Ciass lil, D tand 2 R Form G2-1. No
additionsé charge.
UL LISTED
SHORY CIRCUIT WITHSTAND RATING
Fuse Cip l A Disconnect switch type combination starters in oversized en-
Tyoe AMS Symmemcal closures are provided with a 60 ampere disconnect switch as
Stancard ] 5.000 standard.
Class A Bl 100,000
Class 8538 Non-Fusibie disconnect switch type UL isted.
Short arcuit raung not

e
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sanuary. 1982 COMBINATION STARTERS IN OVERSIZED ENCLOSURES

LINE VOLTAGE TYPE, NON-REVERSING
WITH THREE MELTING ALLOY QVERLOAD RELAYS

UL LISTED ¢ —

3 POLE — 600 VOLTS MAX. — $0-68 HERTZ
CLASS 8539 MAG-GARD® MOTOR CIRCUIT PROTECTOR TYPE

Qustngnt ang Dnougnt
Wetsrngnt ang ingystrial Use Enclosure
Ratings Qusmigat NEMA Type 1204
Cataog Memoer
1) Genersl Purposa Staniess Staet Yith Without
|T m‘” "'::' NEMA ‘s"w'm” Enciesars |Sizes 0-5) Extony | Extema
i (Starrer Pow- Size 2 NEMA Type 1 NEMA Tyge 4 Reset Reset
. Voitage) | ohase Ranan) | Foe | Prcem Tyos i Prcem | ivos . “voe Prcem
10.00 ey FALI6003-11M ) SBG-41-38 SAW-41-58 58A-31-58| S8A-41-58
' L) 0 [ FALI6007-12M } SBG-42-58 | s8e8, | SBW-42-58 | $1192. | 58A-52-53 SBA-42-58 . § 734
) 1%-3 FALI8015-13M | SBG-43-S§ 5BW-43-58 584-53-S8| 58A-43.88 |
| Ve g FALI6003-11M | SCG-41-58 SCW-41-58 SCA-51-S8] SCA-41-58 -
, ! 200 Wl FAL38007-12M | SCG-42-58 SCW-42-S8 SCA-52-S81 SCA-42-58
e} | am | W3 ! | PALISOYS-13M | SCG-43-S8 | 628 [ SCW-43-SB| 1212 [ SCA-53-58| S5CA-43-S8 ., 884,
v H FALI6030-15M | SCG-44-S8 SCW-44-58 SCA-54-58| SCA-44-58 «
500 | ™ FALI60S0-16M | SCG-45-58 SCW-45-58 §CA-55-58| SCA-45-58
o THed FAL38015-13M | S0G-41-58 SOW-41-58 | SDA-51-S8 SDA-41-58 -
R T H 2 [ FAL3SOC-15M] SOG-42-S8 | 48, | SOW-42.58( 1848. | SOA-52-58( SDA-42.58 , 1084,
; %10 FAL3S050-16M | 50G-43-53 SOW-43-58 SDA-53-58 | SOA-43-38 :
| [ FAusm-nn S8G-41-58 SBW-41-58 SBA-51-58 | SBA41-38 |
Yool [ -12M| 58G-42-S3 | 688, | SOW-42-53 | 1182, | SBA-52-58) 58A-42.58 i 784
24.00 143 mes-uu $8G-43-58 S8W-43-S3 §B8A-$3-58 | SBA-43-58 |
: ey FALIE003-11M ] SCG-41-53 SCW-41-53 SCA-S1-58 | SCA41.58
i 23 Y1 1 | FALIGOOT-12M SCG-42-S8 1 5y |SCWed2.S8| ,0p) |SCA-S2.581 SCA2.SE @ o0
| (268 | 13 FALIB01S-13M | SCG-43-S8 SCW-43-53 $CA-53-58 | SCA-43-58
R 15M{ SCG—44-S8 SCW-44-S8 SCA-54-58 | SCA-44-58
W3 FALI803S-13M | SDG-41-58 SOW-41-58 SOA-51-58] SDA-41-58 .
L3 L 15M] 5064258 | (g |SOWd2SBI o0 |SOA-S2.541 SOAZ-58 o0y
10 FALI6080-16M{ S0G-43-58 SOW-43-58 soA.ss-su SOA-43-58 .
18§ FAL38100-10M{ S0G-44-58 SOW-44-58 50A-54-58 | S0A-44-58
Vel FALI6003-11M sns-u S8 SaW-41.58 SBA~31-38 | SBA-41-58
3 0 [ FALISO07-12M{ SBG-42-S3 | e | SBW-42-58 | 11mL |SBA-52-38|58A-42.58 @ Tea.
s FALIE01S- 13M | S8G-43-58 SBW-43-58 SBA-53-54 | SBA-43-58
w (5] | R L (S e
suL. LISTRO { $7% | ' | A0S 1M | SCE43SH | S {SCwadss | T |SEaSiosi Soaesas | ML
SHORT CIRCUIT WITHSTAND RATINGS el Jheth FAL38030-15M | SCG-44oS8 SCW-4a-53 SCA-54-38 | SCA-44.58 |
Availabie STh FALIB015-13M | SDG-41-58 SOW-41-S8 SOA-51-58| S0A-41-58 '
Ampares AMS 1815 | 2 1 FALIB030-15M | SDG-42-58 | 848, |SOW-42-S81 1848 |SDA-52-58(SDA-42-58 1 1084,
NEMA Size Voitage Symmetneal 20-28 FALI8050-18M | SOG-43-58 SOW-43-58 | SDA-53-54 1 SDA-43-S8 |
V-1 FALI6003-11M | S8G-41-58 SBW-41-58 | SBA-51-8 | SEA-41.58 1
a1 0-480 22,000 T3 | 0 |FALIS007-12M § SBG-42-S8 | 9Ok, |SBW-42-S4 | 1192 |SBA-52-58| SBA-42.58 © 784,
08 «81-800 10.000 H FALI6015-13M | S8G~43-58 SBW-43-S8 | SBA-53.S8 | SBA-43.58 ;
g - s FAL3B003-1 1M | SCG-41-58 SCW-41.58 SCA-51-38 | SCA-41-58 1
2 800 22.000 o | w3 | ! | FALIS007-12M | SCG-42-S8 | €28, |SCW-42.58 | 1212 |SCA-52-58|5CA-42.58 - sed.
$10 FALJ6015-13M | SCG-43-S8 SCW-43-53 | §CA-53-58 | SCA-43.58
g-2 800 100.000 510 | FALIB015-13M | S0G41-58 SOW-41-38 | SOA-51-S81 SOA-41-58 |
With CLM 15-20 | 2 FAL3603C-15M | SDG-42-S8 | @48 |SOW-42-58 1648 [SOA-52-S8{50A-42.58 . 1084
See P 14 25 - | FALI60S0-16M | SDG-43-53 | SOW-43-58 | S0A-53-58 | SOA-43-58
= Pricea de not insiude thermei units.
© NEMA Type 12 snciosures may e fisid moaified for
Combination starters in oversized enclosures provide additional All have three Type K™ holes for installation of pushbutions or
panel space for customer or factory instailation of control trans- pilot lights provided as standard.
formers. fuse blocks. relays. timers and other auxiliary equipment.
4 HAZARDOUS LOCATIONS
NEMAWuI:awmmnmULummmmmmu Obtvision 2,
Group G ans Class Il), 1 and 2 Form Ga-1. No
adgitonal charge.
@ SQURRE [) COMmaNY D1A DISCOUNT
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JANUARY, 1982 AC COMBINATION STARTERS —
THERMAL MAGNETIC 8539
CIRCUIT BREAKER TYPE

LINE VOLTAGE TYPE, NON-REVERSING — WITH THREE MELTING ALLOY OVERLOAD RELAYS
3 POLE, 680 VOLTS AC MAXIMUM — 35-68 HERTZ

For Hazardow ™ ousmont ana omougnt
SPIN TOP® ingustnal Use
Enciosure N
Rati Watert! Watertight Class 1 NEMA Type 12
noe a " and Dult%’;‘ht Dusttight Grouos C & D {Type 3 ana JRYO P
Cireuit Purpose Enclosure and Covromion Class O
Bresken Enciosure Stainiess Stee! Resiatant Groucs E.F 4 G With Without
NEMA (Sizea 0-5) Enciosure NEMA Types External | External
Mator Max. Type 1l NEMA Type 4 | NEMA Type 4X4 Tamd e Resat Reset
Voitage | H.P. | NEMA Ampere -
(Starter | Poly- Size Type | Rating * o, » l » -
Voitage)| phase Type ] Price Type | Price Type Price Tyoe Price Type Type Price
) [ FAL 15 | SBG-2 / $ S08. | SBW-2 |8 582 | SBW.12 | 33824, | SBR.2 : S10T8 | SBA.12 SBA-2 ' 8 604,
% 1 FAL 20 | 8¢Q-3 S28. | SCW3 | #12. | SCW-13 | 1068, | SCA-3 | 1104 | SCA13 SCA-3 | 624
10 23 | 5CQ-7 SCW-7 SCW-17 SCR-7 | SCA-17 SCA-7 |
15 40 [ SOG-3 SDW-3 l SDW-13 SDR.3 SOA-13 | SDA-3
20 2 FAL 60 DG4 748. | SOW-4 | 1340, | SDW-14 | 1474 | SDR-t | 1474. | SDA-14 O [17%
28 70 | soG-s SDW-5 | SDW-18 SOR.S SDA-18 | SDA-s
30 80 | SEG-6 5 | SEW.16 SER-6 ! SEA.18 ' SEA-§
0 3 FAL 90 | SEG-3 | t108s. [SEw-3| 2120. | SEW-13 | 2332 | SER-3 | 2438 | SEA-13 S | 1284
‘:3) %0 100 | SEG-t SEWe! | SEW.11 SER-1 | SEA-11 SEA-T
[ 110 | SFG-5 SFW.5 SFW.15 SFR.S | SFA-15 | SFA.s )
78 4 KAL 128 | 3rG.3 | 2388 | SFPwW-1 | 3708, | SFEW.13 | 40e0. | SFR.3 | I7ea. | SFA-12 SFA-3 2878.
100 1735 SFG.4 SFW-+ SFWai4 SFR-4 ! SFA=14 SFA-4 ‘
125 223 | 30QG-3 saw-3|{ . | ... ... SGR.3 SQA-13 SGA-3 |
150 s LAL 2% |SGG-1| ss38. [SGw-1] sso& | I 0 | ...... GR-1 | 6290. | SQA-11 SQ A1 418,
200 3% | 8GG-2 saw-2|{ | [l $GA-2 5GA-12 | sGa-2 |
250 450 | SHG- SHW | SHA-14 | SHA< |
300 600 SHG-3 SHW.3 . H SHA-13 | SHA3 |
350 [ MAL 700 SHG-S | 1202, | SHWs | teg2e. | ... ... | ... R SHA1S SHA.3 | 13108
400 800 | SHG-7 SHW-7 SHA-17 | SHA.T
$00 « 800 | S4G-2 SIW-2 fogaga | --.- e [ R SUA-12 | ...,
600 7 MAL | 1000 | SUG-3 | Y64 | suw.g 1824 | T 0T b SiAa3 | Ll 17332,
900 PAF A KG-1 |2e170. | KW-1 |2swma [ ...... | -...-- e h e KAt | ... 25250.
[ FAL 15 | 98G-2 | ses. |SBW-2| aer | SBW-12 | 1esa | SBR2 | 1ove. | $BA-12 ; SBA-2 soe.
% 1 FAL 18 328, | SCw-8 912, | SCW-13 1048, | SCR-3 1104, | SCA-18 SCA-3 | 624
10 20 { $CG-3 SCW-3 SCW-13 SCA-13 SCA-3 i
18 335 | spa.s SDW-3 SDOW-18 SOR-8 SDA-18 : SDA-d |
20 2 FAL 5 | SDG-9 | 7am, | SDOW-9 | 1348, | SDW-19 | 1474, | SDR-9 | 1474 | SDA-13 | SDA9 | gea.
28 (] SDG-+ SDW-4 SDW-14 SOR-4 | SDA-t4 | SDA—
30 60 E SEW-4 SEW-14 SER-4 | SEA-14 | SEA- |
40 3 FAL o0 | S€G-6 | 1oss. | SEW-s | 2120. | SEW-18 | 2332 | SER-6 | 2438 | SEA-16 SEA-8 | 1284,
©0 |, 90 | sSEG-3 SEW-3 SEW-13 SER-3 SEA.13 ! SEA-3 |
[ FAL 100 | SFG-s SFW-8 SFW.18 -8 | SFA-18 | SFA6 |
378 75 4 KAL 110 | SFG-5 | 23sa. | SFW-3 | 3708 | SFW-13 | «osc. { SFR-5 | 37ea. | SFA.1S SFA-S 2878,
(s00) 100 KAL 150 SFG.t SFW-1 | SFW-11 R-1 SFA-11 SFA-1
125 KAL | 175 | 8GG.7 8AW-7 | ...... SOR-7 | §0A-17 | SGA-7 |
150 s LAL | 200 Q 538, |SGW-s:! seoa. | .. .00 | SGR-8 , 8280. | SQA-16 | SGA-6 | sats.
200 LAL ; 2% | SGG-t SGW-1 | S@R-1 | SGA«11 | SGA-
i | o | e | gas
-l HW -4 A-14 -t
3% s MAL | 500 | SHG2 |1202& | Shw.z | teeas | Il L. Do SHA12 | SHA2 ’ 13108,
400 | 800 | SHG-3 SHwW-3 : SHA-13 SHA-3
$00 700 | NG~ Wel | qmogp | ceveen | oeian U . veee |
800 7| va g | &S |vesen | SN | veeen | | coopunn 83| o e
900 8 PAF A KQ.! {24970, [ Kw.1 [ ae1r0. { | ..., Ceie b e KAt 1 .. | 28280,
[ ] {netuds theormal unite.
ONEMA Type 12 enciosures may oe fieid modified 10r outdoor apptications.
MA Type 4X huds ane inCluGed with ach Starter at N0 aSGIonal cost.
a rating for Size 8 davice I8 on H.P and voitag at
tune ot oraer entry. MAG-GARD® circust are Thermal Magr
csn be bed UQON
€ HAZARDOUS LOGATIONS
umau:zmmmu.n.uucm n Class il. Division i
Group G and Cless lil, D tand 2 - Fo'.l-moozq, nz.; Circuit-Breaker Type
cherge., Combination Starter in
NEMA 12 Enci
UL LISTED SHORT CIRCUIT WITHSTAND RATINGSS EMA 12 Enclosure
Avlabie Amoeres RMS
NEMA Size Symmetrical
0-3 5.000
1.5 10.000
;s 18,000
Q-480V 30.000
481-500V 22.000 ’
MAG-GUARD is a Aeg d Trad % of S [o X y.
SNEMA Type 4X 0evices ame not UL Lisec. SPIN TOP I3 a R Te of S [ X
@ SO0URNET) COMRANY D1A DISCOUNT
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LAYS AC COMBINATION STARTERS JANUARY, 1982
8518 APPLICATION DATA

8333 With minor exceptions, the National Electrical Code

requires a duconmmg means for every motor.
Combination starters provide the disconnect to meet this require-
nm;xanddmpmsdeaamaslsmmmaumone
enclosure.

A combination starter provides many advantages over a separate
disconnect and starter. The singie device takes up less room. makes
a neater installation, is quicker to install and provides greater satety
for operating personnel. Square D offers both switch and circunt
breaker versioas, either reversing or non-reversing.

Clams 8538 — Disconnect Switch Type, Non-Reversing

Reversing

Reversing

Fusible Combmuion Starter

c:-m’-w Magnetic and MAG-GARD® Moror Circuit Protecter Type, Nen-

Class 8738 — chom Switch Type, Reversing
Class 8739 — Thermal Magnetic and MAG-GARD® Moator Cirnm Protector Type,

RATINGS

Poles ~— Three pole disconnect and starter for polyphase applications. For single
phase applications, use standard three poie combination and reconnect for
singie phase.

Voltage — 600 voits ac maximum.

Frequeney — Coils available for application on 50 or 60 hertz. Contacts can be
applied at any hertz.

Coils — Are designed to operate satisfactorily on line voitages of 35%
to 110% of rated voltage.

— All starters are rated in accordance with NEMA Standards.

Ratings
For compiete data on contact ratings. refer to the Class 8536 application data

with CDn_}rol 2 ansformer £ i
in NEMA Type 12 Encicsure in NEMA Type | section.
TERMINALS
Line Tetminats On Disconnect Power Terminats On Magnetic Starter Cantrot Terminais On Magnetic Starter
NEMA Tyoe i i - Type Wire Size Wires Per Tyoe | Wirs Size iWires Per
Size Type of Lug witch - reult greaxer of lug Min.Max. Terminal | of Lug Min,«Max, 1 Terminay
041 {SBA SC| Box Lug | #1452 Copoer #14=eid Copperd Pressure | $14-—48 Cooper tor2 |Pressurs ¢18-~412 Cooper | 2
$10=-92 Al $12——44 Al Wire Wire
#1431/ Conper l
$12-~41/0 Aluminum i
2 SD 8ox Lug |#14==42 Copper $14=41/0 Conper .| Bex Lug | #14—44 Copper [ Pnuuu 1#16—412 Copoer | 2
#1032 Aluminum | $12—41/0 Aluminum Wire
$14—41/0 Cosper
$12=$1/0 Aluminum
3 SE Bex Lug | #10—#00 Copper {FA Greaksr) Bex Lug #8640 Copper 1 Presaure [418-—$12 Cooper 2
#8=—40 Aluminem {}4==300 MCM Copper . Wire
o Aluminum
(KA Greaker)
$14—$1/0
[ 1/0 Aluminum .
4 SF Box Luo #8-=-300 MCM (FA Breaker) Box Lug #8250 MCM 1 Pressure {#16—412 Cooper 2
Conper or #4308 MCM Copper Wire .
Aluminum oar Aluminum
(KA Breaker)
L] sa Box Lug One $4—300 #4==300 MCM Copper { Box Lug | $4--300 MCM 1 Pressyre (416 —412 Copper | 2
MCM Copper or Aluminusm Copper Wire
(XA Breaker)
(1141800 MCM or
{91—280 MCM
or Aluminum
(LA Braaxer)
(1)41—600 MCM or :
(N$1-=250 MCM I
] SH Box Lug or Aluminum | Parallel 250—-500 MCM 10r2 | Pressure 1416—412 Copoera 2
{LA Brsaker) Groove CopperD Wire | !
(3)43/0--500 MCM |
or Aluminum
(MA Breaker)
7 J Series | Box Lug e (3)$3/0~-500 MCM Clam 350-—-300 MCM fTor2 Pressure |$18—$12 Copper 2
AdSB Copper or Aluminum Sheit Copper Wire
a K Serves | Box Lug N $3/0~~T30 MCM - Glam 350—500 MCM tor2 Pressure |$18—412 Copper 2
A4B Copper or Aluminum Sheli Coooer erz
©Order Class 9999 Type SAL~16 parts kit to convert
pOwer terminais to acneot sites 1/0-300 MCM MAINTENANCE OFf SQUIPMENT
A Torminal blogk limited to $1614. Theapplopnne service bulletins listed below are included with each starter. Additional
OUse on FAL cirouit braskes raisd 25 amps. or copies are available.
eos.
Service Bulletin Number
Size Troe Starter Cisconnect Swiech Clrouit Breeker
MAGNETIC STARTERS A 5 TITAS Z91AS 248
The basic magnetic starters used in combi- 1 SC 278AS Z81AS 28443
nation starters are 3 pole Class 8536 (for 2 =) 27948 484A8 84S
non-reversing) and 3 pole Class 8736 (for 3 S§ 305AS 371AS 313AS
reversing) devices. 4 SF 30848 IS58AS 313AS5
Complete application data is gives in the 3 5Q 338A8 7448 31248
Class 8536 and 8736 sections. $ SH 34245 37348 31748
7 SJ ISTAS —_ -
8 X 85023 -— -
Semes A4 B |
MAGQG-GARD is a T: ® of S D¢

S5UANE [) cousmwy @
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JANUARY, 1982

AC COMBINATION STARTERS
REPLACEMENT PARTS & MODIFICATION KITS

REPLACEMENT PARTS LIST

- Contact Conlg (60 M2}
NEMA p=rid “ Col Sufx
Scre 8536 Class Speciication
9996 Numoer
120v 208 v 40V a0V 800 v
0 SEO-2 Si-2 31041400 rt - 51 & [
; {
1 SCo-3 SL-3 31041-400 «@ @ : §1 I 80 82
; .
2 SDO-1 SL4 31063409 s “ | e s 60
3 SEO-1 -7 31074-400 '] “ a7 57 &
. SEO-1 SL9 21091400 kT . 4 s7 60
s SGO-1 SL-11 31098-400 0% 51 e | 2 29
!
1 SHO-2 SL28 21104-400 50 I 50 50 50 50
4 840-2 © sl 31104400 0 50 50 so 50
8 KO-1 . KA-81 461030-034 01 01 ‘ 01 01 ; 01

%xSize 8§ Senes A & 8 Starters require 2 cots esch.

MODIFICATIONS — COVER MOUNTED CONTROL UNITS

NEMA Type 1 Enclosures — Knockouts are provided in
the cover to accept factory or field installed Class 9999 con-
trol units. The table below lists the kits for field installation.

NEMA Types 4 and 12 Enclosures — Three punched holes
are provided in the cover to accept factory or field installa-
tion of Class 9001 Type K control units. These holes are
covered with Class 9001 closing plates. When instailing
Class 9001 Type K control units in NEMA Type 4 enclo-
sures, Class 9001 Type KU water-tight caps must be used.

=

ector
For further details and pricing of these units, see the Class Switch Kit
9001 Section.
Class
%98 .
~ Type of Control Unit NEMA | Starter MODIFICATIONS — STARTER RESET KITS
For NEMA 1 Enclosures Sas | Type | Type | Price Class 9066 Type RA and RB reset kits make it possible to replace
04 | SB.SF | SA.2 32 or add external reset mechanisms to NEMA (. NEMA 4 and
o4 | 383F|se2, | & NEMA ‘12 enclosed combination starters.
04 8B-8F | 8G-1 4
9,1 $B-3C | SP-12R0 | we. Size 0. 1 Size 2 Sizes 34 4 Size 3 Size 8
2 SO |SP-1aR| ea. Type
3 SE SP-14R | 68 . of Class Class Class Ciass Class
3 SF | SP-1sR| €A En- | 9086 9066 9066 9066 9068
Closing plate for above pilot light. .. ... Ot 88-8F | 9G-2 4 olasure | Type {Price | Type {Price | Type |Price | Type Price | Type (Price
NEMA T I P
Size & and & devices are provided with 1412 | RB-1 | 912, |RB-2 | 312 [RA-1 | 18 |RA-3 | 324, [RA1 | s10.
thres punched holes with ciosing plates -
for use with Class 9001 Type K oil NEMA { Use comect Typs RA or RS kit isted adove ana Class 9068 Type W-1 kit at
tightunits................cc.oienue, 5-8 $G-SH 4 SR, list each.

@ SQUANE T} COMPaNY

D18 DISCOUNT
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CLASS

8318
4331

AC COMBINATION STARTERS

DISCONNECT SWITCH & CIRCUIT BREAKER TYPES
APPLICATION DATA FOR TYPES SB-SH, SJ AND K

JANUARY, 1982

MODIFICATIONS — DISCONNECT swﬁen AND BREAKER INTERLOCKS

A one or two pole electrical interfock can be added to the discon-
nect switch or circuit breakér. Thus if a separate control circuit is
used. the magnetic starier can be de-energized when the disconnect

is thrown to the OFF position. See table below for proper interiock
selection.

interiock Oescription
S—
Singe Pole Two Pol
Siarter Clses Class
Class Size Seres 100 ”wn
Trpe Prce Type Price
0.1 A e $30.| A7 s 58 M-hqﬁu}inmiod:mychol?ohderyin-
o T el 30 Ty Ty stolied in either o disconnect switch or circuit
3 AMaB s 0.1 A7 35, breaker combination starter. Specify Form Y74
3 T ) 0. T Ras rTa for singie pole, or Form Y75 for two pole inter-
as38 3.4 x ) M. | Ae “ focks.
3 e Aedt 3% R-42 Y
4 8 R-39 34. RA-40 [
3 A R3S 108, R-38 138,
[] A R-28 34, R-27 [
8539 0.7 A R-28- 34, R-27 .
e
DISCOMNECT SWITCH AND SREANER INTERLOCK ELECTRICAL RATINGS
Clase 2008 Type R-4. 8. 268.18. 39, 41, 43 4 48 Claas 9908 Type R.7. 9. 27, 18, 40. 42. 44 4 48
AC — %0 ar 60 Hz . AG—300r60 Hz
Maximum Current Maximum Current
Continuous Comtinuous
Make Break Carrying Make Break Carrying
Voits n Current Voits Current
Amps. Amps. Amps. Amops. VA Amos. © VA Amps.
120 bl 18 13 120 30 3480 3 348 10
240 20 .10 15 240 18 80 1.5 348 10
450 10 4 18 480 5 . 3450 78 348 10
600 ] [} 18 600 [ ] 3480 .8 348 10
Internal A Switch—Circuit breakers can be sup- Alarm Switch -—— The alarm switch only operates when the

uxiliary

plied with a factory installed auxiliary switch for remote
indication of an open and/or tripped or a closed breaker.
One (specify Form Y74-1) or two (specify Form Y75-1)
auxiliary switches can be supplied. The switches are sup-
plied with normally open and normaily closed circuits with
a common connectiop. Contacts must be used on the same
polarity and are rated 15 amps, at 240 voits AC, The aux-
iiary switches are located internally and are furnished with
19-20 inch long leads.

breaker is tripped. It is used to actuate bell alarms and
warning lights. The alarm switch is factory installed omly
(specify Form Y74-2) and consists of a single pole singie
throw switch which is normally open except when the
breaker is tripped. The contacts are rated 4 amps at 240
volts AC. This switch is located in the breaker and is
supplied with 19-20 inch long leads.

MODIFICATIONS — CONTROL CIRCUIT TRANSFORMER

Transformer Selection — Space and drilling are provided in all
disconnect switch and circuit breaker combination starters in
NEMA Type 1. 4 and 12 enclosures for the field addition (or factory
installation) of a Class 9070 control circuit ransformer and Class

Transtormer Selecuon
100 VA 200 VA
Sioeey | © G avmcn
{Form {Form FT.11) (Form FT-12)«
NEMA Starter Class 9070 Clasa 9070 Clasa 9070
Size Type Troe Tyoe
041 saasc EO-1 GO-3 GO-40
2 30 Go-2 GO~ GO-4
3 £3 €03 €0 ~ 80-81
4 S __EO4 £0-51 EO-51
s 36 EQ-1 ang £0-3 anxt E£0-¢ ana
4501 Reay 8501 Relay 8501 Retay
P P EQ-3-82'is EQ-3-S2and | EO-3-S2and
| Smnowe | €0-2 £0-4
- : 3y i EQ-19.52is | EO-19.S2and | £Q-19-S2 and
i ' Stanoarg EQ-2 E0-4
a ' 3 i €0-51 E0-81 | £0-6)

*Uses aversizeo enciosure.

D18 DISCOUNT

9080 type PF-1 fuse biock. The ransformers used with the standard
three-pole starters are given in the table below. Consult fieid office
f(;r transformer additions to NEMA 4X and NEMA 7 & 9 en-
closures.

Fuse Block Mounting Brackets — The standard capacity trans-
former. Class 9070 Type EO-1. for the Size 0 and | stanters mounts
directly to the right of the magneric starter. If it is desired to mount
other control components in this space. the standard transformer
can be installed by the factory or in the fieid beneath the main fuse
block. The fuse block is raised off the panel on mounting brackers
to provide space beneath for the Class 9070 Type EO-1 wransformer.

Factory installed, this transformer mounting is identified as Form
FT-9. mounting brackets only, for field installation. are listed
in the following table.

Class 9999
NEMA Size Type | Price
041 SF-11 ! 8.
SQUARS T) COMPANY @
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JANUARY, 1982

USER MODIFICATION KITS
FOR CLASSES 8538 AND 8738 TYPES SB-SF AND B-F

FUSE BLOCK KIT

Class 8538 and ___'[ypeSnon-fus:blecombmauonmmbeeouvenedtomeﬁasxble
typebyﬂnuuulhuonofaClmWTyyeSFfuseblockm.Bodlﬁmbleandnon-fmble
combination starters have the same sizé enciosure in NEMA Types 1, 4 and 12 construction
permitting this conversion. The fuse clips ARE NOT included with the fuse block and

" “should be ordered separately from the table below.

Starter Class
NEMA 9999
. Kit Description Sixe Type Price
Fuse block kit to convert disconnect switeh in Class 8338 and
8718 combination starters from non-lusible to fusible. 9,1 SF-1 14,
Doee not include fuse cliBs..........couvvuiereuiaines 2 882 17.
FUSE CLIP KITS

Disconnect switches for fusible Class 8538 and Class 8738 combination starters with flange
mounted operating mechanisms have interchangeable fuse clips in NEMA 1, 4 and 12
enclosures, Sizes 0-2. The current Series B NEMA Size 3 and 4 combination starters do not
have interchangeable fuse clips; but can be convertad to Class R by use of the 9999 SR4 kit.
Spacing of fuse clips can be changed from 250 to 600V or vice versa on all sizes. Class 9422
Types RC-5, RD-$, also come equipped with interchangeable fuse clips. The spacing of the
fuse clips can be changed from 250 volt fuse spacing to 600 voit fuse spacing or vice versa
and the size of the fuse clips can be changed by the use of a kit. The kit contains six fuse clip
assemblies and necessary hardware required for conversion. the fusibie horsepower rating
can thus be changed easily, affording greater flexibility with minimum stock of parts.

NEMA Class M Fuses NEMA Class R Feses MEMA Class J Feses
| Fuse Clip Fesn Clip Fem Clio
Dis- | Ratingp—Ames. Rstiags—Amps. Rating
NEMA Class Amps. | Class
Starter | Ampera | 250V. | 600Y. | 9999 20v. | 0y, v, | 998 .
Size | Reting | Max. | Max | Type | Price | Max. | Max. | Type | Prioe Ma, Tyve | Price
[ X 3} 0 &0 | ... st 081 030 | .... | SNl
0 » ceee 030 | 82 'n.. Loos 0-30 | SR2 'ﬂ."g -0 | Si2 |[smm
1 0 n-60 [ 2 108 3149 0.30 ' SR-2 X 030 $k2 | 2908
2 |, 60 | 360 | 0| ST | tees| 3140 | 0-30 | SR 1nm 030 | Sk2 | o9
2 & ceee | 1460 | $3 | 408| .... | 3140 | SR-3 7w} 3-8 S)3 | 38.00
3 100 81.100¢ 61-100{ S4® | 4000( &1-100| €1-300( SR-4m | 1200¢ £1-100 | S)4 | 4n08
3 100 |i01.200| .... §%¢ | 73.00}101-200f .... | SR4w | 12.08] 101.200 | S5)-S | TB.e@
) 200 ]101-200( 101200 S$5¢ | 78.88 | 101-200] (01-200| SR-4% | 12.98{ 101-200 | S)-5 | TRE8
s 0 [ e | o | ... | 201400} 201400] S5 | 2m0m| ... | ... ] ....
‘mamnu%'-mammwsmmmsu:.dmm»mcumwsmmmw

be Only it the (atest ProcucCtion devices which have &
hols N the iower fuse clios.
Can not be used in Gurent Senes 8 8538,

FUSE SELECTION

Fuse Selection — Fuse clips furnished in standard Square D com- Interchangeable Fuse Clips

Fuse Block

interchangesbic
Fuse Clips

— On all sizes, the spacing of the

bination controllers are sized to accept Class K.S or RKS time delay
fuses, since they are the most frequently used fuses for motor
circuits. A time delay fuse rating of 125% or 175% of motor fuli-
load current is normally recommended. However, fuse ratings for
motor circuits must not exceed the limitations given in NEC 430-52
and additional restrictions which may be listed in instructions sub-
plied with the controller.
For Size 0 through' 3 controllers. Class H non-time delay fuses
whose rating does not exceed 300% of motor full-load current may
%beusedxfavaﬂabw hmmummfug does not exceed 5,000
symmetrical amperes. ( chps may be required.)
For size 4 through 6 controliers Class KS or RKS fuses are re-
quired. since Class H fuses do not provide adequate short-circuit
protection,
If use of Class J or L fuses is desired. consuit local field office. For
additional information regarding recommended and maximum fuse
ratings see “Overload and Short Circuit Protection Selector.”

@ SQURNE T} COMPRNY

D1B DISCOUNT

ﬁ:sechpscnnbechangedfmmZSOto(SOOvoltsorwce versa. On
%Snw 0-2, the ampere size of the fuse clips can also be
Fuse clips can be changed on NEMA Sizes 0-2 by the use of a
Class Type S or SR fuse clip kit.

Class H Fuse Clips — Supplied as standard in combination
starters and will accepe Class H, K1, KS, RK! and RKS fuses.

Class R Fuse Clips — Class R fuse clips are rejection type clips
and will accept only Class R fuses. Field installation of Class R
muc;&mqummeuseotaClauMTypeSRmsechpku
Class Types SR-1. SR-2 and SR-3 kits include three Class H
clips and three Class R rejection clips. Types SR+ and SR-5 kits
include only the non-removabie pins and are installable only on the
latest production of combination starters which have a hole in the
lower fuse clips. Once Class R clips are installed. the device cannot
be converted back to Class H clips without grear difficuity and
expense.

13



cLass AC COMBINATION STARTERS JANUARY, 1982
8538 MAG-GARD® MOTOR CIRCUIT PROTECTOR TYPE
WITH CURRENT LIMITING MODULE

UL LISTED
FOR 100,000A ¢

Classes 8539 and 8739 combination starters NEMA Sizes 0-3, NEMA Types 1, 4 and 12
with a factory added Current Limiting Module (CLM) are UL Listed for use on systems
having an avaiiable fault current of 100.000 amperes RMS symmetrical.
The CLM is designed for use with FA frame MAG-GARD® circuit breakers. There are three
types of modules:

Class 9999 Type CLM-1 for 3 and 7 amp MAG-GARD® circuit breakers

Class 9999 Type CLM-2 for 15 and 30 amp MAG-GARD® circuit breakers

Class 9999 Type CLM-3 for 50 and 100 amp MAG-GARD® circuit breakers
Each type moduie has a rejection feature. (For exampie: A CLM-3 cannot be installed in
place of a3 CLM-1 or CLM-2.) The CLM instaiiation does not require an oversized or non-
standard enclosure.
The addition of a CLM to an existing non-Form Y |26- | Mag-Gard® combination starter will
increase the controiler’s fault withstandability level. The device will not be UL Listed at the
higher level, however.

‘\‘C:‘.

S

TN
t:‘.“

ORDERING INFORMATION
A combination storter with the CLM is obtained by:
1. Selecting a NEMA Size 0-3, NEMA Type 1, 4, or 12 Mag-Gard® combination starter
based on voitage and motor horsepower from the 8339 or 8739 tables.
2. Requesting Form Y1246-1. Adder is $120. D1A.

Replacement CLM's are available as follows:

Clase and Price ana

Type MAG-GARD® Circuit Sresker Size Discourt

9900 CLM-1 3 or 7 amperes se2 D18

wes CLME 13 or 30 amoeres 192018

9000 CLM-3 30 or 100 amperss sez 018
SOUARE 1) COMBANY @
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JANUARY, 1982

AC COMBINATION STARTERS
DISCONNECT SWITCH & CIRCUIT BREAKER TYPES

A"RO*IMATE DIMENSIONS AND SHIPPING WEIGHTS

NEMA 1 ENCLOSURE — FIGURE 1

DIMENSIONS IN INCHES % T
NEMA ‘ Type 00 & B¢ittom | Sides W
Size Class A B | ¢ Jole| Fla | aj o]l xivim]nio] ¥ Tx ¥ jor
$8G ! -
01 | 8538438839 | SCG | s | une a4 | % # 1484 | 1Ma | 1 3% | e 1% |38 1 2% | I% | % weM L way | K 1
T e | 06 | 10 i B S TR 6 1% 2. 1 ¢ | The | Ths | 30| % | 1% T S .
T | 538 L 6599 | Skee| 150 | Wik | 109 | UKk | 3T | 294 | 1% | % | K| Ui | A | A | WA | e S “Taz |
1] SPS | 16% | % | 10 | 12% | O | T | 0% | S | D% | 1% | 4% | A | Ve | A | (% | A% R | 15
o [TTRE TSR T | O | 10% | TR | 3| e | % | P | % | T | S | T | e ‘W' T TR T T
5 BH |36 | am | & | 8% |18 |6 | P | a3 | | O A TR | R e | e % F 3
3589 | SGC | 2w i 110 | 18 | 84 | 21y | 3% | 3%s I I T L BT T3 HE
(7Y 8538 & 659 SHG | 3§ i 80 i Ul weer ! iien vave e | | veee } ovae } erne | asve ! cese | 4 vees b RPN
T Loit e onwy. :
® 8538 SEG-12. 12 use SPQ enclosure.
NEMA & ENCLOSURE — FIGURK 2 )
DIMENSION © Hoitom
NEMA Tyoe MENSIONS IN INCHES & i Do tom | Top & Bet wt
Size Class A | B [ [ 3 F G | M ) 3 x o X (Les)
SBW ' i i
01 8538 A5 | SCW | 9w | auas | arwee| 3% ) aae | 4w | 2mwe . wsy 4 1% Wie | 1% oMo - Hed | 40
7_ | DA | SOW | 1w | 0% | IR | k| P | % | I W A% i 2 D% . (6% | %eb ' [ Hab | %5 ]
I [T ETa sl | SEwl| 1% | 10%: | e | P T3 i | WAy DRe ) 3e i 204 | A Wit i 3% Weo | Ti0
(2] FW_ | Ttn r | SAs | iR | P 3 W | A | Ay _3s_| 2V | % N vep IT
¢ (£ | SEW 15% . 10%, —ﬁl..l JiAe Ths D %4y s . 2% e | Y Hud | 2w |
— B38| SGW L 0% | 15% 1 &T% T | % | 15 | 6 1 % | &% | 3 M1 28 | 4 Hub | 3¥ "““.'.'.'.“
H 88| SGW. W::l"/a . (L8 13 a7} e+ 6% 3 W | 2)i0Ay ¥ Hed | 3% Hed |, =35
Ta | BSHAEN W R T W | T T T e
& 8538 SEW-12, 32 use SFW enciosure.
NEMA 12 ENCLOSURE — FIGURE 3
; B [ NS IN INCHES %
NEMA Tyoe OIMENSIONS E! wt,
Size Class A 8 c ) € £ | a H 1 4 (Lbs.)
SBA
0.1 8538 & 8839 SCA 9% B | zwe | 3% | n W nwe i % o S L . T ..
2 8538 & 8539 3I0A 0% e 1 3% “3IWe Ve 27 A4y 16%¢ El
3 3338 & 8539 O | 15% 1019, 38 "areay % ] 35 % s W% | 11|
i 2538 “SFA 6% T0V74; 8% 3| % 9 “ z Ve |_20% | _ 158
4 3839 SFA [ TiEig | Tovg 78 oy | e ) 35 S%e 22%; 120
3538 T 5GA { dow 1% |67 & 2% 3 G L L T
s —___ 883y I S0A | 20V | 11 | 3B g | 2% 1| % Z V| 2N% | 440
54 3534 & 8539 SHA | 38 2% .80 ” P -
Asuu m!loor
COMIOl CCUR translonmers.

ABOVe AiMeNsOns INCIUCS 108CH fOr
OISJBSEA-ILZR 32, 42 uss SFA enciosues.
¢ Oimension ussos-nunuwcm For 4838 Seres 8 & C and 8539 Sanes D devices (manufactured only aiter Jan. 1, 1962) add 1° 1o NEMA 1 8

in table tor 8538 Senes A and
and E cumensions ang NEMA 4 and

12Cand G

(=T
Ve
\
] \l
Aman v oz cian 3 g
T4 S 0TR. eLES R MZE 300 [ (00 Kl 2TS, HOLES (PO ST S 8 )
1§ . Te. naLts LasaTes o 4 s v me rvn 22 3007
CXTERRAL, PLANSES (FOR SUE 8 ' ?I o ure noLes (ren m2e 8
'|- ; c30083-7¢
| o
| [FF T
e
it
Mﬂ:'mow- NIM:‘F.. :

Ii

P

bl :
HAMTE NOLES (FOR MIT QIS D)
A GRS LS Fen HIEI et
oI 678 NOLLEWON 2K 1
caoosmimee

et

Nmnl?“ln:hu-

Dl sounms 5 cousamy
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cLass AC COMBINATION STARTERS JANUARY, 1382
4538 DISCONNECT SWITCH & CIRCUIT BREAKER TYPES

NEMA 4X ENCLOSURE — FLGURT 1 —— .t
Dimensiens in inchesse - . T
L] L
NEMA wt, e r—i
Size | Cass | Tyse | A | 8] C D | e[ Ffa fmw] 1 [J jomj = '{_/'
1 %2 H
o-1 | 8538 4 8539 % 11.41[10.60 |26.13 478 | 1.77 | 7.88125.38 |.38 | 2.33(15.62] 45 : E % i )
N . . {
2 4538 SOW | 1841 1160|2000 | 473 | 1.77 | 11.80]27.28 |38 | 233 {20.62] & :[’ i ¢ ' :
. 4539 SOW | 11.41]|10.60[28.33 | 473 [ 1.77 | 7.68{25.38 [.38 | 2.33 [15.62] SO . . : :
3 |ss3asansye| SEW |29.41(11.60)28.00f 473 | 1.83 [21.75}27.25 | .38 | 2.39 [%0.62] %0 “ "‘f
] 833e SFW | 25.41{11.60]28.00] 475 | 1.83 | 21.78{27.25 | .38 | 2.39 [30.62] 98 o2 : .
#Dimensions atso for Form FT (standard control transformer), Form FT11 (100 VA extra capacity) and Sl 1
Form FT12 (200 VA sxtrs capacity). —n
.7: o g v on ents
FHubs are suppied with each NEMA 4X compinasion q:
starer a9 foNows: (Mot instaied) e
PR s e ra—en
NEMA Hub
1 W o '
oat 2 ) ,
! %° -
2 2 e Figure 1
] W
2 W
COMBINATION STARTERS
1% OVERSIZED ENCLOSURES
(e ——r i ——— - {, c— ———
} 1
—0— | oy ;
! G .
*
l — 1
|
' g8
'Sl

Dimennons in incnes
NEMA | Mounnng
NEMA . Wide High Oeep Hancie
Size Encl. A 8 [ L | © E
1 15% Fi) 9% I | 11t | 26%
0-2 . 15% 3 9 n s | 29%
12 1% | dom 11 % w | 29%

CLASE $539 «— NEMA 7 & 9 ENCLOSURE — FIGURE 2

Oimeongions in Inches R

NEMA Wt,

Size Type A | Bx| Bt Ca ot ) Ex | E¥ F Q [Hm| HE] J K [ M N P | R
01 S8R '

SCR | 109 | 26We | 31%s| 38%g | o705 | 10304 | 63 | 1196 | P4 | 119 | 2 ] TH | T | M| Mg || W 70

2 SOR § 12 30We| 355e| AW | PN | 1056 T |12 | I | 189 | 3 ] 1% ] 0| U] 99| 3% [ 1% % 100

34 SER ) 108

SFR | 1636 38%4 41%5] &1 % | 0% el 124 | 8% 200 | 45 & 18 12 % INn S 2Kk K s

L SGR | 20% { 8314 | 6315 | 1048¢ | 1049¢ W | 24% | 2% [13% | 4% |20 20 2% (143§ | 436 {17 8 4 " 178

* Without control transiormer.
TWith control transtormer© (Form 7).

saumns 1 cousmer [

16



Foreword

This Operation and Maintenance Guide contains
operation instructions, and lubrication and maintenance
information.  Application of this information should
maximize performance and life of the engine; and
minimize the costs of engine operation.

Caterpillar Engines are found in many applications.
Therefore, the illustrations in this Guide are typical and
may not be of your specific engine or application.

Familiarize yourself with the components installed on
your engine as described in the instructions. Some
components described in the instructions may not be on
your engine or installation.

Continuing improvement and advancement of your
Caterpillar product design may cause changes to your
engine which may not be included in this publication.

Whenever a question arises regarding your Caterpillar
product, or this publication, please consult your
Caterpillar dealer for the latest available information.

The services of authorized Caterpillar dealers are
recommended. Your dealer is staffed with trained
personnel who are equipped with proper tools, necessary
Caterpillar parts, and are trained in the latest service
procedures.
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Safety '

THIS SYMBOL WARNS OF POSSIBLE
PERSONAL INJURY

To prevent personal injury, install guards over all
exposed rotating parts.

Stop engine before adjusting or repairing engine or
driven equipment.

Do not wear loose clothing when working around engines
or machinery.

To prevent hearing damage, wear ear protective devices
if working inside an enclosed engine room with engine
running.

Wear protective glasses, clothing, hat, respirator or other
protective items when necessary.

When using pressure air, wear protective face shield and
clothing. Use 205 kPa (30 psi) maximum air for cleaning
purposes.

Do not smoke while refueling. Fumes from fuel are
flammable.

Do not smoke when observing battery electrolyte level.
Batteries give off flammable fumes.

Be sure engine room is properly ventilated.

Do not allow electrolyte solution to contact skin or eyes.
Electrolyte solution is an acid.

Do not attempt repairs you do not understand. Follow
instructions.

Replace or repair broken or damaged servicing
equipment. Use proper tools.

Remove all tools, electrical cords and other loose items
from the engine before starting.

Wipe up spilled oil, fuel, coolant or other liquids.

Provide adequate and safe waste oil disposal.

Store oily rags in fireproof containers. DO NOT leave
rags on engine.

Never store flammable liquids near the engine.

To prevent accidental starting, disconnect and tape the
battery ground lead before working on an engine.

Never start an engine with the governor linkage
disconnected.

When starting an engine after repair, make provisions for
shutting off air supply, to stop engine, in case there is an
overspeed on start up.



Before Starting

Perform required periodic maintenance before starting
the engine. Make a "walk-around" inspection of the
installation. It only takes a few minutes to correct minor
problems. This can prevent major repairs at a later date.

2. Inspect the coolant level. The level must be within 1
cm (1/2 inch) of the bottom of the radiator filler neck.

4. Inspect the fuel tank level.

5. Drain water and sediment from the water seperator.

1. Inspect the air cleaner service indicator. If the

red piston is locked in the raised position, service the air
cleaner.

= -"""-_“\1 o=

3. Measure the crankcase oil level.

The oil level must
be between ADD and FULL marks on the dipstick.
6. Disconnect any battery chargers that are not

protected against the starter current drain.

7. All guards must be in place. Repair or replace all
guards that are damaged.



Starting the Engine

Electric Starting

Engines Equipped With Glow Plug Starting Aid

Starting fluid is volatile and must be stored away
from heat and direct sunlight. If an aerosol
container is used, follow the instructions on the
container.

2. Move throttle to half engine speed.
3. Turn the battery disconnect switch to the ON position.

4. Turn the HEAT-START switch to HEAT or START,
as indicated by the chart.

5. After the indicated heat time, turn the switch to the
START position. If starting fluid is neces sary, spray
sparingly into the air cleaner inlet while the engine is
cranking. (If the engine fails to start within 30 seconds,
release the starter switch and wait 2 minutes, to allow
the starter motor to cool, before using it again.)

1. Place the transmission in NEUTRAL, or for generator

sets, open the main electrical circuit breaker.

6. As soon as the engine starts, allow the engine to idle
3 to 5 minutes or until the water tempera ture gauge has
begun to rise. In cold tempera tures, turn the HEAT-
START switch to the HEAT position until the engine
runs smoothly at low idle.

7. Do not apply load to the engine or increase engine
speed until the oil pressure registers on the gauge. (Oil
pressure should raise to normal within 15 seconds after
the engine starts.) If oil pressure does not register within
15 seconds, stop the engine immediately to prevent
damage.

8. Operate the engine at low load until all sys tems reach
operating temperatures. Check all gauges during the
warm-up period.

Starting Aid Chart

Engines Equipped With Glow Plug Starting Aid

Starting Temperature Glow Plug Heating Time
Above 16°C (60°F) As Required
Between 160C and OOC (60°F and 320F) 1 Min.
Between 0°C and --18°C (320F and OOF)' 2 Min.
Below --18°C (O0°F)" 3 Min.

* Use starting fluid sparingly if required.

«« Heating of coolant and crankcase oil, use of starting fluid and/or use of extra battery capacity may be required.




Starting the Engine

Electric Starting

Engines Not Equipped With Glow Plug Starting Aid

If the temperature is below 160C (600F), a start ing aid
may be necessary and/or crankcase oil may need to be
heated. Jacket water heaters are often used to assist
starting in cold temperatures.

2. Move the throttle to half engine speed.

3. Turn the starter switch to START. If starting fluid is
necessary, spray it sparingly into the air cleaner inlet
while the engine is cranking. (If the engine fails to start
within 30 seconds, release the starter switch, and wait 2
minutes to allow the starter motor to cool before using it
again.)

4. As soon as the engine starts, allow the engine to idle
for 3 to 5 minutes, or until the water tem perature gauge
has begun to rise.

1. Open and close the bleed valve on the bottom of the
air tank to drain condensation and oil carryover.

2. Check the air supply pressure. The air starter must
have 7kg/cm2 (100 psi) to operate properly.

3. Check the oil level in the oiler jar. Keep jar at least
half full. Add oil if necessary. See the Refill Capacities
Chart for the proper oil to use.

A aeilnl | | Dlae
1. Place the transmission in NEUTRAL, or for generator
sets open the main electrical circuit breaker.

5. Do not apply load to the engine or increase engine
speed until the oil pressure gauge indi cates normal. (Oil
pressure should raise within 15 seconds after the engine
starts.) If oil pressure does not register within 15
seconds, stop the engine immediately to prevent
damage.

6. Operate the engine at low load until all sys tems reach
operating temperatures. Check all gauges during the
warm-up period.

Air Starting

4. Pull the air valve upward or push the button to crank
the engine. As soon as the engine starts, re lease the
valve, or button.



Operating the Engine

1. Move the governor control to half engine speed. e

) -:..-.{ i iy N‘ :%T .
2. Engage the driven equipme

2

nt.

4. Move the governor control to high idle (full load)
position.

3. Check the engine gauges and equipment. 5. Apply the load to the driven equipment.



Stopping the Engine

CAUTION
Stopping the engine immediately after it has been
5 Minutes under load, can result in overheating and

— accelerated wear of the engine components. Follow

the stopping procedure, outlined below, to allow the
Low Idle engine to cool, and to prevent excessive
temperatures in the turbocharger center housing
that will cause oil coking problems.

1. Operate the engine at low idle, with no load, for five
(5) minutes.

2. Stop the engine.

pl” ARG B
overnor control to the off position.

Mechanical Governor Control

Pull upward on the hand grip, and move the con trol to
the shut off position.




Solenoid Shutoff

If a remote OFF/RESET switch is used, move the switch
to the OFF position.




Gauges

Be sure the gauges are in good working order. readings over a period of time. The cause of any
You can determine what is "normal" operating range by sudden or significant change in the readings should be
observing and recording the gauge determined and corrected.

Fuel Fuel Pressure
Indicates the level of fuel in the tank. Electrically Indicator should register in the NORMAL (green) range.
operated, it registers only when the key switch is ON. When the filter element becomes clogged, the indicator

moves to the OUT (red) position.
Wash the primary fuel filter and replace the secondary
fuel filter element.

AMPERES /

Ammeter Tachometer

Indicates the rate of battery charge or discharge Indicates engine RPM.

10



PRESSURE

Oil Pressure Water Temperature

Oil Pressure will be greatest after starting a cold engine. The temperature of the coolant may vary accord ing to
Oil pressure will decrease as the engine warms while load, but should never exceed the boiling temperature
idling. As the engine speed is in creased to full load for the pressurized system being used.

speed, oil pressure will in crease into the NORMAL
range and stabilize.
11



Storage

If the engine is not started for several weeks, the
lubricating oil drains from the cylinder walls and piston
rings. This lack of oil permits the piston rings to rust;
and causes metal-to-metal contact between the piston
rings, the pistons and the cylinder liners when the engine
is started. This metal-to-metal contact will result in
shorter engine life. To prevent excessive engine weatr:

1. Be sure all lubrication points listed in the "Lubrication
and Maintenance Chart" are serviced.

2. Once a week, start and run the engine until it is
thoroughly warm. For unattended engines with
automatic start-stop systems, an engine exerciser can
be installed for this purpose.

12

3. Stop the engine, perform required servicing.

4. If freezing temperatures can be expected, check the
cooling system for adequate protection against freezing.
A 50-50 solution of permanent type antifreeze and
approved water will give protection below -29°C (-200F).

If it will be impossible to start the engine every week,
see your Caterpillar dealer for instructions to prepare
your engine for extended storage.



Attachments

Emergency Shutoff Devices and Alarms

Emergency shutoff devices are either electrically or
mechanically operated. Familiarize yourself with the
types and locations of the shutoff de vices, the conditions
which cause each control to function, and the resetting
procedure required to start the engine.

CAUTION

Always determine the cause of the shutdown. Have the
necessary repairs made before restarting the engine.

Emergency shutoff controls are for emergency use only.
Do not use an emergency shutoff device for a normal
stopping procedure.

Electric Shutoff Controls

The operation of all electric shutoff controls is similar: A
critical operating condition actuates a switch in the

sensing unit. The switch closes the circuit to the shutoff
which

solenoid moves lin-

kage to stop the fuel to the cylinders; thus stop ping the
engine. The shutoff control may require resetting before
the engine can start.

High Water Temperature Shutoff
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The shutoff switch is located in the water temperature
regulator housing. Excessive water temperature closes
the switch. No resetting procedure is required: As the
coolant cools, the switch opens.

CAUTION

The sensing element must be submerged in the coolant
to operate. A low coolant level cannot actuate the
shutoff.

This switch is usually mounted on the side of the engine
with oil lines connected to the switch. Low engine oil
pressures closes the switch.



Attachments

CAUTION
If the reset button does not move to the extended
position after the engine starts, the engine will not
be protected by this switch.

If the button remains in the reset position, the engine
oil pump is not developing normal oil pres sure and
a check should be made.

Manually operated systems require resetting by pushing
the reset button until it latches. After the engine starts
and develops oil pressure, the oil pressure will push the
reset button to the extended running position.

Automatic start-stop systems use a pressure switch

which resets itself.

Electronic Overspeed Shutoff Switch

14

This switch uses a magnetic pickup mounted in the

flywheel housing to sense engine speed.



Should the engine overspeed, the magnetic pick up will
close the circuit to the fuel shutoff solenoid and stop the

engine.

The shutoff switch can be checked for proper operation

at 75% overspeed condition:

Overspeed Shutoff

1. Determine the full load RPM of the engine from the
serial number plate.

2. Operate the engine at the corresponding speed

shown in the OVERSPEED TEST RPM Column of the
chart below.

FULL LOAD RPM

OVERSPEED TEST RPM

ACTUAL OVERSPEED RPM

1500 1328 1770
1800 1593 2124
2000 1770 2360
2200 1947 2596

The Overspeed Test RPM is slower than the Full Load

RPM:

FULL LOAD RPM x .885 = OVERSPEED TEST RPM

3.  While maintaining test RPM, push and hold the
VERIFY button. The engine should stop.

If the engine does not stop at the specified test RPM,
contact your Caterpillar dealer.

-

If the engine is equipped with a CAT Generator Set

Control Panel, the devices on the panel must be reset:

As the engine stops, the yellow light (2) will go on.
The RESET button (1) must be pushed before starting
the engine.

15




Attachments
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1. Turn the Engine Auto. Control Selector switch to
OFF/ RESET position.

2. Push in on the OVERSPEED indicator to the reset
position.

This switch has a 75% VERIFY button (1), a RESET
button (2) and an indicator light (3) similar to the speed
switch. The operation of this portion of the switch is
identical in all respects to the one just described.



In addition, this switch has a second sensing circuit
which prevents the starter pinion from remaining
engaged in the flywheel at excessive RPM.

After the starting motor has cranked the engine, the
pinion gear can remain engaged with the fly wheel as
engine speed increases. At 600 RPM, the magnetic
pickup opens the circuit to the

starter motor which allows the pinion to disengage. The
circuit remains open until the flywheel stops. This
prevents energizing the starter motor again while the
flywheel is turning.

Overspeed Shutoff Switch (Electro-Mechanical)

\\\\\\\m Il
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This switch is mounted either on the tachometer drive or
on the governor. Excessive engine speed closes the
switch by centrifugal force.

To reset the switch, push the button marked RE SET.
The knob will remain down until the engine overspeeds.



Attachments

Determine Cause of A Shutdown

CAUTION
If the engine has been shut down by a safety
device, do not start the engine without
having the cause of the shutdown corrected.

Woodward Governors

Woodward Governors are usually electrically operated
from a control panel. The load application is usually a
generator set operation. On standby sets the governor
may be set to operate only at full load speed.

The engine may be stopped manually by moving the Hold the lever in the stop position until the engine

hand lever upward or forward, depending upon the stops.
installation.

18



To Change Engine Speed

] .
PR

Move the "Raise-Lower" switch on the control panél to
change engine speed.

To Change Speed Droop
N i

s
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g P e

Manually turn the adjusting knob in or out to change
engine speed.

= . i :h“ g . 2 : i :

Loosen the set screw (1) and move the lever (2) to the
lowest position for the percentage of speed droop
required.

Speed droop stop used to change engine speed droop
setting.



Attachments

Alarm Switches

Alarm switches are set at a less critical tempera ture, When the preset temperature, pressure or fluid level
pressure, or level limit than the comparable shutoff occurs, the alarm switch will either turn on a light or an
control. The alarm switch warns the operator that an audible alarm. The light or alarm will continue to
unsafe operating condition is starting to occur. operate until the condition is correct ed. When the
Corrective measures should be taken to avoid possible condition is corrected the alarm will automatically reset
damage to the engine and/or a possible shutdown of the and the light will turn off.
engine.

CAUTION
It could be hazardous to have the engine stop un CAUTION
expectantly when engine power is needed. How The cause of the shutdown must be investigated
ever, if the engine overspeeds, the engine must be and corrected before starting the engine.

stopped immediately.

Alarm Shutoff Switch

A switch may be installed in the alarm circuit for CAUTION

silencing the alarm while the engine is stopped for If the switch is left in the open (OFF) position when
repairs. Before starting, be sure the switch is moved to the engine is started, the engine will not be
the closed (ON) position, and the warn ing lights are lit. protected.

Testing Indicator Lights
Most control panels are equipped with a test switch. dicator lights periodically. Replace burned out light

Turn the switch ON, to check all of the indicator lights for bulbs immediately.
proper operation. Test the in-

Testing Shutoff Devices and Alarms

Have all shutoff controls and alarms on the engine controlled testing procedures. To avoid damage to the
checked twice a year by your Caterpillar dealer. engine, only authorized personnel should conduct these
checks.

It is important that these controls function properly. Their
operating condition can only be checked by simulating
extreme operating conditions under

20



Maintenance Recommendations

Cooling

CAUTION
Never add coolant to an overheated engine; allow
the engine to cool first. Check specific gravity of
antifreeze solution frequently in cold weather to
assure adequate protection.

Coolant should be drained and replaced "Every
2000 Service Meter Units." With additions of
Caterpillar Cooling System Conditioner or the use of
Caterpillar Coolant Conditioner Elements as
recommended, the drain period can be extended to
"Every 4000 Service Meter Units".

All water is corrosive at engine operating tempera
ture. The cooling system should be protected with
conditioner at all times regardless of concentration
of antifreeze.

When changing coolant or on initial fill, use a 3
percent solution of Caterpillar Cooling System
Conditioner. This can be accomplished with .5 liter
of conditioner for every 15 liters of cooling system
capacity (1 pint for every 4 gallons). This
concentration can be maintained by conditioner
additions "Every 250 Service Meter Units." Add .5
liter of conditioner for every 76 liters of cooling
system capacity (1 pint for every 20 gallons).

Most systems will require 2 liters (2 quarts) of con-
ditioner at initial fill and .50 liters (1 pint) "Every 250
Service Meter Units."

Do not use Caterpillar Cooling System Conditioner
with Dowtherm 209 Full-Fill coolant. Follow the re
commendations provided with the Dowtherm 209
Full-Fill coolant.

Never use both liquid cooling system condition er and
coolant conditioner element at the same time.

When permanent antifreeze and water solutions are
used in the cooling system, the solution should be
drained and replaced "Every 2000 Service Meter Units".

When cooling system conditioner additions are made
"Every 250 Service Meter Units" as recommended, this
change period can be extended to "Every 4000 Service
Meter Units or Two Years."
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If the engine is to be stored or used in an area with
below freezing temperatures, the cooling system must
be protected to the Ilowest expected ambient
temperature.

Operate with a thermostat in the cooling system all year-
round. Problems can arise without a ther mostat in the
cooling system.

Use clean water that is low in scale forming minerals, not
softened water.

Always recheck the coolant level when the engine
reaches normal operating temperature. Add coolant as
necessary to bring up to proper level.

Filling faster than 19 liters (5 U.S. gallons) per minute
can cause air pockets in the cooling system.

Premix the antifreeze solution to provide protection to the
lowest expected ambient temperature.

Electrical System

CAUTION
When using jumper cables to start the engine, be
sure to connect in parallel: POSITIVE (+) to POSI
TIVE (+) and NEGATIVE (-) to NEGATIVE (-).

When using external electrical source to start the
engine, turn the disconnect switch off and remove
the key before attaching jumper cables.

Scheduled Oil Sampling

Use Scheduled Oil Sampling to monitor engine condition
and maintenance requirements. Each oil sample should
be taken when the oil is hot and well mixed to insure a
sample which is representative of the oil in the
compartment. Samples should be taken at each engine
oil change. Consult your authorized Caterpillar engine
dealer for complete information and assistance in
establish ing a scheduled oil sampling program for your
engine.



Maintenance Recommendations

Fuel system

CAUTION
Fill the fuel tank at the end of each day of opera tion
to drive out moisture laden air and to prevent
condensation. Do not completely fill the tank. The
fuel expands when it gets warm and may overflow.

Water and sediment should be drained from the fuel
tank at the start of each shift or after the fuel tank has
been filled and allowed to stand for 5 to 20 minutes.
Drain the fuel tank and water seperator of moisture and
sediment as required by prevailing conditions.
After changing the fuel filters, always prime the fuel
system to remove air bubbles.

General

CAUTION
Accumulated grease and oil on the engine is a fire
hazard. Remove this debris with steam cleaning or
high pressure water, at least every 1000 service
meter units or each time any significant quantity of
oil is spilled on the engine.

Wipe all fittings, caps and plugs before servicing.

GENERAL TIGHTENING TORQUE FOR
BOLTS AND NUTS
The following charts give the standard torque values
for bolts and nuts of SAE Grade 5 or better quality.
Standard thread Use these torques for bolts and nuts
with standard threads (conversions
-f«m«((. are approximate).
THREAD DIAMETER STANDARD TORQUE
inches millimeters ib. ft. N-m
1/4 6.35 9+3 12+ 4
5/16 7.94 18+ 5 25 = 7
3/8 9.53 32=+5 45 =7
7/16 11.11 50 = 10 70 = 15
1/2 12.70 75 = 10 100 = 15
9/16 14.29 110 £ 15 150 = 20
5/8 15.88 150 + 20 200 = 25
3/4 19.05 265 + 35 360 = 50
7/8 22.23 420 + 60 570 = 80
1 25.40 640 + 80 875+ 100
1-1/8 28.58 800 = 100 1000 = 150
1-1/4 31.75 1000 = 120 1350+ 175
1-3/8 34.93 1200 = 150 1600 = 200
1-1/2 38.10 1500 + 200 2000 = 275
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Lubricants - Fuels - Coolants

Lubricant Specifications

The abbreviations listed below follow S.A.E. J754 nomenclature. The classifications follow S.A.E. J300 classifications.
The MIL specifications are U.S.A. Military Specifications. These definitions are for purchasing assistance.

Engine Oils (CD)

Use oils that meet Engine Service Classification CD (MIL-L-2 104D), or CD /TO-2. See Caterpillar Form SEBU5939,
"EMA Lubricating Oils Data Book," for a listing of CD oil brands.

The percentage of sulfur in the fuel will affect the engine oil recommendations. if the fuel has over 0.5% sulfur content,
the engine oil must have a TBN of 20 times the percentage of fuel sulfur (TBN as measured by the ASTM D-2896
method). If the sulfur content is greater than 1.5%, consult your Caterpillar dealer for correct engine oil recommenda-
tions.

For Use At Qutside Temperatures From —30°C (—22°F) to +50°C (+122°F)*
Outside °Cc —30 -20 -10 0 +10 +20 +30 + 40 + 80
Tempaerature °F —22 — 4 +14 +32 +50 +68 +86 +104 + 122
ne —
TS
Tee oL o
Engine g’;""“” B RO N L R R |, T
e g B e T
Outside °c’ -30 —20 ~-10 i) +10 +20 +30 + 40 + 50
Temperature °F —22 -~ 4 +14 +32 +50 +88 +86 + 104 + 122

*When operating below —30°C (—22°F) refer to the Cold Weather Recommendation Operation and Maintenance Guide,
Form SEBUS898, available from your Caterpillar dealer.

Lubricating Grease (MPG)

Use Multipurpose-type Grease (MPG). NLGI No. 2 Grade is suitable for most temperatures. Use NLGI No. 1 or No. O

Grade for extremely low temperatures.
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Lubricants - Fuels - Coolants
Fuel Specifications
Types of Fuel

Caterpillar Engines have the ability to burn a wide variety of fuels. These fuels are divided into two general groups,
Preferred and Permissible.

The Preferred Fuels provide maximum engine service life and performance. These are distillate fuels.
They are commonly called fuel oil, furnace oil, diesel fuel, or kerosene.

The Permissible Fuels are crude oils or blended fuels. Use of these fuels can result in higher maintenance costs and
reduced engine service life.

See Caterpillar Form Number SEHS7067 Preferred and Permissible Fuels and their specifications.

Cetane Requirement

The minimum cetane number recommended for this engine is 35 for PC engines.

The minimum cetane number recommended for this engine is 40 for DI engines.

Fuel Cloud Point

In cold weather, the cloud point of the fuel must be below the temperature of the surrounding air. If the cloud point is too
high, wax will form in the fuel, which will cause clogging of the fuel filters and loss of power. Fuel heaters are avail able
which will permit the use of a fuel with a high cloud point or a fuel with a lower cloud point should be used.

Fuel Sulfur Content

The percentage of sulfur in the fuel will affect the engine oil recommendations. If the fuel has over 0.5% sulfur content,

the engine oil must have a TBN of 20 times the percentage of fuel sulfur (TBN as measured by the ASTM D-2896
method). If the sulfur content is greater than 1.5%, consult your Caterpillar dealer for correct engine oil recommenda tions.
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Coolant Specifications

Engine Coolant

Use a mixture of fill water, antifreeze and Cooling System Conditioner.
Caterpillar Form Number SEBD0518 entitled, "Know Your Cooling System" can provide more detailed specifications.

Fill Water

Always add conditioner to water. Never use plain water.

Acceptable water for use in the ethylene glycol-type antifreeze and water mixture is shown on the chart below:

Antifreeze

Use ethylene glycol-type antifreeze.

temperature.

Acceptable Water

50% Antifreeze Without
Water Content 50% Water Antifreeze
Chlorides 100 ppm 50 ppm
orless arless
Sulfates 100 ppm 50 ppm
or less or less
Hardness as 200 ppm 100 ppm
CaCo3 or less or less
Dissolved Solids 500 ppm 250 ppm
or less or less
pH 6.5 or higher 6.5 or higher

ppm = parts per million
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Use the correct amount to provide freeze protection to the

lowest expected



Lubrication and Maintenance Chart

Item Procedure Lube. Page
When Required
Cooling System Drain and clean when solution is dirty 29
Air induction system"”’ Install clean Tilter elements when air
cleaner indicator piston locks in the
"UP" position Clean precleaner 30
Fuel System Change filters every 500 service hours or
Sleeve Metering System when fuel gauge registers "OUT" with en-
New Scroll Fuel System gine running Prime the fuel system when
required.
35
Air Starter Fill motor oiler jar-Empty collector CD
jar-Adjust oiler feed 37
Batteries Clean batteries and electrical connec-
tions 38
Glow Plugs Inspect if a detective glow plug is su-
spected 39
Clutch Inspect-Adjust If necessary 39
Every 10 Service Meter Units
(1) Engine Crankcase Check the oil level-add oil as re- CD 40
quired
(2) Air Cleaner Indicator If the red piston locks in the "UP" posi-
tion, service the element 40
(3) Fuel Tank Drain water and sediment 40
(4) Water Seperafor Drain water and sediment Install new
element when glass becomes clouded 41
(5) Cooling System Inspect coolant level 41
(6) Clutch Shift Collar Lubricate 1 fitting MPG 42
Every 50 Service Meter Units
(7) Dust Collector Empty dust cap and clean tubes, May
be required more often in dusty condi-
tions 43
(8) Batteries Observe electrolyte level 43
Every 125 Service Meter Units
(9) Clutch Control Lever Lubricate 2 fittings MPG 45
(10) Clutch Pilot Bearing Lubricate 1 fitting MPG 45
(11) Clutch Main Shaft Bearing Lubricate 1 fitting MPG 45
Every 250 Service Meter Units
(12) Alternator Belts Inspect and adjust if necessary 46
{13) Engine Crankcase Turbocharged engines-Change oil CD 47
and filter Clean the engine breather.
(14) Cooling System Add cooling system conditioner 49
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Item Procedure Lube Page
Every 500 Service Meter Units
(15) Engine Crankcase(2) Naturally Aspirated engines-Change CD 50
oil and filter Clean the engine
breather
(16) Fan Bearing Lubricate 1 fitting MPG 50
(16A) Fuel System Clean primary fuel filter and change final 50
Sleeve Metering System fuel filter.
New Scroll Fuel System
Every 1000 Service Meter Units
(17) Woodward PSG Governor Lubricate 2 fittings MPG 51
Synchronizing Motor 0]] CD 51
(18)_Shutoff Controls Have operation checked by Caterpillar
dealer 51
(19) Tachometer Drive Lubricate 1 fitting MPG 52
Every 2000 Service Meter Units
(20) Engine Valve Lash Measure-Adjust if necessary Ob- 53
serve rotation of valves with engine
idling.
(21) Cooling System Change antifreeze solution 57

(1) Service intervals may be shortened in dusty

)

operating condi tions. | the exhaust smoke
and/or loss of power continues after servicing
the air cleaner, discard that element and in stall
a new element. Install a new element at least
once a year.

The percentage of sulfur in the fuel will affect the
engine oil recommendations. If the fuel has over
0.5% sulfur content, the CD engine oil must have
a TBN of 20 times the percent age of fuel sulfur
(TBN as measured by the ASTM D-2896
method). If the sulfur content is greater than
1.5%, consult your Caterpillar dealer for correct
engine oil recommendations.
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Refill Capacities

Refill Capacities (Approximate) Liters Gals Imp Gals.
3304 ENGINE LUBRICATION SYSTEM: 19 5 4
Cooling System (Engine Only): 17 4.5 3.75
3306 ENGINE LUBRICATION SYSTEM: 275 7.25 6
Cooling System (Engine Only): 20 5.25 4.5
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When Required

Cooling System-Cleaning

At Operating Temperature, engine coolant is hot and
under pressure.

Steam can cause personal injury.

Check coolant level ONLY when engine is stopped and
radiator cap is cool enough to touch with your hand.

Remove filler cap slowly to relieve pressure.

Cooling System Conditioner contains alkali. Avoid
contact with skin and eyes to prevent personal injury.

Sl

«
i

1. Loosen radiator cap slowly to release pres sure and
remove filler cap.

29

3. Remove the engine block drain plug.

CAUTION

If the engine is to be stored in, or shipped to, an
area with below freezing temperatures, the cooling
system must either be protected to the lowest
expected ambient temperature, or drained
completely.

Never add coolant to an overheated engine, allow
engine to cool first.

Do not use Caterpillar Cooling System Conditioner
or Coolant Conditioner Elements with Dowtherm
209 Full-Fill coolant.

Use all cleaning solutions with care.



When Required

4. Install drain plugs. Fill system with a commercially
available cleaning solution or 1 kilogram (2 Ib.) Sodium
Bisulfate (NaHSO4) per 40 liters (10 U.S. gallons)
water.

5. Start and run for 1/2 hour.
cleaning solution.

Stop engine and drain
6. Flush system with clean water until draining water is
clean. Do not run engine while flushing.

7. Install all drain plugs. Fill system with neutralizing
solution or 250 grams (1/2 Ib.) Sodium Carbonate
Crystals (Na2CO-H20) per 40 liters (10 U.S. gallons)

water.

8. Start and run engine for 10 minutes. Stop en gine
and drain neutralizing solution.

Air Induction System-Changing Elements

Single Stage Air Cleaner

CAUTION

Service the air cleaner with the engine stopped.

Service the air cleaner when the red plunger in the
indicator locks in the visible position.

_‘_j 7l r
otk
- ey N

1. Remove the air cleaner cover and element.
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9. Flush system with clean water, until draining water is
clean. Do not run engine while flushing.

10. Install all drain plugs.

11. Fill engine with clean water. Run the engine for 10
minutes and drain.
Repeat until drained water is clean.

12. Add 1 liter (1 quart) of Caterpillar Cooling System
Conditioner, or equivalent, for each 30 liters (8 gallons)
of cooling system capacity so cooling system will have a
3% to 6% concentration of conditioner.

Most systems will require 2 liters (2 quarts) of condi
tioner at initial fill and .50 liters (1 pint) "Every 250
Service Hours."

13. Mix antifreeze and water to provide protection to the
lowest expected ambient temperature.

14. To help avoid air locks, add coolant slowly, at 19
liters (5 U.S. gallons) per minute or less.

~SERVICE LEVE

23 LLANER INDICATGR

tEViCE AIR FILTER EiE
N1 WHEN RED TARGE
4YS LOCKED UuP wits
WGINE SHUT OFF RESEH
Y PUSHING PLUNGER v

1. Cover the turbocharger inlet opening.



4. Inspect the replacement element for damage and
dirt.

5. Remove the covering from the turbocharger in let
opening.

6. Install a clean undamaged element.

7. Install the air cleaner cover.

8. Reset the service indicator.
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When Required

Two Stage Air Cleaner

1. Loosen the clamping bolt on the lower body. .

3. Loosen the clamping bolt on the upper body.
2. Remove and empty the dust collector cup.

5. Inspect the seals between the lower body and the
dust collector cup, and between the lower body and
upper body. Install new seals if necessary.

b

4. Remove the lower body and clean the tubes from
both ends.

L ﬁ l E& : 7. Install the dust cup and tighten the retaining clamp.

6. Install the lower body to the upper body and tighten
the retaining clamp.
32



Installing Replacement Filter Elements For Two Stage Air Cl

- ~ o

1. Remove the cover.

Cleaning Air Cleaner Elements

4\ WARNING

When using pressure air, wear face shield and protective
clothing. Maximum air pressure for cleaning purposes
must be 205 kPa (30 psi).

CAUTION
When cleaning with pressure water, use 280 kPa (40
psi) maximum pressure to prevent element damage.

Pressure Air - 205 kPa (30 psi) Maximum

1. Direct air inside along length of pleats.

eaner
2. Remove the inner cover and filter element. In cold
weather, a stuck inner cover may be removed by
warming the air cleaner cover to 21-24°C (70-75°F).

3. Clean all parts of the air cleaner.

4. Inspect the replacement element for damage and
cleanliness.

5. Install a clean undamaged element, inner cover, and
wing nut. Tighten the wing nut.

6. Install the cover.
CAUTION
Do not clean elements by bumping or tapping them

on hard objects.

Inspect an element after cleaning. Do not use an
element with damaged pleats, gaskets or seals.

Have spare elements on hand to use when cleaning
used ones.

Dry type air cleaner elements can be cleaned with either
pressure air, water or detergent.

2. Direct air outside along length of pleats. Direct
air inside along length of pleats. Inspect.



When Required

Water - 280 kPa (40 psi) Maximum

2. Direct water outside along length of pleats. Air dry
and inspect the element.

1. Direct water inside along length of pleats.

Detergent

2. Rinse with clean water.

3. Airdry and inspect.

1. Wash in warm water and nonsudsing household
detergent.

Inspecting Elements

2. Wrap and store good elements in a clean dry place.
1. |Insert alight inside a clean and dry element. Discard
element if rips or tears are found.
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Fuel System - Sleeve Metering
System

1. Stop the engine.

2. Shut off the fuel tank supply valve.

3. Loosen the nut (1) on the filter cover and lower the
filter case (3).

4. Remove the element (2). Wash the cover and
element in clean nonflammable solvent.

5. Reinstall the element.

Final Fuel Filters

2. Clean the gasket sealing surface of the filter base.

CAUTION
Be sure all of old gasket is removed.

4. Install the filter and tighten it by hand until gasket
3. Lubricate the gasket of the new filter with clean fuel. contacts base, then tighten 1/2 to 3/4 turn more.

CAUTION 5. Prime the fuel system.
Do not pour fuel into the new filter element before
installing. Prime the system as instructed in the
topic, "To Prime the Fuel System."
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When Required

To Prime the Fuel System:

1. Move the governor control to the OFF position.

2. Open the vent valve on the fuel injection pump
housing.

3. Operate the priming pump until the flow of fuel from
the vent. valve is continuous, and free of air bubbles.

5. Start the engine. If the engine continues to misfire or
smoke, further bleeding is necessary.

6. Loosen the fuel lines at the cylinder head. Crank the
engine until fuel flows free of air bubbles.

7. Tighten the fuel line nuts to 30 + 5 Ib ft (40 + 7 N.m).
36



Fuel System - New Scroll Fuel
System

1. Stop the engine.

e ":T'E“p.m 2. Shut off the fuel tank supply valve.
| E _

PJ:‘I’ II."?’ * 3. Loosen the nut (1) on the filter cover and lower the
:l‘— filter case (3).

4. Remove the element (2). Wash the cover and
element in clean nonflammable solvent.

5. Reinstall the element.

2. Clean the gasket sealing surface of the filter base.

CAUTION
Be sure all of old gasket is removed.

= ‘g.:

] ] ) 4. Install the filter and tighten it by hand until gasket

5. Prime the fuel system.
CAUTION

Do not pour fuel into the new filter element before
installing. Prime the system as instructed in the
topic, "To Prime the Fuel System."
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When Required

To Prime the Fuel System:

1. Move the governor control to the OFF position.

3. Operate the priming pump until the flow of fuel from
the vent valve is continuous, and free of air bubbles.

CAUTION
The fuel injection nozzles can be permanently
damaged by twisting If only one wrench is used to
loosen or tighten the fuel line nuts. Use one wrench
to hold the nozzle and another to loosen the nut.

5. Start the engine. If the engine continues to misfire or
smoke, further bleeding is necessary.
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2. Open the vent valve on the fuel injection pump
housing.

6. Loosen the fuel lines at the cylinder head. Crank the
engine until fuel flows free of air bubbles.

7. Tighten the fuel line nuts to 30 + 5 Ib ft (40 + 7 N.m).



Air Starter
Filling Motor Oiler

The vanes of the starting motor are lubricated with a fine
oil mist from the motor oiler while the motor is operating.

When the oiler jar becomes half empty, remove the oil

filler plug and fill the jar with clean oil. Refer to the
Lubrication and Maintenance Chart for proper oil.

Emptying Oil Collector Jar

Adjusting Oiler Feed

If necessary, adjust the oiler to release approximately
four drops of oil per minute into the starting motor air
stream.

1. Be sure the fuel supply to the engine is turned OFF.

2. Pull up on the air start control lever and crank the
engine.

3. Count the drops of oil released per minute into the
air stream.

a. Turn the valve needle (the uppermost knob is the
oiler) counterclockwise to increase the number of drops
per minute.

b. Turn the valve needle clockwise to decrease the
number of drops per minute.
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CAUTION
Never allow the jar to become empty. The starting
motor will be damaged by lack of proper lubrication.

The collector jar collects both the oil after it has
lubricated the starting motor vanes, and the moisture
condensation from the compressed air.

Empty the collector jar whenever the jar becomes half
full.




When Required

Batteries - Cleaning

Glow Plugs - Testing

1. Disconnect the wire lead from the glow plug terminal
on the HEAT-START switch.

2. Install an ammeter with a capacity of over 75 amps,
in a series, between the disconnected lead and the
terminal on the HEAT-START switch.

3. Turn HEAT-START switch to HEAT.

4. Observe the ammeter. Each 12 volt glow plug draws
approximately 12.5 amperes and each 24 volt glow plug
draws approximately 6.5 amperes. The ampere draw of
one glow plug multiplied by the number of engine
cylinders will be the total

Installing Glow Plugs

1. Disconnect the lead wire at the defective glow plug.

2. Remove the defective glow plug.

3. Apply anti-seize compound to the threads of the new
glow plug.

4. Install the new glow plug and tighten to a torque of
45 to 53 N (10 to 12 pounds feet).

5. Turn the HEAT-START switch to the HEAT position
and observe the ammeter reading.
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1. Loosen and remove cable clamps from all battery
terminals.

2. Clean all battery terminals.
3. Clean all cable clamps.
4. Install and tighten cable clamps to battery terminals.

5. Coat cable clamps and terminals with grease.

ampere draw of the glow plugs in the engine. A low
reading indicates one or more defective glow plugs.

5. If a defective glow plug is indicated, disconnect one
glow plug lead at a time.

6. Turn switch to the HEAT position. Observe the
ammeter. Reconnect the lead.

7. The glow plug that does not change the reading on

the ammeter, when the switch is turned on, is the
defective glow plug.

6. Release the switch.

7. Install the lead wire.

8. Turn the HEAT-START switch to the HEAT position.
The reading should be increased. If the reading is the
same, check the glow plug wiring.

9. Disconnect the test ammeter.



Clutch - Adjustment

The clutch should engage with a hard push and a distinct
snap. If the engagement is "soft", adjust he clutch.

u-
-

1. Stop the engine and remove the clutch inspection
cover.

3. Pull the lock pin out and rotate the locking ring
clockwise until the lockpin pops into the next notch.

4. Test the clutch adjustment. If still too "soft", rotate
the ring to the next notch. If the adjustment is too tight -

turn the ring back one notch.

5. Install the cover.

2. Turn the clutch until the lock pin, engaged in the
locking ring, is visible.
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Every 10 Service Hours

@ Engine Crankcase

2. Add oil if necessary.

1. Measure oil level. Oil should be between the FULL
and ADD marks on the "Running"” side of the dipstick.

@Air Cleaner Indicator

Inspect the air cleaner indicator. If the red piston is
locked in the raised position, service the air cleaner.

(SEQVICE LEvt
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@Water Separator-Drain CAUTION
The engine should never be allowed to run with the

water level in the element more than 1/2 full or
engine damage may result.

1. Close the fuel supply valve, if equipped.
2. Open the separator drain valve @
3. Open the separator vent valve@

4. After water is drained, close the vent valve and drain
valve, and then open the fuel supply line valve.

Replace Element

Change element anytime water separator becomes
contaminated enough that water level cannot be seen
through the transparent cover.

1. Shut off the engine and close the fuel supply valve, if
equipped.

2. Clean all dirt from the separator and surrounding
area.

3. Toremove the element, depress the extended tab

with the heel of the hand. Then lift the slotted tab from

the locking slot, at the top of the base, with the fingers.

4. Pull the old element from the base and discard it.
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Every 10 Service Hours

5. Clean the three sealing surfaces @n the base ZO
with a clean cloth.

@Cooling System-Check Coolant Level

At Operating Temperature, engine coolant is hot and
under pressure.

Steam can cause personal injury.

Check coolant level ONLY when engine is stopped
and filler cap is cool enough to touch with your
hand.

Remove filler cap slowly to relieve pressure.
Cooling System Conditioner contains alkali. Avoid

contact with skin and eyes to prevent personal
injury.

If it is necessary to add coolant daily, inspect the cooling
system for leaks.

@ Clutch Shift Collar

6. Install the new element () to the base by first
inserting the roll pin i) into the outlet passage at the
bottom of the base. Align the filter holes with the base
holes, and push the element into place.

7. Place the lower tab of the clamp in the bottom
locking slot of the base. Push the upper tab into the
locking slot at the top of the base. Make sure clamp is
securely engaged in the top and bottom locking slots.

8. Open the fuel valve and start the engine. It may be
necessary to prime the fuel system if the engine does not
start. Inspect for fuel leaks.

1. Inspect coolant level with the engine stopped and
cold. Remove the radiator cap slowly to relieve
pressure. Observe the coolant level.

2. Maintain coolant level within 1 cm (1/2 inch) below
the top of the fill pipe. Inspect cap gasket and replace if
necessary.

Lubricate 1 fitting.
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Every 50 Service Hours

© Dust Collector Cup-Clean

1. Remove the retaining wing nut from the top of the 2. Remove and clean the dust collector cup.

dust collector cup.

3. Install the dust collector cup.

Batteries-Check Electrolyte Level

4\ WARNING

Do not smoke when observing battery electrolyte
level. Batteries give off fumes that can explode.

Electrolyte is an acid and can cause personal injury
If it contacts skin or eyes.

1. Clean the tops of the batteries. Keep the terminals
clean and covered with a light coat of grease.
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Every 50 Service Hours

3. Maintain the electrolyte level to the bottom of the
filler openings.

If water is necessary, use distilled water if it is available.
Otherwise, use clean water that is low in minerals. Do
not use artificially softened water.

4. Install the fill caps.
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Every 125 Service Hours

Lubricate 2 fittings; 1 fitting on each side of the clutch
housing.

Lubricate 1 fitting at the end of shaft.

Lubricate 1 fitting on top-rear of housing.

@ Clutch Main Shaft Bearing
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Every 250 Service Hours

@ Alternator Belts

1. Check the belts for excessive wear, fraying and
cracking.

When belt replacement is necessary, belts must be
replaced in complete matched sets. Never replace only
one belt. The new belt will carry all the load and falil
rapidly.

To Adjust:

2. Apply a110 N (25 pound) force perpendicular to the
belt, midway between the driving and driven pulley.
Measure the belt deflection.

Proper belt deflection is 14 to 20 mm (9/16 to 13/16").
Adjust the belt tension as required.

2. Move the alternator in or out to obtain proper
adjustment.

3. Tighten the anchor bolt after the belt is properly
adjusted.



(13) Engine Crankcase-Change Oil and Filter (Turbocharged)

Use caution when draining oil or changing filters.
Hot oil or components can cause burns if they con-
tact skin.

Engine stopped and the oil warm.

2. Wipe the dirt from the oil filter housing.

1. Remove the crankcase oil drain plug, and al-
low the oil to drain.

3. Remove and discard the filter.

4. Clean the filter base. Make sure all of old gas-

ket is removed. 5. Install the new filter. Hand tighten the filter an
additional 3/4 turn after the gasket contacts the
base.

The filter may have index marks spaced **

apart. These marks should be used when tighten-
ing the new filter an additional 3/4 turn.
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Every 250 Service Hours

et

6. Clean the drain plug in clean nonflammable solvent
and install it.

7. Fill the crankcase. See "Refill Capacities."

8. Crank the engine with the throttle in the FUEL OFF
position until oil pressure is indicated on the pressure

gauge. Then move the throttle to the FUEL ON position
and start the engine.

9. Stop the Engine. Maintain level to FULL mark.

Crankcase Breather

1. Release the fumes disposal hose clamps at
the breather and disconnect the hose.

2. Loosen the breather retaining bolt and remove
the breather.
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(14)Cooling System - Add Cooling

At Operating Temperature, engine coolant is hot and
under pressure.

Steam can cause personal injury.

Check coolant level ONLY when engine is stopped and
radiator cap is cool enough to touch with your hand.

Remove filler cap slowly to relieve pressure.

Cooling System Conditioner contains alkali.  Avoid
contact with skin and eyes to prevent personal injury.

. . : 1.
Loosen filler cap slowly to relieve pressure, and remove
filler cap.
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3. Inspect the gasket. Replace if necessary.
4. Clean the breather in clean nonflammable sol.
vent. Allow to dry.

5. Install the breather.

6. Install the fumes disposal tube hose and clamps
on the breather.

CAUTION
Do not use Caterpillar Cooling System Conditioner
with Dowtherm 209 Full-Fill Coolant.

CAUTION
Add conditioner if the engine has actually operated
250 Service Hours. Adding conditioner before 250
Service Hours will result in an excessive
concentration of conditioner.

It may be necessary to drain enough coolant to allow for
the addition of cooling system conditioner.

2. Add Caterpillar Cooling System Conditioner to
the cooling system. See "Coolant Specifications" under
the topic "Lubricants, Fuels and Coolants," for the proper
concentration of conditioner.

Most systems will require 2 liters (2 quarts) of conditioner
at initial fill and .50 liters (1 pint) "Every 250 Service
Hours."

3. Inspect filler cap gasket. Replace if damaged.

4. Install filler cap.



Every 500 Service Hours
(15) Engine Crankcase (N. A. Engine)-Change Oil and filter

Change oll, filter and clean breather. See Item (13) for
details.

(16) Fan Bearing

Lubricate 1 fitting.

*“. S New Scroll Fuel System
ring System

(16A) Fuel System Sleeve Mete

The primary fuel filter should be cleaned and the final fuel filter element replaced every 500 service hours of operation or
when the fuel gauge registers "OUT" with the engine running. Refer to "Fuel System" in "When Required" section for
procedure to change the fuel filters.
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Every 1000 Service Hours

(17)Woodward PSG Governor

Lubricate 2 fittings.

Fill oil cup.

(18)Shutoff Controls

The shutoff controls must be checked periodically so that
they will function properly, when required. To prevent
damage to the engine while making the required test,
only authorized personnel should perform the checks.
Contact your Caterpillar dealer.

(19)Tachometer Drive

Lubricate 1 fitting.
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Every 2000 Service Hours

(20) Engine Valve Lash 3304
3306
EXHAUST VALVES
EXHAUST VALVES ) q) (P
U B t
[ F ) ( N\ LY
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Q H {p ) ChpcaPp E
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J
d) C‘) d‘) INLET VALVES
INLET VALVES INLET EXHAUST

INLET
015 in. (0.38 mm)

EXHAUST
025 in. (0.64 mm)

015 in. (0.38 mm)

.025 in. (0.64 mm)

If valve clearance is within + .003 inch (0.07 mm) of the
clearance given, adjustment is not required.

is not within these limits, adjust the valves.
To Inspect Valve Lash

1. Stop engine.

If clearance

2. Clean the base of the valve cover to prevent dirt

from getting into valve mechanism.

i, a"jr,.&ﬁ T

4. Remove the flywhee-l housmg timing plug
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Adjust valves with the engine stopped and cold.

your Caterpillar dealer.
for proper instructions for use of the tool.

3. Remove the valve cover.

A flywheel Engine Turning Tool 5P7307, is available from
Consult your Caterpillar dealer




5. Turn the flywheel to close No. 1 exhaust and inlet
valves, aligning plug hole in the flywheel housing with the
hole in the flywheel. The engine is now on Number 1
Top Center Compression Stroke.

7. Measure the lash for the valves shown in the
Compression Stroke Charts.

8. Remove the timing bolt from the flywheel.

9. Rotate the flywheel 360° and install the timing
bolt in the flywheel.

10. Measure the lash for the valves shown in the
Exhaust Stroke Charts.

11. Remove bolt from flywheel and install plug in
flywheel housing.

12. Remove the engine turning group and install the
starting motor.
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6. Install a 63.5 mm (2 1/2 inch) long 9.40 mm (3/8
inch) NC bolt into the flywheel, through the flywheel

housing.

3306

COMPRESSION STROKE

VALVES CYLINDERS
INLET 1-2-4
EXHAUST 1-3-5

EXHAUST STROKE

VALVES CYLINDERS
INLET 3-5-6
EXHAUST 2-4-6
3304

COMPRESSION STROKE

VALVES CYLINDERS
INLET 1-2
EXHAUST 1-3

EXHAUST STROKE

VALVES CYLINDERS
INLET 3-4
EXHAUST 2-4



Every 2000 Service Hours

To Adjust Valves

2. Turn the adjusting screw to obtain the proper valve
lash.

3. Hold the adjusting screw and tighten the locknut
t0 29 -+ 7 N-m (21 + 5 Ib. ft.).
4. Measure the valve lash.

Observe Valve Rotation

After adjusting valve lash, and before installing the valve
cover:

1. Start the engine and run at low idle.

2. Watch the valve rotocoils for rotation.

3. Each valve rotocoil should turn slightly each time the
valve opens. If a valve fails to rotate, contact your
Caterpillar dealer for service.
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4. Stop the engine. Inspect the valve cover gasket. Use
a new gasket if the used gasket is damaged. 5. Install the valve cover. Tighten bolts to 11 + 3 N.m (8
+21b. ft.).
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Every 2000 Service. Hours

(21) Cooling System - Change Antifreeze Solution

At Operating Temperature, engine coolant is hot and
under pressure.

Steam can cause personal Injury.

Check coolant level ONLY when engine is stopped and
radiator cap is cool enough to touch with your hand.

Remove filler cap slowly to relieve pressure.

Cooling System Conditioner contains alkali.  Avoid
contact with skin and eyes to prevent personal injury.

1. Loosen the radiator release
pressure.

Remove the radiator cap.

cap slowly to

3. Remove engine block drain plugs. Allow coolant to

drain.
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CAUTION
All water is corrosive at engine operating temperature.
Use either Caterpillar Cooling System Conditioner liquid,
or the coolant conditioner element to treat either plain
water or ethylene glycol antifreeze solution. NEVER use
both the liquid cooling system conditioner and the coolant
conditioner element at the same time.

When changing antifreeze solution, replace the
attachment coolant conditioner group maintenance filter
element with the appropriate precharge filter element Do
not use Caterpillar Cooling System Conditioner or
Coolant Conditioner Elements with Dowtherm 209 Full-
Fill coolant Never add coolant to an overheated engine;
allow the engine to cool first.

Allow the

2. Remove the radiator drain plug.
coolant to drain.

4. Clean the drain plugs.
5. Install the drain plugs.



Filling the Cooling System

1. Mix antifreeze to provide protection to the lowest
expected ambient temperature.

Do not fill cooling system to the top. Allow for addition of
conditioner. Most systems will require 2 liters (2 quarts)
of conditioner at initial fill and .50 liters (1 pint) "Every 250
Service Hours."

2. To help avoid air pockets, add coolant slowly, at
5 U.S. gallons (19 liters) per minute or less. See
REFILL CAPACITIES.

3. Add cooling system conditioner.
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4. Bring the coolant level to within 1/2 inch (1 cm) of
the bottom of the fill pipe.

5. Start the engine with the radiator cap off. Add
coolant, if necessary, when level stabilizes.

6. Stop the engine. Replace the radiator cap seal if
damaged. Install the radiator cap.
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IMPORTANT SAFETY NOTICE

Proper repair is important to the safe and reliable operation of this product. This Service Manual outlines basic
recommended procedures, some of which require special tools, devices or work methods. Although not necessarily all
inclusive, a list of additional skills, precautions and knowledge required to safely perform repairs is provided in the SAFETY
section of this Manual. Improper repair procedures can be dangerous and could result in injury or death.

READ AND UNDERSTAND ALL SAFETY PRECAUTIONS
AND WARNINGS BEFORE PERFORMING REPAIRS

Basic safety precautions, skills and knowledge are listed in the SAFETY section of this Manual and in the
descriptions of operations where hazards exist. Warning labels have also been put on to provide instructions and identify
specific hazards which if not heeded could cause bodily injury or death to you or other persons. These labels identify
hazards which may not be apparent to a trained mechanic. There are many potential hazards during repair for a untrained
mechanic and there is no way to label the product against all such hazards. These warnings in the Service Manual and on
the product are identified by this symbol:

Operations that may result only in mechanical damage are identified by labels on the product and in the Service
Manual by the word CAUTION or NOTICE. Caterpillar can not anticipate every possible circumstance that might involve a
potential hazard. The warnings in this Manual are therefore not all inclusive. If a procedure, tool device or work method
not specifically recommended by Caterpillar is used, you must satisfy yourself that it is safe for you and others. You should
also ensure that the product will not be damaged or made unsafe by the procedures you choose.

IMPORTANT

The information, specifications and illustrations in this book are on the basis of information available at the time it
was written. The specifications, torque, pressures of operation, measurements, adjustments, illustrations and other items
can change at any time. These changes can affect the service given to the product. Get the complete and most current
information before you start any job. Caterpillar Dealers have the most current information available. For a list of the most
current modules and form numbers available for each Service Manual, see the SERVICE MANUAL CONTENTS
MICROFICHE REGI 139F.

AB3264X1
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FUEL SYSTEM SYSTEMS OPERATION
FUEL SYSTEM
AIR FUEL RATIO CONTROL
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AIR FUEL RATIO CONTROL
(Engine Stopped)
1. Inlet air chamber. 2. Diaphragm assembly. 3. Internal valve. 4. Oil drain passage. 5. Qil inlet. 6. Stem. 7.
Spring. 8. Piston. 9.011 Oil passage. 10. Oil chamber. 11. Lever.
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AIR FUEL RATIO CONTROL

(Increase in Inlet Air Pressure)
1. Inlet air chamber. 2. Diaphragm assembly. 3. Internal valve. 4. 011 drain passage. 5. Oil inlet. 6. Stem. 7.
Spring. 8. Piston. 9. 011 passage. 10. Oil chamber. 11. Lever.



FUEL SYSTEM

The air fuel ratio control limits the amount of fuel to
the cylinders during an increase of engine speed
(acceleration) to reduce exhaust smoke.

Stem (6) moves lever (11) which will restrict the
movement of the fuel rack in the FUEL ON direction only.

With the engine stopped, stem (6) is in the fully
extended position. The movement of the fuel rack and
lever (11) is not restricted by stem (6). This gives
maximum fuel to the engine for easier starts.

After the engine is started, engine oil flows through
oil inlet (5) into pressure oil chamber(10). From oil
chamber (10) oil flows through oil passage (9) into
internal valve (3) and out oil drain passages in stem (6).

Stem (6) will not move until inlet manifold pressure
increases enough to move internal valve (3). A line
connects the inlet manifold with inlet air chamber (1) of
the air fuel ratio control.

When inlet manifold pressure increases, it causes
diaphragm assembly (2) to move towards the right. This
also causes internal valve (3) to move to the right. When
internal valve (3) moves to the right, it closes oil passage

9).

)

SYSTEMS OPERATION

When oil passage (9) is closed, oil pressure
increases in oil chamber (10). Oil pressure moves piston
(8) and stem (6) to the left and into the operating
position. The air fuel ratio control will remain in the
operating position until the engine is shut off.

When the governor control is moved to increase fuel
to the engine, stem (6) limits the movement of lever (11)
in the FUEL ON direction. The oil in oil chamber (10)
acts as a restriction to the movement of stem (6) until
inlet air pressure increases.

As the inlet air pressure increases, diaphragm
assembly (2) and internal valve (3) move to the right.
The internal valve opens oil passage (9). and oil in olil
chamber (10) goes to oil drain passage (4). With the olil
pressure reduced behind piston (8), spring (7) moves the
piston and stem (6) to the right. Piston and stem (8 and
6) will move until oil passage (9) is closed by internal
valve (3). Lever (11) can now move to let the fuel rack go
to the full fuel position. The air fuel ratio control is
designed to restrict the fuel until the air pressure in the
inlet manifold is high enough for complete combustion. It
prevents large amounts of exhaust smoke caused by an
air-fuel mixture with too much fuel.

0 DRAIN OIL
M SToPPED OIL

N -/
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AIR FUEL RATIO CONTROL
(Ready for Operation)
1. Inlet air chamber. 2. Diaphragm assembly. 3. Internal valve. 4. OO0l drain passage. 5. Oil inlet. 6. Stem. 7.
Spring. 8. Piston. 9. Oil passage. 10. Oil chamber. 11. Lever.
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WOODWARD PSG GOVERNORS SYSTEMS OPERATION

WOODWARD PSG GOVERNORS
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SCHEMATIC OF LATEST PSG GOVERNOR
1. Return spring. 2. Output shaft. 3. Output shaft lever. 4. Strut assembly. 5. Speeder spring. 6. Power
piston. 7. Flyweights. 8. Needle valve. 9. Thrust bearing. 10. Pilot valve compensating land. 11. Buffer
piston. 12. Pilot valve. 13. Pilot valve bushing. 14. Control ports. A. Chamber. B. Chamber.
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WOODWARD PSG GOVERNORS
INTRODUCTION

The Woodward PSG (Pressure compensated Simple
Governor) can operate as an isochronous or a speed
droop type governor. It uses engine lubrication oil,
increased to a pressure of 175 psi (1200 kPa) by a gear
type pump inside the governor, to give hydra/mechanical
speed control.

PILOT VALVE OPERATION

The fuel injection pump camshaft drives a governor
drive unit. This unit turns pilot valve bushing (13)
clockwise as seen from the drive unit end of the
governor. The pilot valve bushing is connected to a
spring driven ballhead. Flyweights (7) are fastened to
the ballhead by pivot pins. The centrifugal force caused
by the rotation of the pilot valve bushing causes the
flyweights to pivot out. This action of the flyweights
changes the centrifugal force to axial force against
speeder spring (5). There is a thrust bearing (9)
between the toes of the flyweights and the seat for the
speeder spring. Pilot valve (12) is fastened to the seat
for the speeder spring. Movement of the pilot valve is
controlled by the action of the flyweights against the
force of the speeder spring.

The engine is at the governed (desired) rpm when
the axial force of the flyweights is the same as the force
of compression in the speeder spring. The flyweights will
be in the position shown. Control ports (14) will be
closed by the pilot valve.

Fuel Increase

When the force of compression in the speeder.
spring increases (operator increases desired rpm) or the
axial force of the flyweights decreases (load on the
engine increases) the pilot valve will move in the
direction of the drive unit. This opens control ports (14).
Pressure oil flows through a passage in the base to
chamber (B). The increased pressure in chamber (B)
causes power piston (6) to move. The power piston
pushes strut assembly (4), that is connected to output
shaft lever (3). The action of the output shaft lever
causes clockwise rotation of output shaft (2). This
moves fuel control linkage (15) in the FUEL ON direction.

SYSTEMS OPERATION

PSG GOVERNOR INSTALLED
2. Output shaft. 15. Fuel control linkage.

As the power piston moves in the direction of return
spring (1) the volume of chamber (A) increases. The
pressure in chamber (A) decreases. This pulls the oil
from the chamber inside the power piston, above buffer
piston (11) into chamber (A). As the oil moves out from
above buffer piston (11) to fill chamber (A) the buffer
piston moves up in the bore of the power piston.
Chambers (A and B) are connected respectively to the
chambers above and below the pilot valve compensating
land (10). The pressure difference felt by the pilot valve
compensating land adds to the axial force of the
flyweights to move the pilot valve up and close the
control ports. When the flow of pressure oil to chamber
(B) stops so does the movement of the fuel control
linkage.

Fuel Decrease

When the force of compression in the speeder spring
decreases (operator decreases desired rpm) or the axial
force of the flyweights increases (load on the engine
decreases) the pilot valve will move in the direction of
speeder spring (5). This opens control ports (14). Oil
from chamber (B) and pressure oil from the pump will
dump through the end of the pilot valve bushing. The
decreased pressure in chamber (B) will let the power
piston move in the direction of the drive unit. Return
spring (1) pushes against strut assembly (4). This moves
output shaft lever (3). The action of the output shaft
lever causes counterclockwise rotation of output shaft
(2). This moves fuel control linkage (15) in the FUEL
OFF direction.



WOODWARD PSG GOVERNORS
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PSG GOVERNOR
6. Power piston. 8. Needle valve. 10. Pilot valve
compensating land. 11. Buffer piston. 14. Control
ports. A. Chamber. B. Chamber.

As power piston (6) moves in the direction of the
drive unit the volume of chamber (A) decreases. This
pushes the oil in chamber (A) into the chamber above
buffer piston (1111). As the oil from chamber (A) flows
into the power piston it moves the buffer piston down in
the bore of the power piston. The pressure at chamber
(A) is more than the pressure at chamber (B).

Chambers (A and B) are connected respectively to
chambers above and below the pilot valve compensating
land (10). The pressure difference felt by the pilot valve
compensating land adds to the force of the speeder
spring to move the pilot valve down and close the control
ports. When the flow of oil from chamber (B) stops so
does the movement of the fuel control linkage.

Hunting

There is a moment between the time the fuel control
linkage stops its movement and the time the engine
actually stops its increases or decrease of rpm. During
this moment there is a change in two forces on the pilot
valve, the pressure difference at the pilot valve
compensating land and the axial force of the flyweights.

The axial force of the flyweights changes until the
engine stops its increase or decrease of rpm. The
pressure difference at the pilot valve compensating land
changes until the buffer piston returns to its original
position. A needle valve (8) in a passage between space
(A) and (B) controls the rate at which the pressure
difference changes. The pressure difference makes
compensation for the axial force of the flyweights until
the engine stops it increase or decrease of rpm. If the
force on the pilot valve compensating land plus the axial
force of the flyweights is not equal to the force of the
speeder spring the pilot valve will move. This movement
is known as hunting (movement of the pilot valve that is
not the result of a change in load or desired rpm of the
engine).

SYSTEMS OPERATION

The governor will hunt each time the engine actually
stops its increase or decrease of rpm at any other rpm
than that desired. The governor will hunt more after a
rapid or large change of load or desired rpm than after a
gradual or small change.

A13600X2

PSG GOVERNOR
8. Needle valve.

NOTE: The Woodward PSG Governor is removed from
the engine to show the needle valve (8). When the
governor is installed on the engine, the needle valve (8)
is between the governor and the cylinder block.

SPEED ADJUSTMENT

PSG governors use a clutch assembly (2) driven by
a 110V AC/DC or 24V DC reversible synchronizing motor
(1) to move link assembly (3) up or down. The clutch
assembly protects the motor if the adjustment is run
against the stops. The motor is controlled by a switch
that is remotely mounted. The clutch assembly can be
turned manually if necessary.

Ly

3 [~ ] [z ] t A69870x4

PSG GOVERNOR
1. Synchronizing motor. 2. Clutch assembly. 3.
Link assembly



WOODWARD PSG GOVERNORS
SPEED DROOP

Speed droop is the difference between no load rpm
and full load rpm. This difference in rpm divided by the
full load rpm and multiplied by 100 is the percent of
speed droop.

No load speed - Full load speed x 100 =% of speed
Full load speed droop

The speed droop of the PSG governor can be
adjusted by movement of an adjustment lever on the
outside of the governor that is connected to pivot pin (2)
by link (4). The governor is isochronous when it is
adjusted so that the no load and full load rpm is the
same. Speed droop permits load division between two
or more engines that drive generators connected in
parallel or generators connected to a single shaft.

[ i

|

PSG GOVERNOR
1. Bracket. 2. Pivot pin. 3. Output shafts.

Speed droop adjustment on PSG governors is made
by movement of pivot pin (2). When the pivot pin is put
in alignment with the output shafts. movement of the
output shaft lever will not change the force of the
speeder spring. When the force of the

SYSTEMS OPERATION

speeder spring is kept constant the desired rpm will be
kept constant. See PILOT VALVE OPERATION. When
the pivot pin is moved out of alignment with the output
shafts, movement of the output shaft lever will change
the force of the speeder spring proportional to the load
on the engine. When the force of the speeder spring is
changed the desired rpm of the engine will change.

L |
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A60870-1X2

PSG GOVERNOR
2. Pivot pin. 4. Link.
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WIRING DIAGRAM FOR INSTRUMENT PANEL
1. Light switch. 2. Panel lights. 3. Instrument panel. 4. Ammeter. 5. Oil pressure gauge. 8. Water
temperature gauge. 7. Gear oil pressure gauge (not used on Gen. Set engines). 8. Terminal strip. 9. Wire to
battery. 10. Oil pressure switch with time delay. 11. Sending unit for oil pressure. 12. Sending unit for water
temperature. 13. Sending unit for gear oil pressure (not used on Gen. Set engines).
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GAUGES WITH RESISTORS FOR 32 VOLT SYSTEM
1. Resistor. 2. 0-80 psi oil pressure gauge. 3. Resistor. 4. 100°-240 ° F water temperature gauge. 5. Resistor
(not used on Gen. Set engines). 6. 0-300 psi gear oil pressure gauge (not used on Gen. Set engines).
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ELECTRICAL SYSTEM ATTACHMENTS

ELECTRICAL GAUGES AND
SENDING UNITS

The electrical gauges and sending units operate in
electrical balance. Because of this, the voltage and
resistance ratings are important to get the correct
indications on the gauges. The chart shows components
that operate together.

GAUGE 12v 24V 32V
WATER

TEMPERATURE

Sender 5L7443 | 5L7442 | 5L7442
Gauge 5L7446 517444 517444
Resistor 517441
OIL

PRESSURE

Sender 5L7450 | 5L7450 | 5L7450
Gauge 5L7455 | 5L7456 | 5L7456
Resistor 517441

Sending Unit for Water
Temperature

SENDING UNIT FOR WATER TEMPERATURE
1. Connection. 2. Bushing. 3. Bulb.

The sending unit for water temperature is an
electrical resistance. It changes the value of its
resistance according to the temperature which the bulb
(3) feels.

The sending unit is in a series circuit with the
electrical gauge. When the temperature is high, the
resistance is high. This makes the gauge have a high
reading.

The sending unit must be in contact with the coolant.
If the coolant level is too low because of a sudden loss of
coolant while the engine is running

SYSTEMS OPERATION

or because the level is too low before starting the engine,
the sending unit will not work correctly.

Sending Unit for Oil Pressure

Jzerxy

SENDING UNIT FOR OIL PRESSURE
1. Connection. 2. Fitting.

The sending unit for oil pressure is an electrical
resistance. It has a material which changes electrical
resistance according to pressure which it feels.

The sending unit for oil pressure is in a series circuit
with the electrical gauge. As the pressure on the
sending unit changes, the reading on the gauge changes
in the same way.

Electric Hour Meter

| BN 2
A17557X1 <3

WIRING DIAGRAM FOR ELECTRIC HOUR METER
1. Electrical hour meter. 2. Pressure switch. 3. To
alternator or battery.

The electric hour meter (1) measures the clock
hours that the engine operates. The electric hour meter
(1) activates when the pressure switch (2) closes. The
pressure switch (2) closes the circuit from the positive
terminal on the alternator or battery when the engine oil
pressure is above approximately 6 psi (40 kPa).



ELECTRICAL SYSTEM ATTACHMENTS
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ELECTRIC TACHOMETER WIRING
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WIRING DIAGRAM WITH ELECTRIC GOVERNOR AND WITHOUT DUAL SPEED SWITCH
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WIRING DIAGRAM WITH DUAL SPEED SWITCH
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WIRING DIAGRAM FOR TACHOMETER CIRCUIT ONLY

Magnetic pickup.

Terminal Connections - terminals 7 and 8 on standby governor control
Tachometer.

Ground connection - governor control chassis ground.

Governor control terminal strip.

Wiring connections - for second tachometer circuit if needed.

All wire must be 22AWG shield cable or larger.

Dual speed switch terminal strip.

Ground connection - ground to engine.



ELECTRICAL SYSTEM ATTACHMENTS SYSTEMS OPERATION

WIRING DIAGRAM

PUSI2
~

R 1 st

ass
——
-

STARTING AND CHARGING SYSTEM
1. Off, Start Switch. 2. Ammeter. 3. Fuel shutoff solenoid. 4. Starter solenoid. 5. Alternator regulator. 6.
Starter motor. 7. Pressure switch (normally open). 8. Alternator. 9. Battery. 10. Hourmeter.

MAXIMUM RECOMMENDED
COLOR CODE TOTAL BATTERY CABLE LENGTH WIRES MARKED #X
B - Black CABLE DIRECT WIRE
W - White SIZE ELECTRIC STARTING ALT OUTPUT SIZE
R - Red 12 VOLT 24 VOLT 0-18 amps. #14
O - Orange 0 4.0 FEET 15.0 FEET 19-30 amps. #10
PU - Purple 00 5.0 FEET 18.0 FEET 31-45 amps. #8
LT GN - Light Green 000 6.0 FEET 21.0 FEET 46-65 amps. #6
W/B White with 0000 7.5 FEET 27.0 FEET
Black stripe WIRE SIZE TO GAUGES AND SENDING WIRE AND CABLE SHOWN DOTTED
UNITS SHOULD BE AWG #16 MIN FURNISHED BY CUSTOMER
NUMBER FOLLOWING COLOR CODE
IS RECOMMENDED WIRE SIZE
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AUTOMATIC START/STOP SYSTEM

SYSTEMS OPERATION

AUTOMATIC START/STOP SYSTEM
(Non-Package Generator Sets)

LOAD
TRANSFER
SWITCH
COMMERCIAL _ - EMERGENCY
POWER POWER
INITIATING
CONTACTOR
SWITCHGEAR J
CONTROL PANEL -
a -
9
10 12 i
"
A73190-2%2

AUTOMATIC START/STOP SYSTEM SCHEMATIC
(Hydraulic Governor)
1. Starter motor and solenoid. 2. Shutoff solenoid. 3. Fuel pressure switch. 4. Water temperature switch. 5.
Oil pressure switch. 6. Overspeed contactor. 7. Battery. a Low lubricating oil pressure light (OPL). 9.
Overcrank light (OCL). 10. Overspeed light (OSL). 11. High water temperature light (WTL). 12 Automatic control

switch (ACS).

An automatic start/stop system is used when a
standby electric set has to give power to a system if the
normal (commercial) power supply has a failure. There
are three main sections in the system. They are: the
automatic transfer switch, the start/stop control panel
(part of switch gear) and the electric set.

AUTOMATIC TRANSFER SWITCH

The automatic transfer switch normally connects the
3-phase normal (commercial) power supply to the load.
When the commercial power supply has a failure the
switch will transfer the load to the standby electric set.
The transfer switch will not transfer the load from
commercial to emergency power until the emergency
power gets to the rated voltage and frequency. The
reason for this is, the solenoid that causes the transfer of
power operates on the voltage 'from the standby electric
set. When the normal pow-
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er returns to the rated voltage and frequency and the
time delay (if so equipped) is over, the transfer switch will
return the load to the normal power supply.

AUTOMATIC TRANSFER SWITCH (ATS)

1. E1,E2and E3input
to ATS from
emergency source.

2. N1, N2 and N3 input
to ATS from normal
source.

3.T1, T2 and T3 output
from ATS to the load.
4. Transfer mechanism.



AUTOMATIC START/STOP SYSTEM
CONTROL PANEL

The main function of the control panel is to con-
trol the start and shutoff of the engine.

AUTOMATIC START/STOP CONTROL PANEL
1. Overcrank light (OCL). 2. Low lubricating oil
pressure light (OPL). 3. Overspeed light (OSL). 4.
Automatic control switch (ACS). 5. High water
temperature light (WTL).

The engine control on the automatic start/stop
control panel is an automatic control switch (ACS) with
four positions. The positions of switch (4) are: OFF/
RESET, AUTO, MAN and STOP. Each light (i), (2), (3)
and (5) goes ON only when a not normal condition in the
engine stops the engine. The light for the condition in
the engine that stopped the engine is ON even after the
engine has stopped. Switch (4) must be moved to the
OFF/ RESET position for the light to go OFF. Each light
will go ON, for a light test, when the light is pushed in
and held in.

When the generator is to be used as a standby
electric power unit, the automatic control switch is put in
the AUTO position. Now, if the normal (commercial)
electric power stops, the engine starts and the generator
takes the electric load automatically. When the normal
(commercial) electric power is ON again, for the electric
load, the circuit breaker for the generator electric power
automatically opens and the generator goes off the
electric load. After the circuit breaker for the generator
opens, the engine automatically stops.

When the automatic control switch (ACS) is moved
to the MAN position, the engine starts. lItis

15
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now necessary for the circuit breaker for the generator
electric power to be closed manually. If the generator is
a standby electric power unit and the automatic control
switch (ACS) is in the MAN position when normal
(commercial) electric power is ON again, the generator
circuit breaker opens and the engine stops automatically
the same as when the switch (ACS) is in the AUTO
position.

The engine will stop with the automatic control switch
(ACS) in either the AUTO or MAN positions if there is a
not normal condition in the engine. The not normal
condition in the engine that can stop the engine is either
low lubricating oil pressure, high engine coolant (water)
temperature or engine overspeed (too much rpm).
When any of these conditions stops the engine, the light
for the not normal condition will stay ON after the engine
is stopped. The fourth not normal condition light is ON
only when the starter motor runs the amount of seconds
for the overcrank timer (engine does not start).

Move the automatic control switch (ACS) to the OFF/
RESET position and the not normal condition lights go
OFF.

ELECTRIC SET

The components of the electric set are: the engine,
the generator, the starter motor, the battery, the shutoff
solenoid and signal switches on the engine. The electric
set gives emergency power to drive the load.

An explanation of each of the signal components is
given in separate topics.

WIRING DIAGRAMS

The following wiring diagrams are complete to show
the connections of the automatic start/stop components
with the engine terminal strip (TSI). The diagrams show
all available options for both the hydraulic governor
application or the PSG Governor application.

For a more complete explanation of operation of the
automatic start/stop system, refer to Floor Standing
Switchgear Form No. SENR7970.



AUTOMATIC START/STOP SYSTEM

ACS
ALT
AR
ARX
ASO
OCT
cB
CCM
CCT
CDT
CDTR
CRC
CTS
DSS
GS
GSM

MS
OCR
OoP

SYSTEMS OPERATION

AUTOMATIC START/STOP WIRING

COMPONENT ABBREVIATIONS

DC AMMETER OPG OIL PRESSURE GAUGE

ENGINE CONTROL SWITCH OPR LOW OIL PRESSURE RELAY

CHARGING ALTERNATOR OPS OIL PRESSURE SWITCH

ARMING RELAY OPT OPTIONAL EQUIPMENT

AUXILIARY RELAY OSR OVERSPEED RELAY (IN DSS)

AIR SHUTOFF SOLENOID (O] OVERSPEED SWITCH (IN DSS)
OVERCRANK TIMER PIL PANEL ILLUMINATION LAMP

CIRCUIT BREAKER PLS PANEL LAMP SWITCH

CYCLE CRANKING MODULE PS PINION SOLENOID

CYCLE CRANK RELAY RR RUN RELAY

COOL DOWN TIMER SS SHUTOFF SOLENOID

COOL DOWN TIMER RELAY SM STARTER MOTOR

CYCLE CRANK LOGIC TIMER TDR TIME DELAY RELAY

CRANK TERMINATE SWITCH TDX TIME DELAY AUXILIARY RELAY

DUAL SPEED SWITCH (INCLUDES CTS AND OSS) WT WATER TEMPERATURE GAUGE SENDER
GOVERNOR SWITCH WTG WATER TEMPERATURE GAUGE
GOVERNOR SYNCHRONIZING MOTOR WTR HIGH WATER TEMPERATURE RELAY
INITIATE CONTACT (REMOTE START) WTS WATER TEMPERATURE SWITCH
MAGNETIC SWITCH (CRANK CIRCUIT) * INDICATES EQUIPMENT EXTERNAL TO CONTROL PANEL
OVERCRANK RELAY o TERMINAL STRIP POINT (CONTROL PANEL)

OIL PRESSURE GAUGE SENDER

NOTE A:

NOTE B:

NOTE C:

NOTE D:

NOTE E:

NOTE F:
NOTE G:

NOTE H:

[]

TERMINAL STRIP POINT (GENERATOR TERMINAL BOX)
RELAY CONTACT LINE NUMBER

Terminals 13 and 14 of the generator box will be co-

nected to terminals 13 and 14 of the control panel when
the CDT is not supplied.

Red jumper wire from terminal strip point number 4A to
4 in control pal must be removed when the cycle
cranking module (CCM) is used.

Auxiliary relay (ARX) contacts are to be customer wired.
See Relay Contact Schematic.

Dotted lines shown on Control Panel Wiring Schematic

show engine wiring.

The overcrank timer (OCT) is to be adjusted to the 30

seconds setpoint (red dot). When cycle cranking (CCM)
is used the overcrank timer (OCT) is to be adjusted to
the 90 second setpoint (white dot).

ACS switch contacts shown with switch in auto position.
Jumper wire from terminal 72 to terminal 73 must be

removed when DC ammeter (A) is used.

Jumper wire from terminal 13 to terminal 133 to be re-

moved if additional fault shutdown are added. Exam-
ples: reverse power relay or remote shutdown Insert a
normally closed switch between terminal 13 and termi-

nal 133.
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AUTOMATIC START/STOP SYSTEM

AUTOMATIC START/STOP WIRING FOR NON-PACKAGE GENERATOR SET
(Used With Hydramechanical or Woodward PSG Governors)

For wire sizes and color codes see the chart at the
front of Wiring Diagrams section.

Wires and cables shown in dotted lines are customer

supplied wiring.

LAY

i AP
NEMT  WIRING

EE

NFPA ANNUC:ATCE

SYSTEMS OPERATION



1 B46410X2

W-10

CB5-AUTO
2

O R-10

STARTING SYSTEM WITH ONE STARTER MOTOR
1. Magnetic switch. 2 Circuit breaker. 3. Starter motor. 4 Battery. S. Circuit breaker. A Terminal strip (on
engine).
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AUTOMATIC START/STOP SYSTEM

SYSTEMS OPERATION
1 PICKUP 8/37 —OVERSPEED I—CRANKING 8
‘ ||-voc NO C NC-I NO C NC
SHWD C SIG - + r”ll*l |"“|H=|
2 3 4 s 6 7 8 9 10 11 12
Q © Q Q .0
o TSI-11-PU-14 >
N\—R-14
N\—TS1-9-W/B-14
SHLD TD-4-R-14 WTSNO-R-14
TSI1-1-R-14
B-18 TS-12-LTGN-14
c18
TSI-3-B-14
B-14 0-14
c1o 7\ M
©Q 7 NO
Czk.————f\—-
g 06 C S~ P— TS1-7-0-14
o-14
—-30
O 5NC
+4C~ DSS-6-R-14 NO
c
TSI-7-8R-14 B e 11
TSI-8-BL-14 NC
R-14 -
PECE PR Yy — || P> wly n

TSI1-5-W- 14—C

/ E TSI-13-R-14
B76404 X1

TSI-14-B-14

DUAL SPEED SWITCH
7. Magnetic pickup. 8. Dual speed switch. 9. Time delay relay. 10. Oil pressure switch. 11. Governor synchronizing
motor. 12. Water temperature switch.

13 14

CB1-20-AMP
TS1-6-LTGN-14 —m—O

LTGN-14

B76405-1 %1

SHUTOFF SOLENOID
13. Circuit breaker. 14. Rack shutoff solenoid. 15. Diode
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AUTOMATIC START/STOP SYSTEM

SYSTEMS OPERATION

ELECTRIC SHUTOFF AND ALARM SYSTEM

INTRODUCTION

There are three types of electrical protection systems
available for the 3300 Generator Set Engines.

1. Oil Pressure and Water Temperature Protection.

2. Oil Pressure, Water Temperature and Over-
speed Protection.

3. Automatic Start Stop Systems.
a. Package Generator Set.
b. Non-Package Generator Set.

This manual has information for No. | and 2. Make
reference to the Generator manual and the Switch-gear
manual for information for No. 3.

The electric shut-off system is designed to give
protection to the engine if there is a problem or a failure
in any of the different engine systems. The engine
systems that are monitored are: engine over-speed,
starter motor crank terminate, engine oil pressure and
engine coolant temperature.

The electric protection system consists of the electronic
speed switch and time delay relay. This system monitors
the engine from starting through rated speed.

Dual Speed Switch (DSS) The speed switch has
controls (in a single unit) to monitor engine over-speed
and crank terminate speed.

Engine Over-speed An adjustable engine speed setting
(normally 118% of rated speed) that gives protection to
the engine from damage if the engine runs too fast. This
condition will cause a switch to close that shuts off the
fuel to the engine.

Crank Terminate (Starter Motor) An adjustable engine
speed setting that gives protection to the starter motor
from damage by over-speed. This condition will cause a
switch to open that stops current flow to starter motor
circuit, and the starter motor pinion gear will then
disengage from engine flywheel ring gear. The crank
terminate can also be used to activate the time delay
relay.

21

Time Delay Relay This relay has special ON OFF
switches with two controls that will either make the relay
activate immediately, or after a 9 second delay. The time
delay relay is used to arm the shutdown system. The
time delay relay has a 70 second delay to be sure of
complete engine shutdown and to prevent damage to the
shutoff solenoids.

Water Temperature Contactor Switch This contactor
switch is a separate unit (mounted in the water manifold)
that is wired into the shutdown circuit. It has an element
that feels the temperature of the coolant (it must be in
contact with the coolant). When the engine coolant
temperature becomes too high, the switch closes to
cause the fuel to be shut off to the engine.

Engine Oil Pressure Switch This switch is mounted at
the rear of the engine and feels the pressure of the oil in
the oil manifold. The oil pressure switch is used to
determine low engine oil pressure and to activate the
time delay relay.



SHUTOFF AND ALARM SYSTEMS SYSTEMS OPERATION

Wiring Diagrams Abbreviations, wire codes and
recommended wire sizes, used with the wiring diagrams
that follow, can be found at the front of the WIRING
DIAGRAMS SECTION.

The notes that follow are used with the wiring
diagrams shown in this section.

CUSTOMER TO FURNISH BATTERY AND ALL
WIRES SHOWN DOTTED
NOTEA: Optional ground to engine may be used with
grounded systems only.

NOTE B: These leads terminate at the starter motor and
must be omitted when there is no starter motor. In this
case customer must provide DC power at the other
termination point of these two leads.

NOTE C: If 2301 Governor is used, only one magnetic
pickup is required. Use magnetic pickup from over-speed
group. Wire magnetic pickup to speed switch. Then wire
from speed switch to the 2301 Governor. The speed
switch may be installed physically near the 2301 if
desired.

NOTE D: Electronic dual speed switch and electronic
time delay relay can be wired to battery power
continuously since the system will draw less than 40 MA
current when the engine is not running.

NOTE E: If required, customer is to supply (RNS)
Remote Normal Shutdown Switch. Requires a single
pole N.O. switch with a minimum contact rating of 5
amps inductive at the charging system voltage. Can be a
latching switch if customer prefers. Shuts off engine fuel
when activated.

NOTE F: If required, customer is to supply (RESS)
Remote Emergency Shutdown Switch. Requires a single
pole N.O. switch with a minimum contact rating of 5
amps inductive at the charging system voltage. Can be
latching switch if customer prefers. Shuts off engine air
and fuel when activated. This shut-off mode must not be
used for normal engine shutdown.
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SYSTEMS OPERATION

WATER TEMPERATURE AND OIL PRESSURE SHUTOFF SYSTEM

(WITH TIME DELAY RELAY)
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WIRING DIAGRAM
(Fuel Shutoff Solenoid Energized to Shutoff)

1. Time delay relay. 2 Oil pressure switch 3. Water temperature switch. 4. Switch (N.O.) 5 Circuit breaker.
6. Shutdown relay. 7. Battery. a Diode assembly. 9. Shutoff solenoid. 10 Starter motor.

When the engine starts, engine oil pressure will close the
N.O. switch and open the N.C. switch in oil pressure
switch (2). This completes the circuit to time delay relay
(1). N.O. switch (4) in the time delay relay now closes
and completes the circuit between shutdown relay (6)
and terminal TD-7 of the time delay relay.

If the engine coolant temperature goes above the setting
of water temperature switch (3), the N.O. contacts will
close. This lets current flow through water temperature
switch (3) and through switch (4) to activate shutdown
relay (6) which in turn activates fuel shutoff solenoid (9).
When the engine stops, engine oil pressure will become
less than the setting of the oil pressure switch. The N.O.
switch will open and stop the flow of current to the time
delay relay. This will start the time delay relay timer. After
70 seconds, switch (4) will open to stop current flow
through shutdown relay (6). Now, fuel shutoff solenoid
(9) will no longer be activated.
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If engine oil pressure gets less than the setting of the oll
pressure switch, the N.C. switch will close. This will let
current flow through switch (4) to activate shutdown relay
(6) which in turn activates fuel shutoff solenoid (9). The
N.O. switch will open and start the time delay relay timer.
After 70 seconds, switch (4) will open to stop current flow
through shutdown relay (6). Now, fuel shutoff solenoid
(9) will no longer be activated.

NOTICE

To help prevent damage to the engine, find and
correct the problem that caused the engine to
shutdown before the engine is started again.
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WIRING DIAGRAM

(Fuel Shutoff Solenoid Energized to Shutoff)

1. Magnetic pickup. 2. Dual speed switch. 3. Overspeed switch. 4. Crank terminate switch. 5. Water
temperature switch. 6. Oil pressure switch. 7. Time delay relay. 8. Switch (N. O. ) 9. Shutdown relay. 10.
Battery. 11. Diode assembly. 12. Shutoff solenoid.
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The engine speed is felt by magnetic pickup (). As the
teeth of the flywheel go through the magnetic lines of
force around the pickup. an AC voltage is made. Dual
speed switch (2) measures engine speed from the
frequency of the voltage.

Time delay relay (7) controls the operation of shutdown
relay (9), which in turn, controls the operation of fuel
shutoff solenoid ( 12). Time delay relay (7) will keep the
fuel shutoff solenoid energized for 70 seconds after a
fault condition. This prevents the engine from being
started again before the flywheel has stopped rotation.

When the engine starts and gets to a speed just
above cranking speed, the normally open contacts of
crank terminate switch (4) [which is part of dual speed
switch (2)] will close. This will complete the circuit to time
delay relay (7) through terminal TD-2. In approximately 9
seconds N.O. switch (8) in time delay relay (7) will close
and complete the circuit between shutdown relay (9) and
terminal TD-7 of the time delay relay. If the engine oll
pressure has not activated oil pressure switch (6) by 9
seconds, current will flow through the N.C. switch in the
oil pressure switch and through the now closed N.O.
switch (8) to activate shutdown relay (9) which in turn
activates fuel shutoff solenoid (12). If engine oil pressure
activates oil pressure switch (6), the N.O. switch will
close and the N.C. switch will open. This will let current
flow to terminal TDI of the time delay relay and
immediately close N.O. switch (8). At the same time the
N.C. switch in the oil pressure switch will open and
prevent current flow to switch (8).

If the engine speed increases above the overspeed
setting ( 118% of rated speed) of the dual speed switch,
the overspeed switch (part of the dual speed switch) will
close across terminals DSS-7 and DSS-8. This
completes the circuit to shutdown relay (6) through the
now closed switch (8) at terminal TD-7. Shutdown relay
(9) is activated and in turn activates fuel shutoff solenoid
(12) to cause the engine to shutdown.

When the engine speed gets less than the cranking
speed setting, switch (4) opens. This stops the flow of
current to terminal TD-2 of the time delay relay. When
the engine stops, engine oil pressure will become less
than the setting of the oil pressure switch. The N.O.
switch will open and stop the flow of current to terminal
TD-I of the time delay relay. This will start the time delay
relay timer. After 70 seconds, switch (8) will open and
stop current flow to shutdown relay (9) and fuel shutoff
solenoid (12) will no longer be activated.

NOTICE To help prevent damage to the engine, find
and correct the problem that caused the engine to
overspeed before the engine is started again.
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After an overspeed shutdown. a button on the dual
speed switch must be pushed to open the overspeed
switch before the engine will run.

When the engine has been started and is running.
the time delay relay will close switch (8). If the engine
coolant temperature goes above the setting of water
temperature switch (5). the N.O. contacts will close. This
lets current flow through the water temperature switch
and through switch (8) to activate shutdown relay (9) and
in turn activates fuel shutoff solenoid ( 12).

When the engine speed gets less than the cranking
speed setting, switch (4) opens. This stops the flow of
current to terminal TD-2 of the time delay relay. When
the engine stops, engine oil pressure will become less
than the setting of the oil pressure switch. The N.O.
switch will open and stop the the flow of current to
terminal TDI of the time delay relav. This will start the
time delav relav timer. After 70 seconds. switch (8) \ ill
open and stop current flow to shutdown relay (9) and fuel
shutoff solenoid (12) will no longer be activated.

NOTICE To help prevent damage to the engine, find
and correct the problem that caused the engine to
get too hot before the engine is started again.

When the engine has been started and is running,
the time delay relay will close switch (8). If the engine oil
pressure gets less than the setting of oil pressure switch
(6). the N.C. switch will close. This will let current flow
through switch (8) to activate shutdown relay (9) and in
turn activates fuel shutoff solenoid (12). The N.O. switch
will also open and stop current flow to terminal TD-l of
the time delay relay. When the engine speed gets less
than the cranking speed setting. switch (4) opens. This
stops the flow of current to terminal TD-2 of the time
delay relay and starts the time delay relay timer. After 70
seconds. switch (8) will open and stop current flow to
shutdown relay (9) and fuel shutoff solenoid (12) will no
longer be activated.

NOTICE To help prevent damage to the engine, find
and correct the cause for low engine oil pressure
before the engine is started again.
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SYSTEMS OPERATION

ELECTRONIC OVERSPEED SHUTOFF SYSTEM (WITH TIME DELAY RELAY)
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WIRING DIAGRAM
(Fuel Shutoff Solenoid Energized to Shutoff)

1. Magnetic pickup. 2 Crank terminate switch. L Dual speed switch. 4. Time dely relay. 5. Switch (N.O.). 6.
Shutdown relay. 7. Battery. IL Diode assembly. 9. Shutotff solenoid. 10. Starter motor.
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The engine speed is felt by magnetic pickup (1). As the
teeth of the flywheel go through the magnetic lines of
force around the pickup, an AC voltage is made. Dual
speed switch (3) measures engine speed from the
frequency of this AC voltage.

Time delay relay (4) controls the operation of
shutdown relay (6), which in turn, controls the operation
of fuel shutoff solenoid (9). Time delay relay (4) will keep
the fuel shutoff solenoid energized for 70 seconds after a
fault condition. This prevents the engine from being
started again before the flywheel has stopped rotation.

When the engine starts and gets to a speed just
above cranking speed, the normally open contacts of
crank terminate switch (2) [which is part of dual speed
switch (3)] will close. This will complete the circuit to time
delay relay (4) through terminal TD-l. Normally open
switch (5) in time delay relay (4) now closes and
completes the circuit between shutdown relay (6) and
terminal TD-7.

If the engine speed increases above the
overspeed setting (118% of rated speed) of the dual
speed switch, the overspeed switch (part of the dual
speed switch) will close across terminals DSS-7 and
DSS-8. This completes the circuit to shutdown relay (6)
through the now closed switch (5) at terminal TD-7.
Shutdown relay (6) is activated and in turn activates fuel
shutoff solenoid (9) to cause the engine to shutdown.

When the engine stops, crank terminate switch
(2) will open the circuit across terminals DSS-IO and
DSS1 1. This stops current flow to time delay relay (4).
Now, the time delay relay timer is started and 70
seconds later, switch (5) will open the circuit at terminal
TD-7. Current flow is then stopped through shutdown
relay (6) and fuel shutoff solenoid (9) will no longer be
activated.

A reset button on the dual speed switch must be
pushed to open the overspeed switch before the engine
will run.

NOTICE
To help prevent damage to the
engine, find and correct the problem that caused the
engine to overspeed, before the engine is started
again.

27



SHUTOFF AND ALARM SYSTEMS

WATER TEMPERATURE AND OIL PRESSURE
SHUTOFF WITH TIME DELAY RELAY (Fuel Shutoff
Solenoid Energized To Run)

When the electrical current is turned on to the time delay
relay terminal four, the current will flow to oil pressure
switch (3) and to terminal six of time delay relay (I). From
terminal six the current flows through N.C. switch (4) to
energize fuel shutoff solenoid (5) so the engine will start.

w-14
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When the engine starts, engine oil pressure will
close the N.O. switch in oil pressure switch (3). This
completes the circuit to time delay relay (1), water
temperature switch (2) and fuel shutoff solenoid (5). N.C.
switch (4) in the time delay relay now opens and breaks
the circuit between fuel shutoff solenoid (5) and terminal
six of the time delay relay.

If the engine coolant temperature goes above the

setting of water temperature switch (2), the N.C. contacts
will  open. This stops current flow through
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WIRING DIAGRAM
1. Time delay relay. 2 Water temperature switch. 3. Oil pressure switch 4. Switch (N.C.). 5 Fuel shutoff

solenoid.
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water temperature switch (2) and through switch (4) to
the fuel shutoff solenoid. When the engine stops, engine
oil pressure will become less than the setting of the oil
pressure switch. The N.O. switch will open and stop the
flow of current to the time delay relay.

This will start the time delay relay timer. After 70
seconds, switch (4) will close and current will again flow
to the fuel shutoff solenoid.

If engine oil pressure gets less than the setting of the
oil pressure switch, the’ N.O. switch will open.

This will stop current flow through switch (4) to the fuel
shutoff solenoid. The current flow will stop to the time

~ A== ===~~~
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timer. After 70 seconds, switch (4) will close and current
will again flow through the fuel shutoff solenoid.

NOTICE
To help prevent damage to the engine, find and
correct the problem that caused the engine to shut
off before the engine is restarted.

NOTE: To help prevent discharge oft’ the batteries when
the engine is shut off, a switch can be installed to turn off
the current to the shutoff solenoid.

-
I

YO —

Start Push Button

Shutoff Solenoid

Time Delay Relay

Voltage Transient Suppressor

delay relay and start the time delay relay
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WIRING SCHEMATIC
(Water Temperature And Oil Pressure Shutoff)
BAT Battery SPB
CB Circuit Breaker SS
OPS 011 Pressure Switch TDR
PS Pinion Solenoid VTS
SM Starter Motor WTS
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WATER TEMPERATURE, OIL PRESSURE AND
ELECTRONIC OVERSPEED SHUTOFF WITH
TIME DELAY RELAY (Fuel Shutoff Solenoid
Energized to Run)

SYSTEMS OPERATION
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WIRING DIAGRAM
1. Magnetic pickup. 2. Dual speed switch. 3. Over-speed switch (N.C.). 4. Cranking speed switch (N.O.). 5. Water
temperature switch. 6. Oil pressure switch. 7. Time delay relay. 8. Switch (N.C.). 9. Fuel shutoff solenoid.

The engine speed is felt by magnetic pickup (1).

As the teeth of the flywheel go through the magnetic
lines of force around the pickup, an AC voltage is made.
Dual speed switch (2) determines engine speed from the
frequency of the voltage.

Time delay relay