Important Safety Precautions

Read and observe these safety precautions when using
or working on electric generators, engines and related
equipment. Also read and follow the literature provided
with the equipment.

Proper operation and maintenance are critical to perfor-
mance and safety. Electricity, fuel, exhaust, moving parts
and batteries present hazards that can cause severe
personal injury or death.

FUEL, ENGINE OIL, AND FUMES ARE
FLAMMABLE AND TOXIC

Fire, explosion, and personal injury can result from im-
proper practices.

e Used engine oil, and benzene and lead, found in
some gasoline, have been identified by government
agencies as causing cancer or reproductive toxicity.
When checking, draining or adding fuel or oil, do not
ingest, breathe the fumes, or contact gasoline or
used oil.

e Do not fill tanks with engine running. Do not smoke
around the area. Wipe up oil or fuel spills. Do not
leave rags in engine compartment or on equipment.
Keep this and surrounding area clean.

o Inspect fuel system before each operation and peri-
odically while running.

e Equip fuel supply with a positive fuel shutoff.
¢ Do not store or transport equipment with fuel in tank.

o Keep an ABC-rated fire extinguisher available near
equipment and adjacent areas for use on all types of
fires except alcohol.

¢ Unless provided with equipment or noted otherwise
in installation manual, fuel lines must be copper or
steel, secured, free of leaks and separated or
shielded from electrical wiring.

e Use approved, non-conductive flexible fuel hose for
fuel connections. Do not use copper tubing as a flex-
ible connection. It will work—harden and break.

EXHAUST GAS IS DEADLY

e Engine exhaust contains carbon monoxide (CO),
an odorless, invisible, poisonous gas. Learn the
symptoms of CO poisoning.

¢ Never sleep in a vessel, vehicle, or room with a gen-
set or engine running unless the area is equipped
with an operating CO detector with an audible
alarm.

e Each time the engine or genset is started, or at least
every day, thoroughly inspect the exhaust system.
Shut down the unit and repair leaks immediately.

e Warning: Engine exhaust is known to the State of
California to cause cancer, birth defects and other
reproductive harm.

Make sure exhaust is properly ventilated.

e Vessel bilge must have an operating power
exhaust.

e Vehicle exhaust system must extend beyond ve-
hicle perimeter and not near windows, doors or
vents.

e Do not use engine or genset cooling air to heat an
area.

e Do not operate engine/genset in enclosed area
without ample fresh air ventilation.

e Expel exhaust away from enclosed, sheltered, or
occupied areas.

e Make sure exhaust system components are se-
curely fastened and not warped.

MOVING PARTS CAN CAUSE SEVERE
PERSONAL INJURY OR DEATH

e Do not remove any guards or covers with the equip-
ment running.

e Keep hands, clothing, hair, and jewelry away from
moving parts.

e Before performing any maintenance, disconnect
battery (negative [-] cable first) to prevent acciden-
tal starting.

e Make sure fasteners and joints are secure. Tighten
supports and clamps, keep guards in position over
fans, drive belts, etc.

e If adjustments must be made while equipment is
running, use extreme caution around hot manifolds
and moving parts, etc. Wear safety glasses and pro-
tective clothing.

BATTERY GAS IS EXPLOSIVE

e Wear safety glasses and do not smoke while servic-
ing batteries.

e Always disconnect battery negative (-) lead first
and reconnect it last. Make sure you connect battery
correctly. A direct short across battery terminals can
cause an explosion. Do not smoke while servicing
batteries. Hydrogen gas given off during charging is
explosive.

* Do not disconnect or connect battery cables if fuel
vapors are present. Ventilate the area thoroughly.

GSP-1
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DO NOT OPERATE IN FLAMMABLE AND
EXPLOSIVE ENVIRONMENTS

Flammable vapor can be ignited by equipment operation
or cause a diesel engine to overspeed and become diffi-
cult to stop, resulting in possible fire, explosion, severe
personal injury and death. Do not operate diesel equip-
ment where a flammable vapor environment can be
created by fuel spill, leak, etc., unless equipped with
an automatic safety device to block the air intake and
stop the engine.

HOT COOLANT CAN CAUSE SEVERE
PERSONAL INJURY

e Hot coolant is under pressure. Do not loosen the

-— —coolant-pressure-cap while-the engine is-hot.-Let the — --

engine cool before opening the pressure cap.

ELECTRICAL SHOCK CAN CAUSE SEVERE
PERSONAL INJURY OR DEATH

¢ Do not service control panel or engine with unit run-
ning. High voltages are present. Work that must be
done while unit is running should be done only by
qualified service personnel.

e Do not connect the generator set to the public utility
or to any other electrical power system. Electrocu-
tion can occur at a remote site where line or equip-
ment repairs are being made. An approved transfer
switch must be used if more than one power source
is connected.

e Disconnect starting battery (negative [-] cable first)
before removing protective shields or touching elec-
trical equipment. Use insulative mats placed on dry
wood platforms. Do not wear jewelry, damp clothing
or allow skin surface to be damp when handling
electrical equipment.

e Use insulated tools. Do not tamper with interlocks.

e Follow all applicable state and local electrical
codes. Have all electrical installations performed by
a qualified licensed electrician. Tag open switches
to avoid accidental closure.

e With transfer switches, keep cabinet closed and
locked. Only authorized personnel should have
cabinet or operational keys. Due to serious shock
hazard from high voltages within cabinet, all service
and adjustments must be performed by an electri-
cian or authorized service representative.

If the cabinet must be opened for any reason:

1. Move genset operation switch or Stop/Auto/
Handcrank switch (whichever applies) to Stop.

2. Disconnect genset batteries (negative [-] lead
first).

3. Remove AC power to automatic transfer
switch. If instructions require otherwise, use
extreme caution due to shock hazard.

MEDIUM VOLTAGE GENERATOR SETS
(601V TO 15kV) '

e Medium voltage acts differently than low voltage.
Special equipment and training are required to work

__..on.or.around medium._voltage equipment.. Operation.
and maintenance must be done only by persons
trained and qualified to work on such devices. Im-
proper use or procedures will result in severe per-
sonal injury or death.

e Do not work on energized equipment. Unauthorized
personnel must not be permitted near energized
equipment. Induced voltage remains even after
equipment is disconnected from the power source.
Plan maintenance with authorized personnel so
equipment can be de-energized and safely
grounded.

GENERAL SAFETY PRECAUTIONS

e Do not work on equipment when mentally or physi-
cally fatigued or after consuming alcohol or drugs.

e Carefully follow all applicable local, state and feder-
al codes.

e Never step on equipment (as when entering or leav-
ing the engine compartment). It can stress and
break unit components, possibly resulting in dan-
gerous operating conditions from leaking fuel, leak-
ing exhaust fumes, etc.

e Keep equipment and area clean. Oil, grease, dirt, or
stowed gear can cause fire or damage equipment
by restricting airflow.

e Equipment owners and operators are solely re-
sponsible for operating equipment safely. Contact
your authorized Onan/Cummins dealer or distribu-
tor for more information.

KEEP THIS DOCUMENT NEAR EQUIPMENT FOR
EASY REFERENCE.
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v PLANT RUNNING HOURS
COMPARED TO AUTOMOBILE RUNNING MILES

The engine of your generating plant makes as many revolutions in one hour, as the
average automobile engine does when the car travels a distance of 41 miles.

100 ruaning hours time on a generating plant engine is equivalent in total RPM's
to approximately 4100 running miles on an automobile.

However, do not conclude that the wear on the generating plant engine and the wear
on the automobile engine would be the same. The generating plant engine is built
much more ruggedly, (having larger main bearings, bigger oil capacity and has a
heavier crankshaft proportionately per horsepower) than most automobile engines.
Given the proper care and periodic servicing the generating plant engine will
continue to give many more hours of efficient service than an automobile engine
will after having been run the equivalent number of running miles.

Compare the running time of your generating plant engine with the number of miles
traveled by an automobile. The oil in an auto is checked every one or two hundred
miles (3 to 5 hrs. running time) and changed every 1000 to 1500 miles (28 to 42 hrs.)
whereas in a generating plant or stationary power engine, the oil should be checked
every 6 to B running hours (250 to 350 miles) and changed every 50 to 100 operating
hours (2000 to 4000 miles) depending on operating conditions.

About every 5,000 to 10,000 miles (120 to 250 hours), services have to be performed
on an auto, such as checking ignition points, replacing spark plugs, condensers, etc.
Similarly on your generating plant engine, these same services have to be performed
periodically except the change period is reckoned in hours. 10,000 miles on an auto
is equivalent to about 250 running hours on your plant engine.

To arrive at an approximate figure of comparative generating plant running hours as
against automobile engine running miles, multiply the total number of running hours
by 41 to find the equivalent of running miles on an automobile.

Your generating plant engine can "take it" and will give many hours of efficient
performance provided it is serviced regularly.

Below is a chart showing the comparison between a generating plant engine running_
hours and an automobile running miles.

GENERATING PLANT AUTOMOBILE GENERATING PLANT AUTOMOBILE

RUNNING HOURS RUNNING MILES |} RUNNING HOURS RUNNING MILES
1 Hr. 41 Miles 30 Hrs. 1,230 Miles

DAILY 4 Hrs. 164 + MONTHLY 120 4,920

AVERAGE 6 " 246 " AVERAGE 180 7,380 "

( " 328 L 240 9,840 "
{ " 287 v l 365 " 14,965 "

WEEKLY 28 " 1,148 - YEARLY ' 1,460 * 59,860
AVERAGE 42 1,722 » AVERAGE 2,190 " 89,790 "

(56 " 2,296 " 2,920 119,720 ¢

NOTE: Electric generating plants do not operate economically when used to
power electric refrigerators and will add from 4 to 8 operating hours per
day in addition to the regular lighting load.
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DESCRIPTION 1

INTRODUCTORY

The ONAN MDSL Series Diesel powered electric generating plants to
which this manual applies are complete electric generating plants.
Each plant includes an engine, generator, and necessary accessories.
Each plant is thoroughly tested before leaving the factory to assure that
all parts are in good condition and that each plant will produce its rated

output.

This manual contains instructions on installing, operating, servicing,
adjusting, and repairing the plant. Read all instructions carefully.
Correct installation, operation, and servicing are important in assur-
ing long life operation. Disregarding these instructions may lead to
unnecessary trouble and expense.

Lifting Eye

Air Cleane Y

ifold Heater
Glow Plug

Decompression
—=—Release -

Thermostat
utoff Switch

~Exhaust Manifold
Injection Pump
overnor

Water Pump
eared Crank

Valve ’g

Fuel Transfer Pump

Fuel Primary Filter«l el Secondary Filter

SINGLE CYLINDER, MARINE DIESEL,
ELECTRIC GENERATING PLANT
("Spec A" View)



2 DESCRIPTION

DETAILS

The engine is a 4 cycle; vertical single cylinder; 3-1/2 inch bore;
3-1/2 inch stroke; water cooled; full Diesel engine.

The main and connecting rod bearings are pressure lubricated. The

- speed is governor controlled. The fuel system has primary and second-
ary fuel filters. The circulated water is discharged into the exhaust
manifold. To aid starting, an induction air heater and a glow plug are
used.

- The generator is of the four pole type, self-excited, saturated field, -

inherently regulated, revolving armature type, direct connected to the
engine. Generator output rating ranges from 2.5 to 3 KW at unity power
. factor, depending on the voltage and speed characteristics of the model
in question. The generator acts as a cranking motor.

The mounted control box contains the necessary operating controls and
instruments.

TYPES OF PLANTS

Standard models of the alternating current plants, dual purpose plants,
and battery charging plants are covered in this manual. These plants

differ mainly in the type of current generated. Where standard model
differences in connecting, installing and servicing occur, they will be

treated separately.

This instruction manual is supplied with all generating plants of the
MDSL series. Instructions apply specifically to the standard models.
Some special installation or operating conditions may require the opera-
tor of this plant to modify these instructions. If the plant has optional
equipment, a corresponding specification number appears in its model
designation. Some details do not apply to special models. However, by
following as closely as possible the recommendations as given in this
book, the operator should have no difficulty in making a good installa-
tion and in properly operating the generating plant. If the special dif-
ference is electrical, refer to the special wiring diagram for that plant
rather than the wiring diagrams shown in the rear of this manual.

ALTERNATING CURRENT PLANTS. - Plants of the alternating current

type produce their full rated
capacity in alternating current (ac) plus 150 watts of direct current (dc)
which is used for battery charging purposes. The plant must be oper-
ated whenever alternating current is used. A small auxiliary load may
be taken from the starting battery for short periods of time while the
plant is idle. Always have the battery connected when operating the
plant.




DESCRIPTION 3

The main difference between the 50 cycle plant and the 60 cycle plant is
in the current frequency. Most electrical appliances can be used on
either frequency .but it is advisable to check appliances for use with 50
cycle plants before purchasing to assure that they are adaptable to the
frequency of the current.

DUAL PURPOSE PLANTS. - Plants of the dual purpose type produce

120 volt alternating current and 32 volt
direct current. The total capacity of 3000 watts may be taken from the
plant in alternating current or up to 750 watts may be taken in direct
current and the balance of 2250 watts in alternating current. Alternating
current is supplied directly to the load from the generator and the plant
must be operated whenever alternating current is used. Direct current
is supplied directly to the load from the battery and direct current may
be used while the plant is running, or as limited by the charge in the
battery, while the plant is not running. NEVER OPERATE THIS TYPE
OF PLANT WITHOUT HAVING THE BATTERY CONNECTED. The bat-
tery specific gravity should be checked at frequent intervals during HIGH
charge rate operation. As the battery reaches a fully charged condition
the operator must snap the charge rate switch to LOW position. CON-
TINUOUS OPERATION AT HIGH CHARGE RATE AFTER THE BATTERY
IS FULLY CHARGED WILL BURN UP THE BATTERY.

BATTERY CHARGING PLANTS. - Plants of the battery charging type -
_ are operated to generate electricity
which is supplied directly to the storage battery. Electricity may be
used while the plant is running or, as limited by the charge in the bat-
tery, while the plant is not running. NEVER OPERATE THIS TYPE OF
PLANT WITHOUT HAVING THE BATTERY CONNECTED. AS THE
BATTERY BECOMES CHARGED, THE OPERATOR MUST TURN THE
RHEOSTAT TO THE LOW CHARGE RATE POSITION. CONTINUOUS
OPERATION AT HIGH CHARGE RATE AFTER THE BATTERY IS
FULLY CHARGED WILL BURN UP THE BATTERY. Repeated adjust-
ment of the rheostat to gain a tapering off charge rate is desirable.



AVOID INJECTION FAILURE !

HEEP FUEL

AVOID BATTERY “BURN UP’'I

CONTINUOUS OPERATION AT HIGH CHARGE RATE
WHEN THE BATTERY IS FULLY CHARG'ED, MAY

"BURN UP" THE BATTERY !

THE BATTERY INTE-RNAL RESISTANCE INCREASES
AS THE BATTERY REACHES A FULLY CHARGED
CONDITION, CAUSING A DESIRABLE TAPERING
OFF CHARGE RATE. HOWEVER, THE BATTERY
SPECIFIC GRAVITY MUST BE CHECKED FRE-

QUENTLY DURING OPERATION AT HIGH CHARGE

RATE.

THE PLANT MAY BE OPERATED AT LOW CHARGE
RATE WITHOUT DAMAGING A FULLY CHARGED

BATTERY.




INSTALLATION 5

GENERAL. - The proper installation of the Diesel powered electric

generating plant is essential for safe, satisfactory and
continuous service. Due to the great variation in the design of hulls
and the varied location of compartments suitable for the installation of
an electric generating plant, the instructions given here must neces-
sarily be of a general nature. However, the basic principles contained
in these instructions should be complied with.

The advice and guidance contained in the booklet entitled ""Fire Protec-
tion Standards for Motor Craft' (NFPA No. 302) offered by the National
Fire Protection Association International, Boston 10, Mass., will be
helpful to the installer of equipment in a vessel.

LOCATION. - Select a location for the plant, preferably near the boat's
main keel, which is dry, properly ventilated, above low
lying vapors and splash from the bilge. Maintain reasonable acces-
sibility for minor servicing operations, hand cranking, draining of the
crankcase lubricating oil, the plant spill pan and the water system.

MOUNTING THE PLANT. - To assemble the four vibration dampeners

to the spill pan, use eight 5/16'" diameter
flat head machine screws, inserted from below, and a lockwasher and
nut on each. To mount the spill pan under the plant, place its drain
toward the generator end, and use one bolt, lock washer, and flat washer
to secure each of the four mounting feet of the plant to its vibration
dampener. The vibration dampener has 3/8-16 threads.

Provide a sturdy base on which the plant can be mounted. The base
should support the area of the spill pan directly under each vibration
dampener to prevent distortion of the spill pan. The four mounting holes
in the spill pan are 1/2" diameter and are located 13-1 /4" between cen-
ters front to rear and 18-3/4" between centers left to right for 3/8 bolts.

-
BOLT~ MOUNTING
LOCK WASHER~. |~ ] J ANGLE

L . :

FLAT WASHER

FLAT HEAD STEEL

MACHINE SCREW VIBRATION

DAMPENER

FIG. 1 - VIBRATION DAMPENER
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.8 INSTALLATION

VENTILATION. - An internal combustion engine must have a free cir-
culation of air while operating. Properly ventilate ;
the compartment to remove any possible accumulation of inflammable
or explosive vapors. Most craft probably have provisions for ade-
quately disposing of fuel vapors out of the engine compartment and bilge
and can also accommodate the exhausting of any additional vapors ema-
nating from the electric generating plant. If they do not have such pro-
vision, the following is recommended. )

1. Where the generating plant or fuel tanks are located in closed com-
partments, permanently open and adequate inlet and outlet ventilat-
ing ducts extending to the bilges should be installed ; two inlets leading =~ - -
~ to the wings at one end of the compartment and two outlets from the
wings at the opposite end.

2. Where the plant or fuel tank is not located in a closed compartment,
at least one such duct should be installed in the fore part of the boat
and one in the aft part.

Inlet ducts should be provided with cowls or equivalent fittings. Where
feasible, it is also recommended that the outlet ducts be fitted with wind
actuated, self turning or rotary exhauster heads, or that power operated
exhausters be installed in each outlet duct. If power operated exhaust-
ers are used, motors should be installed outside of the ducts and as high
above the accommodation flooring as practicable. Such exhausters should
be run for at least 5 minutes before starting any engine. Size of vents
should be about proportional to the beam of the boat with two square
inches of aggregate vent area per foot of beam as a minimum.

-

EXHAUST PIPE AND MUFFLER (SILENCER). - The installation of the

exhaust pipe and muffler
must necessarily be governed by the location of the generating plant but
there are some requirements that must be met. Install a completely
separate exhaust line to the point of escape through the hull above water
line. Do not connect to any other engine exhaust line. All of the engine
cooling water is discharged into the engine manifold and passes through
the exhaust pipe and muffler. The exhaust line must have a continuous
downward pitch from the engine with a minimum number of bends or
elbows, and arranged to prevent back-flow of water from reaching the
engine under any conditions.

Use a section of flexible tubing (bellows type) to absorb vibrations be-
tween the exhaust pipe secured to the engine and the exhaust system
secured to the hull, If an approved non-metallic flexible tubing is used,
a substantial length of exhaust pipe must be used next to the engine to
aid in cooling the exhaust before reaching the non-metallic tubing. The
flexible section must be always accessible.




INSTALLATION 9

Install the muffler where convenient, with its drain hole downward and
accessible and with its unused holes plugged.

Where exhaust piping pierces non-watertight bulkheads, or partitions,

it must have a minimum clearance of 2 inches. Where it passes through
watertight bulkheads, non-combustible packings must be used in the
gland. Adequately support all parts of the exhaust system.

Where the exhaust outlet is higher than the engine manifold or if it is
necessary to install the plant below load water line, refer to the illus-
tration and install the exhaust system as follows: Install a condensa-
tion trap and drain valve or plug at the engine; pitch the exhaust line
upward using a flexible section, then a vertical loop reaching at least
18 inches above load water line; install the muffler and exhaust pipe
with a gradual downward pitch; reconnect the discharged water line to
the top connection of the muffler (3/8" N.P.T.) (or to a point just beyond
the upward pitch if the muffler is far from the engine manifold); the
highest point in the discharged water line should not exceed 3 feet above
the thermostat to assure dependable lift by the pump.

Use CAUTION to -maintain a suitable safeguard from combustible mater-
ials by insulation, clearance, or both, any dry portion of the exhaust
system.

WATER LINE CONNECTION. - The water pump is a gear driven, rubber
impeller type pump. The maximum :
vertical lift for the pump under average conditions is five feet. The
horizontal run at maximum lift should not exceed 20 feet. The suction
opening of the water pump is equipped with a 1/8" pipe fitting. From
this fitting attach a pipe nipple and 3/8"1.D. hose to the source of water
supply. It is recommended that a strainer and a check valve be placed
in the suction pipe at an accessible point as near to the thruhull fitting
as possible to prevent foreign matter from entering the water pump and
to maintain pump prime. The check valve should be installed adjacent
to the strainer on the water pump side.

A thermostat which opens at approximately 1500F, restricts the water
flow through the engine. A by-pass line is used in conjunction with the
thermostat.

FRESH WATER COOLING. - Closed type cooling systems are commonly
referred to as fresh water cooling.

Fresh water cooling is recommended where the vessel is to be operated
in freezing temperatures as it permits the use of antifreeze, thus elimi-
nating the freezing hazard. A separate water pump is required to fur-
nish cooling water for the exhaust line. This separate pump for sea
water may be belt driven from the generating plant power take-off. A
portion of the sea water must be returned through the plant exhaust sy -
stem by properly restricting the sea water return line. An expansion
tank must be used in the fresh water side of this system. Consult your
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marine dealer or the generating plant factory as to the type best suited
for your installation.

In most installations where the vessels prime mover is equipped with a
heat exchanger, it is possible to utilize this source of fresh water for
cooling the generating plant as the additional heat placed on the main
engine's cooling system is very small. Heat exchangers and various
types of fresh water cooling systems, suitable for use with these electric
generating plants are commercially available.

Also available is a chemical process whereby both the fresh and salt
water sides are protected from rust and mineral caking. Details con-
cerning the Model A "Aqua-Clear' process may be obtained from Sud-
bury Laboratory, Box 487, South Sudbury, Massachusetts.

Fill the closed type cooling system with clean alkali-free water until
the water in the expansion tank is at the level recommended by the man-
ufacturer or supplier of the system. If the preparation is for below
freezing temperatures, use an approved antifreeze in the proportion
recommended by its manufacturer.

Do not change the water oftener than necessary to keep the cooling sy-
stem clean or to change the antifreeze. Allow a hot engine to cool be-
fore draining the cooling system.

CAUTION: The entire cooling system must be drained as soon as the
engine stops if the plant is operated during freezing tempera-

tures, unless a fresh water system is used and protected with antifreeze.

Even with a fresh water cooling system the water must be drained from

the exhaust line.

FUEL TANK. - Where the vessel is powered by a Diesel engine, fuel

may be taken from the main fuel tank to operate the
electric generating plant. Use a separate tank if more practical or if
the grade of fuel for the vessel engine differs from the plant fuel.

With either fuel source, comply with the applicable marine code.

Wherever practicable the fuel supply should be located below the level

of the plant fuel inlet. This installation will permit the use of a fuel

line with no shut-off valve. A fuel line with no shut-off valve is much
more satisfactory from a standpoint of trouble free engine performance
due to the possibility of air being sucked into the system by the fuel trans-
fer pump. With this installation, the top of the fuel tank must be hori-
zontally below the primary fuel filter inlet to prevent siphoning of fuel
when servicing the fuel filter. Also the bottom of the tank must be with-
in 4 feet below the fuel transfer pump inlet to assure dependable distance

of fuel lift.

" -
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Wherever the fuel supply must be above the plant fuel inlet, a shut-off
valve must be provided to prevent siphoning of fuel when servicing the
plant fuel filter. Install the valve to close against the flow. Locate the
valve preferably below the level of the bottom of the tank and near the
generating plant. This location of the valve will facillitate bleeding the
air from the line.

If a separate fuel tank is installed, locate the tank in a water-tight com-
partment separate from but adjacent to the generator compartment,
Avoid the use of excessive lengths of fuel pipe. Have it accessible for
exterior examination. Mount it above the load water line in a pan or on
a metal lined, water-tight flat and with overboard drains. Such pan or
flat is not recommended where the bottom of the fuel tank is below the
load water line. Substantially secure the tank in position to prevent
movement. Portable tanks should not be used below decks.

It is recommended that all outlets pass through the top of the tank. Fill
pipes and sounding holes must be so arranged that vapors or possible
overflow where filling cannot escape to the inside of the boat. A pipe
made tight to the tank and to a filling plate on the deck outside of the
cockpit of coamings meets these requirements.

Fill pipes should extend nearly to the bottom of the tank and a strainer
of non-corrodible wire mesh fitted into the throat of the fill pipe. Pro-
vide a fuel tank vent or relief leading outboard. On vessels liable to
heel, two vents led to starboard and two to port are recommended.

f 1” |l» i1 FUEL RETURN LINE TO
7Y TOP OF FUEL TANK-
npn FUEL
v 8 SUPPL &

RETURN

LINE ]

[—SUCTION
LINE

PROPULSION
ENGINE

GENERATING
PLANT:

NOTE-TO REMEDY OR
HELP LOCATE A/R LEAK-
AGE RAISE THE FUEL
SUPPLY 2 FEET ABOVE
THE PUMP LEVEL-THEN
WATCH FOR FUEL LEAK-

AGE. FUEL SUPPLY LINE
FROM BOTTOM OF
FUEL TANK.
- Adar 4 ECONDARY
3 FILTER

FIG. 4 - FUEL SYSTEM
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FUEL LINES. - Make fuel lines from copper tubing and flare the ends.

Have lines run in sight whenever practicable, protected
from mechanical injury and effectively secured against vibration by
neat fittings, soft metal lined or non ferrous metal clips with no sharp
edges in contact with the tubing. Where passing through steel decks or
bulkheads, protect lines with close fitting ferrules of non-abrasive
material. The fuel inlet on the fuel filter requires a 1/8" iron pipe size
fitting.

The installation of flexible fuel lines between the plant and the two solid
~lines for fuel supply and return drip is recommended. If a flexible fuel
line is not used, make one or more loops in the solid line near the plant_
to absorb vibration. The loops should be made so that the lines will
drain when disconnected.

The suction line runs from the outlet on the fuel tank to the fitting on the
primary filter. The return fuel line runs from the fitting on the injec-
tion nozzle to the fitting on the top of the fuel tank. Make sure all con-
nections are tight without applying too much pressure on the fitting, On
the suction side of the fuel system use an approved sealing compound on
all pipe thread connections. USE EXTREME CARE THAT NONE ENTERS
THE SYSTEM! Do not use compound on connectors or flared fittings.

An air leak at any point in the suction side of the fuel system will cause
hard starting and inefficient operation.

Installing the suction line inlet slightly above the bottom of the main tank
will help avoid sucking moisture and sediment into the fuel line. How-
ever the fuel supply level must be maintained to avoid air being sucked

into the line. :

WIRING. - Select the material and install the wiring with every consid-
eration toward fire prevention. Comply with the National
Electrical Code and the authority having jurisdiction. Wire size must
be sufficient. Surface wiring must be protected. Avoid using conduit or
armored cable susceptible to moisture accumulation. Wire vulnerable
to vibration should be of the stranded type. Wire insulation must have
moisture-resistant and flame-retardant characteristics.

Consult a competent electrician. Install a circuit breaker or a fused
switch in the load circuit near the plant, Protect each branch circuit
with a separate fuse.

Refer also to the wiring diagram for electrical connections.

p
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CONNECTING THE LOAD (AC Plants). - Comply with the above in-
structions under WIRING and

select the following instructions applicable to the type of plant.

A. 1 PHASE, 2 WIRE PLANT. - The two generator output leads ter-
minate in the junction box on the plant.

Each lead has a terminal. It is advisable to install like terminals on

the leads from the fused switch or circuit breaker so that a good solid

connection can be made by bolting the leads together. The leads may

also be connected by using solderless connectors if the terminals on the

generator leads are removed.

The generator leads are marked ""M1' and ""M2'". The lead marked ""M1"
is the hot lead and is to be connected to the ""hot" side of the fused

~ switch or circuit breaker. The lead marked "M2" is the "grounded"
lead and is to be connected to the grounded side of the fused switch or
circuit breaker. The main line wires are then connected to terminals
in the fused switch or circuit breaker. Be sure to connect the hot side
of the main line to the hot side of the switch.

Generafor [Leods

Join leads )
tqtghestﬁgman Connect grounded
?C',nncctors (White) side of oad
and tape circuit togen-

connections

unground

ed side (Black) of load cir-
cuit to generator lead (M1).

FIG. § - 1 PHASE - 2 WIRE LOAD CONNECTIONS

B. 1 PHASE, 3 WIRE PLANTS. - The method of connecting leads to-

gether is the same as given for 1
phase, 2 wire plants. However, these plants have three wires entering
the junction box, marked "M1", "M2' and ""M3". Both 120 volt current
and 240 volt current are obtainable. The lead marked "M2" is grounded
and is to be connected to the grounded terminal of the fused switch or
circuit breaker. The leads marked '"M1'" and "M3" are hot and are to
be connected to the other two terminals on the plant side of the fused
switch or circuit breaker, one lead to each terminal.

Two 120 volt circuits are available. One circuit across "M1' and "M2"
and another circuit across "M2'" and '"M3". The load on each 120 volt
circuit should not be more than 1/2 the capacity of the plant.
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One 240 volt circuit is available. This circuit is across "M1'" and "M3".
""M2'" is not used with 240 volt circuit. If only 240 volt current is used,
the full rated capacity of the plant may be used.

Both 120 volt current and 240 volt current may be used at the same time.
However, the total of either 120 volt load plus 1/2 the 240 volt load
should not exceed 1/2 the capacity of the plant. For example: a total of
1500 watts is available on each 120 volt circuit of a 3000 watt single
phase 3 wire plant. If 1000 watts of current is used on each 120 volt
circuit, only 1000 watts of 240 volt current can be used at the same time.
If 2000 watts of 240 volt current is used, only 500 watts of 120 volt cur-

rent is available on each 120 volt circuit, L . .

120V, ’r 240V,

FIG. 6 - 1 PHASE - 3 WIRE LOAD CONNECTIONS

C. 3 PHASE, 3 WIRE PLANTS. - The method of connecting leads to-
gether is the same as given for 1

phase, 2 wire plants. However, these plants have three leads entering
the junction box, marked '"M1", "M2" and '""M3". Single phase, 240
volt current and three phase 240 volt current are obtainable. None of

Generalor Leads

, 240V.- 1 Phase
240V. - 1 Phase
FIG. 7 - 3 PHASE - 3 WIRE LOAD CONNECTIONS

For a 3 phase, 3 wire circuit, connect one main line wire to each of the
three output terminals of the fused switch or circuit breaker. I the
direction of rotation of the connected load is not correct after the plant
is started, reversing the connections between any two terminals will
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correct the directions of rotation. To assure in phase connections, use
a phase sequence indicator.

Three, 240 volt, single phase circuits may be obtained by connecting
the two load wires of each circuit to any two terminals as illustrated.
It is not advisable to use only one of the three, 240 volt single phase
circuits. Use all three and connect an equal load to each of the three
circuits to prevent unbalancing the generator. The load on any one of
the three single phase circuits must not be more than 1/3 the rated ca-
pacity of the plant.

CONNECTING THE LOAD (Dual Purpose Plant, 120V.AC-32V.DC or
120V.AC-24V.DC). - For connecting the 120
volts ac load, refer to the instructions for the single phase, two wire plant.

For connecting the dc load, refer to the instructions as given for the 24-
volt or 32-volt Battery Charging Plants.

CAUTION: Remember that a total of up to 750 watts of direct current

and 2250 watts of alternating current may be used at the
same time or divided in any proportion within the rated output limits of
the generator. Maximum dc output should not exceed 750 watts. Total
current available is 3000 watts. If only alternating current is used,
3000 watts is available. When direct current is used, subtract the
amount of direct current used from the total generator capacity to find
the amount of alternating current available. For example: If 500 watts
of dc is used, only 2500 watts of ac is available.

CONNECTING THE LOAD (Battery Charging Plants). - The main line

load circuit
should be connected to the batteries through a 100 ampere fused switch
or circuit breaker. The lead wires from the battery fuse block to the
main line fuse block should be of sufficient size to carry the full rated
capacity of the generator plus the full rated capacity of the battery.
Branch circuits from the main circuit should be properly fused. Smaller
wire may be used for these branch circuits but the wire should be large
enough to carry the amperage of the load on each circuit.

Make connections from the main line switch to the fused battery switch.
Connect leads to the terminals on the battery side of both switches.
Observe the same polarity used in connecting the battery. Refer to the
Battery Connections illustration.

CONNECTING THE BATTERY (24 or 32 Volt Battery Charging Plants). -
‘ The 24 volt and 32 volt plants have an
UNGROUNDED system. In this system, all electrical components of
the plant (except the heater circuit which is used only during starting)
are electrically insulated from the engine and control box. For marine
installations with this system it is not essential whether or not the gen-
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erating plant polarity agrees with the polarity of other electrical equip-
ment aboard.

NOTE: The ungrounded system may be converted to a grounded system
by connecting a ground to the panel terminal (or load) to which
generator lead A2 is connected. (Connecting to the opposite side will
blow the fuse). Then the battery polarity may be reversed (battery pos-
itive connected to plant negative terminal and battery negative connected
to plant positive terminal) provided the next start is made by the start
switch (rather than by manual cranking) to correct the generator polarity.
Battery polarity of a grounded plant must agree with polarity of other
. electrical equipment aboard (on marine installations only) to avoid ™
severe electrolysis (chemical) action causing damage to propellors, sea
cocks, etc., which contact salt water, while the plant is running.

o DG 0\0 All wires and cables to be
O\Q.V\\‘.\P“\' sufficiently large to meet
“}‘t‘ electrical specifications.

L'PLANT CONTROL BOX

VA
\\ WIRES TO LOAD

FUSED SWITCH BOX~
(100 Amp. Super- s
Lag Fuses)
TO GROUND THIS SYSTEM,
CONNECT EARTH GROUND TO ""A2"

FUSED SWITCH BOX
(100 Amp.Fuses)

) JUMPER
a - <D~y meer
“f‘ -
N IS

32 VOLT BATTERY SET

ALE7

FIG. 8 - BATTERY AND LOAD CONNECTIONS-
BATTERY CHARGING PLANTS, 32- VOLT

Ammeter readings on these units will be correct only when the battery
positive is connected to the start solenoid. With the polarity reversed
(batery negative cable connected to the solenoid) the ammeter will read
"discharge" instead of ""charge". The reading can be corrected by re-
versing the wires connected to the ammeter terminals.

Battery cables and batteries are not supplied with battery charging units,
Procure those accessories from the equipment dealer.
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Prepare the batteries for operation and install them according to the
battery manufacturer's instructions.

A fused switch should be installed between the plant and the batteries

as illustrated. Run cable from the battery to the switch and then from
the switch to the plant control box, so that the battery positive (4)
connects to the start solenoid in the control box and the battery negative
(—) connects to the (B—) terminal in the control box (terminal to which
generator lead A2 is connected).

It is advisable to connect the ground last when connecting a battery and
to disconnect the ground first when disconnecting a battery.

CONNECTING THE BATTERY (Dual Purpose Plants). - A grounded

system is used.
These plants are designed to operate with either a negative or a positive
grounding of the battery without regard to polarity. However, unless
the generator is properly grounded with respect to other electrical
equipment aboard, severe electrolysis (chemical) action will be set up
when the unit is running." This will cause damage to propellors, sea
cocks and other fittings which contact salt water.

Ammeter readings on these units will be correct only with a negative
ground. With a positive ground the ammeter readings will be reversed,
To correct the reading reverse the wires connected to the ammeter.

Battery connections incorporating a fused switch box should be as de-
scribed and illustrated for the 32 volt battery charging plants, except
use the generator frame GROUND instead of the control A2 terminal.
Refer to those instructions.

CONNECTING THE BATTERY (AC Plants). - A grounded system is
used. These plants are
designed to operate with either a negative or a positive grounding of the
battery without regard to polarity. However, unless the generator is
properly grounded with respect to other electrical equipment aboard,
severe electrolysis (chemical) action will be set up when the unit is run-
ning. This will cause damage to propellors, sea cocks and other fittings
which contact salt water, and applies only to a marine installation.

Ammeter readings on these units will be correct only with a negative
ground. With a positive ground the ammeter readings will be reversed.
This can be remedied by reversing the wires connected to the ammeter
terminals.

""Wet'" starting batteries are sometimes supplied with the plant. These
batteries are in a well charged condition when shipped from the factory.
However, if they are not placed in service within 30 to 40 days, they
may have become partly discharged. If such is the case, they should
be given a freshening charge before being placed in service. If "dry"
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batteries are supplied, they must be prepared for use according to the
instructions given on the tag attached to the batteries.

Batteries should always be installed on a wooden or metal rack to afford
a free circulation of air around the battery.

Cables for making connections between the plant and the battery are
supplied with all remote start plants even though the starting batteries
are not. The short jumper cable connects the two 6-volt batteries in
series to produce 12-volts. The two longer cables connect the battery
to the plant. These two long cables are the same size and length.

~ Spread open the battery cable terminal so it slips onto the battery post.
easily. After tightening, have both surfaces clean and apply a film of
petroleum jelly to them to prevent corrosion. Install the cable to make
full contact with the battery post to minimize current loss.

Make battery connections as follows:

If a single 12 volt battery is used for the plant, connect one of the long
battery cables from the positive (+) post on the battery to the POSITIVE
terminal of the start solenoid inside the plant control box. Connect the
other long cable from the negative (—) post on the battery to the NEG-
ATIVE terminal on the generating plant. The short jumper cable is not
used with a single 12 volt battery. Be sure connections are all tight.

O

| - BATTERY POSITIVE
o || ON START SOLENOID
" {1INSIDE CONTROL
BOX

FOR NEGATIVE
GROUNDED
SYSTEM

BATTERY NEGATIVE
ON GENERATOR
FRAME

FIG. 9 - BATTERY CONNECTIONS - AC MODELS ONLY

Seeme’
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If two 6 volt batteries are to be connected in series to form a 12 volt
battery, connect the short jumper cable from the negative (—) post of
one battery to the positive (4) post of the other battery. Then make the
longer cable connections as described in the above paragraph.

CONNECTING REMOTE START-STOP STATIONS (Remote Starting
Plants Only). - One or more remote control start-stop stations may be

installed at various points. The wire length from the
plant to the switch determines the wire size necessary. Comply with
this chart:

WIRE MAXIMUM PERMISSIBLE WIRE LENGTH (In Feet)
SIZE 3MDSL-1R,
NECESSARY 3MDSL-3R |3MDSL-1R4 |3MDSL-232R | 205MDSL-224R
#18 85 140 200 130
#16 135 240 335 220
#14 215 360 500 350
#12 350 975 800 950

A terminal block located in the control box has terminals marked 1, 2,
and 3. Terminal number 1 is used as a common ground, terminal num-
ber 2 connects to the stopping circuit of the plant and terminal number
3 connects to the starting circuit of the plant. The terminal marked
B+ (where used), is to be used only with an automatic control installa-
tion.

Connect the switch common (center) terminal to the No. 1 terminal of
the plant. Connect another terminal of the switch to the terminal block
number 2 position. Connect the remaining switch terminal to the ter-
minal block number 3 position. Number 2 is the stopping circuit, num-
ber 3 is the starting circuit, and number 1 is grounded. The plant B 4
terminal is used only with line transfer equipment. If additional remote
switches are installed, they must be connected in a parallel circuit.

=k REMOTE CONTROL
f: 5 TERMINAL BLOCK

AT PLANT

N\ § 'MOMENTARY CONTACT
i SWITCH

FIG. 10- REMOTE START-STOP STATION
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AUXILIARY LIGHTING CIRCUIT (Alternating Current Plants). - If an
auxiliary j
lighting circuit is desired for a night light, trouble or service light, ’
the circuit should be connected directly to the starting battery. Limit
this 12-volt load to 150 watts maximum. Check battery charge condition
at regular intervals and switch the charging rate accordingly to compen-
sate for load. This load will prevent "burning up" of a fully charged
battery during continuous operation at low charge rate. '

GROUNDING, ALL PLANTS. - For battery charging plants, refer to
connecting the batteries.

If grounding is called for in local electrical codes, or if radio interfer-

ence necessitates it, provide a separate ground. Also the operator will

desire to protect himself from possible dangerous electrical shocks by .
grounding the generator plant and load equipment. Radio interference .
may result if the plant is grounded to a water pipe or to a ground used

by a radio. Run a wire (number 8 or larger) (never smaller than 2

sizes smaller than the largest wire used in the system) from the plant

ground terminal to a point which will establish a good electrical connec-

tion with the wetted surface of the hull or a suitable earth ground.

The installation must be mechanically secure, and must have low resis-
tance electrically. Comply with national and local electrical codes.

/ ,.

=
REMOVE THIS
PLUG TO PRIME

WATER PUMP. - The water pump

is an impeller
type and usually it will prime itself
and hold its prime. The condition
of the pump and the required lift
from the water source will determine
the necessity for priming. The
water pump should be primed before
starting a new engine or whenever
the cooling system has been drained.

To prime the pump, remove the plug . A el
in the pump inlet fitting and add water FIG. 11 - PRIMING THE
while cranking the engine. WATER PUMP

CHECKING NEUTRAL BRUSH RIG POSITION. - Witness marks show
the neutral brush rig

position as adjusted at the factory. Details are given in the Mainten-
ance and Repair section of the manual, Check the brush rig position
and see that all generator brushes are in place in their guides.

RECHECK. - Carefully recheck all instructions to see that nothing has

been left undone. Then supply the engine with proper oil
and fuel as described under Preparation, Operation, and Periodic Ser-
vice in the manual. Bleed the air from the fuel system as instructed
under Preparation.
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RECOMMENDED FUEL. - No. 2 Furnace Oil. Premium Diesel fuels
not required.
Alternates ......... No. 1 Furnace Oil (distillate and range oil)
and kerosene may be used but one quart (U,
S. Measure) of SAE No. 30 lubricating oil
should be added to each 25 gallons of such fuel to provide lubrication for
fuel injection equipment.

SPECIFICATIONS. - (Specifications may be changed without notice).

GRAVITY (Minimum) A.P.L. ................. 30
VISCOSITY (Saybolt Universal at 100°F.) ...... 30.5 to 45 Seconds
CETANENUMBER ......ooviieieininnnnnnn. 43 Minimum
SULPHUR (by weight) ............0.00vuvn... 1% Maximum
CONRADSON CARBON (10% Bottoms) .......... 0.15% Maximum
FLASHPOINT ............... 1300F. Minimum or legal Minimum
WATER and SEDIMENT (by volume) ........... None
POUR POINT ..... Must be 100 lower than minimum temperature

at which fuel oil is to be used.

Use fuel with low sulphur content to minimize ring sticking and bearing
corrosion. Keep fuel supplies in clean containers and adequately pro-
tected from rain, snow and dirt. KEEP THE FUEL SYSTEM CLEAN.
If removal of any part becomes necessary, wrap it in clean paper, never -
in cloth or waste. Use clean diesel fuel for cleaning parts.

RECOMMENDED OIL. - Use detergent lubricating oils classified by the
American Petroleum Institute as Service "DG",
or, as marketed by most manufacturers, "MS/DG". If sulphur content
of fuel is higher than recommended maximum, use Service "DS'" lubri-
cating oil (or series III, having more detergent and other additives).

Use SAE No. 30 grade (viscosity) oil in the crankcase of the engine

as instructed under PERIODIC SERVICE. Multiviscosity oils, as 5W-
20 or 10W-30, are not recommended,
especially at higher temperatures, as the
oil consumption increases greatly. At
low temperature where cold starting may
be difficult and high oil consumption is
not a factor, the use of multiviscosity oil
may be justified.

OIL CAPACITIES. - Crankcase - 4 quarts
. excluding filter (U.
S. Measure). FuLL

KEEP CRANKCASE OIL
AT THIS LEVEL.

NEVER OPERATE ENGINE
WITH OIL BELOW THIS
LEVEL.

\\

Low

FIG. 12 - OIL LEVEL
INDICATOR
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PREPARATION FOR STARTING. - Fill the fuel tank with clean fuel.

Fill the crankcase with 4 Quarts (U.S. Measure) of the recommended
viscosity and service grade of lubricating oil. This excludes oil for the
filter. If the preparation is for cold temperature operation, do not put
the oil into the crankcase until just before starting.

NOTE: SAE No. 10W oil may be used at temperatures below 40°F. See
Cold Temperatures under the heading ABNORMAL OPERATING

CONDITIONS.
CAUTION: BE SURE TO REPLACE OIL FILL CAP SECURELY

- - - OR AIR LEAKAGE AT THIS POINT MAY REDUCE CRANKCASE
VACUUM, RESULTING IN OIL LEAKAGE AT THE OIL SEALS.

Open the room air inlet ventilator, except as necessary to control the
air flow for cold temperature operation.

See that the main line switch or circuit breaker is in the OFF position.

Lubricate the governor linkage ball joint with powdered graphite. Place
a drop of SAE No. 30 oil on the other governor linkage joints.

Open the fuel shutoff valve at the fuel tank.

BLEEDER PLUG

RM

ALSO BLEED AT
COVER PLUG OF
SECONDARY
FILTER

FIG. 13 - BLEEDING THE FUEL SYSTEM

S
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Loosen the injection pump bleeder plug located just above the throttle
arm. Then work the primer lever on the fuel pump until fuel flows
freely at the plug opening and there are no air or foreign gas bubbles in
evidence. Either tighten the plug now, or leave it "cracked" during the
first minutes of operation to allow the escape of a trickle of fuel as well
as additional air and gases. Another bleed plug is located at the top of
the secondard fuel filter. Bleeding by this plug extracts any air-trapped
in the secondary filter cover and should be done in conjunction with the
regular method at the injection pump. Tighten this plug before com-
pleting the bleeding at the injection pump. Refer also to the illustration,
- Fuel System And Filter Service, which appears in the PERIODIC SERV-
ICE section herein.

CAUTION: If the cam is on the high side the pump will not operate.

Turn the crankshaft over one complete revolution to correct.
Leave the primer lever at the "in" position when through priming the
fuel system to allow normal operation of the pump.

The air bleeding procedure should be followed when starting a new en-

gine, an engine that has been idle for a long period of time, or an engine
that has run out of fuel.

Important !

s N
AWGIVE THESE NUMBERS

WHEN ORDERING REPAIR PARTS OR
REQUESTING SERVICE INFORMATION

FOR YOUR UNIT |
WRITE IN NUMBERS SHOWN ON PLANT NAMEPLATE

\_ J

- —
MODEL & SPEC. NO. SERIAL NO.
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STARTING THE PLANT

Select the starting instructions which apply, Remote or Electric Start.
For starting in cold weather or high humidity conditions, pre-heat for
one minute just before cranking by operating the heater switch located
on the control panel. Also when starting a plant at temperatures below
50°F., refer to the suggested aids contained in the section, ABNORMAL

OPERATING CONDITIONS.

Check the entire installation to see that all connections and preparations
have been made. If the preparation has been made for cold temperature
operation, be sure the crankcase is filled with proper oil.

The engine will have a sharp knock as it fires until it has warmed up.
This is a normal condition.

STARTING ELECTRICALLY (Remote-Starting Plants). - (a) Decom-

pression release mechanism operates
electrically. However, if its plunger was manually locked IN, disengage
. its pin from the locking notch. (b) Depress the START switch to crank
electrically. The manifold heater and glow plug heat automatically
during cranking electrically. (c) When the engine is turning over fast
enough to build up lubricating oil pressure, then the decompression
release will operate. (d) Continue to press the start switch until the
engine comes up to speed. (NOTE: If false starts indicate more time
is required to gain sufficient cranking speed before compression takes
place, temporarily disconnect or ground-out the wire to the solenoid
and operate the plunger manually for an emergency start. )

STARTING ELECTRICALLY (Electric-Starting Plants). - Compression
release lever should be in "START-STOP"

position. (b) Depress both START switch and HEATER switch. (c) When
engine is turning over rapidly, throw compression release lever to

RUN position. (d) Continue to depress both start switch and heater
switch until engine comes up to speed.

STARTING MANUALLY (Remote - Starting Plants). - Manual cranking

: is strictly for
emergency in the event of a discharged battery. The principle is to
spin the flywheel fast enough so that its momentum will carry past the
compression stroke after the compression release mechanism is disen-
gaged. Someone to assist the operator will be of help.

The hand cranking starter is geared to double the hand cranking speed.
Its driving shaft engages the crank dog by pressing the engaging button
and is disengaged by a spring when tension is not held on the hand crank.
Before attempting to hand crank, work the engaging button to assure that
the spring is functioning properly and internal lubrication is adequate.
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If desired, the hand crank may be used with care at the same time as
cranking is attempted electrically. In this case the controls, on remote
start plants only, will operate electrically.

(a) Compression release mechanism should be engaged to prevent com-
pression. (b) Work the priming lever on the transfer pump a few times
to assure adequate fuel. CAUTION: Leave this lever inward so that the
normal pump action is not restricted. (c) Depress the heater switch and
hold it for one minute before cranking and continue to hold it during and
after cranking until the engine comes up to speed. (d) Engage the hand
crank and crank the engine. (e) When at top cranking speed, disengage
the compression release mechanism to allow compression and running.
(f) Check the lubricating oil pressure immediately. (g) Do not operate
the plant unless the battery is connected.

GENERAL FALSE START. - Should the engine fail to fire within about
30 seconds, release the switch and check

the fuel system before attempting to start the engine again.

If the engine fires but fails to continue running, chances are that the fuel
system has an air leak or air pocket in the fuel suction line at some point.
Bleed the fuel system of air as given under PREPARATION and check
fuel connections for leaks. Then repeat the starting procedure.

Complete failure of oil pressure will leave the oil pressure switch open
and the solenoid will not be energized to permit compression and running.

DECOMPRESSION RELEASE SOLENOID (Remote Starting Plants only). -

The decompression solenoid
must operate to allow compression. I the solenoid fails to work auto-
matically, its plunger may be operated by hand. To operate by hand,
push the plunger on the solenoid IN when engine compression is desired
and turn the knurled knob on the plunger until the pin is locked in place.
To stop the engine, turn the knob until free and pull out as far as it will
go. This allows the spring loaded shaft to engage with the exhaust valve
rocker arm when the exhaust valve opens to prevent engine compression
and affect stopping.

Failure of the solenoid to operate may be caused by the plunger becoming
gummed up or by electrical failure. To remove the plunger knob for
disassembly, remove the locking pin.

SAFETY DEVICE. - In case of dangerously high coolant (water) temper-

ature the cutoff switch automatically shorts out the
decompression-release-solenoid relay to stop the plant. Although com-
plete oil pressure failure causes the plant to stop, the oil pressure
switch is not intended for a safety device. It will not be adequate pro-
tection in case of a gradually diminishing oil pressure or too low oil
level.
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POINTS TO CHECK AFTER STARTING THE PLANT

OIL PRESSURE. - The pressure reading on the gauge should be between

20 and 30 pounds at normal operating temperature.
The reading will be higher until the engine warms up. Should the oil
pressure drop to 10 pounds, shut the plant off at once and determine the
cause. Correct the trouble before starting the plant again.

OIL LEAKAGE. - If oil leakage occurs at the oil seals or anti-flicker

breaker plunger (ac plants), check the breather tube
check valve and oil fill cap. The check valve disc must work freely.
The oil fill cap must be air tight.

FUEL LEAKAGE. - If fuel leakage occurs at the nozzle base when a new
o o B engine is being started the first few times after the
initial start has been made, carefully tighten the nozzle mounting screws
to 15 1b. ft. torque. If nozzle or injection pump trouble occurs, install a
new part.

WATER PUMP LEAKAGE. - If the water pump shaft seal leaks (water

drips from relief hole) when first operating after
storage, try to restore the seal's resiliency, by stopping the engine
after warm-up, to allow the seal to warm up from engine heat.

BATTERY CHARGING RATE (AC Plants). - A two way switch permits
the selection of two charg-

ing rates, a high rate of 6 to 9 amperes and a low rate of 2 to 4 amperes.
Use the high rate if the battery is down or the plant is to be run for only
a short period of time. Use the low rate if the battery is up or the plant
is to be run for a long period of time.

Keep the battery in a well charged condition at all times. Keep the level
of the electrolyte above the separators at all times. Unless the battery
manufacturer specifies a different level, fill each cell with clean dis-
tilled water to a point 3/8 of an inch above the separators.

BATTERY CHARGING RATE (Dual Purpose Plant). - The charging rate
of the battery is
controlled by a HIGH-LOW charge switch located on the plant control box.
When this switch is at the HIGH position, the charging rate is a maximum
of 30A. When the switch is at the LOW position the charging rate is
about 3 amperes.
CAUTION: The total ac load on the Dual Purpose plants should not ex-
ceed 2250 watts when the charge switch is at the HIGH posi-
‘tion. When the charge switch is at the LOW position, the full ac capa-

city of 3000 watts may be used.

If the battery is in a discharged condition, throw the charge switch to the
HIGH position and leave it there until the battery nears a fully charged
condition. Then return it to the LOW position. Keep a close check on
the battery with a hydrometer. Add distilled water as necessary to keep
the level of the electrolyte above the separators according to the battery
manufacturer's recommendations.

A,
Nvneer
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Cycling the battery between a charged and discharged condition at reg-
ular intervals is recommended.

These plants produce alternating current as well as direct current and
must operate at about 1800 rpm for the 60 cycle plants to produce the
right frequency of current. NEVER INCREASE ENGINE SPEED TO IN-
CREASE THE CHARGING RATE. Engine speed should be adjusted only
to correct the rpm of the plant to obtain the right frequency.

BATTERY CHARGING RATE (Battery Charging Plants). - The battery
charging
plants have a rheostat in series with the shunt field circuit of the gen-
erator. The charging rate to the battery is controlled by turning the
rheostat knob as required to raise or lower the charging rate.

Set the charge rate at the point where the ammeter shows the rate of
charge recommended by the battery manufacturer. Allow the plant to

run for a period of about one hour. Then reset the charge rate to the
point where the ammeter again shows the recommended charging rate.
The charge rate at any given setting will gradually get lower as the bat-
tery nears a fully-charged condition and its internal resistance increases.
This gives a "tapering off'' effect to the charge which is desirable. Check
the ammeter once in a while during the end of the charge period. U
necessary, reset the charge rate to keep the needle of the ammeter on
the charge side. See "When To Operate the Plant, "

ADJUSTING ENGINE SPEED - ALL PLANTS. - Engine speed should be
maintained as given for
governor adjustment under ADJUSTMENTS section. Adjustments are
made by increasing or decreasing governor spring tension. Turn the
speed adjusting nut in to increase spring tension (also engine speed and
generator voltage) or out to decrease it. Be sure to lock the adjustment
with the two hex nuts. It is not advisable to attempt a governor adjust-
ment unless an instrument for checking speed or voltage is available.

WHEN TO OPERATE THE PLANT (AC Plants). - Plants of the alter-

nating current type
must be operated whenever electricity is required. When the battery
is fully charged snap the charge rate switch to LOW position.

WHEN TO OPERATE THE PLANT (Dual Purpose Plants). - Plants of
of the dual

purpose type must be operated whenever ac electricity is required, or
whenever the 32 volt battery requires recharging. When the battery is
fully charged snap the charge rate switch to LOW position.

WHEN TO OPERATE THE PLANT (Battery Charging Plants). - Plants
of the

battery charging type are operated to generate electricity which may be
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supplied directly to the storage battery or divided in any proportion with-
in the output limits of the generator between the battery and the connected
load, the battery receiving that portion of the current not required by

the connected load. Should the connected load require more current

than the generator produces, the additional current needed to operate

the connected load is furnished by the battery but only for the period of
time that the battery retains a high enough charge to furnish this addi-
tional current. The total electrical load may be double the plant capa-
city, or even more, for the period of time that the battery remains in a
well charged condition. However, the connected load should not be
greater than the actual plant capacity if the battery is in a discharged
condition, DO NOT OPERATE THIS TYPE OF PLANT UNLESS THE
-BATTERY IS CONNECTED. WHEN THE BATTERY IS FULLY
CHARGED, TURN THE RHEOSTAT KNOB TO LOW RATE POSITION.
The plant must be operated to recharge the battery whenever it becomes

discharged.

ENGINE RACES. - Shut off the engine at once. Check for the cause.
The governor linkage must be properly connected.

If oil is being drawn into the intake air stream, check for a faulty crank-

case breather valve and for a loose fit of the oil fill cap or a similar

reason for the crankcase partial vacuum not being maintained.

LIGHTS FLICKER (AC Plants). - Service the anti-flicker breaker points
as instructed under PERIODIC SER-

VICE section.

VALVE CLEARANCE. - Check the valve clearance at the end of the first
50 hours of running time. Check only as re-

quired thereafter.

BLACK SMOKE FROM EXHAUST. - Black smoke coming from the ex-
haust outlet is an indication of

trouble. Should the condition exist, shut the plant off immediately and
determine the cause,

Main causes of black smoke are overloading the generator, poor grade
or dirty fuel, improper operation of the injection pump or nozzle, or
improper fuel injector timing.

Black sm‘oky exhaust is a normal condition with an overloaded generator.
This condition can easily be remedied by simply reducing the load.

Black smoky exhaust at less than rated generator capacity indicates
faulty combustion. Continued operation of the plant in this condition
may result in stuck rings, blow-by at the rings or premature blackening
of the crankcase oil from carbon. Faulty combustion is a direct result
of loss of compression or faulty injection.
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Many of the main causes of faulty combustion are listed in the "Troubles
and Remedies' section. Refer to this section for possible causes
should trouble of this nature occur.

STOPPING THE PLANT

Disconnect the main load from the plant and let the plant run for a few
minutes at no load to allow the engine time to cool gradually before

stopping the engine.

To stop the remote-starting plant; hold the stop switch at STOP position
until the plant has completely stopped running. Use either the switch
at the plant or a remote station.

To stop the electric-starting plant move the compression release lever
to the START-STOP position.

If due to some electrical fault the remote-starting plant will not stop
by the stop switch, manually pull the decompression release plunger
outward until the plant stops. The plunger may have been locked at the
IN position.

If for any reason the electric-starting plant will not stop when the com-
pression release lever is thrown to the STOP position, hold the injection
pump throttle arm at the closed position until the engine stops running.

If for any reason the remote-starting plant will not stop when the decom-
pression release plunger is pulled OUT to the STOP position, hold the
injection pump throttle arm at the closed position until the engine stops
running.

If the plant is consistently operated at very light load, it is advisable to
operate the plant at full load for about 5 minutes just before stopping to
help dispose of carbon deposits.

If the plant will be subject to freezing temperatures and is not protected
by anti-freeze, then the coolant system must be drained at: (1) the block,
(2) the water pump nameplate, and (3) the exhaust muffler.

FUEL KNOCK

A sharp knock that occurs when the engine is first started will usually
diminish gradually as the engine warms up under load. If the fuel knock
continues, correct one or more possible causes. Bleed the fuel system
to remove any air, and to check for adequate fuel transfer pump capac-
ity. Repair any leaks in the fuel line where air is sucked in. Provide
adequate fresh air for engine combustion. Adjust the nozzle if neces-
sary to agree with fuel used as instructed under ADJUSTMENT section.
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COLD TEMPERATURE SUGGESTIONS

Full Diesel engines fire on compression alone and starting problems may
occur at temperatures of 50°F. and below. Read the following para-
graphs carefully. They contain many helpful hints on cold weather
starting.

Refer to Fresh Water Cooling under INSTALLATION.

If the engine temperature is expected to drop low enough to require a
lighter oil for starting, drain the crankcase oil while warm from run-
ning. Be sure to add oil before the next start.

To aid starting under cold conditions, use a viscosity oil in the erank-
case just light enough to permit cranking and adequate lubrication. If
necessary to use very light oil (as ""Service DG", SAE No. 5W), and if
heavy duty or continuous operation is expected, change the oil to SAE

No. 30 as soon as the engine reaches operating temperature.

Be sure the fuel used has a low pour point (at least 10 degrees lower
than the prevailing temperature) and will flow freely and not congeal in
the lines. Fuel tends to congeal in the filters and fuel lines at low tem-
peratures. If trouble of this nature occurs, warm the fuel or change to
a No. 1 Diesel fuel (or alternate) having a lower pour point.

The lowest temperature at which the fuel will flow through a pipe is
known as the pour point or congealing point.

The fuel in the combustion chamber is ignited by the rise in temperature
of the air in the chamber due to compression. The glow plug helps
ignite the fuel during the starting period. Under cold conditions, pre-
heat for about 1 minute just before starting, by holding the heater switch
at ON position.

Any means of increasing the temperature of the air being drawn into the
combustion chamber will aid starting.

Fuel does not flow freely in cold weather and air locks may occur often.
When bleeding the fuel system be sure to clear all air pockets.

Crank the engine a few revolutions by hand to free it up before attempting
to start it.

The battery capacity decreases with lowering temperatures. Because of
this it is necessary to keep the battery fully charged at all times in order
to crank a cold engine fast enough to start it. A temporary addition of

a 12 volt battery, connected in parallel, during the starting period will
improve cranking speed. Install this booster battery permanently if
conditions require it. (Applies only to 12 volt system.)
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Check the charged condition of the battery often with a hydrometer.
Batteries will freeze between temperatures of 200F. above zero and
509F. below zero, depending on the state of charge.

Drair, clean and replace element in the fuel filter only as necessary to
keep the fuel clean. Remember that any foreign particles that enter
beyond the filter during cleaning will be forced into the injection pump
and will probably cause trouble.

Keep all fuel tank screens clean.

Keep supplies of fuel free of water. If fuel containing water is used, it
may freeze and close off the fuel supply.

Let the engine warm up slowly before applying the load. Watch the oil
pressure carefully. Do not apply any load until the oil circulates freely.

HOT TEMPERATURE SUGGESTIONS

Keep the level of the oil in the engine crankcase at or near the full mark
at all times.

Be sure there is ample ventilation so that radiated heat from the engine
is not recirculated. Provide more or larger air inlets if necessary.

Keep all cooling surfaces clean and free of dust, dirt and grease or oil.
DUST AND DIRT
Check plant operation more often and service as needed.

Service the air cleaner as often as necessary to assure a free passage
of air. Sufficient fresh air is necessary for full power output.

Check the commutator and brushes of the generator often and see that
the brushes ride freely in their holders and make good contact. See
GENERATOR under Maintenance and Repair for service instructions.

Keep supplies of fuel and oil in airtight containers.

Keep the plant as clean as practicable.
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ONAN DIESEL ENGINE SERVICE CHART

The following recommended Engine Service Chart may be used as a
guide for servicing ONAN Diesel Engines.

The chart is based on favorable operating conditions. The actual ser-
vice period may be somewhat longer or shorter than shown - depending!

on operating conditions. ‘
HOURS OF OPERATION

SERVICE REQUIRED

2000

*Service air cleaner ..............

%% %1100
|| Ix|{200
x| [ [x][300
sl ¢ |2 | %[l 400
x| [ %[00
s ||| 700
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Replace oil filter cartridge . ......

Check anti-flicker points (AC only).

Inspect generator brushes,
commutator, slip rings ......... X X X X

Clean primary fuel filter .........

Drain sludge secondary fuel filter .

Check valve tappets .............. X

Grease generator bearing (if not
seal bearing) ..................

Clean engine and oil base ........ X

Clean injector nozzles ........... As Required

Replace secondary fuel filter ..... As Required

Grind valves and remove deposits. As Required

Replave valve, piston rings, etc. .. As Required

Replace water pump rotor (marine
unitsonly) ..................... As Required

AR R R
”

»
»

* Check the air cleaner often.

If it is necessary to remove parts for inspection and gaskets are disturbed
they should be replaced with new ones.

Periodic Inspection: For Loose or Poor Connections, Fittings, etc.

Recommended Oil: Heavy Duty Detergent or Oil designated for Service
DG, DS or MS/DG. Use the proper SAE number oil for the lowest
temperature at the engine as expected at the time of starting. Above
400F. (49C.) use SAE 30, Below 40°F, (49C. ) use SAE 10.

Recommended Fuel: No. 2 furnace oil., Premium Diesel fuels are not
' required.

Alternate Fuel: No. 1 furnace oil (distillate and range oil) and kerosene
may be used but one quart (U.S. Mcasure) of SAE No. 30 lubricating
0il should be added to cach 25 gallons of such fuel to provide lub-
rication for fuel injection equipment. ‘

g
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THE BEST PROTECTION AGAINST FILTER TROUBLE

IS THE USE OF CLEAN FUEL

NOTE: Filters Should Be Cleaned Only When Necessary. The Primary
Filter May Have To Be Cleaned Several Times Before It Be-
comes Necessary To Clean The Secondary Filter.

BLEED FUEL SYSTEM HERE

STRAINER in fitting at inlet of injection

pump, DOES NOT REQUIRE SERVICING. gg¥

FUEL TRANSFER PUMP
(Repair Kit Available.)

—_— 1 e ——
Fuel Sucked

PRIMARY FILTER

STRAINER
ELEMENT

CLEAN Primary Filter Strainer ELEMENT
Only When It Will Not Pass Fuel!

Loosen Nuts and Carefully Separate Discs.
Submerge and Swish in Clean Diesel Fuel
or Suitable Solvent. Have Clean Hands !
Rinse Thoroughly in Clean Fuel. Compres-
sed Air May Be Blown in the Reverse
Direction of Fuel Flow, Otherwise DO NOT
Dry Element. Retighten Nuts. Prevent
Dirt from Entering Internal Area of Discs.

BLEEDER PLUG on clean side of SECONDARY
FILTER Should Be Used in Conjuction with the
Final Bleed Plug at the Injection Pump.

SECONDARY FILTER
(Do Not Disassemble
Unless Necessary. )

DRAIN SLUDGE, (Each 6 Months or
Oftener). Excessive Sludge Accumulation
Indicates "New Element Should Be Installed".

EMPTY WATER and SEDIMENT from
PRIMARY FILTER BOWL, (Each 6
Months or 1200 Operating Hours).

The Bowl Supports the strainer Element
and Gasket. CATCH THEM!

Bow! to Cover Gasket Is Reusable with
Successive Emptyings of Bowl. However,
Renew Both Bowl to Cover Gasket and
Fiber Strainer-to-Cover Gasket with Each
Cleaning of Brass Disc Strainer Element.

WHEN CLEANING FUEL SYSTEM INTERNAL PARTS,
"SWISH" THEM THOROUGHLY IN CLEAN DIESEL FUEL. DO NOT
ATTEMPT TO WIPE DRY. HAVE HANDS CLEAN. BE THOROUGH!
BEFORE TOUCHING POLISHED PARTS, DIP HANDS IN DIESEL FUEL.

FIG. 14 - FUEL SYSTEM AND FILTER SERVICE
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GENERAL. - Certain services must be performed periodically if the

plant is to continue operating efficiently and economi-
cally. Service periods are based on hours of running time under normal
operating conditions. For extreme conditions of load, temperature,
dust, dirt, etc., service more often. The operator should enter dates
serviced on a service chart.

DAILY SERVICE

Perform the following services daily or at the end of each
8 hours of running time, whichever occurs first.

_FUEL. - Check the fuel supply often enough- to avoid-running out of fuel.
Use only clean containers and clean fuel as recommended un-
der PREPARATION or ABNORMAL OPERATING CONDITIONS.

CRANKCASE OIL. - Check the oil level in the crankcase. Fill to the

full mark with SAE No. 30 oil (A.P.I. Service
"DG") or as otherwise recommended for low temperature starting. Re-
place the filler cap securely.

CLEANING. - Keep the plant clean.
WEEKLY SERVICE

Perform the following services weekly or at the end of each
50 hours of running time, whichever occurs first.

CRANKCASE OIL. - Change the crankcase lubricating oil every 100 hours

of running time unless sludge formation or conden-
sation forms during cold weather operation. Then, change oil more
often. Change the oil filter cartridge each time the crankcase oil is
changed. Remove the old oil from the filter before replacing the cart-
ridge.

GOVERNOR LINKAGE. - If available, use only powdered graphite on the

governor linkage ball joint, otherwise, use a
light non-gummy oil. On other joints of the governor to throttle linkage,
place a drop of SAE No. 30 oil.

BATTERY. - Check the level of the fluid in the starting batteries. Add

distilled water, if necessary, to bring the fluid to 3/8"
above the separators, or as otherwise recommended by the battery man-
ufacturer.
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AIR CLEANER (AIR SILENCER). - The air cleaner is a dry type which

serves primarily as an air silencer.
Thoroughly clean the air cleaner at intervals and in the manner as ex-
perience shows necessary. A restricted air cleaner will cause a power
drop. To clean the air cleaner, immerse it and agitate it in diesel fuel,
drain it and reinstall it. :

INSPECTION. - Tighten all loose nuts, bolts, connections, etc.

VALVE CLEARANCE. - Check the valve clearance at the end of the first
50 hours of running time. Reset the valve
clearance if necessary.

MONTHLY SERVICE

Perform the following services monthly or at the end of
each 200 hours of running time, whichever occurs first.

ANTI-FLICKER. - Check the anti-flicker breaker points and condenser

of the alternating current plants. Clean the points
with a fine stone and reset the point gap to . 025" if necessary. If the
points are badly pitted or burned, replace them. Burned points are
usually an indication of a faulty condenser. Replace the condenser if it
tests faulty. If the lights still flicker, adjust the clip on the resistor to
correct.

(

TO ADIUST FLICKER RES/S-
TANCE LOOSEN CL/IP ON
UNIT AND SL/IDE #LONG
WHILE WATCHING THE
LIGHTS. CLAMP CL/IP IN
POSITION WHERE LEAST
FLICKER OCCURS. BE SURE 1
TOADIUST ONLY WHEN
AVERAGE LOAD 1S ON.

A8

FIG. 15 - SERVICING THE ANTI-FLICKER BREAKER MECHANISM
- AC MODELS

GENERATOR. - Check the generator brushes. Brushes worn to 5/8
inch in length should be replaced.

Check the commutator and collector rings (ac plants only). Brush sur-
faces must be smooth and cylindrical to assure good brush contact. See
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GENERATOR under the heading Maintenance and Repair for repair in-
structions.

EXHAUST. - Inspect exhaust connections. Tighten or replace parts re-
quiring it.

VALVES. - Valve grinding is a service that must be performed periodi-
cally if the engine is to continue operating efficiently. Hard
starting, low power or excessive fuel or oil consumption, indicate a
low compression condition. An engine in good running condition should .
have a compression reading of at least 370 pounds per square inch at
70°F. Because only specialized Diesel repair shops are likely to be.
equipped to measure compression, symptoms of low compression can
usually be the guide for determining repair intervals,

Loss of compression may be due to a poor valve condition, worn or
sticking piston rings, worn piston ring grooves, or to worn cylinder
walls. If the exhaust valve is leaking, it can be heard at the exhaust
outlet on the plant. If the intake valve is leaking, a hissing noise will
be heard at the air cleaner opening. A compression leak past the piston
rings can be heard at the oil fill opening.

FUEL SYSTEM. - Necessary fuel filter service is dependent upon the
cleanliness of the fuel used. Engine operation is the
best indication of necessary filter service. Refer to the page herein on
SERVICING THE FUEL FILTER. The primary filter may have to be
serviced several times before it is necessary to service the secondary
filter. The factory recommends having a spare secondary fuel filter
element on hand for use if trouble occurs. More damage may result in
dirt getting into the fuel system during periodic servicing of the filters
than might be gained by a periodic service aimed at preventing trouble.

Fuel filters must be assembled air tight. Bleed the fuel line in accord-
ance with instructions under PREPARATION, after the fuel filter is ser-

viced.

Remember any dirt allowed to pass the fuel filter might clog the fuel

~ injection pump or nozzle. Water and sediment will settle to the bottom
of the fuel filter bowl when the plant is stopped. To determine if plant
failure is due to air leakage at the filter, raise the fuel supply above the
level of the fuel filter.

SEMI-YEARLY SERVICE

Perform the following services every six months or after
each 1200 hours of running time, whichever occurs first.

GENERATOR. -.Check the generator brush rig to see that it has not
shifted from its original position. Operation of the
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generator with the brushes out of ''neutral’ position causes rapid brush
wear and excessive arcing of the brushes. A chisel mark on the brush
rig ring against the support in the end bell was made at the factory to
indicate the '"'neutral brush position''.

The generator has a double-sealed pre-lubricated bearing which does
NOT require future greasing.

EXHAUST. - Inspect the exhaust system for carbon deposits. Carbon
removal is necessary especially if the plant is consistently

operated at very light load. Operating at full load for about 5 minutes

just prior to stopping the plant will help eliminate carbon accumulation.

RUNNING TIME METER
To facilitate changing oil
and servicing at proper
intervals install a running

time meter. Specify plant

Jmodel with inquiry!
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GOVERNOR. - The governor is set at the factory to maintain close reg-

- ulation of engine speed and generator voltage, within
the limits given herein, and according to the plant nameplate rating.
The governor seldom requires additional adjustment. If necessary, it
should be adjusted by someone properly equipped and experienced with
generating plants. Study carefully the following paragraphs and check
each point in the order given.

A. GOVERNOR ADJUSTMENT PROCEDURE. - Check the position of the
governor arm, the throttle lever, and the governor linkage. Make

adjustments as instructed under GOVERNOR ARM AND LINKAGE and

THROTTLE LEVER AND THROTTLE LEVER STOP, if necessary.

After the governor arm, throttle lever and linkage have been carefully
adjusted as instructed, start the plant and check the no load rpm. Cor-
rect as instructed under SPEED ADJUSTMENT, if necessary.

When all other adjustments have been completed, check the rpm between
no load and full load. Make adjustments as instructed under SENSITIVITY
ADJUSTMENT, if necessary.

GOVERNOR 3
SPRING —— -
oK GOVERNOR
SENSITIVITY "} SHAFT AND ARM
ADJUSTING , i GOVERNOR
STUD~__ | y! | SHAFT YOKE
GOVERNOR CUP
WW’ \_/

FIG. 16 - GOVERNOR ADJUSTMENT

B. GOVERNOR ARM AND LINKAGE. - Check the governor arm and

linkage and the throttle lever for a binding condition and for excessive
slack or wear at connecting points. A binding condition at any point will
cause the governor to act slowly and regulation will be poor. Excessive
looseness will cause a hunting condition and regulation will be erratic.
Work the arm back and forth several times by hand while the plant is
stopped. If either of these conditions exist, find out at which point the
trouble lies and adjust or replace the part as required.
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The linkage and the position of the governor arm must synchronize the
travel of the governor and the throttle lever so that the governor is at
the wide open position when the throttle is at the wide open position and
the governor is at its closed position when the throttle is at its closed
position. The position of the governor arm on its shaft is fixed and the
adjustment is made through the connecting linkage. Turn the governor
arm away from the injection pump as far as it will go to place the gov-
ernor shaft yoke against the governor cup. Then with the tension of the
governor spring holding the arm at the wide open position, adjust the
linkage by turning the ball joint farther on or off the link to hold the
throttle lever so that the arm of the stop is about 1/32" from the stop
screw (wide open position of the throttle shaft) when the engine is
stopped. The engine starts at wide open throttle. Be sure there is no
looseness or binding at any point. See the illustration, Adjusting the
Throttle Lever.

C. THROTTLE LEVER AND THROTTLE LEVER STOP. - The throttle

lever should never require readjustment unless it has become
loosened or has been removed as during parts replacement procedures.
On most engines the throttle lever position is exactly parallel to the in-
jection fuel line (to nozzle) when the shaft is held so that the nameplate
stop screw is exactly midway between the arms of the throttle stop. If
lever adjustment is necessary, loosen the lever screw, attain the correct
lever position, retighten the screw, then if necessary, adjust the gover-
nor linkage length.

The throttle lever stop is also adjustable but the position of this stop
should never be changed or altered in any manner as it fixes the position
of the shaft which in turn determines the flow of fuel to the injection pump.

Should the throttle lever stop ever
work loose or be loosened accident-
ally, adjust it as follows:

THROTTLE LEVER

Crank the engine by hand until the
TC mark on the flywheel and the
mark on the flywheel housing are
in line on the compression stroke,

ADJUST LINKAGE
HERE

then back up about 1/6 of a turn mvoorre BT —
o i i STOP -
(60%) against rotatlon._ 2728
Disconnect the fuel line from the THROTTEE srom |
injection pump outlet. 1 C;ovawop
Stop should be 1/32" ARM

from screw when
engine is stopped.

FIG. 17 - ADJUSTING THE
THROTTLE LEVER

Remove the valve from the injection
pump outlet.
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Remove the throttle lever and loosen the throttle stop socket screw so
that the shaft will be free to turn.

N

Place a .030" feeler gauge over the throttle stop pin or screw and turn
the throttle stop to the left until it rests against the gauge.

Have someone work the manual primer on the fuel transfer pump. Use
a steady motion so that the flow of fuel will be fairly steady.

Slowly turn the shaft to the right until fuel flows freely from the injection
pump outlet. :

FIG. 18 - ADJUSTING THE THROTTLE LEVER STOP

Slowly turn the shaft to the left until fuel just stops flowing. NOTE: If
the flywheel has been turned too far or not far enough before TC mark
the fuel may not stop flowing at any point. If this happens turn the fly-
wheel a few degrees one way or the other to correct the condition,

Without disturbing the position of the shaft, tighten the throttle stop
socket screw securely to lock the shaft in place.

Replace the throttle lever and reset the position as described in a pre-
vious paragraph. Adjust the connecting linkage if necessary.

Replace the valve in the injection pump outlet and connect the fuel line to
complete the job.

D. GOVERNOR SPRING. - Due to the fact that springs become fatigued
and lose their original tension from long usage it sometimes be-
comes necessary to replace the governor spring to get proper regulation.
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It is difficult to determine whether or not a spring is fatigued. Usually
if all other adjustments have been properly made and regulation is still
erratic, the trouble can be corrected by replacing the governor spring
and resetting the sensitivity and speed adjusting screw.

E. GOVERNOR SPEED ADJUSTMENT. - The speed at which the engine
operates is determined by t he tension applied to the governor spring.

Engine speed also determines the output voltage of the generator. In-

creasing spring tension increases engine speed and generator voltage.

Decreasing spring tension decreases engine speed and generator voltage.
No load engine speed should be maintained as given below. Check engine
speed with a tachometer.

Speed tests and voltage tests should be made when the plant is warm,
running for at least one hour before the final test is made.

Nominal engine speed and generator voltage should be as follows:

AC PLANTS: Maximum no load engine speed should not be more than
1920 rpm for 60 cycle plants, nor more than 1710 rpm
for 50 cycle plants.

Maximum no load voltage should not be more than 126 volts for 120 volt
circuits, nor more than 252 volts for 240 volt circuits. Voltage limits
for circuits of other voltages will be multiples of these shown.

Minimum engine speed at full rated generator capacity should not be
less than 1710 rpm for 60 cycle plants, nor less than 1500 rpm for 50
cycle plants.

Minimum voltage at full rated generator capacity should not be less than
110 volts for 120 volt circuits nor less than 220 volts for 240 volt cir-
cuits.

Maximum speed drop from no load to full load should not be more than
60 rpm.

BATTERY CHARGING PLANTS: Engine speed of the battery charging

plants should be not greater than 1950
rpm at no load and not less than 1750 rpm at full load. If a speed ad-
justment is needed, turn the speed adjusting nut in to increase engine
speed and generator voltage or out to decrease engine speed and genera-
tor voltage. Be sure to lock the adjustment with the two hex nuts,

DUAL PURPOSE PLANTS: Refer to AC PLANTS.
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F. GOVERNOR SENSITIVITY ADJUSTMENT. - The position of the sen-

sitivity adjusting screw controls the travel and leverage of the gov-
ernor spring and determines the rpm spread between no load and full
load. This rpm difference should not be more than 60 rpm (for ac cur-
rent). Check with a tachometer.

For more speed drop from no load to full load, turn the sensitivity
screw out. For less speed drop from no load to full load, turn the
sensitivity screw in. Always recheck engine speed after making a

sensitivity adjustment.

A hunting condition (engine alternately increasing and decreasing speed)
may result from the rpm between no load and full load being too low.
Should this condition exist, turn the sensitivity screw out until the con-
dition is corrected. Regulation is better with the end of the spring held
closer to the governor shaft but the tendency to hunt is increased. Make
the adjustment that gives the best regulation with no hunting. A more
likely cause of the engine hunting is lack of fuel due to improper adjust-
ment or blockage of the fuel system.

VALVE TAPPET AND COMPRESSION RELEASE CLEARANCE. - Re-
move

the top plate from the rocker box.

Turn the crankshaft in a clockwise direction until the "TC'" mark on the
flywheel and the mark on the edge of the flywheel housing timing
hole are in alignment on the compression stroke.

The valve nearest the compression release is the exhaust valve. There
are two adjustments to be made when correcting the clearance of this
valve. Note that the exhaust rocker arm has a compression release
adjusting screw and a larger screw for adjusting the valve clearance.

The screw for the compression release must be adjusted first and while
the adjusting screw for the exhaust push rod is backed off. A clearance
too great, when adjusting this smaller screw, will prevent proper stop-
ping of the engine. A clearance too small will allow the rocker arm to
rap against and possibly damage the solenoid plunger used on the remote
starting type of plant. Proceed as follows:

Place the compression release mechanism at disengaged (RUN) position.
Back away (turn in) the exhaust valve tappet clearance adjusting screw.

Clearance for the release mechanism is 0.027". Place a 0. 027" feeler
gauge between the exhaust valve stem and the rocker arm and turn the
smaller screw inward until it touches the low section of the compression
release shaft or plunger, and causes a slight drag on the feeler gauge.
Tighten the lock nut and recheck the clearance.

e
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Valve tappet clearance is for cold setting. The push rods are the steel
type and valve tappet clearance is 0.015". After completing the compres-
sion release adjustment, place a 0.015" feeler gauge between the exhaust
valve stem and the rocker arm and turn the self-locking screw in or

out with a wrench as required to correct the clearance. The feeler
gauge should have just a slight drag on it when moved back and forth if
the clearance is correct.

Repeat the foregoing paragraph for the intake valve. Reinstall all parts
removed. Return the release assembly to engaged (START) position,

FIRST-BACK AWAY THE EXHAUST |AFTER SETTING THE RELEASE

VALVE TAPPET ADJUSTING SCREW ADJUSTMENT-

THEN- FOR 0.015”
SET COMPRES- /”CLEARANCE ADJUST VALVE CLEARANCE
ION RELEASE | WITH FEELER |TAPPET SCREW— WITH FEELER

SCREW FOR 0.027- GAUGE HERE GAUGE HERE

vngLEvME = /ALY
ROD CVALVE (DOWN POSITION) CVALVE
COOWN POSITION) CLOSED) RELEASE DEVICE CLOSED)
RELEASE DEVICE (DISENGAGED-"RUN*
(DISENGAGED-"RUN* POSITION)
POSITION)
FIRST ADJUSTMENT SECOND ADJUSTMENT
COMPRESSION RELEASE VALVE TAPPETS

FIG. 19 - ADJUSTING VALVE TAPPET CLEARANCE

TIMING THE INJECTION PUMP TO THE ENGINE. - The fuel injection

pump is timed to
the engine at the factory and should not require retiming at any time.
However, should it become necessary, adjustment can be made by means
of an adjustable tappet which operates the injection pump.

Timing is 60 BTC (Before Top Center) - PO (Port Opening).

Port Opening is the stage in the operating stroke of the injection pump
when the fuel spillback passages align to end the injection.

Crank the engine over slowly by hand until the "PO" mark on the flywheel
aligns with the indicating pin or mark on the flywheel housing timing hole
on the compression stroke. The compression release lever should be in
the "RUN" position so that the exhaust valve is free to operate. Crank-
ing will then become more difficult as the piston comes up on the com-
pression stroke.
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Remove the fuel injection pump.

TIMING HOLE IN

The timing gauge is wider at one end FLYWHEEL CO

than the other. Insert the wider end into
the opening for the injection pump. The
bottom end should just make contact with ~eomon
the top of the tappet screw with both side TIMING GAUGE
arms of the gauge resting on the face of
the crankcase. As measured by a depth
micrometer, the setting should be 1.552"
plus or minus 0.002". Remove the tap-
pet to adjust it. Measure and repeat pro-
cedure until adjustment is correct. . - -

Install the injection pump. Be sure the:
neoprene seal is in place between the
injection pump and the crankcase. Con-

nect the fuel lines. Tighten the fuel

line nuts only enough to prevent leak- FIG. 20 - TIMING THE IN-
age. JECTION PUMP TO
THE ENGINE

Bleed the fuel system as instructed in
PREPARATION section of this book.

NOZZLE ADJUSTMENT. - A nozzle adjustment is recommended only as
a means of correcting a fuel knock resulting

from a change in the type of fuel used. Otherwise the original setting
of the adjusting screw should not be disturbed. The adjustment is made

as follows:
Start the engine and allow it to run until it is thoroughly warmed up.

Remove the top cover @ from the nozzle holder, as illustrated.

FIG. 21 - NOZZLE ADJUSTMENT
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Loosen the lock nut just enough to allow the adjusting screw @ to
turn,

Insert a screwdriver into the screwdriver slot of the adjusting screw @,
hold a wrench on the lock nut and turn the adjusting screw in first
one direction and then the other until the knock is least noticeable.
CAUTION: Do not turn the adjusting screw more than one turn in either

direction from its original position. If nozzle adjusting
screw is turned out too far, the burning gases from the combustion
chamber may be forced back into the nozzle, causing it to foul and the
pintle to stick. If this happens, the nozzle will need to be cleaned or re-
placed.

Lock the adjusting screw nut @ securely after making an adjustment.
Then replace the cover @ securely on the nozzle holder being sure the
copper washer is in place under the cover.

Nozzle failure may be due to foreign material causing the pintle to be-
come jammed. Check all other possible causes first. With hands cleaned
and dipped in clean diesel fuel, remove nozzle nut from combustion
chamber end of nozzle holder. Inspect nozzle pintle. If jammed or
scored, install a new nozzle. If fouled with carbon, clean and continue

in service, using cleaning tool set available through the dealer.
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GENERAL. - Repairs should be made by a competent mechanic familiar

with diesel engines and electric generator plants, Refer
to the Troubles and Remedies section for service diagnosis. Before re-
finishing to use an oversize or undersize part be sure the size desired
is available. Maintain fits and clearances as given in the Table of
Clearances.

TABLE OF CLEARANCES

MINIMUM MAXIMUM
Valve Rocker Arm Clearance - Cold .. . 015"
Valve Face Angle ................... 440
Valve Seat Angle ............... e S -~ - 450 - o
Valve Stem Clearance in Guide - Exhaust .003" .0045"
Valve Stem Clearance in Guide - Intake. .0015" . 003"
Valve Seat Width .................... 3/64" 1/16"
Crankshaft Main Bearing Clearance ... .0025" . 004"
Crankshaft Rod Journal - Standard Size. 2. 3745" 2,3750"
Crankshaft Endplay .................. . 010" . 015"
Camshaft Bearing Clearance ......... .001" ‘ . 003"
Camshaft Endplay ................... . 003"
Connecting Rod Bearing Clearance -
Forged Steel Rod with Precision Type
Bearings (Measured parallel with
lengthof rod) ...................... .oo1 . 003"
Connecting Rod Endplay .............. .002" 011"
Timing Gear Backlash ............... . 001" . 006"
Oil Pump Gear Backlash............. . 003" . 005"
Piston Clearance in Cylinder (at bottom
of skirt) ...... ... .. i .0035" . 0055
Piston Pin Clearance in Piston - tap fit. . 0000" .0003"
Piston Pin Clearance in Rod Bushings .. .0002" . 0007"
Top Compression Ring Gap in Cylinder . . 010" . 020"
Other Compression Rings and Oil Ring
GapinCylinder ..................... . 010" . 015"
Injection Pump Timing - 60 BTC - P.O. 1.552" + . 002"
Anti-Flicker Breaker Point Gap (AC
Unitsonly) ......................... . 025"
Compression Release Adjusting Screw -
With Release at Running Position .. .027
Exhaust Valve Head to Face of Cylinder
Head (Maintain by grinding new seat) .. . 030"
Cylinder Bore - Standard Size ......... 3.5015" 3.5025"
Crankshaft Main Bearing Journal - Std.
Size ... ... ., 2.7495" 2.7500"

Injection Nozzle Opening Pressure ..... 1750 1bs. minus 0, plus 50
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ASSEMBLY TORQUES(IN POUND FEET)

As a general rule, tighten bolts or nuts securely, using reasonable force
only, and using a wrench of normal length. The assembly torques shown
will assure proper tightness without danger of stripping threads. Check
all studs, nuts and screws often. Specially designed ""Place Bolts" do
not require a lock washer nor a gasket under their heads.

Rear Bearing Plate - Injection Pump 20-25
Place Bolts 45-50  Fuel Injection Lines 20-25
Connecting Rod - Manifolds 20-25
Place Bolts (No Locks) 40-45 Gear Cover 15-20
Screws (With Locks) 27-30 Crank Pilot 43-48
Oil Pump 7-9 Flywheel 35-40
Cylinder Head 70 Generator Adapter 30-35
Injection Nozzle Holder 15-20  Fuel Transfer Pump 10-15
Glow Plug 20-25 Armature Stud & Nut 40-45
ENGINE

CYLINDER. - The cylinder bore of a new engine is 3.5015 to 3.5025".
If the new engine was bored to oversize originally the

bore will be . 005" oversize. If the cylinder bore measures more than

. 005" out of true, the cylinder should be refinished to use the next

available oversize piston. Pistons and piston rings are available in

.010", .020", .030", or .040" oversize. Use standard rings with . 005"

oversize.

If the cylinder does not need refinishing, it is advisable to remove the
ridge from the top of the cylinder wall before replacing the piston and
rings. Also read the following paragraph on PISTON and PISTON RING

SERVICE.

PISTON AND PISTON RING SERVICE. - The piston has three compres-

sion rings and one oil control
ring. Inspect each ring carefully for fit in piston grooves, for tension,
and for seating on the cylinder walls. If there is any doubt as to the
condition of the old piston rings, install new rings. New rings will seat
much faster and better if the cylinder walls are roughened with a wire
brush or an abrasive such as emery cloth. Be very careful to remove
all abrasive from the engine.

Clean all carbon from the piston, rings, cylinder, cylinder head, valves,
gasket surfaces, etc. before installing any parts.

Carefully inspect the piston. If the piston is badly scored or burned,
very loose in the cylinder, has badly worn ring grooves or otherwise is
not in good condition, install a new piston. A new piston should also be
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installed if the old one is loose on the piston pin and a . 002" oversize

pin will not correct the fit. Handle the piston carefully to avoid nicking }
the walls. Any raised surface of this type must be dressed down care- ’ ’
fully with a fine stone,

21 HEAVIEST COMPRESSION
=\ [ RING 1N TOP GROOVE

When installing piston rings fit each
ring singly to the cylinder at the
bottom of its travel. The correct
ring gap while in the cylinder is
between .010'" and . 015" for all
rings except the top compression-
ring. The gap for this ring is from | = .
.010" to . 020". Rings usually need
some filing at the ends to obtain the
right gap. Do not use rings that need
a lot of filing at the ends to obtain the
right gap as they will not seat pro-
perly on the cylinder walls. Install
all rings on the piston before install-
ing the piston in the cylinder and coat
the cylinder walls with a thin coat of FIG. 22 - LOCATING PISTON
lubricating oil. Rings of the tapered RINGS

type will be marked "TOP" or identified

in some other manner, and this identifying mark must be placed nearer
the closed end of the piston.

} COVPRESSION RINGS

-0/ CONTROL RING

Space the ring gaps 1/4 of the way around the piston from each other,
being sure no ring gap is directly in line with the piston pin. Coat the
crankshaft bearing journal with oil before securing the rod. Apply light
oil liberally to the cylinder walls and rings.

CONNECTING RODS. - The connecting rod should be serviced at the
same time as the piston or piston rings are ser-

viced as the rod must be removed with the piston. The rods are forged
steel with replaceable bushings and bearings.

CONNECTING ROD
BUSHINGS

For fits refer to the TABLE OF
CLEARANCES. Bearings and rods are
available in undersize and piston pins
are available in oversize. See the
parts list.

BUSHING EADS MUST
BE FLUSH WITH
S/DES OF ROD TO
PERMIT 7" OIL
GROOVE BETWEEN |
BUSHINGS.

OEECISION TYPE PRy CN
PEICING CELEaT I T

When replacing the connecting rod pin
bushings, install a bushing from each
side, flush with the rod, to allow a
1/16" groove for oil passage. Ream the
bushings to proper pin clearance. The |[_
rod crankshaft bearings are precision FIG. 23 - CONNECTING ROD
size and require no reaming. : SERVICE

MEASURE CLEARANCE /v
DIRECT/ION 'NDICATED
&Y ARROIY
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Oil the crankshaft journal. Install the rod with the cap toward the in-
spection hole, and the marks on the rod and cap aligned. Crank the en-
gine by hand to see that the rod is free. If necessary, rap the rod cap
sharply with a heavy soft hammer to set the rod square on the journal.

VALVE SERVICE. - The valves are of the overhead type and are lo-
cated in the head. If the cylinder head sticks, rap

it sharply with a heavy soft hammer to loosen. Do not use a pry.

Clean all carbon from the cylinder, cylinder head, valves, valve seats,
valve stems and valve guides. Thoroughly clean the gasket surface of
the cylinder head and block. Carefully check all valves. Replace any
valves that are badly burned or pitted, have badly worn or warped stems,
or that will have a thin edge when refaced. Inspect the valve guides for
wear. Replace guides that are badly worn.

J-vaLve VALVE-» ]// P
{\f 7/ |
' - 7y SEAT ! SEAT
o ///
N

é\ﬁe /o/ 45° -
P
ot

oY

€% RIGHT ' WRONG

FIG. 24 - VALVE GRINDING

The valve FACE angle is 44°. The valve SEAT angle is 450, This 1°
interference angle results in a sharp seating surface between the valve
and the top of the valve seat. The interference angle method of grinding
valves minimizes face deposits and lengthens valve life.

The valves should not be hand lapped, if at all avoidable, since the sharp
contact may be destroyed. This is especially important where stellite
faced valves and seats are used. Valve faces should be finished in a
machine to 44°. Valve seats should be ground with a 45° stone, and the
width of the seat band should be 3/64 to 1/16 of an inch wide.

When installing a NEW exhaust valve insert seat, maintain a minimum
clearance of 0.030" from the exhaust valve head to the face of cylinder

head by grinding the seat.

Remove all grinding dust from engine parts and place each valve in the
cylinder head. Check each valve for a tight seat, using an air pressure
type testing tool. If such a tool is not available, make pencil marks at
intervals across the valve face and observe if the marks rub off uni-
formly when the valve is rotated part of a turn against the seat.

Reassemble all parts removed and adjust the valve clearance.
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VALVE ADJUSTMENT. - See Adjusting the Valves under ADJUSTMENTS.

FLYWHEEL. - The generator frame assembly, the armature and the
generator adapter must be removed to expose the fly-
wheel. To remove the flywheel, turn until the keyway is downward,
place a heavy punch against the crankshaft just above the keyway and
hit the punch a hard blow with a heavy hammer. Repeat if necessary.

Should the installation of a new flywheel become necessary, the "TC"
(top center) and ""PO" (port opening) locations should be determined and
marked on the flywheel. A dial gauge should be used as illustrated.
Proceed as follows: -

Install the flywheel on the crankshaft and turn the flywheel with rotation
until both valves open and close and continue about 1/2 turn until the pis-
ton is at the top of the cylinder.

Remove the cylinder head, secure the cylinder block to the crankcase
and place a dial gauge, having 1,/1000 of an inch readings, so that the
- gauge contacts the center of the piston or directly over the piston pin.

Turn the flywheel slightly until the dial gauge needle indicates the
piston is exactly on top center. Use a straight edge and a scratch awl
and make a mark across the flywheel directly in line with the mark on
the edge of the timing inspection hole in the flywheel housing., This
will be the "TC'" mark.

A method of holding
block while measuring.

TIMING HOLE IN" .- .
FLYWHEEL COVER<

NOTE-SET DIAL GAUGE S
DEPRESS THE NEEDLE AT LEAST .0i10”. THEN
WHEN GAUGE 1S RESET TO *0” GAUGE CAN IN-
DICATE IN EITHER DIRECTION.

FIG. 25 - INSTALLING A NEW FLYWHEEL

Turn the dial gauge until the "O'" mark and the needle on the gauge are
directly in line. '
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Turn the flywheel against rotation until the dial gauge reads 12 (.012")
on the dial for 6° P.O. Mark the flywheel at the indicator with a
straight edge and scratch awl.

Remove the flywheel and deepen the marks with a chisel. An identifying
mark should be made near each mark. The first mark (cranking rota-
tion) will be "PO", the other mark is the "TC'" mark.

Install the flywheel (be sure the key is in place) remove the dial gauge,
and replace other parts removed.

WATER PUMP. - The water pump is an impeller type and is very de-

pendable even with salt water operation. The impeller
is easily replaceable and it is advisable to have a spare impeller on
hand. To install a new impeller, remove the pump nameplate and gas
ket, grasp the old impeller with a pair of pliers and pull straight out.
Avoid damaging the brass body. The water pump body and the gasket on
each side are removed by first removing the pump nameplate.

Unless the need is obvious, further repair should not be attempted until
the pump is tested with adequate water and unrestricted lines free of air
leaks. A collapsed line, leaky connections, a plugged strainer or other-
wise restricted suction line, or a suction lift too high may be at fault.

DRIVE SHAFT

N\NB
1« COVER
2 IMPELLER

GASKET
WATER SEAL
OIL SEAL

GASKET

SCREW
PLUG

74/ 0
Y
/)

FIG. 26 - SERVICING THE WATER PUMP
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For further water pump repairs such as seals, bushing, gear or drive

shaft the gear cover must be removed from the engine. Check for )
availability of special tools and possibly additional parts required when
the gear cover is removed.

To completely disassemble the water pump the following procedure will
be helpful. Remove the gear cover from the engine. Remove the water
pump nameplate, nameplate gasket, impeller, pump body and body to
gear cover gasket. Remove the screw plug and gasket which serves as
an end play thrust for the water pump shaft. The drive gear and key
will fall free when the pump shaft is pressed or driven out toward the

~impeller end. (NOTE: While removing the shaft, the bushing will re-
ceive the thrust from the gear. Disturbing the bushing will require cor-
recting the end play for the shaft and reaming the bushing. Therefore,
if the bushing and seals are not to be removed, then place a support
such as a screw driver between the gear cover and the impeller side of
the drive gear). Both water pump seals, should be replaced when either
one is faulty. Press or drive the bushing out toward the impeller end,
thereby removing the seals.

To reinstall water pump parts this procedure will be helpful. Drive in

or press in the bushing from the impeller end with its oil hole aligned
until reaching a distance of 3/4 inch from the back side of the gear cover.
This should provide a shaft end play of . 018 to .044 inch after installing
the gear and screw plug. Also the bushing should not contact the oil seal
so that the oil return is unrestricted. Ream the bushing before install-
ing seals, to a diameter of . 501 to .502 inch giving a clearance of . 001

to .003 inch. Oil the shaft, insert it through the bushing, place the key
in the gear, place the gear in the gear cover to align with the shaft key-
way, support the gear and press or drive the shaft through the gear just
flush with the screw plug side which is recessed. Install the screw plug
with gasket and check the shaft end play. Avoid damaging the forked end
of the shaft. Drive in a new oil seal facing the bushing until it bottoms

in the gear cover recess. Drive in a new water seal facing the impeller
just flush with the gear cover. Space will remain between the seals to
allow any leakage to drain through the drain hole in the gear cover. Avoid
scratching oil seal. Do not use sealing compound. Install the pump
body, gaskets, impeller and nameplate. Rotate the gear by hand to check
for good impeller action yet no binding of other parts.

GEAR COVER. - Tap the gear cover gently with a soft hammer to loosen
it. Do not pry.

When installing the gear cover, do not lose the governor-shaft-end-thrust
ball. Position the governor cup so that the chamfered (smoothest) hole
will admit the stop pin located on the gear cover.

Turn the governor arm and shaft until the yoke is flush against the gear
cover and hold it in this position while installing the gear cover. Be
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GC'VERNCR
SHAFT YOKE
{SMCOOTH =1!D

careful not to damage the gear cover TOWARD@Q 7 1
oil seal. Use a piece of shim stock °.
to cover the keyway on the crank- !
shaft. Install a new gear cover oil
seal if necessary. Oil seal expan-
der and driving tools are available.

I ROTATE GOVERNOR
I CUP SO THAT ROLL

Ay PIN IN COVERFITS
GOVERNOR CUP. - With the gear LNJSEW—_QE‘E_D_
cover removed, g ¥\
the governor cup can be taken off
after removing the snap ring from
the camshaft center pin. Catch the
flyballs while sliding the cup off.

Replace with a new part, any flyball CUP IS CHAMFERED
which is grooved or has a flat spot,

the ball sgpacer if its arms are worn FIG. 27 - REPLACING THE
or otherwise damaged, and the gov- GEAR COVER
ernor cup if the race surface is
grooved or rough. The governor
cup must be a free spinning fit on
the camshaft center pin, but without |, .\ covernos is

PROPERLY ASSEMBLED
any looseness or wobble. THE DinENaron o ED

ON DRAWING WILL BE
AS INDICATED.

When installing the governor cup,

tilt the engine so the gear is up, put
the flyballs in place(equally spaced),
and install the cup and snap ring on
the camshaft center pin. GOVERNOR CUP

GOVERNOR FLY BALL.

CENTER PIN

SNAP RING

The camshaft center pin extends out
3/4" from the end of the camshaft.
This distance provides an in and out
travel distance of 7/32" for the gov-_T
ernor cup, as illustrated. Hold the FIG. 28- GOVERNOR CUP ASSEMBLY
cup against the flyballs when measuring. If the distance is less (the en-
gine may race especially at no load), remove the center pin and press a
new pin in only the required amount. Otherwise, grind off the hub of the
cup as required. The camshaft center pin can not be pulled outward nor
removed without damage. If the center pin extends out too far, the cup
will not hold the flyballs properly.

CRANKSHAFT GEAR. - The crankshaft gear is keyed and a drive fit

to the crankshaft and is fastened with a lock
ring. To remove the gear, attach a gear puller to the gear's three #10-
32 tapped holes on a 2-1/2'" diameter. When instaliing a crankshaft gear,
have the key in place, face the "'0" timing mark outward, and drive the
gear on up to the crankshaft shoulder. Be sure the marked tooth ("'0"
timing mark) meshes with the marked camshaft gear tooth.
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Should it become necessary to replace the CRANKSHAFT
crankshaft gear, the camshaft gear must
also be replaced as these gears are sold
only as a matched set.

CAMSHAFT GEAR. - The camshaft and
gear should be re-
moved from the engine as an assembly.
Before this can be done all parts neces-
sary to expose the gears must be removed
from the front of the engine. In addition
to the transfer pump, the valve tappets,
~ the anti-flicker plunger (AC Plants) and

the injection pump and tappet must be re- FIG. 29 - REMOVING THE

moved from the engine. If necessary, CRANKSHAFT GEAR
insert a screwdriver between the block @ 10-32
and the gear and apply a little pressure PHus_t_EEg

to loosen the camshaft. '

If the gear is to be removed from

the shaft, remove the snap ring from
the center pin and then the governor
cup and flyballs. Then place the cam-
shaft and gear in an arbor press and
remove the gear. Be very careful

not to damage the center pin.

23

If the camshaft gear must be replaced, THESE MARKS .
the crankshaft gear must also be re- MUST COINCIDE g
placed as they are sold only as a mHGE%wSEALL'
matched set. When pressing the GEARS

camshaft gear into place on the shaft, »
be sure the key is in place and that FIG. 30 - TIMING GEAR MARKS

the gear is straight on the shaft.

When installing the camshaft and gear, be sure the thrust washer is in
place behind the camshaft gear. The thrust washer provides for proper
camshaft endplay.

Minimum endplay can easily be determined by pushing in on the camshaft
gear and crankshaft gear and inserting a . 003" feeler gauge between the
camshaft gear and the crankshaft gear washer to check the gap. A gap
of less than . 003" indicates excessive crankshaft endplay.

Always be sure that the timing marks on the gears are aligned as illus-
trated whenever gear position has been disturbed.
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CRANKSHAFT. - The engine must be completely disassembled to re-
move the crankshaft. Whenever making major repairs
on the engine always inspect the drilled passages of the crankshaft and
if necessary, clean them to assure proper lubrication of the connecting
rods. The bearing journals should also be inspected. If they appear
scored and cannot be smoothed out by dressing down, a new crankshaft
should be installed or the crankshaft should be ground down to accom-
modate . 020" undersize main bearings and connecting rod bearings.

Crankshaft endplay should be between . 010" and . 015". This clearance
can be checked by inserting proper size feeler gauges between the main
bearing flange and the crankshaft thrust surface. Clearance can be ad-
justed by using gaskets as needed behind the bearing plate.

MAIN BEARINGS. - The crankshaft main bearings are of the sleeve type.
The "bronze'" faced main bearing and separate thrust
washer is original equipment, beginning with Serial #647148 during Spec
E models. When used to replace the flanged aluminum bearing as used on
models prior to Serial #647148, you must drill one additional hole and
install a second lock pin to prevent each thrust washer from riding on the

. crankshaft.

Main bearings are available in standard, .002",.010", . 020", and .030"
undersize, are precision type and DO NOT require line reaming. When
driving or pressing the bearing in, align the oil passages in the bearing
and bore for bearing lubrication. Oil the Bearings. When installing the
crankshaft, install a thrust washer at each end with grooved side against
crankshaft and engaged with lock pins (coat with oil to hold while assem-
bling). Measure the crankshaft end play. See Table of Clearances.

EXCEPTION-FLANGED BEARING

IS USED PRIOR TO SERIAL NO. CENTER GROOVE
647148 DURING SPEC.E. o ToR
y :'| LOCK PIN
T 7T TALIGN BEARING OIL HOLES
N :o\\ ~ WITH OIL HOLES IN BEAR-
‘™. ING BORE ‘
\ ~THRUST
WASHER

BEARING

LOCK PIN
PRECISION TYPE- DO NOT

BEARING WITH HOLE IN BOSS

LINE REAM OR BORE. '
CRANKSHAFT BEARIN . REAR CAMSHAFT

H BEARING

FIG. 31 - BEARING INSTALLATION
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CAMSHAFT BEARINGS. - The camshaft bearings are babbitt lined
sleeves, pressed into the crankcase. Use a
press or suitable drive plug to remove the bearings. Drive or press
the camshaft bearings from the inside toward the outside of the crank-
case. Be careful not to damage the bearing boss when removing. The
oil groove of the front camshaft bearing must be centered at the top.
The slot in the rear camshaft bearing must be nearer the inside of the
crankcase and must align with the plunger hole (ac units). Press or
drive the front bearing in flush with the bearing boss and the rear bear-
ing in flush with the expansion plug groove. Camshaft bearings must be
line bored or line reamed to size after installation. Refer to the Table

of Clearances. Install a new expansion plug in the rear camshaft bear-

- Ing opening. Coat the bearing journals with a light oil before installing
the camshaft.

OIL SEALS. - The gear cover must be removed to replace its oil seal.
Drive the old seal out from the inside toward the outside

of the gear cover.

The bearing plate must be removed before the rear oil seal can be re-
moved. Drive the old seal out from the inside toward the outside of the

bearing plate.

When installing the gear cover oil seal, lay the gear cover on a board
so that the bearing boss is supported; otherwise the gear cover may be
distorted when installing the oil seal. Tap the oil seal into place until
it is flush with the boss. Cover the keyway with shim stock when in-
stalling the gear cover, Remove the shim stock as soon as the oil seal
is safely over the keyway. Seal installing tools are available.

T '
GEAR COVER—J .
(OUTER SURFACE) ‘

SR
AT % L -REAR BEARING PLATE
:

~—OIL SEAL

OILSEAL—,

OIL SEAL sHOULD BE
FLUSH WITH THIS SURFACE ~

+—OIL SEAL SHOULD BE
FLUSHWITH THIS
SURFACE

-

ON

4
o~

[+

5y

FIG. 32 - OIL SEAL INSTALLATI

When installing the bearing plate oil seal, drive the seal into the bearingJ

plate until it is flush with the outer end of the boss. Use a piece of hol-
low pipe that will fit over the crankshaft and contact the oil seal near

\
s

-
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the outer edge. Drive the seal in evenly all the way around. Use a
piece of shim stock over the keyway to avoid damaging the seal.

OIL PUMP. - To remove the pump from the crankcase, unscrew
the oil pump assembly from the intake cup as illustrated.

Check the oil pump thoroughly for worn parts. Except for gaskets,
component parts of the oil pump are not individually available. A faulty
oil pump should be replaced with a complete new pump.

UNSCREW OIL PUM?P

ASSEMBLY FROM IN-

TAKE CUP AT THIS POINT.

TOREASSIMELE REVERSE
THE PROCEDURE

INTAKE cup [/

Lt W P L SM e e

FIG. 33 - OIL PUMP REMOVAL FIG. 34 - OIL PUMP LOCATION

Reverse the order of removal when installing the oil pump. Several
adjustments may have to be made before the suction cup is positioned
parallel with bottom of the crankcase. '

OIL PUMP BY-PASS. - The By-Pass is not adjustable
and normally requires no

i

| ~—BO0OD
service. To determine if high oil pressure is caused "_‘{ )
by the plunger stuck closed or if low pressure is g
caused by the plunger stuck open, clean the By-Pass.  l——pLuncer
Drain the crankcase oil and remove the filter and : o
breather mounting plate to make the By-Pass acces- = NG
sible. =

Disassemble as illustrated and clean with diesel fuel
or kerosene.

Install By-Pass with cap toward oil reservoir.

| FIG. 35 - OIL PUMP
Install parts removed and refill crankcase. BY -PASS



58 MAINTENANCE AND REPAIR

CRANKCASE BREATHER VALVE. - A partial vacuum is created in the

engine whenever the engine is
running. The work of the crankcase breather valve is to help maintain
this partial vacuum and prevent oil leakage. If the engine begins to
leak oil, the check valve in the breather cap may be sticking.

Remove the breather cap. Then remove the breather valve from the
breather cap and inspect it carefully. If the flexible disc is stuck or

does not work freely, soak it in diesel fuel or kerosene for a few minutes.
Flex it to permit all the sludge to dissolve. To determine if valve is
functioning properly, hold it in place while operating the engine. If not,
install a new breather valve. Inspect the metal wool in the breather

- tube. If necessary, clean by slushing the assembly in kerosene or die-
sel fuel. Install all parts removed making sure the large flat portion

of the breather valve is placed downward.

\

TUBE TO AIR CLEANER

FLAPPER Y) = SPACER
VALVE ASSEMBLY - pt? <8

BREATHER TUBE &
BAFFLE

FIG. 36 - SERVICING CRANKCASE BREATHER VALVE

OIL PRESSURE SWITCH (Remote-Starting Plants). - The oil pressure
switch makes contact at approximately 5
pounds oil pressure. It serves primarily as an operating switch to close
the decompression-release circuit. It is not intended to give adequate
plant protection in case of a gradually diminishing oil pressure or too
low oil level. Complete failure of oil pressure will open the switch to
stop the plant (except if solenoid plunger has been manually locked IN).

For ungrounded systems, since the switch used is not internally grounded,
the second terminal is for completing the circuit. Make connections
electrically secure. A switch failed closed will prevent normal cranking.

A switch failed open will prevent compression.

DECOMPRESSION RELEASE SOLENOID (Remote-Starting Plants). - On
the

knurled knob of the solenoid plunger is stamped the voltage (12V or 32V)
of the solenoid and whether it is to be used with a grounded (G) or un-

grounded (NG) system.




pore

MAINTENANCE AND REPAIR 59

ROCKER ARM PUSH RODS AND PUSH ROD SHIELDS. - The push rod

shields are a
drive fit into the collars at the crankcase and a loose fit into the
rocker box. "O'" rings must be installed on the shields after the rocker
box is in place. Turn the crankshaft until the rocker arm lifts and press
the "O" rings into place with a blunt tool. '

To lift out the push rod tappets from the crankcase, insert a bent wire
into the drilled hole in the tappet.

FUEL SYSTEM. - Instructions for servicing various parts of the fuel
system are given under PERIODIC SERVICE. The
fuel system must be leak proof or air leaks may occur and cause trouble,
If Permatex or an equivalent thread sealing compound is used on fuel
line fittings USE EXTREME CARE THAT NONE ENTERS THE SYSTEM.

FUEL TRANSFER PUMP. - A transfer pump of the diaphragm type is
used to transfer fuel from the fuel tank
through the filter to the injection pump. If fuel does not reach the filter,
make the following checks before removing the fuel pump. Check the
fuel tank to see that there is enough fuel in it and the shut-off valve is
open. Disconnect the fuel line at the transfer pump outlet and work the
priming lever on the pump. Fuel should spurt out of the line at the pump.
If priming lever does not operate, crank engine one revolution. If there
is enough fuel in the tank, the shut-off valve open, and the line between
the tank and pump is clear but fuel does not spurt out of the transfer pump
outlet, repair or replace the pump. Transfer pump failure is usually
due to a leaking diaphragm, a valve or valve gasket; a weak or broken
spring; or wear in the driving linkage. A pump repair internal parts
kit is available. Check for diluted lubricating oil. Rotating the dia-
phragm 1/4 turn will release it from the driving link. Lubricate the
linkage before installing the pump.

HIGH WATER TEMPERATURE CUT-OFF SWITCH. - The High Water
Temperature Cut-

Off Switch is in the Decompression Release Circuit. This thermostatic
switch is a safety device for plant protection against dangerously high
water (coolant) temperature. It operates to short out the Decompression
Release Relay and thereby stop the plant. The switch is calibrated to
make contact at 200°F. (plus or minus 7 degrees).

The switch for the ac plant and the dual purpose plant is internally
grounded and has one terminal. The switch for the 32 volt battery charg- .
ing plant is used with an ungrounded system, and since it is not internally
grounded, has a second terminal for completing the circuit. Make con- -
nections electrically secure.
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THERMOSTAT AND COOLANT SYSTEM. - Most details pertaining to

- the coolant system are
covered under INSTALLATION. The thermostat in the engine water
outlet opens at approximately 160°F. Observe if the thermostat has a
TOP marking and install it accordingly. When the termostat is serv-
iced, inspect and clean the by-pass tube. Water leaving the engine
exhaust manifold may be from the by-pass and does not necessarily
indicate the thermostat is open. '

NOZZLE FAILURE. - Nozzle failure may be due to foreign material
causing the pintle to become jammed. Check all
other possible causes of engine trouble first. With hands cleaned and

‘dipped in clean diesel fuel,; remove nozzle nut from combustion chamber

end of nozzle holder. Inspect nozzle pintle. If jammed or scored, in-
stall a new nozzle. If fouled with carbon, clean and continue in service,
using cleaning tool set available through the dealer.

GASKET. - Always use new gaskets when replacing any part that re-
quires a gasket. Thoroughly clean the surface that the

gasket contacts before installing the gasket. Gaskets are listed singly
in the parts list, also in kit form under SERVICE KITS. '

INJECTION PUMPS

e Injection pumps are highly precision built! Close
fits must hold high pressure !

e Fuel supplied to the injection pump must be clean!

e Avoid tampering with injection pump unnecessarily!

e Before disassembling, clean your hands, then dip
hands in clean diesel fuel to avoid corrosion of

lapped fit parts!

e Consult your dealer for latest exchange service
-or repair information!

T
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GENERATOR

The generator normally needs little care other than a periodic check of
the brushes, commutator and collector rings. If a major repair job on
the generator should become necessary, have the equipment checked by
a competent electrician who is thoroughly familiar with the operation of
electric generating equipment. Continuity tests may be performed with-
out disassembly of the generator.

GENERATOR DISASSEMBLY. - The procedure is mostly self-evident.

Remove the band and endcover. Re-
move constant-pressure-type springs and lift all brushes. To lift
brushes using conventional type springs, allow the spring to press
against the side of the brush.

Remove generator through stud nuts. Hold hoth the end bell with its
brush rig and the frame assembly, since they are separate parts, and
remove them as one assembly from the adapter. Screw driver slots in
the adapter provide for prying the frame loose. Be careful not to let
the frame assembly rest or drag on the armature.

Remove the armature and hub as an assembly. The hub is a keyed and
pressed fit on the armature shaft, and engages with pins and a mating
surface on the engine flywheel. Because the stud holds both the armature
and the flywheel, attempt to remove only the armature and allow the
flywheel to remain on the crankshaft. Turn the nut to the end of the
armature through stud. While pulling outward with one hand under the
armature, strike a sharp endwise blow on the nut to loosen the armature.

If the armature does not come loose, place a heavy brass rod on the
armature shaft near the ball bearing and strike a sharp downward blow
on the rod with a hammer. Rotate the armature 1/2 turn before repeat-
ing. Do not strike the commutator, collector rings, or bearing.

BRUSHES AND SPRINGS. - Inspect brushes periodically. ‘Brushes worn

to 5/8 inch should be replaced. Replace
springs if damaged or if proper tension is questionable. Rapid brush
wear may be caused from high mica between commutatos bars, rough
commutator or collector rings, or from a deviation from '"neutral" posi-
tion in the adjustment of the brush rig. NEVER bend the constant-pres-
sure-type spring over the edge of its support.

BRUSH RIG POSITION. - Check the witness mark on the brush rig and

if necessary align it with the boss in the end
bell. If the brush rig is adjusted so that there is arcing of the brushes,
brush wear will be rapid, voltage and current will not hold steady, and
the generator may overheat.
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INSTALL BRUSHES
WITH BEVELLED TOP
SLANTING DOWN

- TOWARD SPRING

HOLDER N

TO REMOVE BRUSH
SPRING PRESS
SPRING HOLDER
DOWN AND OUT AS

SHOWN IN BROKEN
LINES. I‘_BRUSH

_ RING
wieww . .FIG. 37 - BRUSHES AND SPRINGS

Whenever a new brush rig or armature is installed, the brush rig must
be adjusted to the point where the brushes do not arc regardless of
where the witness mark falls. This is commonly known as the "‘neutral"
brush position.

COLLECTOR RINGS (AC Units). - If the collector rings become grooved
or out of round, or the brush sur-

face becomes pitted or rough so that good brush seating cannot be main-

tained, remove the armature and refinish the collector rings in a lathe.

HCK SALY WOODEN HANDLE ) BLAOE
S ADE — e - \y
T A ) )
\\:ZV T , 7 {
PNUVVIVPTIV =S Y pcur WRONG
M/ WAYTO WAYTO
N~7ELTH POINT Gaino sisoe so ] GrnD  Gaino
TOWARD HANDLE — WwidTH OF MICA. TEETH TEETH

COMMUTATOR
BARS

COMMUTATOR BARS WORN
BELOW LEVEL OF MICA SEP-
ARATORS CAUSE SPARAING,
JUMPING, NOISY BRUSHES.

MICA PROPERLY
UNOERCUT

»
HIGH /‘P//CW/‘

FIG. 38 - COMMUTATOR REPAIR

If the commutator appears to be rough or scored refinish it at the same
time. Remove or adequately shield the ball bearing during refinishing.

COMMUTATOR. - The commutator bars wear down with usage so that
the mica between them must be undercut. This

should be done as soon as the mica on any part of the commutator touches

the brushes. A suitable undercutting tool can be made from a hack saw

AN
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blade. Avoid injury to the surfaces of the copper bars. Leave no burrs
along the edges of the bars. The mica must also be undercut whenever
the commutator is refinished.

TESTING WINDINGS. - A test lamp set and an armature growler are re-
quired for the various tests. Before making

any tests, lift all brushes into their holders and disconnect the load cir-

cuit wires from the plant. If the armature tests defective, the practical

repair is to replace it. If a field coil tests defective, replace the entire

coil assembly unless the trouble is in one of the external leads. Then

it can be repaired as the nature of the trouble requires.

ARMATURE GROUND TEST. - To test the armature for a grounded
condition, lift or remove the brushes so

that none contact the commutator or collector rings. Use a continuity

type test lamp set. Place one test prod on the commutator, and the

ARMATURE —. .

TEST LAMP

FOR TESTING FOR OPEN
CIRCUITS AND GROUNDS.

——

USE 3 OR 4 CANDLEPOWER
8

Acz

(Y ~\Ntcomwriroe

FIG. 39 - CONTINUITY FIG. 40 ARMATURE
TEST LAMP GROWLER

other test prod on a bare, clean part of the armature shaft. The test
prods must make good electrical contact. The test lamp should not
glow. If the test lamp does glow, the dc winding or the commutator is
grounded. To test the ac winding, place one test prod on one of the col-
lector rings and the other test prod on the armature shaft. If the test
lamp glows, the ac winding or a collector ring is grounded. Replace a
grounded armature with a new one.

ARMATURE OPEN CIRCUIT TEST. - The armature ac winding may be

tested for an open circuit without
removal of the armature. Testing the dc winding requires removal and
the use of an armature growler.
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To test the ac winding, be sure all brushes are lifted or removed. Use
a test lamp set. Place one test prod on each of the collector rings. If
the test lamp does not glow, the ac winding is open circuited.

To test the dc winding, place the armature in a growler. With the growler
current on, pass a smooth steel strip across the commutator segments.
Repeat all around the commutator. At some point around the commuta-
tor, a spark should occur as the strip contacts two adjacent segments.
Rotate the armature slightly and repeat.the test. Continue until a spark
is obtained between all adjacent segments. If no spark is obtained at
some point, an open circuit is indicated. (NOTE: A short circuit in the
winding might prevent sparking. This condition may be indicated by the

- short circuit test described in the next paragraph). Replace an open
circuited armature with a new one.

ARMATURE SHORT CIRCUIT TEST. - To test for a short circuit, place
the armature in a growler. With

the growler current on, hold a steel strip about 1/2 inch above the

armature laminations. Pass the strip back and forth over the lamina-

tions. Cover as much of the lamination area as possible. If the strip

is magnetically attracted to the armature at any point, a short circuit is

indicated. After testing in one position, rotate the armature slightly

in the growler and repeat the test, Continue until a complete revolution

-of the armature in the growler has been made. Replace a short circuited

armature with a new one.

TESTING FIELD WINDINGS. - Use a test lamp set for all tests except

a short circuit. The field coils of all
ac plants are saturated shunt wound, the Remote Start plants having a
series field winding in addition for cranking and battery charging pur-
poses. When testing a field coil assembly, disconnect all of its exter-
nal leads from their terminals. Tag and mark each lead to assure
proper connections when reassembling.

TESTING FIELD WINDINGS FOR GROUNDS. - To test a coil assembly

for a ground, disconnect
its external leads and touch one test prod to the terminal of one of its
leads and the other test prod to the generator frame. If the lamp lights,
the coil assembly being tested is grounded. The ground may be in a
coil, coil connection, or coil lead. Repair or replace as needed.

TESTING FIELD WINDINGS FOR OPEN CIRCUIT. - To test a coil as-

sembly for an open
circuit, disconnect its external leads and touch one test prod to the ter-
minal of one coil winding lead and the other test prod to each of the
other leads of that coil winding in turn. If the lamp does not light, the
circuit being tested is open. If the fault lies in connection between coils
or in a coil lead,. the trouble can be repaired. If it is inside the coil
proper, replace the entire coil assembly.
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BALL BEARING. - If replacement of the armature ball bearing becomes
necessary, pull the bearing from the shaft with a
suitable bearing puller. Be careful not to damage the armature shaft
because it must remain true to serve as a turning center when refinish-
ing the commutator or collector rings. Drive the bearing on to the
shoulder on the shaft. Use a double-sealed pre-lubricated ball bearing.

GENERATOR ASSEMBLY. - When reassembling the generator, see

that there are no nicks or dirt on the arma-
ture blower tapered surface. These conditions may cause an excessive
run-out (wobble) at the bearing end. Run-out should be within 0. 012,
Tighten the armature through stud nut securely.

CONTROLS

If any of the control equipment fails to function properly, replace the
defective part with a new part of the same kind rather than try to repair
the old part. No attempt should be made to repair such parts as meters,
fuses, switches, relays, or receptacles. Check all electrical connec -
tions and contacts whenever servicing control equipment,

Always disconnect the battery whenever servicing controls to avoid
accidentally starting the plant. When disassembling controls, tag each
lead that has to be removed and mark the connection point of the lead on
the tag to assure correct connections when reassembling.

* * * * *

PROTECT

YOUR INVESTMENT !

PREPARE IDLE PLANTS FOR STORAGE. SEE
"PREPARING UNITS FOR STORAGE".

FREQUENT INTERVALS OF OPERATION UNDER
FULL LOAD IS RECOMMENDED FOR BETTER
OPERATION OF THE PLANT NORMALLY BEING
RUN UNDER ONLY LIGHT LOAD. REFER TO
"STOPPING THE PLANT".

N
-
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POSSIBLE CAUSE

REMEDY

ENGINE CRANKS TOO STIFFLY

Load not disconnected from unit. Disconnect load from unit when start-

Too heavy oil in crankcase.
Engine stuck.
Compression release in run-

ning position. NOTE: Engine
may not even turn over.

ing.
Use only recommended grades.
Disassembly and repair.

Compression release must be at start
position when starting the engine.

ENGINE WILL NOT START WHEN CRANKED

Air in fuel system.

Lack of fuel or faulty injection
caused by dirty fuel.

Clogged fuel filter.

Poor fuel.n

Poor compression due to leaky
gasket, loose head, worn
valves or piston rings.

Wrong injection pump timing.

Bleed the fuel system.

Keep fuel tank filled. Keep fuel clean.
Use only recommended fuels.

Keep supplies of fuel clean. Replace
fuel filter element,

Use only recommended grades.
Tighten cylinder head. Replace cyl-
inder head gasket if necessary. Grind

valves, replace if necessary.

Check the injection pump timing,

ENGINE CRANKS SLOWLY OR WILL NOT CRANK

Defective or discharged battery.

Loose connections or broken
wire in generator circuit.

Corroded battery terminals.
Generator brushes worn exces-
sively or making poor contact.

Short circuit in generator or
load circuit.

Replace or recharge battery.

Tighten loose connections. Keplace
terminals or wire where necessary.

Clean corroded terminals. Replace
cable if necessary. '

Replace brushes. See that brushes
make good contact.

Repair as needed.
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POSSIBLE CAUSE REMEDY
ENGINE CRANKS SLOWLY OR WILL NOT CRANK (Cont. )

Dirty or corroded points in Replace switch.
start solenoid switch.

Decompression release sole- Extract plunger -locking pin to disas-
noid faulty. semble and clean. Replace solenoid
if faulty.

ENGINE RUNS BUT VOLTAGE DOES NOT BUILD UP

Poor brush contact. See that brushes seat well on commu-
tator and collector rings (where used),
are free in holders, are not worn
shorter than 5/8 inch and have good
spring tension.

Open circuit, short circuit or Check and repair or replace as de-
ground in generator. scribed under GENERATOR in the
Maintenance and Repair section,

VOLTAGE UNSTEADY BUT ENGINE NOT MISFIRING

Speed too low. Adjust governor to correct speed.
Injection pump fuel metering Adjust as instructed under SPECIAL
shaft not properly adjusted. ADJUSTMENTS.

Poor commutation or brush Refinish commutator or undercut mica
contact. if necessary. See that brushes seat

well on commutator and collector rings
(where used), are free in holders, are
not worn shorter than 5/8 inch and
have good spring tension.
Loose connections. Tighten connections.
GENERATOR OVERHEATING
Short in load circuit. Correct short circuit.

Generator overloaded. Reduce load.

Improper brush rig position. Adjust to "neutral" position.

N
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POSSIBLE CAUSE

REMEDY

ENGINE OVERHEATING

Improper lubrication.

Poor coolant circulation.
Dirty or oily cooling surfaces.
Retarded injection timing.

Generator overloaded.

See Low Oil Pressure.
Supply coolant; repair faulty pump.

Keep the engine clean.

~Retime.

Reduce load.

VOLTAGE DROPS UNDER HEAVY LOAD

Engine lacks power.

Poor compression.

Faulty injection.

Dirty air cleaner.

Dirty fuel filter.

Restricted exhaust line.

See Engine MiSfires at Heavy Loads.
Tighten cylinder head, grind or re-

place valves, replace piston rings -
as needed.

Check fuel system. Dirty fuel is main
cause. Use only recommended fuels.

Service the air cleaner.

Keep fuel clean. Service the filter
per Periodic Service.

Clean or increase the size.

ENGINE MISFIRES AT LIGHT LOAD

Faulty injection.

Poor compression.

Poor grade of fuel.

Dirty fuel is main cause. Use only
recommended fuels,

Tighten cylinder head, grind or replace
valves, replace pistons rings - as
needed.

- Use only recommended fuels.

ENGINE MISFIRES AT HEAVY LOAD

Faulty ignition.

Dirty air cleaner.

Dirty fuel filter.

Dirty fuel is main cause. Use only
recommended fuels.

Service the air cleaner.

Keep fuel clean. Service the filter
per Periodic Service.
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POSSIBLE CAUSE REMEDY

ENGINE MISFIRES AT ALL LOADS

Leaky valves, Refer to VALVE SERVICE under
‘ Maintenance and Repair.
Broken valve spring. Replace.
|
Defective or dirty nozzle. Install new nozzle.

LOW OIL PRESSURE

Defective oil pressure gauge. Replace.
Oil too light or oil badly Drain. Refill with proper oil. Re-
diluted, caused by leaking pair or replace transfer pump.

transfer pump diaphragm.

Oil too low. Add oil.

Oil relief valve not seating. Clean by-pass. Replace if needed.

Badly worn bearings. Replace.

Sludge on oil cup screen. Remove and clean screen and oil ;
] reservoir.

Badly worn oil pump. Replace.

HIGH OIL PRESSURE

Defective o0il pressure gauge. Replace.

Oil too heavy. Drain. Refill with proper oil.
Clogged oil passages. "Clean all lines and passages.

Oil relief valve stuck. Clean by-pass. Replace if needed.

EXCESSIVE OIL CONSUMPTION, LIGHT BLUE SMOKY EXHAUST

Poor compression. Usually due Refinish cylinder. Install oversize
to worn piston, rings, or cylinder. piston and rings.

Oil too light or diluted. Drain. Refill with proper oil.

Too large bearing clearance. Replace bearings necessary.
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POSSIBLE CAUSE

REMEDY

EXCESSIVE OIL CONSUMPTION, LIGHT BLUE
SMOKY EXHAUST (Cont.)

Engine misfires. Usually due
to leaky valve or broken
valve spring.

Faulty injection timing.

Too much oil in cylinder block.

Crankcase breather valve
sticking.

Air leak at oil fill cap gasket.

Reseat or replace as needed.

Check injection pump timing.
Drain excess oil.

Free up disc. Replace valve if nec-
essary.

See that cap fits tightly and gasket is
O.K.

BLACK, SMOKY EXHAUST, EXCESSIVE FUEL CONSUMPTION,
POSSIBLE LACK OF POWER UNDER LOAD

Generator overloaded. Black
smoky exhaust normal condi-
tion with overload.

Poor compression.

Poor grade or dirty fuel.

Injection pump or nozzle not
operating properly.

Faulty injection timing.

Reduce load to within rated capacity.
If smoky condition does not clear up,
stop the unit at once and check for
further trouble. Serious damage may
result if trouble is not corrected. '

Tighten cylinder head, grind or re-
place valves, replace piston rings -
as needed.

Use only clean recommended fuel.

Install new nozzle or injection pump.

Check injection pump timing.

ENGINE RACES

Too much fuel being injected.
NOTE: stop unit at once and
determine cause.

Governor linkage disconnected.

\

~ Check condition and adjustment of

governor, injection pump and nozzle.

Replace linkage. Tighten mounting
nut securely.
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POSSIBLE CAUSE

REMEDY

ENGINE STOPS UNEXPECTEDLY

Empty fuel tank.

Dirt in fuel system.

Decompression solenoid de-

fective, improperly adjusted
at rocker arm, or open sole-
noid circuit.

Coolant temperature too high.

Cut-off switch has operated.

Oil pressure failure. Pres-
sure switch has operated.

Refill fuel tank as often as needed to
prevent running out of fuel.

Use only recommended fuel. Install .
new filter element gasket. Clean fuel
tank. Fill with clean fuel. Bleed

-fuel system. If trouble still not cor-

rected, nozzle or injection pump may

‘need replacing.

Operate solenoid manually or repair,
adjust or replace parts needed. Check
for adequate oil pressure.

Prime water pump. See that thermo-
stat opens. Evidence of water to ex-
haust line may be only via the by-pass.
Replace thermostat or pump parts if
necessary. Allow time for engine to
cool.

See Low Oil Pressure.

" LIGHT POUNDING KNOCK

NOTE: DO NOT CONFUSE WITH NORMAL KNOCK FROM

FIRING OF FUEL.

Loose connecting rod.
Low oil supply.
Oil badly diluted.

Low oil pressure.

Adjust clearance or replace.
Add oil. Change if necessary.
Drain. Refill with proper oil.

See Low Oil Pressure.

VOLTAGE LOW AT FAR END OF LINE BUT NORMAL NEAR UNIT

Too small line wire used for
load and distance.

Install larger or extra wires or re-
duce load.

MOTORS RUN TOO SLOWLY AND OVERHEAT AT FAR END OF LINE
BUT RUN O.K. NEAR UNIT

Too small line wire used for
load and distance.

Install extra or larger wires or re-
duce the load.
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PREPARING UNITS FOR STORAGE OR EXTENDED OUT-OF-
SERVICE PERIODS

Electrical generating plants are often taken out of service for extended
periods of time. Plants remaining out-of-service more than 30 days
should be protected against rust, corrosion, or the elements.

If the lubricating oil is dirty, drain it while hot, install a new filter ele-
ment and attach a warning tag. :

Remove the glow plug to pour two.tablespoonfuls of rust inhibitor oil (or
SAE 50 as alternate) into the cylinder. Slowly crank the engine to lub-
ricate the cylinder, then stop at top center. Replace the glow plug.

Wipe all exposed parts clean and coat with a film of grease all such parts
liable to rust.

Disconnect the battery from the plant. An idle battery should be stored
away from freezing temperatures and should be given a refreshening
charge about every 40 days.

Clean generator brushes, brush holders, commutator and collector rings
by wiping with a clgan cloth. DO NOT coat with lubricant or other pre-

servative!

The fuel supply and fuel system should be left filled but any possibility
of fuel syphoning should be guarded against.

Plants being returned to service should be prepared according to pre-
paration instructions for a new plant.
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