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MARINE SAFETY PRECAUTIONS

Throughout this manual you will notice WARNING
and CAUTION symbols which alert you to potentially
dangerous conditions to the operator, service per-
sonnel, o the equipment itself.

Onm uses this symbol

roughout the text to wamn of
possible Inlmy or death.

This symbol is used to warn of
possible equipment damage.

Before operating the generator set,
operator's manual and become familiar with it an
your unit. Safe and efficient operation can be achiev-
& only i the unit Is propedy operied and main-
tany accidents are caus reto follow
mpla and fundamental rules or precautions

read the
d

tfill fuel tanks with the engine running. Do
not smoke around generator set area. Wipe up
any oil or gas spills. Do not leave oily rags in
engine compartment or on the generator set.
Keep this and surrounding area clean.

Equip the engine fuel supply with a positive fuel
shutoff for a remote fuel supply source.

Provide adequate ventilation (preferably power
exhausters) to expel toxic gas fumes and fuel
vapors from the engine compartment. Be sure
propulsion and generator engine exhaust
systems are free of leaks.

Perform thorough, periodic inspections of the
exhaust system and repair leaks immediately.
Exhaust gases are deadly.

Coolants under pressure have boiling points over
212F (100 C). Do not open a coolant pressure
cap while the engine is running. Always bleed off
the system pressure first.

Do not remove any belt guards or covers with the
unit running.

parts. Do not wear jewelry while servicing any
part of the generator set

Never step on the generator set (as when entering
or leaving the engine compartment). It can stress
and break unit components, possibly resulting in
dangerous operating conditions . . . from leaking
fuel, leaking exhaust fumes, etc.

Before performing any maintenance on the set,
disconnect its batteries to prevent accidentai

smoke while servicing batteries. Hydrogen gas
given off during charging is explosive. Make sure
you connect the battery correctly. A direct short
across the battery terminals can cause an explo-
sion. Connect the ground lead last.

Do not make adjustments in the control panel or
on engine with unit running. High voltages are
present. If you must work around unit while it is
running, stand on dry surfaces to reduce shock
hazard.

Keep a fire exlmgulsher available in or near the
engine compartment and in other areas
throughout the ves;ai. Use the correct ex-
tinguisher for the area. For most types of fires, an
extinguisher rated ABC by the NFPA s available
and suitable for use on all types of fires except
alcohol.

Onan suggests posting these suggestions in
potential hazard areas of the vessel. Most impor-
tant, exercise caution and use common sense.



INTRODUCTION

Every Onan marine model is designed, built and
tested specifically for marine service. Many features
such as radio suppression, full-pressure lubrication,
hard faced valves and seats, low oil pressure and high
water temperature cut-out switches, drip pans, vibra-
tion dampeners, neoprene impeller water pumps to
name a few are standard

All features, necessary to provide dependable day-in,
day-out electric power aboard your vessel are built
into every Onan marine unit

Standard models are available in 1, 2, or 4 cylinder
gasoline or diesel engines in sizes up to 50 kW. There
are three main types of cooling systems available.
Direct water cooling, heat exchanger cooling using
two separate water systems, and keel cooling using a
closed water system.

The contents of this training manual are assembled
with three specific objectives in mind.

1. To aid the instruction in teaching this material
2. A means of self instruction for student learing.
3. A dual purpose guide to be used with available

slides to assist the instructor and as a future
reference for the student to use when necessary.

The purpose of this training manual in covering
tog

knowledge of all aspects of service and to enable the

to
of marine service such as:

Installation

Theory of Operation
Adjustments

Preventive Maintenance
Troubleshooting
Controls

Rules and Regulations

For all Onan electric generating sets, engine end is
the iront, generator end is the rear. Right and left

(front) end

The following pages contain a general description by
model of the size and features of the various units
covered in this manual. Reference is made
throughout the manual to various other Onan
publications which deal specifically with one area of
this manual in detail and will serve to supplement the
information contained in this manual

All metric_dimensions are given in parentheses
following the U.S. customary unit.

All information, ilustrations and specifications con-
tained in this manual are based on the latest product
information available at the time of publication. Onan
reserves the right to make changes at any time
without notice.



GENERAL DESCRIPTION

MARINE SERIES 4.0 AND 6.5 MCCK - 4,000 or 6,500 WATTS

The 4.0 and 6.5 kW MCCK is a 4-cycle, two cylinder
horizontally opposed, water cooled 1800 rpm engine.
The 4-pole, self-excited revolving armature generator
is inherently regulated. The sets have a mounted
control box, and may be connected to optional
equipment for remote starting or automatic load
demand start-stop controls

These units meet all the USCG 183 requirements.

MODEL SELECTION AND RATING TABLE

MODEL GENERAL MARINE RATING EN
NUMBER | VOLTS | AMPS | kW | KVA and PF | PHASE | WIRE | HERTZ | RPM | STARTING

somcek-acR” [ 120240 | 3317 | 4 | aoat1ope| 1 | 4 | 60 | 1800 | memote

6.5MCCK-3CR" | 120/240 | 5427 | 65 | 65at1.0PF | 1 4 60 | 1800

Remote

- Tnese models aro connacted 120-240-vol, 3-wire and ar reconnectivl o delver rated ouput
a1 120-v0lt, 2-wire or 240-volt, 2-wir
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MARINE SERIES 3.0MDJA - 3,000 WATTS

The 3.0MDJA is a 4-cycle, single cylinder, vertical
design, water cooled 1800 rpm generator set. The 4-
pole, self excited revolving armature generator is
inherently regulated, and is a starting motor for the
engine. The illustration is a unit with optional heat
exchanger cooling.

This model cannot be operated in a gasoline environ-
ment unless installed per USCG regulation 183.410.

MODEL SELECTION AND RATING TABLE

MODEL GENERAL MARINE RATING REMOTE

NUMBER voLTs | AmPs KW PHASE | WIRE [ HERTZ | START
3.0MDJA-IR 120 25 T 2 60 12-volt
[ 3.0MDJA-3CR" 120240 | 125 3 | 1 4 | e 12-volt

*Reconnectible to deliver rated output at 120-volt, 2-wire, 240-volt, Z-wire or 120/240-volt, J-wire.



This diesel is a 4-cycle, two cylinder, overhead valve,
1800 rpm, vertical in line design water cooled engine,
driving a revolving field generator. The new models
are solid state voitage regulated. Older models are

MARINE SERIES 6.0 and 7.5 kW MDJE

Magneciter (static) excited

This model cannot be operated in a gasoline environ-
ment unless installed per USCG regulation 183.410.

MODEL

MODEL SELECTION AND RATING TABLE

GENERAL MARINE RATING REMOTE
NUMBER VOLTS | AMPS | KW | KVAand PF | PHASE | WIRE | HERTZ| START
6.0MDJE-53CR™ | 120/240 | 50/25 | 6.0 | 6.0.at1.0PF 1 4 50 12-volt
6OMDJES1BR™ | — — |60 | 75at0sPF 3 4 50 12-volt
7SMDJE-3CR® | 120/240 | 64/32 | 75 | 7.5at1.0PF 1 4 0 12-volt
7.5MDJE-18R" - = 75 | 937at08PF 3 | 60 12-volt

‘These 120/240-voll models are reconnectible to deliver full rated output at 120-volt, 2-wire of 240-volt, 2-wire.

This 1s a 12 lead. broad range reconnectible altemator which

user connects for required voltage and amperage.




MARINE SERIES 12.0 MDJC and 15.0 MDJF

This series is a 4-cycle, four cylinder, overhead valve,
vertical in-line design. water cooled 1800 rpm engine,
driving a revolving field generator. The new models
are solid state voltage regulated. Older models are
Magneciter (static) excited.

This model cannot be operated in a gasoline environ-
ment unless installed per USCG regulation 183.410.

MODEL SELECTION AND RATING TABLE

15.0MDJF-3CR4 [ 120/240° | 100/50 | 15 | 15.0at 1.0PF

MODEL GENERAL MARINE RATING REMOTE |
NUMBER VOLTS | AMP | KW | KVAand PF_| PHASE | WIRE | HERTZ | START
120MDJF-53CR [120/240° | 100/50 | 12 | 12.0at 1.0PF 1 4 50 12-volt
120MDJC-3CR | 120/240° | 100/50 | 12 | 12.0at 1.0PF 1 4 60 12-volt
150MDJF-3CR | 120/240° [125/625 | 15 | 15.0 at 1.0PF 1 4 60 12-volt
MDJF-3CR4 1 4 60 12-volt

* - These 120/240-volt models are reconnectible 1o deliver full rated output at 120-volt, 2:wire or 240-volt, 2-wire.
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SECTION |
INSTALLATION

Introduction

How To Estimate Electrical Load
Mounting and Location
Ventilation Requirements
Exhaust Systems

Fuel Systems

Cooling Systems

Batteries

Summary (Practice Safety)

WHAT IS A GOOD MARINE INSTALLATION?

A boat owner considers the marine electric
generating set well installed if it supplies electricity
quietly, safely and efficiently.

The installation must be safe. The United States
Coast Guard, National Fire Protection Association
and American Boatand Yacht Council have establish-
ed safety standards which you should always follow.
Al installations must be made to conform with the

applicable standards

Our recommendations for the proper installation of a
marine electric set are based on years of experience
in the manufacture of generator sets. We offer these
recommendations through this training manual so
you can be assured the Onan unit selected for your
boat will operate quietly and efficiently for many

s to come. For further recommendations see
Technical Bulletin T-021



HOW TO ESTIMATE THE ELECTRICAL LOAD

To determine the correct size or model Onan marine
set required for the vessel, total the wattage of all the
equipment and appliances which will be operated at
the same time. Usually the wattage is available on the
nameplates of the equipment and appliances. If the
amperage is given, multiply the amperage by the
voltage to get the wattage. If the wattage or amperage
is not given on your appliances, use the watt loads
shown below for estimating purposes

The electric generating set selected must be capable
of supplying maximum load during starting for each

MOTOR LOADS

Motors and motor driven applicances require up to
five times more wattage while starting than while
running. When figuring total watt requirements for
motors, take five times the running watt rating of the
largest motor and add the running watt ratings of all
the smaller motors. This general listing applies to
capacitor-start motors.

motor and continuous load
Motor, incandescent lamps and many other loads

q
under It I

voltage dip may cause lights to dim or relays to
chatter because of the starling Ioad of some motors,
When determining the size of the unit, consider the

Motor Size Starting  Running
T 900 watts 200 watts
1/4 horsepower . 1300 watts 300 watts
1/; 1500 watts 360 watts -
2200 watts 520 watts
3/4 horsepower 3400 watts 775 watts

1 horsepower. 4000 watts 1000 watts

fact that electricity
every ten years. Consideration should be given to
future electrical requirements necessary because of
additional_equipment being added to the vessel.
Characteristics of conductors, effects of voltage
drops, normal ampere ratings of the generating set
and correct wire sizes are factors to be considered for
almost all installations

CIRCUIT BREAKERS: Onan recommends that fuses
or circuit breakers be installed to protect the
generator windings in case of an overload due to
unbalanced loads or a short circuit in one of the load
circuits. The 4.0 kW and 6.5 kW models are
self limiting and do not require extra circuit protec-
tion

BALANCE ALL LOADS: Divide the loads you intend
to operate at one time equally between the generator
output leads. The current loads for any one output
lead must not exceed the nameplate rating
Overloading either output lead can damage the
generator windings. Even though the generator out-
puts are affected, the engine has enough reserve
Power so it will not be sensitive to unbalanced loads.

1t may be easier to understand why generator load
circuits must be balanced if you think of a generator
as having two legs (windings). Heavily loading one
leg of the generator may result in higher than normal
voltage outputs from the lighter-loaded leg as the
generator attempts to offset the unbalanced loads.

tage than capacitor-start motors, split-phase motors
require more starting wattage than capacitor start

Universal motors run satisfactorily on AG or DC.

APPLIANCE AND EQUIPMENT LOADS

Air Conditioner ..
Battery Chargers mec(mer}
Blankets (electric)
Coffee makers.
Electric drill ...
Electric Range
(Per Element)

See Motor Loads

See Motor Loads

550 to 1500 watts

Fans... . 250 75 watts
an . 1000 to 1350 watts
Heater (spac 1000 to 1500 watts.

)
Hot plate (per e\emenn .
Iron (electric) .

Lights (AC) .
Refrigerator See Motor Loads
Television . 200 to 300 watts.
Toaster . 800 to 1150 watts
Vacuum cleaner See Motor Loads
Waffle iror 650 to 1200 watts
Water heater - 1000 to 1500 watts.

Electronic oven . . 750 to 1500 watts




MOUNTING

Onan marine electric generating sets are supplied
with vibration isolator mounts and on some models, a
drip pan. Amounting base must be prepared to mount

the vessel. The base should be strong enough to
support several hundred pounds, and withstand
considerable vibration and shock effects such as
rocking of the vessel in heavy seas. See Figure 1-1
Table 1-1 gives maximum operating angle of Onan
marine units.

TABLE 1

. MAXIMUM OPERATION ANGLE
OF ONAN MARINE UNITS

ELECTRIC GENERATING | MAXIMUM OPERATION
seT | ANGLE (anY DIRECTION)

MCC)

K,
MDJC. MDJF

UNIT LOCATION

A generator set may be installed in the propulsion
engine compartment if specific conditions are met.

U.S.C.G. regulation 183.410 requires a generator set
operating in a gasoline fuel environment be “ignition
protected”. This is a set capable of operating in an
explosive environment without igniting that environ-
ment

Diesel generator sets are not required to meet the
183.410 regulation when used in adiesel fuel environ-
ment, but are not certified to operate in agasoline fuel
environment.

Most propulsion engine compartments are already
ventilated, and have access to the fuel supply. Keep
the generator set away from living quarters, and away
from bilge splash and vapors. Select a location that
willall quate sp:
set

g the

LOCKWASHER  SHAKEPROOF
WASHER

116" (16 mm)
'CLEARANCE

FIGURE 1-1. VIBRATION ISOLATORS
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VENTILATION REQUIREMENTS should be sufficient to prevent recirculation of

generator cooling air.

mus circulati
while operating to provide combustion air for the TABLE 1-2. PASSENGER VESSEL
engine and cooling air for the generator. Table 1-3 VENTILATION REQUIREMENTS
lists minimum air requirements for Onen marine . .
unts. COMPARTMENT s
Ifthe fuel tank is in a sep: | INCUFT.(m) CHANGE
ment, it should be ventilated the same as the engine Loss than 500 (14) 2
compartment. For passenger vessels, the Coast 500 t0 1000 (14 to 28) 3
Guard recommends a powered exhausting system to 1000101600 (28 o 42) 4
meet requirements as shown in Table 1-2. The airflow & —
TABLE 1-3. AIR REQUIREMENTS CUBIC FEET PER MINUTE (m’)
GENERATOR GENERATOR COOLING AIR | COMBUSTION AIR
SET 1800 RPM 800 RPM TOTAL
30MDJA 75 (2.1) 16 (0.5) 91 (2.6)
7.5MDJE 135 (3.8) 32 (1) 167 (4.7)
12.0MDJC. 15.0MDJF 125 (3.5) 64 (18) 189 (5.4)
4.0, 6.5MCCK 120 (3.4) 32 (0.9) 141 (4)




EXHAUST SYSTEM

GENERAL

All_exhaust systems for water-cooled marine in-
stallations must meet these requirements:

1. Except for vertical dry stack systems, exhaust
systems must be water cooled, the water injected
as near to the generator set as possible.

2. All exhaust system sections preceding the point
of cooling water injection must be either water
jacketed or effectively insulated.

3
back flow of water to the engine under any
conditions, and the exhaust outlet must be above
the load waterline. Water flowing back to the
engine will damage it

4. The generator set's exhaust system must not be
combined with the exhaust system of any other
engine.

5. An approved, flexible, non-metallic exhaust line
section should be used near the engine to allow
for engine movement and vibration during opera-
tion.

6. Vertical dry stack exhaust systems must have

spark arresters. The exhaust system between
engine manifold and spark arrester must be either
water jacketed or well insulated.

7. Be of sufficient size to prevent excessive back
pressure.

WARNING ) Use extreme care durng exhaust sysiem

Exhaust gases are deadly.

MATERIAL

Use material_recommended by ABYC in “Safety
Standard for Small Craft", Section P1. The exhaust
line should be at least as large as the engine exhaust
outlet (Table 1

Most installations today use flexible rubber hose for
the water cooled section of the exhaust line for ease of
installation and flexibility. Be sure the hose is design-
ed and approved for marine exhaust line.

Provide adequate support for rubber hose to prevent
sagging, bending and formation of water pockets.
Use automotive type pipe hangers (o keep vibration
from o the hull

minimum width of 1/2inch (12.7 mm) should be used
at each end of hose. See Figures 1-2 and 1-3

MARINE AUBBER
'EXHAUST HOSE

aFrzm
ax

ALLOW 38" (85 mm) CLEARANCE
FOR AR CRCULATION
ENEATH MUFFLER TO
PREVENT CONDENSATION

AQUALIFT
MARINE MUFFLER

PIPE HANGER
SIPHON BREAK
EXHAUST HIGH

EXHAUST WATER
INJECTION

GENERATOR SET

DRIP PAN

seA cock

FIGURE 12. TYPICAL SMALL UNIT EXHAUST SYSTEM

12



TABLE 1-4. ELECTRIC GENERATING SET WARNING | Dot uss he mancl 1 o mutter st
EXHAUST OUTLET SIZES =] because it puts xcessive sirin on e c

‘exhaust fumes to escape.

— e

MCCK Thru SPEC G o can be
MDJA, MDJE, MCCK “H the muier, di
MDIC, ME

WARNING | Donalnsa ubberhose withshrpbends o
BCZIITITN foeovbiognbzoiphopl o]

syt Ao frvoosd

ating its momentum.

hose failure.
applications.

sTop
soLENoID

HT W
swiich  woic SWiTcn  MCCK (PRIOR switcn
NG MOIE MDJF NC ' TOSPECF) S (BEGIN ShEC )

TERMINAL BLOCKS LOCATED IN CONTROL BOX

NOTE: If set has a high water temperature cut-off switch mounted
on engine cylinder block, connect exhaust temperature cut-off
switeh In series.

-
s
s
AprLy e SEALANT / > ASSEMELY
i
o

OPTIONAL HIGH
TEMPERATURE

SHUTDOWN SWITCH AuBeER
‘ELBOW.

FIGURE 1-3. HIGH EXHAUST TEMPERATURE SHUTDOWN SWITCH
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PiTCH DOWN

AQUALIFT
MARINE MUFFLER

LoaD
WATER UNE

FIGURE 14, TYPICAL ABOVE WATER LINE INSTALLATION

EXHAUST COOLING WATER INJECTION

When installing a separate system to cool the ex-
haust, a device is required to indicate if the system
fails. Mount a temperature operated switch on the
exhaust elbow and connect it to operate either an
alarm or to shut off the unit if the exhaust overheats
(approximately 200°F (93"C). Onan recommends a
high-temperature exhaust shutdown switches for all
types of marine installations. See Figure 1

An important consideration of water injection is
keeping water from flowing back through the exhaust
system into the engine. The two most frequent causes
of water entering the engine are:

1. Momentum built by water sloshing in the exhaust
line causing the water to rush forward into the

engine when the boat pitches forward

Engine stopping creates a vacuum and can draw

water back into the engine.

EXHAUST BACK PRESSURE

Exhaust back pressure is an important criteria of an
adequate exhaust system. If the installation is ex-
cessively long or questionable, back pressure should
be checked before putting the unit into operation.
Most Onan marine electric generating sets with a
separate water-cooled exhaust manifold have a 1/8
inch pipe-tapped hole with pipe plug on one end of
the manifold. An adapter will have to be made to
check back pressure on other Onan units

Use a manometer or prassure gaugo on the manifold
to check back pressure. See Figure

Excovs back pessre i cauee ot of
L SAUTION Y somer

The exhaust back pressure ratings for the MDJF Series ar
considerably higher than those shown below. Consult your
operator's manual for acceptable limits on the MDJF Ser

_BACK
PRESSURE

uNITS OF
MEASUREMENT
INCHES OF
WATER
INCHES OF
MERCURY
OUNCES'SO IN
KILOPASCAL

FIGURE 1-5. MANOMETER INSTALLATION




ONAN AQUALIFT MUFFLER

Onan_recommends the Oran Aquaift muffer
(Figures 1-6 and 1-7) for marine generator sets
retalied above or below Ing168d water e Becases
of installation variables, customers must provide the

rackets, hoses and clamps required for installation.
Complete instructions are included with the Aqualift
muf

[ SAURISN ] e A muthrssoc,ha b i
furished with the mufer must be used. It is

engine cooling system.

Be sure any muffler is well supponw and inthe case
of aneoprene muffler, mthe

Because the Aqualift has relatively little water in it
during normal operation, it doesn'thaveto be drained
for winter conditions. Freezing temperatures will not
damage

GAURION ] SO NoT sk scoop TYPE waTER N

Forward facing scoops develop sufcient ram pressure 10 force

it may flow back, flooding the engine cylinders. This can happen
only if the electric set is not running and vessel Is underway

WARNING | Welding on the mutfler wil damage the

expectancy.

Vessals structure, I & neoprene mutfer touches the
vessel, it increases exhaust noise.

WAl

G | Be sure all fitings are tight to prevent
polsonous  exhaust fumes from
escaping.

SHORT NIPPLE —a

ouTLer

it
"REDUCER PIPE
BUSHING

NOTE: LONG NIPPLE GOES INSIDE TANK

FIGURE 1-6. AQUALIFT MUFFLER CONSTRUCTION

FIGURE 17. AQUALIFT MUFFLER



FUEL SYSTEM

FUEL TANKS

If the generator set and propulsion engines use the
same fuel (gasoline or diesel), the generator set can
usually be supplied from the main fuel tanks. See
Figure 1-8

Leakage of gasoline in or around the com-
NARNING 1 1 a definite hazard. The ventiation
system o vide a constant flow of air o expel any
accumulation of uel vapor.

m Operating the electric set from  tee in the
ol Wi con e e speas
The umg e cpacly o e power o
o o ' eeptio s

Position the tank fill and vent pipes so there is no
chance of fuel or vapor escaping into the bilge. Run
the vent and fill pipes from separate opening in the
tank. If a flexible section of fill pipe is used, install a
separate ground wire between the deck plate and fuel
tank. Install the vent opening as far from any other
hull opening as possible and with a gooseneck so
water will not enter the pipe. Install aflamearrestor on
the vent opening.

Figure 1-8 shows typical method of installing a
second dip tube in the original fuel tank outlet. If the
fuel tank outlet fitting is large enough to accom-
modate two dip tubes, the required fitting can be built
by a machine shop.

FUEL LINES

1. Use seamless annealed fuel lines approved for
marine installations.

2. Run fuel lines at the top level of tank to a point as
close to the engine as possible to reduce danger
of fuel siphoning from tank if the line should

3. Keep fuel lines away from hot engine or exhaust
areas. This reduces chance of vapor lock

4. Line must be long enough to prevent binding or
stretching because of generator set movement

5. Install an approved flexible non-metallic and non-
organic fuel line between the solid fuel line and
engine to absorb vibration,

6. Install lines so they are accessible and protected
from injury

u tal
to secure the fuel lines.

If fuel line is metallic, ground with a suitable
ground strap to the boat common bond conduc-
tor.

FUEL SYSTEM SIPHON PROTECTION
A carburetor float valve must not be trusted to hold
back fuel if there is a gravity feed from the fuel tank
When the tank is instlled above the engine \mx on
a siphon break nt
the fuel from emptying into the carburetor if the float
valve is not closed. This also prevents the fuel from
siphoning if the fuel line breaks at a point below the
fuel level

Siphon protection can be provided by an anti-siphon
valve, or an electrically operated fuel stop valve at the
tank withdrawal fitting (Figure 1-9). The electric stop
valve is connected to the engine ignition circuit and
allows fuel flow only during engine operation. To
comply with USCG regulations, the valve must have

break. manual override for emergency operation.
FUEL LINE TO
FUEL UNE TO
PROPULSION AR
seT

ANTISYPHON VALVE O ELECTRICALLY
'OPERATED FUEL STOP VALVE

GENERATOR PROPULSION
ser ENGINE

FIGURE 18, TWO FUEL LINES IN ONE TANK OUTLET

FIGURE 1:9. SIPHON PROTECTION



COOLING SYSTEM

Throughout this manual, floatation water drawn into
the boat for engine cooling will be called sea water.
Water recirculated through a closed system will be
called captive water. Use of the term “sea water" does
not necessarily imply that the water is salty. In fact,
use of salt water in the engine block for cooling may
result in severe corrosion problems. Units operating
in a salt water environment should use either a keel
type or heat exchanger type closed cooling system.

Three types of cooling in general use today are: direct
(sea) water cooling (Figure 1-12); heat exchanger
(captive water) cooling (Figure 1-10); and keel or skin
(captive water) cooling (Figure 1-11).

DIRECT WATER COOLING

Direct Sea Water Cooling Systems use a rubber
impeller pump to draw water directly from the lake or
river, circulate the water through the engine’s cooling
system and out through the exhaust system. Water
olled by a thermostat. A high water
temperature cut-off switch protects the engine.

HEAT EXCHANGER COOLING

Heat Exchanger Gooling has two separate water
systems, a captive water and a sea water system. The
metal impeller pump circulates captive water through
the engine’s block, heat exchanger shell, water-
cooled exhaust manifold and expansion tank.

The rubber impeller pump circulates sea water
through the heat exchanger's core (cooling the
captive water) and out through the water-cooled
muffler.

KEEL COOLING

Keel Cooling, a captive water system, uses a metal
impeller pump to circulate captive water through the
engine's water jacket, exhaust manifold, expansion
tank, and keel cooler tubing. The cooling tubes are
attached to the vessel's hull, below the water line, so
that sea water (floatation water) cools the captive
water.

A rubber impeller pump circulates sea water for
exhaust cooling.

WATER PUMP

Two types of pumps are in general use today, the
metal impeller pump and the rubber impeller pump.
Each has special advantages and disadvantages. See
Figure 1-13.

Do s it risherirpae pne
in the hot waer side of the cooling system.
Heat or soluble oll (m many rust inhibiors and anileezes) wil

1 the boat is used extensively in contaminated water where a

cause block plugging: hrelore heat exchang

skin cooling should b

keel coaling or

CAPTIVE WATER
FROM MANIFOLD

FLAT WASHER

sTRAP

SEA WATER
out

FIGURE 1-10. HEAT EXCHANGER COOLING SYSTEM

EXPANSION TANK

ENGINE

EXHAUST

MANIFOLD
\

ExHAUST
UNE

Ve, Une  meis impeter pump (O 1320110 o
o e copie e s,

FIGURE 1-11. KEEL COOLING SYSTEM



FLEdBLE

seA
cock
FLUSH TYPE THRU. |~ COOLING WATER IN
HULLFITTING
——.
ONAN STRAINER ——

WATER FILTER

WATER TO
EXHAUST LINE

PITCH DOWN
O MUFFLER

FIGURE 1-12. DIRECT COOLING SYSTEM

Use line of the proper size, following recommen-
dations in Table 1-5. Increase the line size for runs
over 5 feet (1.5 m) in length. One pipe size for each
additional 10 feet (3 m) in length.

Water lines can be either copper tubing or flexible
hose. In any case, use a section of flexible hose on the
water inlet next o the generator set. Use another

exhaust line. This flexible section must be long
enough to stop transfer of vibration.

Onan
the cooling system (Figure 1-12).

CAUTION
e

“The flush-type thru-hull water nlet must have

Standard Onan marine sets are equipped for direct
water cooling. Installation requires a through-hull
fitting, sea cock and strainer.

TABLE 1-5. COOLING SYSTEM CONNECTING SIZES AND RECOMMENDED HOSE SIZES

ELECTRIC MINIMUM RECOMMENDED|
GENERATING INLET SIZE OUTLET SIZE SE INSIDE
SET (INCH) INCH) [DIAMETER IN INCHES (mm)
MDJA 1/2 0D hose adapter | Connected to exhaust elbow 12 (127)
MCCK, MJC, MDJE | 1/2 0D hose adapter | 3/8 (hose adapter furnished) 112 (12.7)
MDJC. MDJF 3/4 0D hose adapter | 3/8 (hose adapter furnished) /4 (19)
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BATTERIES

Battery size is determined by the amount of power
required to start the generating set. Position the
battery where operation of the unit won't be impeded
and air flow to and from the unit won't be restricted.
Keep the battery well charged and theterminals clean
and free of corrosion. See Table 1-6 for battery cable
size and length. Refer to Table 1-7 for battery size
recommendtions, For further detalld information

servicing of batteries, see
Miscollansous Sonvice Bulefi #2

POSITIVE CONNECTION

Connect the B+ cable to the start solenoid. When the
solenoid is located inside the control box, run the
control cable through the grommeted hole in the box
clearing any metal parts of the control box or the
generator.

Never disconnect the battery with either
engine running and never crank both engines

simultaneousty.

the cable lug and the frame. Use the same size cable
for ground as for the negative battery terminal
connection

TABLE 1-6. BATTERY CABLE REQUIREMENTS FOR
12 VOLT ELECTRIC GENERATING SETS
(MAX. LENGTH OF ONE CABLE)

canLe
sze | 2 | 1 | o | o0 | oo | oo
NEGATIVE CONNECTION =
Connect the negative battery cable to the generator ARG
through-bolt using a shakeproof washer. Ground the MCCK. MDJA
set by connecting a separate cable to clean, bare MDJE MDUF | an | st | 7| on | v | ren
‘metal on the frame. L
TABLE 1-7. ONAN MARINE BATTERY RECOMMENDATIONS
= ———  BATTERY SPECIFICATIONS =
CapAcIT
GeNERATOR coio o'Amex
Ser 18c1 GRou i NN pART
SERIES VOLTAGE SIZE AMPS @0°F (-18°C) (kl:) No.
WCCK Spec ' | Entre Temp. |1 2 ® 3% To@sa | aieooes
[ U —— -
MGGk Prior [ Entiro Temp | 2 0 r o | 416087
o Spec S R il
B g g ) TosaTe | 416007
MosA =
vosE B g £ E3 Tosame | a1
2| 6 H 565 135(486) 4160063 |
wose ——
MU z g £ 0 oo | 4160637
F wol 0 ® % Tosz | 4160%5
we
[orcee |2 0 v w0 @ | e
and warmer

1 - B is abbreviaon for Batery Counci international
* - Minimum recommended Battery Capacities and Rali
# - Specificatior
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SUMMARY

PRACTICE SAFETY

Your last responsibility in the installation procedure
of any marine electric generator set is to advise the
owner/operator that proper maintenance is one

assurance of continued safe and efficient perfor-
mance of any gasoline or diesel fueled engine. The
health and safety of their passengers and themselves
depends upon thorough periodic inspections and
repair when necessary. All repairs should be made by
qualified electrical or mechanical service personnel.



NOTES
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SECTION 2
OPERATION

Introduction

Starting Methods
Summary

The theory of operation of gasoline and diesel
engines is basically the same regardless of whether it
isa1,20r4cylinder engine. Onan uses a water cooled
engine on all Marine generator sets. The engines are 4
stroke, internal combustion 4 cycle and naturally
aspirated. The same is true for Onan generators
whether inherently or voltage regulated. They all have
the same basic parts for voltage generation: a
magnetic field, conducting wire and movement or
rotation. The controls do just exactly what the titie
says they do, they control. Some of the things they
control are operating temperature, oil pressure,

2

Fuel and Oil Recommendations
Periodic Service Guide Gasoline Engine Generator Sets
Periodic Service Guide Diesel Engine Generator Sets

battery charging and ignition. All Onan generators
are designed to give reliable electrical power if
properly maintained to Onan specifications. In this
section we hope to give the student a general
understanding of the principals of operation for
gasoline engines and the significant differences

generators whether inherently
regulated or statically excited. No references to any
particular models are intended, but ageneral descrip-
tion as applies to all Onan marine units currently in
use in the field today.




FUEL AND OIL RECOMMENDATIONS

LUBRICATING OIL SELECTION

Lubricating ois for spark-ignited and diesel engines
are made ina chin

GASOLINE ENGINES ONLY

several viscosities. Selection of an ol for a particular
engine, considering its fuel and operating conditions,
is based on the classification and SAE viscosity
grade.

Oil Classification

The requirements of an oil depend on the kind of
engine. the operating conditions, and the fuel. A
classification system, jointly developed by the
American Petroleum Institute (API), the Society of
Automotive_Engineers (SAE) the American
Society for Testing and Materials (ASTM) is used to
identify the classifications for engine service and
operation conditions. The newest classification—
SE—has been added to cover oils with very high
resistance to oil oxidation (oil thickening) caused by
high oil temperatures.

Oil Viscosity

Viscosity is a measurement of resistance to flow. For
oil, this resistance is affected by temperature. Multi-
ple grade oils are made to provide starting capability
when the oil is cold and also to provide engine
protection at higher operating temperatures. Viscosi-
ty identification is by the SAE grade number.

Gasoline Engines Only

Use oil with the API (American Petroleum Institute)
designation SE or SE/CC. Refer to oil chart Figure 2-1
for recommended viscosity according to
temperature.

Oil consumption may be higher with a multigrade ol
than with a single-grade oil if both oils have com-
parable viscosities at 210° F (99°C). Single grade oils
are generally more desirable unless anticipating a
wide range of temperatures.

Diesel Engines Only

Use an oil with the API designation CD/SE. However,
to reduce oil consumption to a normal level in the
shortest time possible on anew or rebuilt engine, use
CC/SE oil forthefirstfill only (50hours). Then use the
recommended oil only. Select the correct SAE
viscosity grade oil by referring to Figure 2-1

32° F(0° C) and below, butthey are not recommend-
ed for temperatures above 32° F. On Onan J-series
water-cooled diesel engines, SAE 15W-40 or 20W-40
oils may be used in an ambient temperature range of
15° F (-10° C) through 90° F (32° C).

——
—yr
T —

vVvVYyY

< 0
TEMPERATURE RANGE YOU

J-SERIES DIESEL ENGINES ONLY

L}
=
EL=)
oW ]
oW-30.
W] =

0 ) )
ATURE RANGE YOU EXPECT BEFORE NEXT OIL CHANGE

FIGURE 2-1. RECOMMENDED OIL VISCOSITIES

GASOLINE FUEL
Leaded Vs Nonleaded: Onan built engines operating
on nonleaded gasoline run better, cleaner, and longer
with less maintenance than if using leaded gasoline.
We find that using nonleaded gasoline in preference
to leaded gasoline helps reduce the following
problems:

+ Burned Valves

+ Sticking Valves

+ Spark Plug Fouling

« Piston W

+ Ring Wear

« Cylinder Wall Wear

+ Exhaust System Corrosion

For new Onan engines, most satisfactory results are
expected through use of nonleaded gasoline. Use of



leaded gasoline in new or old Onan engines will
usually cause more wear and require more
maintenance. If changing from leaded gasoline to
nonleaded, the engine head must be taken off and all
lead deposits removed from the engine.

2. During long periods of light engine load; or no
load

higher alttudes or when extremely low ambient temperatures are
rountersd o prevent mishres

Seore swicing irom lnded ko nonionded

U
fo fiter) of at lesst ID‘F (6°C) below the lowest

sasoine, ragniion woud occur causing
engine

AIR CLEANER AND FLAME ARRESTORS
Properly serviced air cleaners and flame arrestors
help ensure long engine r cleaners remove
abrasive dirt material from the air before it enters the
engine. This increases operating efficiency and fuel
economy and reduces engine wear. Restriction of
intake air results in over-rich fuel mixture in either
gasoline or diesel engines. Refer to individual
operators manual for further information on your
specific Onan engine. See Figure 2-2

FIGURE 2-2. FLAME ARRESTOR

DIESEL FUELS

The selection of diesel fuel should be made on the
basis of overall performance as well as economy.
Diesel fuel serves two main purposes.

1. Supplies energy for the work done by the engine.
2. Lubricates all components in the diesel fuel
system such as pumps, nozzles, etc.
Recommended Fuel

Use ASTM 2-D or 1-D fuel with a minimum Cetane
number of 45 . Number 2 diesel fuel gives the best
economy for most operating conditions; however,
use ASTM 1-D fuel during the following conditions:

1. When ambient temperatures are below 32°F
(0°Cy;

Keep the fuol clean and
pmema from adverse weather. Leave some room
for expansion when filling e toeltank

FUEL FILTERS

Fuel filters are required for protection of the fuel
injection system even though good fuel handling
practices are followed. It s absolutely necsssary o
use filters capable of removing micron-size particles
from the fuel. Two-atage fliration s suppiied with il
Onan diesels. See Figure 2-3

The fuel transfer pump pulls fuel directly from the
storage tank. A metal sediment bowl traps water and
most sediment particles. _If continuing amounts of
water and sediment are seen at the supply outlet,
however, install  filter and water trap at this point

Fuel is pumped through two filters before it reaches
the injection pump. Average pore size of the second
filter is .0005 smaller than the first filter. This means
most particles escaping the first filter are trapped in
the second filter.

WORK TRANSFER PUMP

FIGURE 2:3. BLEEDING THE FUEL SYSTEM



PERIODIC SERVICE GUIDE FOR GASOLINE ENGINE GENERATOR SETS

AFT

CYCLE OF

SERVICE THESE ITEMS

ER EACH
50 100

Inspect Marine Set

Check Fuel Suppl;

Check Oil Level

Check Cooling System

Check Flame Arrestor

Inspect Exhaust System

Check Spark Plug

Check Governor Linkage

Change Crankcase Oil

Check Battery Water Level

Check Brushes

Inspect Breaker Points

Clean Crankcase Breather

Clean C tator and Collector Rings

x [ [ [x

Clean Carburetor

Remove Carbon & Lead Deposits

Check Valve Clearance

Clean Generator

Remove and Clean Oil Base

Grind Valves (If Required)

Replace Generator Brushes

As Required

X1~ With set running. visually and audibly check exhaust system for leaks

2 - Check fuel system for leaks or damage.

X3 - Check pump pulley
x4 - Replace at 250 hours.
x5 - Perform more often i extremely dusty conditions.

6 - Inspect for physical damage. Wash in suable solver

belts. Replace antif

Use this periodic service guide as a check list for
important service requirements of ail Onan marine
generating sets. Strict observance of the time inter-
vals in this chart

the unit and low service cost. Equating hours to miles
makes the service intervals more realistic. On an 1800
rpm engine, one hour running time is equal to 40 miles
(64 km) driven in an automobile. Keep the unit clean.
Cleanliness of the generating set and the compart-

ment directly affects the total operating efficiency of
the unit. Blow out the unit and the compartment with
clean, dry, compressed air. All time intervals are
based on favorable operating conditions. More fre-
quent _intervals adverse
operating conditi
manual for detailed information on recommended
service intervals.




PERIODIC SERVICE GUIDE FOR DIESEL ENGINE GENERATOR SETS

CYCLE OF HO!

SERVICE THESE ITEMS

AFTER EACI
8 50

100 200 600

Inspect Marine Set

x1

3000
= |_3000 |

Check Fuel

X

| Check Oil Level

x

Check Cooling System

Check Flame Arrestor

Clean Governor Linkage

Change Crankcase Oil

Drain Fuel G Traps

Check Battery Electrolyte Level

Replace Oil Filter (If Used)

Empty Fuel Sediment Bow!

Check Slip Rings and C«

Check Brushes

x [ [x [x

Replace Primary Fuel Filter

Check Valve Clearances

Replace Secondary Fuel Filter

Clean Generator

inspect Valves, Grind If Necessary

X1 - With set running, visually and audibly check exhaust system o leaks.

X2 - Check fuel system for leaks or damage.

X3 - Check pump pulley sot screws and belts. Repl
x4 - Perform more often in extremely dusty condifions.

x5 - Inspoct for physical damage. Wash in sutable solvent.

The differences between the service items and the

time intervals involved between gasoline and diesel

engines is due mainly to precise fuel metering,

absence of lead deposits and design differences

Examples would be fuel filters and valves in diesel

engines which last almost twice as long on the
. n !

e antireeze annually in captive systom

interval for a gasoline engine part might be the same
as a diesel part performing a similar function. Ex-
amples would be changing of oil, checking batteries
or checking generator brushes. Refer to model
operator's manual for more detailed information on

insome.

service intervals.




STARTING METHODS

The electrical starting system for engine-driven
generator equipment s the most commonly accepted
system. Some  advantages of electric starting are:
reliability, low cost, easy maintenance, and com-
patibility with other system controls. The main re-
quirement of a good Starting system is that it will
crank the engine (gasoline or diesel) fast enough and
at high enough voltage for other electrical systems.
Most of today's electric starting systems require a
battery for cranking power. With the use of built-in
trickle charging systems or a separate battery
charger: keeping the battery charged and in good
condition should be standard procedure.

INITIAL START

Check the engine to make sure it has been filled with
oil and fuel. Fill cooling system and prime the water
pump. If engine fails to start at first attempt, inhibitor
oil used at the factory may have fouled the spark
plugs—remove, clean in a suitable solvent, dry
thoroughly and reinstall. Heavy exhaust smoke when
the engine is first started is normal, and is caused by
the inhibitor oil.

On diesel engines be sure fuel system is air-free. If
not, bleed the air from the fuel system as described in
the Operation section of your Operator's Manual

APPLYING LOAD

Allow set to warm up before connecting a heavy load
and keep the load within nameplate rating. Con-
tinuous generator overloading may cause high
operating temperatures that can damage the
generator or engine.

Extremes in starting temperatures may require ad-
ditional preneating. If engine fails to start quickly, rest
engine several seconds and repeat starting sequence
applying preheat for a longer interval.

Do not apply overvoltage to the starting

G s g e, Ovaretinge wil I destroy

necessary to use an additional source of po Wit
use battery of the same voltage connected in parallel.

IMPORTANT: Never
battery is connected.
fuses are good.

rt or run battery charging sets unless the
sure the set-battery switch Is closed and




STARTING SEQUENCE
Operator pushes START button, or set is started

Engine cranks.

LS

) o
by remote control. open
2. Start solenoid energizes 6. Engine starts.
7. Operator releases START button
8. Battaryicuret flows to 8. Start disconnect relay energizes.
a) series field for cranking 5 E b
b) STOP relay, completing ignition circuit. ngine continues running.
EXCITER CRANKING SEQUENCE OF OPERATION
(GASOLINE MCCK ONLY PRIOR SPEC “H")
[ T —
Current fed 1o electric
Current fed to generator Battery current fed to ignition
series field, cranks engine coil and fuel pump Ihoke operatss.carbursior

Engine starts.

I
I T

Generator DC current AC output current produced
produced and fed to load.

L Release start switch

r 1
Takes over energizing of start
disconnect relay.

Recharges battery. |




SUMMARY

When the Marine Electric Generating Set is correctly
serviced and maintained, it ill provide many hours of
safe efficient operation. Service and maintenance
includes performing preventive maintenance items at
the correct time intervals shown in each operator's
manual. Allitems necessary to prepare the generating
settos

@ Safe and proper installation

® Engine properly timed

® Rated voltage being produced
® Governor set for correct RPM

Remember, a clean engine looks and runs better than
one which is not maintained. This extra care pays off
in lower service costs and longer running life, in-
creased

art,
Items to be checked are things such as:

Qlin crankcase

® Extra oil for filter

 Battery connechons clean and tight
® Fuel lines tight

and fuel economy.

This also enables the skipper to spend more time on
the deck, out at sea and less time below deck at the
pier.

Happy boating!
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31



SECTION 3
ENGINE THEORY AND ADJUSTMENT
DIESEL AND GASOLINE

Introduction

Basic Differences - Gasoline and Diesel Engines
Onan Diesel Starting Guide

Diesel Fuel Systems

Adjustments (Diesel Powered Units)
Troubleshooting Guide for Diesel Engines
Adjustments (Gasoline Powered Units)
Troubleshooting Guide for Gasoline Engines
Summary

The principles of operation of a gasoline or diesel
engine are basically the same except for the fuel
system components and the ignition system. Valves
are sometimes referred to as the heart of an engine
and the combustion process is called the brain of the
engine. In between, the ignition system might be
referred to as the pulse of the engine. Al three
systems must work together for the engine to do any
work. If a gasoline and diesel engine of equal size
were placed side by side, many parts would bear
striking similarities. The key difference between the
two types of engines is what happens inside during

operation. Improvements in design, strength, light

economy and thermal efficiency are all fac-
tors which contributed to the growing popularity of
diesel engines in the last few years. Pollution control
and economy are major areas of improvement in
gasoline engines. Some of the basic differences
between gasoline and diesel engines are in the
following systems:

FUEL SYSTEM
CCOMPRESSION RATIO
IGNITION SYSTEM
TIMING

OPERATION
EFFICIENCY

In this section the student should gain an understan-
ding as to the significant differences between a
gasoline and diesel engine and also the how, when
and why certain adjustments are made and what
adjustments to make on both types of engines.



BASIC DIFFERENCES BETWEEN GASOLINE AND DIESEL ENGINES

In the following comparison chart we will illustrate
some of the major differences between gasoline and
diesel engine operation. The chart will also serve to

indicate why gas or diesel operation might be better
suited to a specific type of usage. The key differences
are as follows:

COMPONENT GASOLINE DIESEL
[ Fuel System A. Consists of Fuel Pump A Consist of Transfer
Filter and Carburetor. Pump, Filters, !n|echon
Fuel and Air Mixture to Pump and Noz:
Intake Manifold. Only to Intake Mam'md
B. Fuel and Air Mixed B. Only Air Enters Com-
Before entering Combustion bustion Chamber: Fuel is
Chamber. Air Fuel Ratio injected at specific time. Air
151 Fuel Ratio is 18-1 at full
load and !DU 1 at no load.
Type of Fuel Gasoline - Flammable Diesel Fuel -
Storage Problems - Flammable - Usually less
Higher Cost expensive
c Ratio 7101 18101

Ignition System

Battery or Magneto
Spark Plugs, Relays.
Wires, Condenser,

Compression lgnion af
re when running
Durmg cranking, compression

Points. ignition starts the Onan built
Timing “A. 19° BTC on models (Port Closing)
1800 rpm or slower 17° BTC MDJA
21° BTC MDJB Before Spec P
*B. 25° BTC on models 19° Later Models After Spec P
3600 rpm or faster 21° BTC MDJC Before Spec P
19° Later Models After Spec P
18° BTC MDJE
- MAJ & MOCK Modeis 19° BTC MDJF
Efficiency Some wasted or unburned Good thermal efficiency.
fuel - Less BTU's More BTU's per gallon
per gallon converted to useful energy
and power.
Operation Faster Starting, Higher A Slower starting, need

Operating Cost - Shorter
Life Sy

glow plugs for preneat,
also air heaters.

B. Nominal Outside Air
Temperature - Very
Important.

Dirt and Air must be kept
out of fuel system.
Longer Life Span.

o

o




ONAN DIESEL STARTING GUIDE

IMPORTANT! AR CLEANER ————

KEEP ENTIRE FUEL SYSTEM CLEAN AND FREE FROM INAECYIDN—‘%,
WaTeR Nozzie

AIR HEATER
TELEMENT IN MANIFOLD)|

* DIESEL INJECTION PUMPS WILL FAIL IF SYSTEM |
CLEANLINESS IS NEGLECTED

X ~f—otowpLuc

INJECTION PUMPS AND NOZZLES ARE NOT FIELD UBL TRAN e
" W TroueLesooTIG, ek A omen j

COMCONENTE Pl LINE CONNECTION
DO NOT USE ETHER STARTING
AIDS! ETHER IS EXTREMELY EX-
IVE AND MAY CAUSE SERIOUS PERSONAL IN-
JURY. ENGINE DAMAGE IS ALSO LIKELY.

INJECTION PUMP

FUEL FILTERS

BEFORE STARTING: [ CHECK FUEL SUPPLY. BE SURE SHUTOFF VALVES ARE OPEN.

PRIME FUI
SYSTEM WAS JUST INSTALLED. FUEL TANK RAN DAY

0 PRIME PUMP_ MOVE PRIMING LEVER UP AND DOWN UNTIL FUEL
FLOWS STEABILY FOM RETURN LINE (O1SCONNECTED)

:

SECONDS IF ABOVE 55°F (13°C);
0 SECONDS IF BELOW oo 3°cy.

TO START: PREnEAT NN
o moer (ﬁ) encace sranT swircn

stor
LIMIT CRANKING TO 15 TO 20 SECONDS TO CONSERVE BATTERY. ALLOW 1 MINUTE BEFORE RE- CRANKING.

IF ENGINE DOES NOT START: IF ENGINE FIRED, REPEAT ABOVE PROCEDURES, INCLUDING PRE -
HEAT. IF_IT_STILL DOES NOT START. PROCEED AS FOLLOWS:

TEMPERATURES BELOW 32°F (0°C): 'USE NUMBER 1 DIESEL FUEL USE CORRECT VISCOSITY OIL
KEEP BATTERIES FULLY CHARGED. DO NOT USE ETHER STARTING AID.

[ = (s st wows |

[ 1
P TITTLE On O EXWAUST SWOKE ENGINE 1 NGT GETTING FUEL,
UEWHITE EXHAUST Sy e FUEL SYSTEM S SHOWN ABOVE.
‘GBSERVE FUEL FLOW FROM REYURN LIV
FURL riows steabiy ] [urmie on wo ruet riow]
1

CHECK FUEL SOLENOID:

1. OBSERVE AR HEATER THAU
AIR INLET HOLE OR BY REMOV-

CHECK FUEL SUPPLY

ING AIR CLEANER. PULL IN AND Al UL

2. ENGAGE PREHEAT. FOLLOW.(AS SHOWN) WHEN FUEL TANK EMPT)

3. IF HEATER ELEMENT DOES NOT START SWITCH IS TURNED K EMPTY?
o 3 H I Nor ek  SHUTOFF VALVES

FUEL LINES KINKED?
LOOSE CONNECTIONS?
CLOGGED FUEL FILTERS?

IONS TIG)
© FREE FROM CORROSION? SOLENOID ROD

THROTTLE ARM

IF ENGINE IS STILL NOT GETTING FUEL, CHECK TRANSFER PUMP:
1. CRANK ENGINE AND OBSERVE FUEL FLOW FROM RETURN LINE.

2. IF FUEL DOES NOT SPURT OUT, PUMP MAY BE DEFECTIVE.

279 9000217

ENGINE STILL DOES NOT START, CONTACT AUTHORIZED ONAN SERVICE

k)



DIESEL FUEL SYSTEMS

FUEL SYSTEM

The fuel system (Figure 3-1) consists of a metal
sediment bowl, fuel transfer pump, primary filter,
secondary filter, injection pump, injectors, and the
connecting fuel lines.

The fuel system, located on the service side of the
engine, uses a transfer pump to deliver fuel from the
tank to a high pressure injection pump at about 12 to
14 psi (83-97 kPa) (5-6 psi on DJA [35-41 kPal). The
injection lines deliver fuel to the injectors at high
pressure and act as fuel distributors to the injectors.

injection pump, metered fuel is forced through a
delivery valve to the injector lines at about 1900 psi
(13,110 kPa). When the cylinder air reaches about
1000°F (538°C) on the compression stroke, the
injector sprays fuel irwhere

-

FUEL RETURN
LiNe

SEDIENT
BoWL INJECTION
Pomp

SECONDARY

L riperpan FUEL FILTER

FIGURE 3-1. FUEL SYSTEM—LATEST MODELS

itignites. The delivery valve in the injection pump and
a pintle valve in the injector assists the precision
timed injection of fuel into the cylinder.

FILTER SYSTEM

The sediment bowl has a fine mesh screen which
blocks dirt and water entry into the transfer pump,
Figure 3-2. The dirt and water remain in the sediment
bowl which should be removed for cleaning as
required. The primary and secondary fuel filters are
replaceable spin-on units that clean the fuel of
extremely fine particles before it goes to the injection

These filters are mounted on a common casting
which bolts to the ol fill tube. Positive filtration is
assured because the engine won't run when either
filter is loose or missing.

Average pore size of the second filter is .0005
(0.0127 mm) smaller than the first filter. This means
most particles escaping the first filter are trapped in
the second fiter.

CAUTION

engine failure. A iny piece of dirtin the injection system may stop.
Your unit. When opening any part of the fuel system beyond the
secondary fuel iter, plac

A diesel engine cannot tolerate dirtn the fuel
yster

AR
MANIFOLD _CLEANER
HEATER
ngECTION
INECTION
SLow PLUG

—— CONNECTION POINT
FOR FUEL RETURN
Line

~ INJECTION
PP

%~ seConDARY

FIGURE 3-2. FUEL SYSTEM—OLDER MODELS

they are removed. installing new or used parts, flush them
thoroughly, and nstall while stil wet.

FUEL TRANSFER PUMP

The fuel transfer pump (Figure 3-3) is a diaphragm
and check valve type pump operated by acam lobe on
the engine camshatt. The pump cam follower has a
wide surface to prevent wear as it rides on the
camshaft lobe. The priming lever is manually
operated to prime and bleed the system.

ROCKER ARM
Tk

FIGURE 3-3. FUEL TRANSFER PUMP



The diaphrgam spring maintains required fuel
pressure to the injection pump. Fuel pressure should
be as follows when operating at 1800 rpm:

MDJA.

.. 506 psi
@45 10 414 kPa)
4 psi
(@3 %7 kPa)

MDJC. MDJE, MDJF ...

Fuel pump pressure may be checked by connecting a
pressure gauge and tee at the fuel outlet. A vacuum
gauge connected at the fuel inlet will show whether
the pump has enough capacity to lft fuel about 6 feet
(1.86 m). The fuel pump should produce 15 to 18
inches (25.4 to 43.4 mm) of vacuum at sea level.

INJECTION NOZZLES

Onan J series diesel engines use hydraulically-
operated. non-throttling, _pintle-type _ injection
nozzles, Figure 3-4. They arefactory adjusted to open
s of operat
pressurewill dncrenseto about |75K)Dsi (12,075 kpa).

neter o

KIKI NOZZLE

SPINDLE AssEMBL

FuEL LET,

iozzL€ AssemeLY
CYLINDER HEAD.

PRECOMBUSTION
EbEn

WATER-COOLED

FIGURE 3-4. NOZZLE ASSEMBLY

o nrmation egarding. WOJE rgines ainy
Bryeo Kk el systom.

Operating Principle
Nozzle operation is as follows:

1. High pressure fuel from the njection pump enters
the fuel inlet stud and flows down drilled
passages in the body of nozzle holder, Figure 3-5.

2. Fuel enters fuel duct and pressure chamber of
nozzle assembly. When fuel pressure overcomes
preset pressure of the adjusting spring, the pintle
is forced upward off its seat and a fine mist of fuel
is injected into the pre-combustion chamber
where it atomizes and mixes with the hot com-
pressed air.

3. If compression temperatures are high enough,
the fuel-air mixture ignites. Injection continues
until the spill port clears the top of the metering
sleeve in the injection pump and dumps the high
pressure fuel into the sump allowing the pressure
spring to close the injector and cut off fuel
injection to the cylinder.

CAU

N | screw: it cannol be reset without proper

equipment.

Excess fuel is returned to the tank after each injection
cycle by a return line from the nozzle. A fuel return
fitting

cover

PRESSURE

ADJUSTING
ScREW

FUEL INLET

AOAPTER
nozzLE
VALVE
SEAT

PINTLE

[ CAUTION | Dot atempt o issssembl th noszles

the flow-through fuel from the injection pump bleed
valve. A return line connected at this point returns the
combined fuel back to the fuel supply tank.

it equipment. sat-
actory job.

FIGURE 3-5. INJECTOR NOZZLE HOLDER



Nozzle Spray Pattern
It one cylinder is misfiring, its nozzle may be
operating improperly. Faulty nozzles can be checked
by loosening the high pressure line from theinjection
pump to each nozzle (one at a time).

A suspected nozzle can be checked in the field by
removing it from the engine and reconnecting it to the

igh pr 3 pray p: (Fig )
be observed as the engine is cranked
WARNING ) Keep hands away fromaspraying noziel The
nozzle dischar e can penelrate the
skin and may cause blood poisoning or a serious skin nfection.

A second method for determining amisfiring nozzle is
to remove the exhaust manifold and run the engine
under load. One can readily see by the exhaust which
cylinder is not operating properly.

Injection Nozzle Tester
Testing and adjustment can be performed only witha
nozzle tester, Figure 3-7. Do not attempt to disassem-
ble the nozzles or adjust nozzle pressure without the
proper test equipment.

disassembling injection equipment. Always rinse in clean fuel
re reassembling.

Opening pressure, leakage and spray pattern can be
checked using the tester. If any of the above malfunc-
tions appear (except opening pressure), the nozzie
valve and seat can be inspected with a magnifying
glass for erosion, scoring, etc. If cleaning with solvent
does not correct the malfunctions, a new nozzle tip
will be required. i then be set

FIGURE 3.6. NOZZLE SPRAY PATTERN

and spray pattern checked.

Never use hard or sharp tools, emery paper,
grinding powder or abrasives of any kind or
the nozzles may be damaged beyond use.

Soak each nozzle in fuel toloosen dirt. Then clean the
inside with a small strip of wood soaked in oil and the

the outer surfaces of the nozzle body with a brass
brush but do not attempt to scrape carbon from the
nozzle surfaces. This can severely damage the spray
hole. Use a soft oil-soaked rag or mutton tallow and
felt to clean the nozzle valve.

Nozle cleaning kits are available from Onan Tool Catalog 900-
0019,

NOZZLE REPAIR

If cleaning will not eliminate a nozzle defect, replace
the nozzle or take it to an authorized American Bosch
service station. Do not attempt to replace parts of the
nozzle except for nozzle and pintle assembly.

FIGURE 3-7. INJEOTION NOZZLE TESTER

Assembly

Rinse both valve and nozzle thoroughly before

ith diesel fuel. The valve must be
. Lift it about 1/3 out of the body. It
should slide back to its seat without aid when the
assembly is held at a 45-degree angle. If necessary,
work the valve into its body with clean mutton tallow.

. Clamp nozzle holder body in a vise.

Set valve in body and set nozzle over it.
Install nozzle cap nut loosely.

Place centering sleeve over nozzle for initial
tightening. Then remove centering sleeve to
prevent it from binding between nozzle and cap
nut

PRSI

5. Adjust to specified torqu




Pl e

1. Use abrass ype scrapor ool oremove ard carbon 5. Clean nozle vaive and polish with tallow and a
deposits from nozzle body valve se wooden polishing fixture. Take care 10 remove all
races of tallow when finished.

2 At scrapngthe carbon, polsh the valve sea by 6 Examine nozzle. ody with a m
round pointed. stick dipped in slas. f rosion and scoring condtons
Paning mnum rotore soat 1o s original iah renew the valve and b
unless its

3. Use a special hooked type scraper 10 clean the 7. Use a lapping plateand compound for a apping
nozzle pressure chamber gallery. The hooked end of nozzle parts which depend on a lapped surface
craper is inserted into the gallery and then for seaiing A figurs "8" motion s uses

caretully rotated.

cENTERING
SLeEve

4 Smai hols in tp of nozze body can be cleaned 8.1t is essential that the nozzle body is perfectly
with a fine wire stightly smaller than the size of the centered in the cap nut when reassembling nozzle
ole. A contering siceve, as shown. is used for th
purpose.

FIGURE 3.8. NOZZLE CLEANING




NOZZLE INSTALLATION

Before installing the injection nozzles in the engine,
thoroughly clean each mounting recess.

A dirty mounting surface could permit blow-by,
causing nozzle failure and a resulting power oss.

Install anew heat shield tohead gasketin cylinder
head recess.

Install heat shield, anew nozzle gasket and nozzle

©

Insert nozzls assembly into racass. Do not strike
tip against any hard surfac

Install nozzle flange and two cap screws. Tighten
cap screws alternately to avoid cocking nozzle
assembly. Tighten each t0 20-21foot-pounds (27-

I

FUEL SOLENOID

The fuel shutoff solenoid (Figure 3-9) is also referred
to as a governor solenoid as itover-rides the governor
during shutdown. The solenoid is mounted on the
cylinder air housing bottom pan and controls the
injection pump operating lever. When energized, the
plunger pulls into the solenoid body. Wher
de-energized, the solenoid spring forces the plunger
out against the operating lever to hold it in the fuel
shutoff position.

The solenoid has two coils. Both are energized for
pulling the plunger up. When the plunger reaches the
top, it opens a set of contacts, de-energizing the pull-
in coil. The other coil holds the plunger up while the
engine is running and de-energizes when the engine
shuts down.

WIRE TO CONTROL

Governor
g

L LEAD T0 GROWND
RETURN

ITTING

(conTAS

BLEED PLUNGER AND SPRIN
Suegp: UNGER AND SPRING

RETAINER

GOVERNOR LINKAGE

=
&

;‘]‘qttc.ﬂtlb

T

ADJUSTMENT SCREW
AND JAM MUT

INJECTION PP

EcTion Punp
ELIVERY VALVE CAPSCREW

FIGURE 3.5, FUEL SHUTOFF SOLENOID

PREHEATING CIRCUIT

This 12 volt battery circuit consists partly of manifold
heaters that heat the combustion air at the intake
manifold and a glow plug in each cylinder that heats
the precombustion chamber for engine starting,
Figure 3-10. The manifold heater and glow plugs are
wired in parallel and are controlled by a preheat
switch on the control box

GLOW PLUG (8 AMP)
MANIFOLD HEATER (32 AMP)

FIGURE 3-10. GLOW PLUG AND MANIFOLD HEATER

FUEL INJECTION PUMPS

Onan DJ series diesels are equipped with American
Bosch fuel injection pumps. Single cylinder engines
use the model PLB; the four cylinder engines use the
model PSU pump. Until recently, the two cylinder
diesel engines have been using aPSU pump. Now, the

DJE engines use either a Bryce or a Kiki fuel
injection pump. For Bryce/Kiki pump information,
turn o the back of this section. The fuel injection
pumps are constant stroke, lapped plunger type and
operated by the engine camshaft. They deliver an
accurately measured quantity of fuel under high
pressure to the injection nozzles.

A constant bleed-check vaive 4 umished with al PLB and PSU
pumps. The bised valve auiomaiically bleeds off » restricied

mps.
‘open at pressures between 0.9 and 3.0 pai (6.2 and 20.7 kPa).

npl-co injection pumps that
ubleshooling procedures i

rove 1o be
maiincioning wih new pumpa. Do ot stempt unsuthorzed
repalr procedures on the Injection pumps.

Fuel injection pumps must pass stringent quality
inspections and tests with precise settings and ad-
justments in order to meet Onan’s performance and
reliability requirements. Therefore, it must be clearly
understood by the owners and by Onan servicemen
that tampering or inept repair attempts can cause
irrepairable damage to the pumps that will not be
covered by the manufacturers warranties or ex-
change agreements. Contactan authorized American
Bosch Service station or Distributor for expert repair
service on the injection pumps

The repair service should include cleaning, part
replacement, static pressure tests for internal and
external leaks, internal pump timing, and calibration
and adjustment to the manufacturer's specifications.




PLB Injection Pump

The PLB injection pump (Figure 3-11) is used on the
DJA Series engines. The cross-sectional view shows
the internal parts and the operating lever and control

sLeeD
VALV~

PUMP HOUSING

2 7
“z:::‘:t \*

conTRoOL.

PLUNGER SPRING
PLUNGER

RETAINING RING
L LOWER SPRING SEAT

FIGURE 3-11. PLB INJECTION PUMP COMPONENTS

The pump consists of a housing, pump plunger and
barrel, the plunger return spring with its seats, and the
control sleeve and its operating shaft. The housing
contains the fuel sump, delivery valve assembly,
delivery valve holder, and the union nut for connec-
tion of the high pressure discharge tubing.

Operating Cycle

During operation. when the plslon nears the end of

Closes its intemal ports, and traps fuel that forces the
delivery valve off its seat. Fuel flow is up through the
delivery valve and spring to the high pressure line
leading to the injector nozzle.

The plunger continues injection until the helix on the
plunger (Figure 3-12) passes through the sleeve and
spills fuel, dropping the pressure rapidly. Delivery
valve action aids in dropping line pressure and keeps
fuel from draining out of the line.

The amount of fuel delivered is controlled by the
sleeve which rotates the plunger, thus changing the
length of its effective pumping stroke. The distance
the plunger travels is always the same because the
cam ift never varies.

Infecton Uming on the one cylnder DIA Series engine wil the
injection pump is at 17 degrees B1

HELIX

FIGURE 3-12. PLB PUMP.

PLB PUMP OPERATION

The pumping action involves bath the pumping and
the metering principles, Figure 3-

Pumping Principle
Fuel enters the pump from the supply system
through the nlet connection and flls tho fusl
sump_ which surrounds the barrel. With
Dlanger at the bottom of s stroke, fusl Tlows
through ports in the barrel filling the space above
the plunger, the vertical slotin the plunger and the
cut-away area below the plunger helix.

B. A  the barrel por
closed by the plunger.

As the plunger moves further upward, the fuel is

discharged through the delivery valve into the

high pressure line.

Delivery of fuel ceases when the plunger helix

passes and opens the barrel spill port and the

delivery valve retums to its seat. During the

o

=]



remainder of the stroke, fuel is spilled back into E

the sump. This termination of fuel delivery con-

trols the quantity of fuel delivered per stroke.
Metering Principle F

Fust metering includes long strokes for maximum
, shorter strokes for normal delivery, and non-
otectig pumping strokes with no delivery for engine
shutdown.

The amount of fuel delivered is controlled by rotating
the plunger, thus changing the length of its effective
pumping stroke.

©

For maximum delivery, the effective part of the
stroke is relatively long before the spill port
ns.

For normal delivery, the effective part of the
stroke is shorter before the spill port opens.

This view shows the plunger rotated to the OFF
position 5o that the vertical slot on the plunger
and the spill port are in line for no delivery even
though the pump may continue to stroke, suchas
during a cranking condition with the fuei control
lever at OFF.

START 0% IvjECTION
) o closea)

A B

eFrecTve

oF sv koxE

1

END OF DELIVERY

Maximum Delivery

BOTTOM OF STROKE

BOTTOM OF STROKE
Nomal D

PUMPING PRINCIPLE

NJECTION
Earts Closed)

o
g

END OF DELIVERY

ENDING OF INJECTION
Ostivary valve cton o

D

c

METERING PRINCIPLE

erFeCTIvE
PART

oF STROKE
(Snort)

No Deivery

FIGURE 3-13. PL8 INJECTION PUMP OPERATION (ALSO BRYCE AND KIKI)
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FIGURE 3-14. DEPTH

TABLE 3-1. SHIM SELECTION

TIMING THE PLB PUMP (DJA)
Pump timing procedures determine the correct
hims bty d

closing occurs at 17°BTC.

L is
with a depth micrometer (Method 1). However, if a
depth micrometer isn't available, time it by Flowing
the Pump (Method 2).

‘exhaust stroke.

»

IS

S

METHOD 1. DEPTH MICROMETER METHOD

. Install pump tappet in its recess and position

flywheel on port closing mark (PC) of compres-
sion stroke.

Using a depth micrometer, measure distance
from pump mounting pad on crankcase to tappet
center. See Figure 3-14.

Subtractfrom the port closing dimension of pump
(1.670-inch) the depth obtained in step 2. The
result is the thickness of shims necessary to
correctly time the pump.

xcess wear or Improper assembly.
Select correct shims for required thickness.
Install pump.

METHOD 2. FLOWING THE PUMP

. Install pump with 0.006-inch (0.152 mm) shims.

tween pump and pad.

. Loosen delivery valve cap nut and holder to

relieve pressure on spring. See Figure 3-15.

DISTANCE MEASURED
sTep s ADD THESE SHiMS.
inch m inen mm
01 254 0010 0254
02 508 oot 0355
03 762 o018 057
04 1016 o022 0559
05 1270 0028 0850
I 1526 000 o762
07 178 003 0864
08 203 0038 065
0s 228 00e2 1069
10 2540 0046 1168
I 2794 0050 1270
o
‘operated by hand. L

otate flywheel to about 15 degrees before port
closing (PC) point. Operate transfer pump to
pump fuel into pump inlet and rotate flywheel
slowly clockwise until fuel stops coming out of
pump outlet. This is the port clos

4. Measure distance from point where port closing

occurs to PC mark on flywheel. Find thickness of
shims to be added from Table 3-1.

5. Install pump.

TRANSFE R PUMP.
N\ PRIMNG LEVER

IS

FIGURE 3-15. LOOSENING DELIVERY VALVE HOLDER




INSTALLATION

Prior to mounting the injection pump to the cyllnder
block, follow steps 1 througf

1. Slide shim or shims (using proper thickness of
shims for correct timing) over pilot until they are
flat on pump flange. See Figure 3-16.

The shim thickness required for each engine block s es-

replacement pump as well as the original pump.

2. Dip seal ("O" ring) in engine lubricating oil.

3. Slide seal over pilot until tight against shim or
shims.

4. With shims and seal in place, insert pump into
cylinder block mounting pad, and insert moun-
ting screws.

5. Torque mounting screws (tighten alternately) to
18-21 foot-pounds (24-29 Nem).

6. Install the fuel inlet line and governor linkage.
7. Bleed the pump and then install the fuel outlet
line.

FIGURE 3.16. SHIMMING THE PILOT

PSU INJECTION PUMP

The PSU injection pump (Figure 3-17) is used on
Onan 2- and 4-cylinder air-cooled and water-cooled
diesels. Pumps that are almost identical with only two
injector line outlet ports are used on the two cylinder
models. The function of

FIGURE 3-17. PSU INJECTION PUMP

PSU Pump Operation
The pump face gear mates with and is rotated by a
drive gear on the engine camshaft, Figure 3-18. The
face gear, pilot ring, and the reciprocating plunger in
mp are rotated continually 1o assure positive
fuel distribution. The plunger is reciprocated up and
down by a multi-lobed cam on the camshaft which
bears against a tappet assembly on the pump.

PsU PUMP

Purp
MOUNT NG
FLANGE

its location on the service side of the engine are the
same on both 2- and 4-cylinder engines.

4

FIGURE 3-18. INJECTION PUMP TO CAMSHAFT RELATIONSHIP.
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FIGURE 3-19. PSU PUMP (CUTAWAY VIEW)

Pump Cutaway View

The cutaway view in Figure 3-19 shows the control
unit operating lever, metering sieeve, delivery valve,
plunger and drilled passages to the plunger and
injection lines.

A timing button of very precise thickness transmits
motion from the tappet to the plunger and adjusts
plunger timing for the fuel pumped to each injector
during operation. Plunger d rotation

slot in the metering sleeve so that a slight rotation of
the control shaft causes the sleeve to ride up or down
on the plunger. As the camshatt and face gear rotate,
the drive key and a vertical siot in the face gear
transmit rotation to the plunger. Rotating the plunger
aligns the plunger outlet groove with the proper
injection line outlet for the injector to be fired on each
pump stroke.

are so phased that only one fuel injector is served
during the affective portion of each plunger up stroke.
The high hydraulic pressure developed is required to

chamber. Fuel delivery control, full load, and shutoff
are regulated by the up-and-down movement of the
fuel metering sleeve. The sieeve is controlled by the
operating lever on the outside of the pump. Fuel is
injected only during the high velocity portion of each
plunger up stroke.

When the tappet slips off each lobe of the camshaft,
the spring loaded plunger is forced down opening the
fuel supply port to the fuel sump. This allows fuel

plunger and the delivery valve. The plunger is then
ready for the up stroke.
Metering Sleeve Operation

The metering sleeve is positioned by the operating
lever of the governor control unit, Figure 3-20. An

£ oreratinG
B

ap ECcENTRIC PIN

sieeve

FIGURE 3.20. METERING CONTROL



Plunger and Sleeve Movement

As the plunger is cammed upward, the fuel fill port (A)
g off the fuel suppl

of the plunger, Figure 3-21. This is the critical port

closing (PC) point of the injection pump that cor-

responds with the PC mark on the rim of the flywheel

s 9
it closes off the spill port (B). Now, as the plunger
moves upward, the fuel trapped above its top end
builds up pressure and lifts the delivery valve off its
seat and the high pressure fuel is ported via the
distributor-groove on the plunger upper end to one
injector line. As the plunger reaches the upper end of

movement, the spill port (C) clears the sleeve
allowing the high pressure fuel to spill into the sump.

Sleeve Control

The metering sleeve controls the volume of fuel
delivered to the injectors on each stroke of the
plunger.

No Delivery: With the metering sleeve in the full
downward position, the spill port is open so no fuel is
trapped above the piunger. Therefore, no fuel delivery
results. As the governor actuates the control shaft to
move the metering sleeve upward on the plunger, fuel
is trapped above the plunger as the port closes. Fuel
delivery corresponds with the load placed on the
engine. See Figure 3-22.

Normal Delivery: For normal delivery (Flgure 3- -29)

opens to dump the high pressure.

Maximum Delivery: For maximum delivery (Figure 3-
24), the control shaft must position the sleeve fully
upward. This increases the fuel delivery time and
volume because the spitl port doesn't clear the sleeve
until a higher portion of the pumping stroke is
reached. All engine speed and power control is
determined by the governor acting through the
control shaft and metering sleeve.

The plunger always makes the same stroke, but
varying the position of the metering sleeve regulates
the spill port opening, and thus the volume output
from the plunger to the delivery valve and injectors.

45

conTROL,

DELIVERY

FIGURE 3.21. PORT CLOSING

FIGURE 3:22. NO DELIVERY

NO FUEL
POSITION

sPiLL
PORT

SLeeve

FIGURE 3-24. MAXIMUM DELIVERY



Delivery Valve Operation

The delivery valve assembly regulates flow of con-
trolled amounts of fuel to each injector outlet, Figure
3-25. The valve automatically closes at the end of
each plunger stroke due to spring action when the
pressure drops at the plunger port

INTAKE BEGINNING OF DELIVERY

Ports Open Ports Closed
Dolvery Vaive Closed Daivery Vaive Opening

DELIVERY

END OF DELIVERY
(Spill Annulus Opened)

e
Detvery Vaive Opened

FIGURE 3.25. DELIVERY VALVE OPERATION

Delivery Valve Operating Principles
1. Fuel enters port (1) with rising plunger (2).
2. Notice, spill port (3) is closed.
3. As plunger continues to rise, fill port closes and
fuel is trapped above plunger (4).

4. Additional plunger movement opens delivery
valve and forces fuel through delivery valve
(arrows 5) to outlet for cylinder No. 1
Fuel under high pressure continues to flow with
upward movement of plunger until spill port (6)
opens. This results in a pressure drop and
delivery valve closes (7). Now, residual pressure
is trapped in line (8).

o

Since the plunger is const

Uy rolating counterclockwise, the

egres on next iroke.niecton occurs every 50 degrees of
plunger rotation counterclackwise on four cylin

The relief piston portion of the delivery valve reduces
line pressure and automatically provides a sharp
cutoff of fuel at the end of each plunger stroke. This
prevents secondary injections and nozzle dribble
reduces engine smoke, and prevents nozzle car-
bonizing

PUMP COMPONENTS
Figure 3-26 shows the following pump components:

* The plunger tappet assembly.
« The control shaft assembly.
* The pump body.

« The delivery valve assembly.
« The governor stop

ASSEHBLV( ~1 FACE GEAR

)

Lock
ScREW

OPERATING
Lever /
conTROL snAFT

V-

A covernon sTom assevaLy

FIGURE 3-26. PSU PUMP (EXPLODED VIEW)



Pump Installation Shims

If the pump is removed from the engine, be sure the
steel shims between the pump and the crankcase
mounting are the same on reassembly to maintain
proper gear backlash, Figure 3-27. The number
stamped on the crankcase indicates the proper shim
thickness. This thickness does not change when a
new pump is installed. It only changes when a new
crankcase is installed, and then the thickness of the
proper shims is stamped on the new crankcase.

Removing Tappet

| caution”|

Figure

3.28. 1 not,

plunger into the sump when the plunger s removed. If the

ULt il o cperate:  the lugerport i ot enlosed by the
sleave, there will be no fusl delivery.

pair of channel lock pllers or a screwdriver to remove the
tappet from the O-ring in the drive gear.

The ‘button dimenian s determined by the number or leter
stamped on ts side, Figure

o

rAxITM
THROTTLE
STOP SCREW

DIMENSION

— ”{'

o
LETTER OF BUTTON
useo

TAPPET

FIGURE 3-27. SHIM THICKNESS.

TABLE 3-2. TIMING BUTTONS

FIGURE 3.28. TAPPET REMOVAL

GROUP. GROUP GROUP
CODE | PART NO. sizE CODE__| PART No. size CODE | _PART No. size
inch_|_mm inch | _mm inch | _mm
160rS | 1470185 | 134 | 3404 | 1orA | 1470147 | 119 | 3028 | GorF | taromws2 | 101 | 255
150rR | 170187 | 131 [3357 | 20r8 | 1470148 | 116 | 2046 | 7orH | 1470153 | 098 | 2489
14orp | 17088 | 128 |32 | 3orc | 14701 | 113 | 2870 | Bort | 1470156 | 095 | 2413
1@orN | 1470189 | 125 (3175 | 4or0 | 1470150 | 110 | 278 | 9ork | 1470155 | s | 2307
12orM | 1470190 | 122 3089 | sorE | 1470181 | 107 | 2718 | 10orL | 1470156 | oes | 2261
trorst | 1470161 | 104 | 2642

roup 1. Used n sl lte mocel pumps xcept 147-0220 (odd i)
Group 2. Used in Is of all pumps.

Group 3. Used in s mode 1470225 (oae ring) pump,

Pump Kits prior to Spec R—

Pump Kits beginning
yl 147-0218 2y 147-0219
4oyl 1470231 4Cyl 1470232

beginning Spec A.

Spec R

TIMING BUTTON CODE

The timing button has a code number o letter which
corresponds with its dimension in thousands of an
inch. See Table 3-2. Figure 3-30 shows the timing
button and tappet relationship. Only one button is

BUTTON WITH CODE LETTER
'OR NUMBER STAMPED ON IT.
NO LETTER OR NUMBER 11

IF STANDARD

©

Na-s

required to provide the correct port closing.

FIGURE 3-20. TAPPET BUTTON CODE



PREPARATION FOR PUMP

s INSTALLATION

1. The crankshaft must be set on the compression
stroke for No. 1 cylinder.

2. Look into hole in block where pump mounts to
verify that one m(ake valve lobe points outward
and down 45 deg

conTacT 3. See that PC mark on llywheel allgns wvm timing

ARSA pointer on gear case cover, Figure

4. Align PC mark on flywheel to nmmg pom(er by
rotating crankshaft clockwise in the direction of

TAPPET engine rotation to take out all gear backlash in

that direction.

PG (PORT CLOSING)
FIGURE 3.30. TIMING BUTTON AND TAPPET
PORT CLOSING FORMULA

The formula for determining the proper port closing

(PC) timing button for anew or replacement pump is.
as follows:

1. Remove old pump.

2. Determine total pump flange and button
thickness for old pump.

a. Write down_dimension given on old pump

flange. See Example, Figure 3-31 e REAR viEw
Formula Inches  (mm) FIGURE 3.32. PORT CLOSING POSITION
Dot coang dnwroncf ol purmp: 118, s
Button thickness of old p. 4107 (2719) POSITIONING PUMP ON ENGINE
Towl 1216 (30887)
Remava the screw shown on the ide of the pump,
Port closing dimensions of new pu 7. 3
n e Sreserasimwpe | clis o E) rotate drive gear sert a 1/8-inch (3.175 mm)
OSSNk o St punp: (3.009) brass rod lnlu|heslnlvnlh!dnvegeanolcckmagear

for positioning

FIGURE 3-31. TIMING BUTTON CALCULATION

ROTATE FACE ceaR UnTILatass
ROGS LS TG PLACE LocK
b. Remove old pump timing button A

when removing tappel
embly that the plunger doesn’
0% o0t ofth seeve, beceuss reaseembly by e

. Obtain dimension of old timing button from
Table 3-1 corresponding with number o etter
code on timing butt

. Add dimension on old pump flangs o timing
button dimension from Table

. Write down total PC dimension lm old pump,

1. Write PC dimension from new pump flange
and subtractit from total PC dimension for old

Service Bullatin Engine 34 s enclosed with each new pump to

INSERT 178 IN. .18 )
BRASS ROD

2 lists butions by Group 1, 2, and 3 codes, part numbers, and
dimensions.

FIGURE 3.3, LOCKING THE DRIVE GEAR



Another method of aligning the drive gear slot for
pump installation uses a straight edge as shown. An
experienced person can “eye ball” the slot in the
screw hole and place the pump on the engine with
proper gear teeth meshing.

INSTALLING PUMP

DELIVERY VALVE FUNCTION

The delivery valve maintains 300 to 600 psi (2070 to
4140 kPa) line pressure in the injector lines with the
engine running, Figure 3-36. This pressure increases
to about 1900 psi (13110 kPa) on each stroke of the

pp
lines at all times, even though the pressure bleeds off
during shutdown periods. When the lines are full of

reer o the st ihickness rguied between the pum and e
 assuring proper backlash In the gearing. Don't
Torge the shim.

Wity the purp;drisgear locked by the 1/8-inch
@ mm) brass rod, posit e pump in the hole

resctlon Inhcayts the puinp and camahalt goar aro
meshed. Maintain this pressure, remove brass rod
and rotate the crankshaft manually to make sure the
gears mesh properly, Figure 3-35.

FIGURE 3-34. INSTALLING PUMP ON ENGINE

) “, )j- su UM

ENGINE

FIGURE 3.35. PSU PUMP INSTALLED

fuel, only acoupl uired
to build up enough line pressure for firing the
injectors.

OELIVERY VALVE

LINE PRESSURE

(PSU PUMP ONLY)

FIGURE 3-36. DELIVERY VALVE CLOSED—PLUNGER DOWN



LATE MoDELS

Place container under open end of No. 1 line.

of tuel

ey vave 5. Disconnect governor linkage at ball joint and
o ES: ‘:L sl wedge control arm at maximum fuel position.
\ 6. Rotate flywheel counterclockwise (when facing
cap nuT W‘H\ AR front of engine) to point where PC mark on
(\
Woq (compression stroke No. 1 cylinder).
o
‘Check that front cylinder valve focker arms (both vaives
ree to move Indicating the valves are closed.
perate fuel transfer pump until air-fi
P fuel flows steady from end of No. 1 line into
o o320 container.
W tuel { use o
FIGURE 3-37. DELIVERY VALVE ASSEMBLY nd he fuel container. Thepumphas enough suction o pull
he fusl cut ofthe container.
FLOW TIMING THE PSU PUMP (DJB-DJC) C
piirs rotates flywheel slowly in clockwise direction
to determine whether or not the proper timing button 9. Stop flywheel rotation at exact point fuel stops

has been installed for best operating conditions. In
case the pump is removed without recording the PC
dimension and the timing button thickness, it is
necessary toflow timethe pump to establish the exact
PC position. Keep everything clean so dust and dirt

will not contaminate fuel system.
1. Install No. 12 timing button in PSU pump as
under pump

P y
installation

Remove delivery valve cap and holder; take out
spring and replace holder and cap. Figure 3-37
Remove door panel, air cleaner, and top sheet
metal cover for access to flywheel marks and fuel

©

Remove No. 1 injector line; re-install line with top
end of line in pump outlet 5o other end wil direct
fuel flow into an open container, Figure 3-

flowing from No. 1 lineinto container (one dropin
21 This point
of the injection pump plunger regardiess of
flywheel position, Figure 3-39

RETURN LiNES
(Shaced)

(MosB)

FIGURE 3.39. PORT CLOSING

Timing s correct i port closing occurs when the PC mark on
the flywheel aligns with the timing pointer. I it doesrit match,
timing is either early or late and another timing button Is
required, Figure 3-40.

FIGURE 3.38. FUEL LINES TO INJECTORS

FIGURE 3-40. PORT CLOSING (PC) MEASUREMENT



TIMING BUTTON THICKNESS

Injection pump kits include a pump and four buttons
which will time 90 percent of the engines. The
standard thickness button and ring spring are no
longer assembled, but are loose in kit

Pump timing is critical. The injection pump on each
engine must be timed to that particular engine by
using a timing button of specific thickness. Use the
method which applies best to determine the correct
new button thickness. Each new pump has its own
port closing dimension stamped on it.

Procedure

1. Mark flywheel in 0.1-inch (2.54 mm) graduations
(about five marks each direction) from PC mark
for calculating required change in button
thickness.

2. Measure distance in tenths (or mm) from PC mark
on flywheel to point of actual port closing.

3. Multiply distance measured times .003 inch
(076 mm) to determine the difference in
thickness required for new button,

‘One degree of crankshaft rotation equals the .1-inch gradua
tion or .003-Inch button thickness for timing.

TIMING CALCULATION

PoINTER
EXAMPLEA o

POINTER
y saTee

FIGURE 3-41. TIMING MARKS

Example A. The port closing time is /ate by 0.3-inch
7.6 mm) measurement, Figure 3-41

3x 003" = 009"
(3 %076 = 228 mm)

Since .1 inch (2.54 mm) equals .003 inch (.076 mm)
button thickness, the installed button is 0o thin by
-009 inch (0.228 mm). This means a button .009 inch
(0.228 mm) thicker than the one installed is required
to time port closing so PC mark on flywheel aligns at
the timing pointer when fuel flow stops.

Example B. If PC timing is too early by 0.4 inch
(102 mm), multiply 4 x .003=_012inch (4 x 7.6 mm =
0.305 mm). In this case, a thinner button .012 inch
(0.305 mm) less than the one installed is required.

BLEEDING FUEL SYSTEM

Bleed fuel system whenever the filters are changed or
when there is air in the lines.

Procedure:

Manually actuate fuel transfer pump until air bubbles
are all out and clear fuel flows from the bleed valve
automatically, Figure 3-42.

wil not operate the pump. Rotate the flywheel one revolution
belore operating the priming lever.

BLEED VALVE

(MDJC, MDIF)

FIGURE 3.42. BLEEDING FUEL SYSTEM



BRYCE/KIKI FUEL SYSTEM

The Bryce or Kiki fuel injection system (Figure 3-43)
is located near the center on the left side of the engine
crankcase on MDJE Spec AB or later engines. The
pump is mounted on an adapter casting and two lobes
of the cam shaft operate the pump plungers, one
plunger and cam lobe for each cylinder. The fuel is
pumped at high pressure by

pressure for new nozzles should be 2133 to 2204 PSI
(14707-15196 kPa)

HIGH PRESSURE INJECTION LINES

Both high pressure fuel lines between the injection
pump and the two nozzles are designedto be nstalled
without any bending. Lines that fit on Bryce pump

delivery valves to the injection nozzles.

RETURN LINES.
GOVERNOR POST
AND ARM ASSEMBLY

Pume

— ADAPTER

FIGURE 3.43. FUEL LINES TO INJECTORS

The Bryce/Kiki injection pumps operate on the same

strokes and hence the amount of fuel it delivers to the
injection nozzle.

The fuel transfer pump and the primary and secon-
dary fuel filters in this system are identical to those
described for and used on the other DJ-series
engines.

NOZZLES

The MDJE fuel injection systems use Diesel Kiki and
CAL. throttling-pintle type nozzles. The nozzle
holders are either Yanmar or Diesel Kiki and have a
plated nozzle retaining nut that distinguishes them
from Bosch nozzle holders which have a black oxide
finish. The nozzle tips are inter-changeable in Kiki
and Yanmar holders, but intemal components of
these holders are not inter-changeable. The opening

also it on Kiki pump installations, and
vice versa. Whenever the lines must be removed,
disconnect both ends. Do not bend the lines.

BLEEDING FUEL SYSTEM
After replacing or cleaning the filters, bleed the fuel
system of air. Bleed air from fuel system as follows:
1. Disconnect fuel return line at the tee near the
transfer pump. Use container to catch fuel.
Operate hand priming lever on diaphragm type
fuel transfer pump until there are no air bubbles in
fuel flowing from the fuel return line, Figure 3-44.

1 fuel tank is disconnected, use a separate container of fuel

and the ful container. The pump has enough suction to pull
the fuel out of the container.
1 the camshat's transfer pump lobe is up, crank engine one
revolution to premit hand priming. When finished, return
priming lever inward (disengaged position) to permit normal
pump operaton.

3. Then connect the fuel return line at tee.
TAUTION ] Adiesel engine cannotolerate dirtnthe

of diesel engine failure. A tiny piece of dirt n the injection
system may stop your unit. When opening any part of the uel

orused part, flush them thoroughly, and install while stll et

WORK TRANSFER PUMP
PRIMING LEVE R UNTIL
FUEL FLOWS FROV
RETURN LINE O
INECTIoN PUMP

FIGURE 3.44. BLEEDING FUEL SYSTEM



BRYCE/KIKI FUEL INJECTION PUMPS

The Bryce/Kiki Injection Pumps are similar in design,
appearance, and performance, Figure 3-45. Both
units mount two plunger and barrel assemblies in a
single housing and use a common rack (gear) to
rotate the control sieeves and regulatethe fuel output
of both pumps. These pumps are interchangeable on
MDJE engines. Internal components of the Bryce and
Kiki Pumps are not interchangeable. One external
difference is that the Bryce Pump uses an alignment
dowel pin to fit it on the adapter assembly.

The delivery valves on both pumps are also similar,
but i i

Kiki uses a combination sandwich type seal that
requires a special delivery valve pulling tool to remove
it

Both pumps use roller type tappets as cam followers
which are held in place by pins and lock wire. Each
pump has an air bleed fitting to vent air and allow for
easy priming

FUEL CONTROL ARM

RACK/YOKE KNOB

CONTROL
RACK

S

FIGURE 3-45. INJECTION PUMP.

INJECTION PUMP ADAPTER

This cast iron adapter (Figure 3-46) is the crankcase

mounting fixture for the fuel injection pump and its

fuel control arm and yoke and the overfueling control
device. A composition gasket is used between the

adapter and the crankcase.

m arm and

transmit governor action to the injection pump con-
trol rack. The overfueling device provides maximum
(excess) fuel during engine starting, and limits the
maximum amount of fuel and engine power output to
protect the engine from excessive loading.

JATTION ] o not chang the scfusment of i device

power above 10 percent overload at raled speed and load.

FIGURE 3-46. ADAPTER ASSEMBLY

INJECTION PUMP REPAIR

Most fuel system troubles are not due to a faulty
injection pump; test the rest of the fuel system before
condemning the injection pump.

Onan discourages field repair of the injection pump
because of the exceptionally Close tolerances
between parts and the specialized equipment
necessary for repair. The injection pump is an

fine as talcum powder could score its working
surfaces,

INJECTION PUMP REMOVAL

If the rest of the fuel system is in working order and
fuel delivery abnormal, remove the pump for replace-
ment or repair

Locate injection pump on service side of engine
and remove necessary sheet metal and hardware
to make pump accessible.

Remove fuel inlet and return line. Figure 3-43.
Remove high pressure lines between pump and
injector nozzles, both ends.

Cap all lines and fittings using extreme care to
keep all fuel system components clean

adapter assembly.

Position fuel control shaft and yoke as shown in
Figure 3-47. Then, lift pump off of adapter
assem

Carefully clean injection pump assembly and
place it in a clean place. Retain shims between
pump and adapter as they are needed for
reassembly.

o



[awen ] Ae

engine failure. A tiny piece of dirt n the injection system may stop
your unit. Wh ing any part of the fuel system beyond the
secondary fuel fiter, place ail parts in a pan of clean diesel fuel s
they are removed. Before installing new or used parts, flush them
thoroughly, and nstall while still wet,

SHAET POSITION OF
FLAT FOR REMOVING AND
[INSTALLING PUMP TO ADAPTER

OVERLOAD FUEL PLUNGER
ADJUSTED AT FACTORY

O NOT CHANGE
Lok NuT
uoE

ADAPTER
DOWEL PIN
HOLES (2)

uMp MOURTING  COWELPIN ADAPTER MOUNTING
HOLES (4) Hou LT HOLES (4)
. (BRYCE ONLY)

FIGURE 3.47. INJECTION PUMP ADAPTER ASSEMBLY

ADAPTER ASSEMBLY REMOVAL

Remove fuel control arm

Remove four mounting bolts and lift adapter
assembly off of engine block. It may be necessary
to tap assembly with lead or plastic hammer in
order to loosen adapter from gasket

Discard old gasket and clean area on engine
block. A new gasket s required for reassembly of
adapter to prevent oil leaks.

Thoroughly clean adapter assembly before
replacing new bearings and oil seal

Place adapter assembly in suitable holder for
removing and installing bearings and seal.

©

Do not clamp in a vise unless machined
surfaces are protected from damage by the
jaws of the vise.

AND SEAL

REPLACEMENT PROCEDURE

After adapter assembly has been removed from the

engine, replace the bearings and seal on the yoke

shaft as follows:

1. Referring to Figure 3-48, press shaft and yoke

assembly towards center of adapter until shaft
and bottom bearing slips out bottom end.

SEAL SPACER BEARING SPACER
Leey SLEEVE

FIGURE 3-48. BEARING INSTALLATION AND
TOOL PACKAGE (420-0374)

2. Using solid end of bearing driver, press top
bearing and seal out bottom end.
| retaining ring

off yoke shaft.
Thoroughly clean and oil yoke and shaft
assembly and adapter for instaliing new bearings
and seal

Install bottom bearing fromtop of adapter casting
using hollow end of bearing driver. Make sure
“lettered" side of bearing faces upward and that
tool bottoms against top of adapter boss.

Slide yoke and shaft assembly up through bear-
ing, then support yoke and shaft assembly for
installing the retaining ring.

IS

o
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Using hollow end of bearing driver, press retain-
ing ring on shalt, fa enough 50 fing snaps into
groove on sha

nollow end of bearing driver: then use tool 10
press top bearing into adapter. Make sure tool
bottoms against top of adapter boss and that
“lettered” side of the bearing faces upward

Replace bearing spacer sleeve with seal spacer
loeys (iongoet aleeve) & ek UEa 100) ko fese

©

b. Using a depth micrometer, measure the dis-
tance from the mounting face of the adapter to
the base circle of either cam lobe.

The shim kit contains shims in the following thicknesses:
-002, 003, .006, .010, .014, and .018 inches. If one shim is
ot enough, the required shim thickn K

an
1Wo of the above shims. The thickness is stamped on eact

shim. For the grestest accuracy, measure the total shim
thickness with & micromeler.

oil T .

is mstalled with “lettered” side down, facing the formula:

bearing, and that tool bottoms against top of Standard installation depth

adaplsr boss, of pumy ......3.2598 *inches (2.8 mm)

10. Reinstall adapter and

ADAPTER INSTALLATION
Proceed as follows:
1 Pace nat gesketon shalns blockowel pinsand
install adapter using four socket head screws and
Iock washers; torque screws to 20-24 ft.Ib. 27-33

2. Determine shim thickness required between
pump and adapter because the new gasket may
not be the same thickness as the original one. See
Figure 3-49

The proper shim thickness is stamped on the block for the

tion of the injection pump.

GaskeT

ADAPTER

oEPTH
MICROMETER

CrunoER
BLOCK WALL

Distance from adapter n-nga to cam
lobe base circle as measured
(subtract from above)
Required shim

thickness = —

inches ( mm)

“Many earlier spec AB MDJE engines have an in-
stallation dimension of 3.2540 (82.652 mm) Onmese

32540 shouid b6 substituted for 32598 in Step Vg

INJECTION PUMP INSTALLATION
Install injection pump on adapter assembly as
follows:

1. Rotate crankshaft to position camshaft so that the
pump rollers contact the camshaft base circle
(low point of the pump cam lobes). One lobe
should be up., the other lobe down. See Figure 3-
49,

2. Using proper shim thickness (Figure 3-50), install
pump to adapter with four sockethead capscrews
and lockwashers. Torque to 20 10 24 ft-Ibs 27-33
Nem),

re the control rack bal fits between

e yoks g B prvpee voamon
the rack ball is nol properly placed in the yoke, engine
operation will be uncontrollable and must be stopped im-
mediately.

FIGURE 3-49. MEASURING DEPTH FOR SHIM
THICKNESS

3. To measure for shim thickness:

a. Rotate crankshaft to position injection pump
cam lobes on the camshaft in a vertical posi-
tion so the base circle of each lobe faces the
adapter opening.

fue injector line itings at the pump end.

©

Connect flexible fuel inlet line to pump inlet.
Connect each high pressure fuel line to proper
pump outlet and nozzle inlet. Torque nuts to 16~
18 1t. Ib. (22-24 Nem)

Reinstall fuel control arm on yoke and shaft
assembly, Figure 3-50. Tighten socket head
screw, but do not over tighten.

o



FUEL CONTROL ARM

YOKE AND SHAFT ASSEMBLY

FIGURE 3-50. PUMP AND ADAPTER ASSEMBLY

6. Adjust fuel solenoid plunger so that a 0.010 to
0.030inch (0.25100.76

Figure 3-51) between the plunger adjustment
screw and the fuel control arm with the solenoid
in deenergized position. To adjust the plunger
length, hold the plunger, and adjust the screw on
the plunger lever pin at the fuel shutoff position.
Retighten locknut

FUEL CONTROL ARM

ScREw.
L
0010-0030 INGH

* 025076 mm)

FIGURE 3.51. FUEL SOLENOID ADJUSTMENT

FLOW TIMING -
ONLY

Flow timing is performed at either injection line to
establish or confirm the port closing (PC) point of
each fuel injection cycle. The PC point should be
about the same for each cylinder, but an allowable
difference between cylinders is 25 crankshaft
degrees of rotation measured on the flywheel rim.
Approximately 0.1-inch (2.54 mm) is equivalent to 1-
degree rotation. At 1500 and 1800 rpm, PC should
occur at 18° BTC + 4° on MDJE engines.

TROUBLESHOOTING

1 piston drop is measured to determine the PC point,

71100.070inch (4.3t0 1.8 mm),
FLOW TIMING PROCEDURE
To determine PC. proceed as follows:

1. Remove one high pressure line (both ends), and
the corresponding delivery valve holder, spring,
volume reducer, and delivery valve, Figure 3-52.
Leave gasket and seat in pump.

the nominal value is 0.115 inch (29 mm): the

Place the spring and volume reducer in a clean container of
fuel until re-installed.

DELIVERY PIPE
DELIVERY VALVE
HOLDER

DELIVERY VALVE

PoRT
PLUNGER BARREL
KNOCK PIN
CONTROL SLEEVE
LOWER SPAING
SEAT

GUIDE PIN

FIGURE 352 SINGLE INJECTION PUMP ASSEMBLY



2. Re-install delivery valve holder (without spring
and volume reducer)

Install high pressure line on delivery valve outlet

50 that drops of fuel can be easily counted and

collected in a receptacle at the open end of the

©

I

Move the fuel control arm toward the front of the
engine to full fuel range.

the plunger out of the way.

5. Manually operate transfer pump lever to provide
fuel pressure to injection pump

Rotate flywheel clockwise very slowly by hand
until_fuel stops flowing from open line even
though transfer pump operation is continued
Rotate flywheel counterclockwise until fuel flows
freely; then, clockwise very slowly to position
where fuel drops can be counted at one drop per
second with the transfer pump operating

o

This is the PC point; it should be marked on the flywheel
opposite the timing point

8. After flow timing is completed, remove high
pressure line and delivery valve holder; then
reinstall delivery valve, spring, and volume
reducer

Make sure all parts are clean

8. Reinstal delivery valve holder and forquo Bryca
holder to 29-33 ft. Ibs. (33-44 Nem). Torque Kiki
holder to 44-47 ft. Ibs. (60-64 Nem). Iffuel leakage
occurs, replace the delivery valve gasket.
Reinstall high pressure line between pump and
nozzle.
Using the same procedure, flow timing can be
performed on the other cylinder to determine PC
or the difference in degrees between cylinders;
25 degrees is allowable.

3

ENGINE PERFORMANCE
Engine performance at 1500 and 1800 rpm varies
within acceptable limits when PC occurs between 14°
and 22° BTC. Generally, retarded timing results in
lower smoke but higher fuel consumption: and vice
versa when timing is advanced.

TORQUE INSTRUCTIONS

The following Torque Instructions are for Bryce-Kiki
Injection Systems on Onan MDJE Engines, Figure 3-
53,

Bryce Pump Model FAOBRO70E0686
Kiki Pump Model NP-PFR2K70/1NP22
an

51

FUEL CONTROL
ARM SHAFT

BLEED FITTING

(RESTRICTED)

INJECTION PUMP.
ADAPTER

INLET FITTING

HIGH PRESSURE

LINE CONNECTION

5/16 x 18 SOCKET HEAD SCREWS WITH
LOCKWASHERS (8 EACH)

FIGURE 3-52. BRYCE/KIKI PUMP
ADAPTER ASSEMBLY

* Delivery Valve Retainer
Bryce: 28.5-321b. ft. (39-43 Nem)
Kiki:43.5-47Ib.ft. (60-64 Nem)
When

valve then,
hird time to finally seat the gasket.

« Fuel Inlet Stud (both) 15-18 Ib. ft. (20-24 Nem).

* Bleed Fitting Retainer (both) 35-52 b. inch (47-70
Nem).

* All Adapter & Pump Mounting Screws 20-24 Ib. ft
(27-33 Nom)

FUEL SOLENOID

This solenoid is also referred to as a governor
solenoid as it overrides the governor. Figure 3-54. The
solenoid is mounted on the cylinder air housing
bottom pan and controls the injection pump throttle
lever. When energized, the plunger is in the solenoid
body. When de-energized, the solenoid spring forces
the plunger against the operating arm to shut off fuel.
The solenoid has two coils. Both are energized for
pulling the plunger in. When the plunger bottoms, it
opens a set of contacts, de-energizing the pull-in coil.
The other coil holds the plunger in.



PORE FUEL  ovemnon

soLenon

FIGURE 3-54. FUEL SOLENOID

To test the solenoid, check plunger operation and

Itinput the
plunger up should be about 1 amp. If it is much
greater, the contacts did not open.

Refer tothe injection installation paragraph, step 6 for
information on adjusting the fuel solenoid plunger.

GOVERNOR LINKAGE ADJUSTMENT
With the engine shut off, proceed as follows:
Loosen locknuts on governor linkage and then
remove link at one ball joint, Figure 3-54.

©n

Position governor arm and fuel control arm fully
forward (toward front of engine and hold)
Adjust governor linkage so that both ball joints fit
and snap on without moving governor arm or fuel
control lever from their forward positions.
Tighten locknuts on governor linkage.

Release fuel solenoid plunger allowing fuel shut
off with solenoid de-energized.

IS
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TROUBLESHOOTING PUMP PROBLEMS
Normally, little goes wrong with the injection pump
after it is installed on the engine s long as timing is
correct and clean fuel is used continually.

The most common problem is caused by a delivery
valve that may be held open by dirtor metal chips that
entered the pump orfuel system during assembly and
installation. That is the reason protective covers must
be used to keep foreign matter out of unassembled
fuel system components.

If the pump is suspected of causing misfires or poor
operation

« Check the temperature of each nozzle holder and
exhaust port; the coolest cylinder is the faulty
one.

« Loosen (crack) the high pressure injection lines,
one cylinder at a time (like disconnecting a spark
plug wire), to determine the faulty cylinder; the
cylinder that looses the least power is misfiring, or
not firing.

The Bryce/KiKi fuel injection pumps.

precision type units. All testing and
callbration should be done in accordance with Onan
‘Specification Sheet 539-0389.

and may void the pump warranty.

Return all faulty pumps 1o the Onan factory for repairs, or
Otherw

centers.

THROTTLING PINTLE NOZZLE TESTS
The following tests will determine nozzle conditions
using a manually operated test stand. Each nozzle
must be removed from the engine for testing. Prior to
testing, each nozzle must be cleaned, decarboned,
and inspected as described for non-throttling pintle
type nozzles earlier in this section. New or recon-
ditioned nozzles must be thoroughly cleaned in
cleaning solvent or test il to remove all traces of
preservative grease before testing

ot be interchanged.

Visual Check: Using Illuminated Magnifier
1. Inspect nozzle valve for damaged or rough seat
2. Inspect pintle for wear, damage, or out-of-round
spray hole.
Check nozzle body for damaged or carboned
seat

©

Slide Test

1. Dip clean nozzle valve in filtered diesel fuel or test
oil.

Insert valve in nozzle body, Figure 3-55.
Holding body almost vertical, pull valve out to
one-third of its engaged length; then release
valve,

©

The released valve (because of its weight) should
slide down to its seat.



A

capnuT
ADJUSTING SCREW

YANMAR

NozzLE

FIGURE 3.55. SLIDE TEST

ting Nozzles With Hand Operated Tester

The proper tester can be used to check opening

pressure, leak down rate, chatter, and spray pattern

Install cleaned and inspected nozzle in tester and

proceed as follows:

Place nozzle in holder.

2. Tighten nozzle nut finger tight, then using proper
size wrench tighten nut to 45-50 ft. Ibs. (61-68

Nem).

Connect delivery line between nozzle holder and

test stand; be sure that fittings match properly.

4. Test nozzle for jamming

©

a. Bypass pressure gauge.

b. Press nozzle tester hand lever down quickly so
that nozzle opens 6-8 times per second.

©. Nozzle should chatter with a shrill whistling
sound, if valve moves properly.

[ WARNING ) The nozzle spray can cul through skin o any

stream could cause blood poisoning.

KIKI NOZZLE ADJUSTMENT
it
a tester and hold the nozzle in a suitable holder or
smooth jaw vise.

1. Remove cap nut, Figure 3-56A.

FIGURE 3-56. NOZZLE ADJUSTMENT

Loosen locknut
Turn adjusting screw to desired opening
pressure.

Tighten locknut to 45-50 ft. Ib. (61-68 Nem).
Tighten cap nut to 45-50 ft. Ib. (61-68 Nem)
Remove nozzle from tester and holder.

©

ERENS

YANMAR NOZZLE ADJUSTMENT

Ifthe opening pressure s incorrect, connect nozzleto
tester and hold nozzle in a suitable holder or smooth
jaw vise.

Remove plug from cap nut, Figure 3-568.
Loosen locknut.

Tum adjusting screw to desired opening
pressure.

Tighten cap nut to 45-50 ft. Ib. (61-68 Nem).
Re-install plug using a thread sealant.

Remove nozzle from tester and nozzle.

oo a



OPENING PRESSURE

The correct opening pressure should be 2133-2204
Pl (15025 kofem) (1471515208 kPa) for new
nozzles used on MDJE Spec AB or later. It may by
about 200 PSI (14 kg/cmt) (1380 kPa less after the
nozzles have operated a few hundred hours. Open
pressure gauge to obtain reading

Leakage Test:

1. Slowly depress hand lever until nozzle test gauge
indicates 285 PSI (1966 kPa) below specified
opening pressure

2. Consider nozzle leak-proof if no fuel (not even
one drop) emerges from nozzle tip within 10
seconds

Chatter Test
1. Operate hand lever downward (1 or 2 nozzle
opening cycles per second) until nozzle ejects a
stream of fuel with a soft chattering soun
2. Take pressure readings from gauge.
3. Slightly increase hand lever movements (2 or 3
nozzle opening cycles per second), the stream
velocity should increase and create a hissing

4. Accelerate lever movements to 4-6 nozzle open-

\g Cycles per second. The nozzle should createa
shoil whistiing sound and & soray pattern

SPRAY PATTERN

atfull ift to be correct. The pressures between nozzle
opening and full lift causes the fuel to emerge in a
stream, change to flag-like formations, and finally
reach atomized spray pattern at full lift with lever
movements producing 4-6 nozzle opening cycles per
second. See Figure 3-57.

ADJUSTMENTS (DIESEL-POWERED
UNITS)

There are adjustments that must be checked
periodically on a diesel engine to ensure long life,
economy, and low service maintenance cost. The
importance of making these adjustments according
to the time intervals specified in the appropriate
operators manual cannot be over emphasized. They
are as follows:

Throttie Stop Screw
Governor Adjustments

Valve Clearance Adjustments
PSU Fuel Injection Pump

Timing Button Selection

GOVERNOR

The goveror controls engine speed. Rated speed
and voltage appear on the nameplate. The speed
should not vary more than 3 cycles from no-load to
full-load operation. Be sure throttle, linkage and
governor mechanism operate smoothly.

THROTTLE STOP SCREW

The maximum throttle stop screw shown in Figure 3-
58 normally should not be adjusted in the field. This
adjustment is set by the manufacturer. If original
setting is disturbed, it can be adjusted as follows:

1. Apply a momentary 10% overload to generator.
(Example: I set rating I 15 kW, apply 165 kW
ad).

2 Loosen lock it snd adjist siop_acrew unil
engine rpm starts to drop of
3. Tighten lock nut on ad,ustmg screw.

Closed Stignty open Fuly o

oiot soray (main sproy)

MAXIMUM

THROTTLE
sTOP sCREW

LocknuT

FIGURE 3.57. NOZZLE SPRAY ACTION

FIGURE 3.58. PSU INJECTION PUMP STOP SCREW



Speed Adjustment: To change the governor speed,
change the spring tension by turning the governor
speed nut (Figure 3-59). Turn the nut clockwise (more

tachometer against flywheel cap screw or use fre-
quency meter.

Sensitivity Adjustment: To adjust governor sensitivity
(no-load 1o full-load speed drop), turn the sensitivity
adjusting ratchet (Figure 3-59). Counterclockwise
gives more sensitivity (less speed drop when full load
is applied), clockwise gives less sensitivity (more
speed drop). If the governor is 00 sensitive, a rapid
hunting condition occurs (alternate increasing and
decreasing speed). Adjust for maximum sensitivity
without hunting. ‘After sensitivity adjustment, the
speed will require readjustment. After adjusting the
governor, secure lock nut

VALVE CLEARANCE ADJUSTMENTS
Check valve clearance when the engine is at room
temperature about 70° F (21° C)
1. Tur the flywheel until the cylinder which is to
have its valve adjusted is on its compression
stroke. Use a socket wrench on the flywheel
retaining screw.
To determine if the cylinder is in its compression
stroke, observe the action of the push rods as the
engine is rotated in a clockwise direction. The
exhaust valve push rod will be in its lowest
position and the intake valve push rod will be
moving downward. As the piston reaches top
dead center, the flywheel timing mark should be
aligned with the timing pointer and the valve push
rods stationa
Now turn the flywheel clockwise for an additional
10 to 45 degrees. There is no timing mark for this
position so it must be estimated. With the piston
located in this position, it will be in its power
stroke with both valves completely closed.

~

SPRING

SENSITIVITY
ADJUSTING
RATCHET

SENSITIVITY

INCREASE
SENSITIVITY

GoverNoR

GOVERNOR STUD

ocnease

mcnease

ADJUSTING
nuT

FIGURE 3.59. GOVERNOR ADJUSTMENT



To change the setting of valve clearance, adjust
the locknut which secures the rocker arm to the
cylinder head (see Figure 3-60). Loosen the
locknut to increase clearance and tighten it to
reduce clearance.

Using a feeler gauge, check the clearance
between the rocker arm and valve (see Figure 36)
Increase or reduce the clearance until the proper
gap is established. See table in Figure 3-60 for
valve clearances.

Always adjust the valve clearances in the firing
order (1-2-4-3) sequence. After allowing engine
1o cool, adjust #1 cylinder. After timing the #1
cylinder, adjust the valve clearance according to
Steps 2 an

To adjust the valve clearance of #2 cylinder, turn
the flywheel in a clockwise direction from the

©

position used when timing #1
cylinder MDJB and MDJE
cylinder MDJC and MDJF units
After timing cylinder, adjust
clearance according to steps 3 and 4.
To adjust #4 cylinder valve clearance, tumn the
flywheel in a clockwise direction 180-degrees
(one half revolution). The flywheel should be
between 10- and 45-degrees past the TC (top
center) flywheel mark

After timing #4 cylinder, adjust
clearance according to steps 3 and 4

cylinder (360° on 2
units, 180° on 4

the valve

the valve

To adjust the valve clearance for #3 cylinder, turn
the flywheel in a clockwise direction 180-degrees
(one half revolution),

After timing #3 cylinder, _adjust
clearance according to steps 3 and 4.

the valve

VALVE CLEARANCES IN INCHES (mm)

EXHAUST
020 (057)
013 (033)
016 (0.41)

020 051)
015 038)
011 (028)

017 043)

017 (043)

vaLve
SPRING RETAINER

VALVE
PUSH Koo

SHORT sLeEve
BEWN GNLY:

FIGURE 3-60. SETTING VALVE CLEARANCE
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STARTING SEQUENCE - Diesel
(Figure 3-61)
The following is the sequence of operation for
starting of a diesel engine generator set:
1. Operator holds Preneat switch for recommended
time interval (see operating instructions)
2. Heater solenoid closes and battery current flows
1o glow plugs and manifold heater.
. Operator pushes Start button, or set s started by
remote control
Start solenoid closes.
Battery current flows to starting motor and gover-
nor solenoid (full fuel).

©

NS

6. Engine cranks and starts
7. Centrifugal switch closes.

8. Start disconnect relay closes—keeps governor
solenoid energiz

9. Operator releases Start button.
10. Engine continues running.

STOP SEQUENCE

1. Operator pushes Stop button

2. Start disconnect relay opens governor solenoid.
3. Engine stops.

4. Operator releases Stop button

s g

e \ SLampe
e soueio o=z, LS ()
o o

WANIFOLD HERTER)

&—-WP

SOLENOID N\ STARTING MOTOR
Closes "CRANKS ENGINE
stant i
swiTon ot

PULLSIN -
o

MANIFOLD HEATER

#

ENGINE TRIFUGAL
STARTS SN GLOBES

s s
OLENOID AN

START DISC.
MANTAINS cumm RELAY PULLS IN:

FIGURE 3.61. DIESEL STARTING SEQUENCE
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TROUBLESHOOTING GUIDE

for
DIESEL ENGINES
(Water Cooled)

CAUSE

SYSTEM

Insufficient Coolant

Water Passages Restricted

Guerheating

Water Lines Restricted or Too Long

Out_of Fuel or Shut-off Valve Closed

Fuel Transfer Pump Diaphragn Leaks

Tncorrect Timing

Run_for Long Periods of Time at No Load

Resuricied Air Intake, Dirty Alr Cloaner

Cinkage Loose or Disconnected

Cinkage Binding

Excessive Wear in Linkage

Tncorrect Governor Adjustment

Spring Sensitivity Too Great

Low 011 Supply

Ol Leaks From Engine Base or Comections

Crankease 1l Too Light or Diluted

Crankease O11 Too Heavy

Battery Discharged or Defective

Defective Glow Plug or Lead

Toad Connected When Starting

Open Solencid

Defective Starter

COOLING

FUEL

GOVERNOR

LUBRICATION

STARTING
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ADJUSTMENTS (GASOLINE UNITS)

GENERAL

General adjustments made to the engine to ensure
optimum  operating _performance, efficiency and
economy are referred to as Engine Tune-Up Ad-
justments. Top overhaul includes a thorough ex-
amination of the engine without dismantiing it
Because of the differences in theignition system, fuel
system, timing and operation, a gasoline engine has
more necessary adjustments to keep the engine in
peak performance condition. Some of the most
important adjustments we cover in this section are:

Point Setting

Ignition Timin

Carburetor Adjustments
Choke Adjustments and Types
Governor

TIMING THE IGNITION

After the point gap is properly adjusted (Figure 3-62)
install the flywheel loosely, with its key in place, and
tum the flywheel with rotation direction to the
position where the mark on the edgeof the flywheel is
inalignment with the proper degree on the gear cover.
The points should just separate atthis point. If they do
not, remove the flywheel and loosen the magneto
backplate mounting screws slightly.

If the points separate too soon. shift the entire
backplate assembly clockwise. Tighten the backplate
mounting screws and recheck the work for accuracy.
When replacing the flywheel, always make sure the
key is properly in place on the crankshaft. Ignition
timing advance is 19° BTC on MAJ.

The MCCK uses a battery ignition system.

Vacuum Speed Booster
Valve Tappet Adjustments

These adjustments will be covered in the order listed
above, because this sequence is the logical sequence
1o follow when performing an engine tune-up.

POINT SETTING

The first adjustment necessary on a gasoline unit
such as the MAJ is the point setting. The magneto
supplies ignition current 1o the spark plug. Remove
the flywheel and examine the breaker contact points.
Adjust the gap between points for.022inch (0.56 mm)
at full separation. See Figure 3-62. Onan also has a
magneto adjusting open flywheel which allows easy
adjustment.

‘CONDENSER LEAD

BREAKER POINT
ASSEMBLY, ot LeAD

ol
LOOSEN THIS SCREW .
TO SHIFT POINT SET FOR
002" (056 mm) GAP AT FULL
SEPARATION. RETIGHTEN
‘SCREW SECURELY

Quvias

I points, Figure 3-63, mustbe correctly
gapped. Crank engine to fully open breaker points
(1/4turn after top center). Loosen locking screws (A)
and tumn cam (B) to adjust. Tighten breaker points
and recheck gap. Correct point gap is .020 inch
(0.51 mm) measured with a flat thickness gauge.

Ignition points should break contact just as the 20°
timing mark aligns with the flywheel timing mark.
Final timing is corrected by properly shifting the
reaker point box on its mounting and using a
continuity light

FOR MODELS WITH BREAKER BOX

PLACE A DROP OF FACING REAR OF ENGINE

LIGHT OIL
BREAKER ARM PIVOT
SHAFT EVERY 1200

‘OPERATING HOURS.

= ADVANGE SPARK
RETARD SPARK —>

TO ADUUST GAP.
LOOSEN SCREWS A

SET BREAKER POINT
GAP WIDTH AT 0020° (051 mm)

REFERENCE MARK

POINTER ON TIMING
HOLE IN FLYWHEEL

FLYWHEEL

FIGURE 3-62. SETTING POINTS - MAJ

FIGURE 3-63. MCCK IGNITION TIMING



TIMING PROCEDURE -ENGINE

WARNING | Use exia care when makin

justments with the engine running. Be

1. To check the ignition timing, use a timing light
when the engine is running. Connect the timing
light according to its manufacturer's instructions.
Either spark plug can be used on the MCCK as
they fire simultaneously.
Start the engine and check the timing. The mark
on the flywheel should line up with the correct
timing mark

»

3. If timing needs adjustment, use a drift punch on
the mounting base of the box and tap in direction
required for correct timing

Start engine to be sure mark on flywheel lines up
with the correct timing mark.

Tighten all screws, replace timing plug (where
used).

@

TIMING PROCEDURE - ENGINE NOT
RUNNING
1. Connect a continuity test lamp set across the
ignition breaker points. Touch one test prod to
the breaker box terminal to which the coll lead is

touchthe other
ground on the engine.
2. Tum erankshaft against rotation (coun-

terclockwise) until the points close. Then slowly
turn the crankshaft with rotation (clockwise).

3. The lamp should go out just as the points break
which is the time at which ignition occurs (timing
marks should align).

4. If timing needs adjustment, loosen the mounting
screws on the breaker box and move left to
advance o right o retard the timing (when facing
rear of engine)

CARBURETOR ADJUSTMENTS
The carburetor is either a side (horizontal) draft type
ora duwndvaﬂ (vertical)type: end has two acfusting

the main fuel adjustment screwgwes the beststabllity
atfull rated load operation. The correct setting for the
idle screw gives the best stability at no-load opera-
tion. Turning the screw inward gives a leaner fuel
mixture for that jet.

IMPORTANT: Full-load and no-load operating conditions are
ssary when making carburetor adjustments

Open both needles 1 to 1-1/2 turns off their seats to
permit starting. Do not force the needlesagainst their
seats. This can bend the needle.

Apply a full load to engine

Turn in main fuel adjustment screw (Figure 3-65)
until engine speed drops. Then turn out screw
until engine speed returns to normal

Remove load from the engine.

Turn idle screw out until engine speed drops
slightly. Then tur the screw in until speed returns
to normal

Forcing the needle against
e e et s i sy
Shut off when tumed fully in.

1DLE ADJUSTMENT
THROTILE STOP SCREW.

BEGIN SPEC M

ADJUSTMENT

IDLE ADJUSTMENT
THROTTLE STOP SCREW
MAIN JET ADJUSTMENT

THROTTLE
sToP
SCREW.

THROTTLE
PLATE
PRIOR TO SPEC M

THROTTLE THROTTLE
sToP. LEVER

STARTING
BoSITON

FIGURE 3.64. MAJ CARBURETOR ADJUSTMENTS
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NEEDLE

THROTTLE
STOP SCREW.

BEND HERE
0 ADUST

007°(18 mm)
10LE FUEL
ADJUSTMENT. e = = |
~
CARBURETOR
ADJUSTMENT BuRE!
FUEL IDLE
ADJUSTMENT
STOP SCREW BEND TAD
70 ADJUST

THIS DISTANCE

oMM THis DIMENSION
ATNOLOAD 'SHOULD BE
/BINCH (218 mm)
(FROM GASKET
T T
BOWL FLANGE
GASKET
MAIN FUEL
ADJUSTMENT
BEGIN SPEC "B"

TAB CONTACTING
HEAD OF FIN WITH
OUT COMPRESSING
INLET VALVE SPRING

AIN FUEL
ADJUSTMENT

THROTTLE STOP SCREW

FUEL IDLE
ADJUSTMENT

THIS DISTANGE 1/32° (0.78 mim)
AT NO LOAD.

STOP PIN

SPEC "A"

THIS DIMENSION
SHOULD BE
V8 (318 mm)

FIGURE 3-65. MCCK CARBURETOR ADJUSTMENTS
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AUTOMATIC CHOKES

Automatic chokes are used on engines powering
Onan generator sets which are started by remote or
automatic control. Automatic chokes operate to close

the carburetor choke valve when the set is started
cold and to gradually open the choke valve as the set
warms up. In this way, the proper gasoline and air
mixture is provided for starting “cold” and during the
warmup period. See Figures 3-66 and 3-67.

MCCK “H"
THS
WAY

FoR
LEANER
MIXTURE

RICHER
Yo" @5 mm) @70°F (21°C)  MIXTURE
4" (64 mm) @ 40°F (&

BI-METAL

LOOSEN THIS SCREW
AND ROTATE THE
ENTIRE ASSEMBLY

THERMO-MAGNETIC

FIGURE 3.66. TYPICAL CHOKES USED WITH ONAN UNITS.

WASHER, INSULATOR

PLATE CHoKE
CoveR

WASHER (17/64 1D, x 5/8 0.0, x 1/16")

LEVER, LT

GHOKE SPRING BODY. CHOKE

TARMATURE
‘Assy
AING, RETAINING

coRe,
BIMETAL AND SOLENGID
HEATER ASSY

LEAD, GROUND.

T 16—

PLATE. CHOKE
MOUNTING

i FRAME
H SOLENOID.
o TERMINAL
=2 Grouno
™\ WASHER, SHAKEPROOF

D~ WASHER (24/64 10, x 916 0.0, x 118")

FIGURE 3.67. EXPLODED VIEW OF THERMO-MAGNETIC CHOKE



GOVERNOR SYSTEM ADJUSTMENTS
(MAJ)

The governor controls the engine speed. On AC
electric sels, engine speed determines generator
output voltage and frequency. By increasing engine
speed, generator voltage and frequency also increase
and by decreasing speed, generator voltage and

adjusting the governor on AC sets. A small speed
drop, not noticeable without instruments, will resuitin
an objectionable voltage drop.

When the set stops, tension of the governor spring
should hold the carburetor throttie arm at the wide
open position, pushed toward the generator end of
the set. At wide open position, the leveron the throttle
shaft should just touch the carburetor body or clear it
by no more than 1/32 inch (0.79 mm). Obtain this
setting by increasing or decreasing the length of the
connecting linkage as necessary. Be sureto retighten
but not bind the linkage to the governor arm. This
operation synchronizes governor action with car-
buretor throttle action

GOVERNOR CONTROL
LINKAGE

GOVERNOR ARM

s A
e e sens Y
0

\
CREASE

SENSITIVITY.
ADJUSTING SCREW

GOVERNOR SPRING.

SPEED ADJUSTING NUT

secrese sreco > Lincaease seeeo

FIGURE 3-68. MAJ GOVERNOR ADJUSTMENTS
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GOVERNOR SYSTEM ADJUSTMENTS

Spec “H"

A binding i the bearings ofthe govarnor shaf, nthe
ball joint, or carburetor throttle assembly
i c gove ol action, or alternate increase
and decrease in speed (hunting). A lean carburetor
gclustment may also cause hunting. Sprngs o il

Preferred
load to full load operation. Be sure throttle, linkage,
and governor mechanism operate smoothly.

Governor Adjustment: Before making adjustments,
run the st sbout 15 minutes with a Tight load
(

governor is completely out of adjustment, make
Draliminary adjustment at i oad 10 first atain sate
Voltage operating range.)

Engine speed determines the output voltage and
frequency of the generator. By increasing the engine
speed, generator voltage and frequency are in-
creased, and by decreasing the engine speed,
generator voltage and frequency are decreased.
Connect an accurate voltmeter or frequency meter
(preferably both) to the generator output in order to
corractly adjust the governor. A smallspeed drop not
noticeable without instruments may result in an
objectionable voltage drop. Use a \achometer 1
check engine speed.

kinds have y 10 lose their

afer long usage. I &l govermor and carburetor
adjustments are properly made, and the governor
action is still erratic, replacing the spring with a new
one and resetting the adjustments will usually correct
the trouble. See Figure 3-6

Adjust the carburetor main jet for the best fuel
mixture while operating the set with a full rated
load connected.

Adjust the carburstor dle needle with no load
connected.

Ad]us( the length of the governor linkage, and
check linkage and throttle shaft for binding or
excessive looseness.

Adjust the govemor spring tension for rated
speed at no load operati
Adjust the governor unsmvl(y
Recheck the speed adjustment.

Set the carburetor throttle stop screw.

©

IS

Nowo

CARBURETOR THROTTLE PLATE

spEED
ADJUSTING

Nt
(SEE INSeAT)
THIS DISTANCE

DETERMINES SENSITIVITY

Govennon
ARM AND SHAFT

GovernoR
SHAFT YOKE

 nonease
DECREASE |

(1D

SEnsTVITY
ADJUSTING
cup

FIGURE 3.69. SPEC "H" GOVERNOR DETAILS.
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Prior to Spec “H'
Speed Adjustment: Wit the set running at operating
temperature and no load, and with the booster

extomal spring isconnecied, edjust the tension of

obtain a vouage and speed veudmg witnim the nmita
shown on page

s
T
DETERAINES
SENTIVITY

rore
Sowsimve T
| |

Less
smTve |

Tcrene
Feso

serns
AOIUSTING STUD

k= ﬁ: GovERNOR ADJUSTHENT

FIGURE 3-70. GOVERNOR DETAILS, PRIOR TO SPEC H




SPEED BOOSTER

Use a fine wire to clean the small hole in the short
vacuum tube which fits into the hole in the top of the
engine intake manifold. Do not enlarge this hole. If
there is tension on the external spring when the unit is
operating at no load o light load, it may be due to
improper adjustment, a restricted hole in the small
vacuum tube, or a leak in the booster diaphragm or
gasket (Figure 3-71).

After y P

orméinee under vanGus loads i attained by govemor
adjustments without the booster, connect the
booster. Connect the booster external spring to the
bracket on the governor linkage. With the set

hnkage 10 a position where the external spring is just
free from the tension, Figure 3-70.

Apply a full rated electrical Ioad to the generator. The
output voltage should stabilize higher atfull load with
the vacuum booster operating. If there is a drop in
frequency. increase the booster internal spring ten-
sion. To increase tension, pull out on the internal
bracket and move the pin to a different hole.

With the booster disconnected, a maximum drop of 5
hertz from no 10ad to full load is normal. With the
booster in operation, a maximum increase of 2 hertz
from no load to 2/3 Ioad is normal. A drop of 1 hertzat
1/4 load is permissible, giving an over-all maximum
spread of 3 hertz.

VOLTAGE CHART

INTERNAL SPRING
RAC

vACUUM
BOCSTER

FIGURE 3.71. VACUUM SPEED BOOSTER

FOR GOVERNOR REGULATION
120voLT | 260 voLT
aPawy | ir. W)

AC GENERATOR SETS. on
mmnv 200 voLT
(1P PH, 3W)

Maximum No-Load Volts

Minimum Full-Load Volts
(Without Booster) o 20

NOTE: Output rating is at UNITY power factor load.

SPEED CHART
FOR CHECKING GOVERNOR REGULATION

AC GENERATOR SETS. HEATZ | 50 HERTZ
i ==
Maximum No-Load Specd
1890 1560
Hertz (Frequency) & 52
Minimum Full-Load Speed a
(Without Booster)
A 70 1490
Hertz (Frequency) 59 Y




CLEAN GOVERNOR LINKAGE

The governor linkage on Onan engines employs one
of two kinds of ball joints: plastic or steel. Ball joints
should be cleaned every 100 hours of operation

The plastic joint requires cleaning only. Do not
lubricate. Clean the steel joint and apply a graphite
lubricant

SHIFT SLEEVE To
LIFT JOINT FROM

CLEAN JOINT
Do not lubricate plastic
ball joints. They only
wire cleaning.

N

ernd
LINKAGE LUBRICATED

FIGURE 3.72. GOVERNOR LINKAGE

VALVE TAPPET ADJUSTMENT

Most Onan engines are equipped with adjustable
tappets. To make a valve adjustment, remove the
valve covers. Crank the engine over slowly by hand
until the_intake valve for that cylinder opens and
closes. Continue about 1/4 turn until the correct
timing marks align. This should place the piston atthe
top of its compression stroke, the position it must be
in to get proper valve adjustment for each cylinder.
Ci nin Clearance:
section of each Operators Manual. For each valve, the
gauge should just pass between the valve stem and
valve tappet

NOTE: USE A STANDARD AUTOMOTIVE-  NoTE: SEE YALVE TARPET
PE WRENCH TO ADJUST THE CUEARANCES IN TEXT.

VALVE ADJUSTING
e ScRew

\SHER LOCK

% VALVE ROTATOR

FIGURE 3-73. VALVE SYSTEM

n




To correct the valve clearance, turn the adjusting
screw as needed to obtain the right clearance. The
screw is self-locking.

Always adjust the valve clearances in the firing order
sequence on engines of 4 or more cylinders.

Use a flat feeler gauge and check the clearance
between the valve and the valve rotator. Increase or

reduce the clearance until the propergap is establish-
ed. See Figure 3-74.

INTAKE AND EXHAUST VALVES
(SEE TABLE OF CLEARANCES
IN OPERATOR'S MANUAL)

FIGURE 3-74. TAPPET ADJUSTMENT

14




TROUBLESHOOTING GUIDE

or
GASOLINE ENGINES
(Water Cooled)

CAUSE

SYSTEM

Worn Water Pump

ngine Water Passages Restricted

amaged_or Defective Water Pump Seals

Town Head Gasker

verheating
ater_Lines Resiricted or Too Long

Out_of Fuel. or Shut-off Valve Closed

Poor_Guality Fuel

Dirty Fuel Filter

Fuel Line Leaks

Mixture Too Rich o Choke Stuck

Mixture Too Lean

Engine Flooded

Run for Long Periods of Time at No Load

Resuicted Air Intake Dirty Air Cleaner

Linkage Loose or Disconnected

Linkage Binding

Excessive Wear in Linkage

Incorrect Governor Adjustment

Spring Sensitivity Too Great

Low Oil Supply

Defective Gauge

Excess Oil in Crankease

Ol Leaks From Engine Base or Connections

Crankcase Oil Too Light or Diluted

Crankease Oil Too Heavy

Battery Discharged or Defective

Loose Batiery Connections

Toad Connected When Starting

Open Solenid

Defective Starter

Wrong_Plug or Point Setting

Tncorrect Timing

Spark Too Far Advanced

COOLING

FUEL

GOVERNOR

LUBRICATION

STARTING
AND IGNITION

5




SUMMARY

Whether we are speaking of a gasaline or dissel

lower service cost is the main ben each owner
receives through proper care and maintenance of the
unit. There are no short cuts in either case. Maintain
the unit and keep it clean and it n turn will pay off with

powered g making the
Correct ad)ustments at the proper tim are the same
for each unit. The frequency or timeinterval for diesel
adjustments is usually longer due to the heavier
construction, etc. The end result of longer life and

76

Y
You can also be proud to display the vessel and its
equipment when kept in top operation condition. It
could be the difference between going or not g

of lifeor i i

ng,




Notes
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SECTION 4
GENERATOR THEORY
AND ADJUSTMENTS

« Introduction

 Generator Theory and Operation

* Generator Adjustments

* Generator Troubleshooting Guides
* Summary

The op:

Iy the same. The key difference is what happens
during operation and advantages and/or disadvan-
tages each type of generator has. A service person
must thoroughly understand the ifferent principles
of operation for each type of generator and know how
to check for troubles. They must also know how to
make the proper or

voltage, these are:

1. A number of conductors - which is the copper
wire coils of the STATOR AND ROTOR

MOTION - whichisthe rotation in RPM's by use of

an engine, either gasoline or diesel.

3. FIELD STRENGTH - which is the initial, residual
magnetic field strength and the electro-magnetic
field strength during operation.

The generator output voltage is always directly
proportional to field strength, speed and number of
conductors in the generator stator and rotor win-
dings. In this section the student should leam to
understand the principle differences of operation
which Onan uses in its marine generators and what

repairs, in a reasonable amount of time. Al
generators are basically the same in that they must
have three main things in orderto produce an output

are necessary for proper operation
Troubleshooting guides are included to aid the
service personnel in diagnosing field repairs as fast as
possible.



GENERATOR THEORY AND OPERATION

All Onan marine generators are either two pole or four
pole generators. Some models are _inherently
regulated and self-excited. Some are statically ex-
cited and some of the latest models have brushless
excitation. Generator design includes both single and
3-phase, 50 or 60 hertz. The generator rotor connects.
directly 1o the engine crankshaft through a tapered

shaft and key. The generator isfastened to the engine
by the rotor through-stud which passes through the
rotor shaft. A centrifugal blower circulates the
necessary cooling air for the generator. A ball bearing
in the endbell supports the outer end of the rotor
shaft See Table 4-1for voltage and frequency ranges.

TABLE 4-1. VOLTAGE AND FREQUENCY RANGES

PREFERRED

NOMINAL Lol s oRoOP FREQUENCY
ouTPUT Pl | R L NOLOAD TO NO LOAD TO
FULL LOAD FULL LOAD

120 126 110 122-114 61-59

240 252 228 246-236 61-59

120280 252 228 246-236 61-59

120/208 218 18 | 216200 61-59

GENERATING ELECTRICITY

Basically, the generator is a simple device. A simple
generator (Figure 4-1) consists of a coil rotating in a
magnetic field. When rotated, voltage is induced into
the coil as shown in Figure 4-2. Slip rings connect the
coil through brushes to the external circui
10ad is connected to the generator, a quantity of
current will flow depending on generator voltage and

load resistance. Each segment of the voltage curve
corresponds to a position of the coil in the magnetic
field - the highest voltage occurring when the sides of
the coil move at right angles to the magnetic flux, the
zero voltage when moving parallel to the flux. Voltage
reverses twice for each revolution on 1800 rpm units,
and once each revolution on 3600 rpm units. This is
alternating current (AC) and it has a requency equal
to the number of complete cycles it makes each
second.

vourace

FIGURE 4-1. ALTERNATING CURRENT GENERATOR

FIGURE 4-2. WAVE FORM OF ALTERNATING CURRENT




It should be noted that the frequency of the alter-
nating current produced depends on the rotating
speed of the coil (faster rotation, higher frequency),
and the number of poles. The Voltage produced
depends on the speed of rotation, the number of
windings in the coil and the strength of themagnetic
field. Changing any one of these changes the output
voltage.

With a two-pole revolving armature generator, the
rotating coil is the armature, the magnet the field. If

two magnets were added (Figure 4-3) the generator
would become four-pole, and the AC output frequen-
cy would be double that of the two-pole generator
operating at the same speed,

Converting the simple AC generator to a direct
current generator requires simply adding a com-
mutator to act as a switch. The commutator (Figure 4-
4) inverts half of the output voltage by reversing the
relationship of the armature and output wires each
time the voltage is zero.

GIRECT CURRENT
FOR EXCITING FIELD

FIGURE 4-

FOUR POLE AC GENERATOR

Three types or classes of magnets are natural,
permanent and electromagnet. The natural magnet,

FIGURE 4-4. SIMPLE DIRECT CURRENT GENERATOR

or lodestone. is a laboratory item that has no use in
the electrical generation field.



AC GENERATORS

An AC generator requires direct current for its field by
means of an exciter circuit. Means of voltage regula-
tion can vary. The revolving armature generators are
inherently regulated by use of field saturation
(description following). Revolving field generators
are supplied with an exciter which converts AC output
to DC and regulates current to the electromagnetic
field

The maximum voltage the generator will produce is

determined by field saturation. At this point, further
increases in field current will not affect field voltage
and will not affect the generator's voltage. This effect
is used in all Onan revolving armature generators.
The residual magnetism suppliesthe initial small field

a t
generator starting. Once the generator is turning, a
small output voltage is fed back to the field windings
1o reinforce the field. The reinforced field induces a
larger voltage which further reinforces the field.
Build-up_continues until limited by the generator
characteristics.

ADAPTER
ROTOR

)

BEARING

BOND STRAP.

J ’ N
R

END BELL

ENDBELL ~
<

8RUSH HOLDER 7~

FIGURE 4-5. MCCK SPEC “H", 4 POLE GENERATOR ASSEMBLY

AoAPTER

BLOWER  garFLE

THROUGH S

oTOR
THROUGH STUD

GENERATOR
Tuo

FIGURE 4-6. REVOLVING FIELD GENERATOR ASSEMBLY




REVOLVING FIELD GENERATORS

Suppose instead of turning a coil of wire in the
magnetic field, the wire were fixed and the field
rotated in the coil. The result is a revolving field
generator which produces only alternating current
(Figure 4-7). Its revolving field is the rotor and its fixed
windings the stator. With this generator., slip rings are
not required to transfer power from the stationary
armature coils

The exciter converts AC output to DC and regulates
current 1o the field of the generator. As with the AC
revolving armature generator, output frequency

depends directly on rotating speed. Voltage outputis
determined by rotating speed, number of turns in the
stator and field strength by controlling field current
See Figure 4-8.

has two basic types of revolving field
genela\crs One is a “Magneciter” generator. which
has a static exciter comprised of an AC to DC
converter with a magnetic nmplmer for voltage
regulation. A new brushless enerator has a
sond state design. It has a rotating xciter which is
mounted directly on the rotorto supply field currents.
Automatic field flashing is built into the later models
of Onan revolving field generators.

STATIONARY
ARMATURE COILS

'ALTERNATING CURRENT

DIRECT CURRENT
FOR EXCITING FIELD

REVOLVING FIELD

LEADS TO ARMATURE

FIGURE 4-7. BRUSH TYPE REVOLVING FIELD GENERATOR
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FIGURE 4-8. BRUSHLESS YD GENERATOR - J SERIES (SECTIONAL VIEW)



MAGNECITER GENERATOR THEORY
AND OPERATION (J Series Prior to Spec AA)
The Onan magnecitier is an AC to DC converter and
voltage regulator combination. It takes current from
the revolving field AC generator's output, rectifies it
and controls the amount of the resulting DC current
allowed 10 the revolving field

The circuit in Figure 4-9 is the power supply and
produces DC voltage from the generator's AC output.
The power supply is a full wave rectifier made up of
four rectifiers and supplies DC to the field windings.
Some type of control is necessary to regulate the field
current. Two gate reactors provide this control
(Figure 4-10)

- ecTiEns

N

FIELD. .

120V AC
R TERMINALS

oING
[ Ape—

FIGURE 4-9. RECTIFIER POWER SUPPLY

Each gate reactor is a metal, doughnut-shaped core
with two windings, an output or gate winding and a
control winding. The amount of current the reactor
allows to flow in the gate winding depends on the
amount of magnetism in the core. With no magnetic
flux in the core, the gate reactor allows little current
flow. The current flow increases (the gate opens as
magnetic flux in the core increases) until the core is
saturated. The gate is then all the way open and the
reactor does not oppose current flow.

Since the rectifiers allow current in the gate winding
toflow in only one direction, this current can act only
to magnetize the core. If some means were available
to reduce the core’s magnetism. this would reduce or
control the current flow through the gate winding
That's the purpose of the control windings on each
gate reactor. Current flowing in the proper direction
in each control winding reduces the total magnetism
in the gate reactor core. In this way, the current i the
control winding controls the current in the gate
winding and therefore, controls the field current and
ultimately the generator's output voltage. More
demagnetizing current in the control winding means
less current in the generator field and a resultant
lower output voltage

‘GATE WINDINGS

CoNTROL

WINDINGS

FIGURE 4-10. POWER SUPPLY WITH GATE REACTORS

A voltage regulator has to be used so current in the
control winding depends on voltage output of the
generator. In order 10 properly regulate voltage, the
regulator should allow little or no current flow in the
control windings up to specified output voltage and a
large current flow in the control windings above that
voltage (circuit shown in Figure 4-11). It draws power
from the generators AC output and the rectifiers
convert the AC to DC. The control reactor is the
voltage sensitive control of the regulator. Below the
specified voltage, little current flows through the
reactor so little current flows in the the control
windings.

AC TERMINALS
conTROL
REACTOR

FIGURE 4-11. VOLTAGE REGULATOR CIRCUIT



The gate current is then essentially unchecked. When
avoltage high enough to saturate the control reactor
core appears in the generator output, the reactor
suddenly passes current through the control win-
dings, reducing the current allowed to the field. This
reduces the generator's output voltage which in turn
reduces the current through the control reactor. The
regulator then holds the generator voltage steady ata
preset level determined by the control reactor. An
adjustable resistor in a voltage-divided circuit with
the control reactor allows some adjustment in the
output voltage by varying the voltage that appears
across the control reactor.

BRIDGE
RECTIFIER

SATURATING
REACTOR

TSATORATED
g meactons

S GENERATOR
FIELD

FIGURE 4-12. BASIC MAGNECITER CIRCUIT

This is the basic Magneciter circuit (Figure 4-12).
Some minor refinements such as compounding win-
dings (help retain voltage control through load
changes) and the control reactor resistor have been
added but do not change the basic operating
characteristics. Refer to Magneciter Control Service
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Ve onr cre Ko
|
vourage | T2 GENERATOR
REGULATOR | 1 ouTh
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i
i % EXCITER A cRe Zcrs cRe
# ARMATURE - ™
(3-PHASE STAR) ROTATING Z
RECTIFIER
ASSEMBLIES

FIGURE 4-13. BRUSHLESS GENERATOR CIRCUIT




YD GENERATORS

The YD generators beginning with Spec AA are four-
pole, revolving field, brushless exciter, reconnectible
models of drip-proof construction. Generator design
includes both single and three- $hass, el 50 liagz

1y to the engine crankshaft with a tapered shat and

y. The generator is fastened to the engine by the
rotorfrough-stud which passes through the rotor
shaft; it has a nut on the outside of the end bell. A
centrifugal blower, on the front end of the rotor shaft,
circulates the generator cooling air which is drawn in
through the end bell cover and discharged through an
outlet at the blower end.

Aball bearing in the end bell supports the outer end of
the rotor sha bell and generator stator
housing are attached by four-through-studs which
pass through the stator assembly to the engine-
generator adapter. The brushless exciter stator
mounts in the end bell while the exciter rotor and its
rotating rectifier assemblies mount on the generator
rotor shaft

All generators have five wires extending from the
stator housing in addition to the AC output leads,
Figure 4-14. Lead B? is from the battery charge
winding and connects to terminal 7 of the engine
control. Lead F'+ and Fi- are from the exciter field
winding and are connected to the output terminals of
the voltage regulator. Leads 1and 2 are connected to

BATTERY
CHARGING

PROCESS

120.139 vAC
REFEReENcE

the stator
input power 1o the voltage regulator. These five leads
are connected at the factory.

. 12 output leads for
ox

crareiNe

RESISTOR  cramoing TeRt 7
WINGING ENGINE
S [z CONTROL
i TAUX smoe.
PHA
excrrer:
10 votace | FSHES
RegUuATOR
EiReUT -

S Three.

FIGURE 4-14. SINGLE AND THREE PHASE GENERATOR
SCHEMATIC (COMPOSITE)

FIGURE 4-15. EXCITATION BLOCK DIAGRAM

Generator Operation

The basic operation of the generator and voltage
regulator involves the stator, voltage regulator, exciter
field and armature, a full wave bridge rectifier, and the
generator rotor, Figure 4-15. Residual magnetism in
the generator rotor and a permanent magnet embedd-
ed in one exciter field pole begin the voltage build-up

windings, is fed to the voltage regulator as a reference
voltage for maintaining the generator output vollage
The AC reference voltage is converted t

silicon controlled rectifier bridge on the mnage
regulator printed circuit board and fed into the exciter
field windings. The exciter armature produces three-
phase AC voltage that is converted to DC by the
Totating rectifier assembly. The resaltant DC vortage
excites the generator rotor winding o produce the
stator output voltage for the AC Io:

The generator rotor also produces AC voltage in the
charging winding of the stator which is converted to
direct current for battery charging



GENERATOR ADJUSTMENTS

As awhole there are probably more checks to make in
the generator, than there are adjustments in the
engine. The spring tension of the brushes should be

COLLECTOR RINGS

It the collector rings become grooved or out-of-
round, or the brush surface becomes pitted or rough
50 that good brush film cannot be maintained, remove
th

growler can be used to check the armature for shorts.
The AC and DC windings of the generator armature
can be checked for opens using an ohmmeter. The
ohmmeter is also useful for checking both AC and DG
grounds. Refer to Onan Generator #9 Service Bulletin
for detailed testing procedures using both the
ohmmeter or a growler. Sections 2, 3, and 4 of the
Onan Master Service Manual (#922-0500) will also aid
you in testing all Onan AC generators. An ohmmeter
can also be used to check rotor resistance values or
shunt field resistance. The lead

e
If the commutator appears to be rough or scored,
refinish it at the same time. Remove or adequately
shield the ball bearing during refinishing. There
should be amaximum of 002" run-out of the collector
ring when compared to the generator bearing.

COMMUTATOR

The commutator bars wear down with usage so that

the brushes themselves and the incoming leads,
commonly called pigtails, should also be checked for
good contact (Figure 4-16). Continuity tests may be
performed without disassembly of the generator.

INSTALL BRUSHES
WITH BEVELLED TOP
ANTING DOWN ¢

SPRING PRESS
SpR

This should
be done as soon as the mica on any part of the
commutator touches the brushes. A suitable under-
cutting tool can be made from a hacksaw blade
(Figure 4-17). Avoid damage 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.

Any generator repair or adjustment should include a
thorough cleaning with air to remove dirt and other
fine particles which accumulate over time.

BRUSHES AND SPRINGS

Inspect brushes periodically. Brushes worn to 5/8"
should be replaced. Replace springs if damaged or if
propertension is questionable. Rapid brush wear may
be caused from high mica between commutator bars,
rough commutator or collector rings, or from a
deviation from neutral position in the adjustment of
the brush rig. Never bend the constant-pressure type
spring over the edge of its support

;
0,4 | aise TRREE.
X, -
| TG GRIND
I
i I
|
| RIGHT WAY
MCAPROPERLY | I 76 SN
o / | R
MicA’ | NOISY BRUSHES.

FIGURE 4-17. UNDERCUTTING COMMUTATOR MICA
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MEASURE FROM TOP FACE OF
BRUSH BLOCK TO TOP OF BRUSH

oc ac
NEW 5/8" 11/16"

% WEAR | 13/16" 7/8"

REPLACE an 11/16"

FIGURE 4-18. CHECKING BRUSH WEAR

TABLE 4-2. DC - EXCITATION VOLTAGES - CLASS “A” MARINE UNITS

MODEL DC VOLTAGE

2.5MAJ 31
3.5MCCK (Round Gen.) 33
4.0MCCK (Round Gen.) 31.5
6.5MCCK (Round Gen.) 33
4.5MCCK (Square Gen.) 27
6.5MCCK (Square Gen.) 33

4.0 and 6.5 MCCK SPEC "H" 100-110
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TROUBLESHOOTING GUIDE
AC REVOLVING ARMATURE GENERATORS

NATURE OF TROUBLE

CAUSE

REMEDY

AC slip rings shorting.

Conducting dirt, dust,
grease, or oil shorting
out the slip rings.

Clean sip rings with
approved solvent

AC armature short
i

Insalation or colls
dowr

Rewind or replace.

have burned a coil or
connection.

circuit broken
AC armature open Rough usage or original Test with an ohmmeter
circuit short circuit which may and if open replace

or rewind the armature.

Incomplete circuit from
AC armature to loa

Insulating film on slip
rings.

Clean slip rings with commutator|
stone or fine sandpaper

and blow out dust. DO NOT
USE EMERY CLOTH.

Slip ring brushes not
contacting the slip rings.

Replace brush spring
which may have broken
or come off or replace
brushes which may have

ecome worn down 100 far
to contact the slip rings.
Make brushes free to
move in holders

Brush shunt broken.

Check brush shunts with an
onmmeter and replace open
brushes and shunts.

Loose connections at the
slip ring brush terminals

Check and tighten aif sp ring
brush terminal

Armature short circuit

() Carbon dust or other
conducting dust between
adjacent bars.

() Clean the commutator.
The presence of this
trouble will be shown
by flashing of brushes
or heating of one or
more coils.

(b) Insulation or ol
broken dowr

(b) Replace or rewind if
insulation is beyond
repair.

Armature open circuit

Rough usage or original
short circuit which may
have burned a coil or

Test adjacent commutator
bars; replace or rewind
the armature.

Incomplete circuit from
DC armature
shunt field

(a) Insulating film on
commutator.

(a) Clean commutator with

blow out dust. DO NOT
USE EMERY CLOTH.




TROUBLESHOOTING GUIDE
AC REVOLVING ARMATURE GENERATORS (Continued)

NATURE OF TROUBLE

CAUSE

REMEDY

Incomplete circuit from
DC armature to shunt
field

(b) DC commutator brushes
not contacting the
commutator.

(b) Replace brush spring
which may have broken
or come off; replace
brushes which may have
become worn down 100 far
to make contact. Make
brushes free to move
in holder.

(c) Brush leads broken due
to vibration

(c) Check brush shunts
with an ohmmeter and
replace defective brushes
and leads.

(d) Loose connections at
the brush terminals

Check and tighten all
brush terminal

s

(e) Open circuit in shunt
field coil leads.

(€) Check leads with an
ohmmeter and repair as
ed.

() Open circuit in rheostat
or voltage regulator
resistance is high

Check rheostat or regula-
tor with an ohmmeter and
repair as needed.

Short circuit in field

Dampness or deteriorated
insulation.

Bake if damp. repair
or replace if insulation
is

Open circuit in field

Rough usage or original
short circuit which may
have burned a coil or

Examine field connections

is open. replace it

MCCK SPEC “H" (Additional

Troubleshooting)

No generator output
or low outp

Defective shunt field
bridge rectifier CR1

ACcomponents as listed
above and preceding page.

Check bridge rectifier
with an ohmmeter. Replace
if open or shorted. Check
for component short to
ground in “run ignition”
circuit (R1, K3, §3, K4).

See accompanying AC
remedies listed above
and preceding page.

No battery charger
output (1 amp. normal)

Diode CR2 bad.

Open component in
charging circuit.

Check diode with an
ohmmeter and replace
it open or shorted.

Check fuse F3 (34,
Q), choke

Restor 8 (40 ©)

Tosstor A (25 9)




TROUBLESHOOTING GUIDE
AC REVOLVING FIELD GENERATORS

NATURE OF TROUBLE

CAUSE

REMEDY

Incomplete circuit between
exciter and slip rings.

Slip ring brush shunt
broken.

Check all slip ring

brush shunts with an
ohmmeter and replace broken
brush shunts.

Slip ring brushes not
contacting the slip rings.

Replace slip ring brush
spring which may have
come off or broken; or
replace brushes which may
have become worn down to
far to contact the slip rings.

Insulating film on slip

Clean slip rings with
stone or fine sandpaper
and blow out dust. DO
NOT USE EMERY CLOTH

Open circuit in rheostat
or voltage regulator
resistance is high.

Check rheostat or
regulator with ohmmeter
and repair or replace.

Revolving field
windings shorts.

Insulation or coils broken.

Rewind o replace with
new rotos

Revolving field
windings open.

Original short circuit may
have burned a coil or

Test w.m an ohmmeter
and if open replace
with a new rotor.

AC stator winding
shorted.

Insulation or coils broken.

Rewind o replace stator
winding

AC stator winding
open.

Original short circuit may
have burned
or connection.

Test with an ohmmeter
and if open rewind or
replace with a new stator
winding

~Faulty load

Open circuit or short
circuit on line.

Check line and load
and the load
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YD GENERATOR
TROUBLESHOOTING

PREPARATION

A few simple checks and a proper troubleshooting
procedure can locate the probable source of trouble
and cut down troubleshooting time.

1. Check all modifications, repairs, replacements
performed since last satisfactory operation of set
to be sure that connection of generator leads are
correct. A loose wire connection, overlooked
when installing a replacement part could cause
problems. An incorrect connection, an opened

D. AC output voltage builds up, but field breaker
trips.

To correct a problem, answer the question of the step
either YES or NO. Then refer to the step number in the
answer column and proceed to that step next.

Letters A through P in the Test Procedure column
refer to detailed procedures in the Adjustments and

Tests, pages 94 to 101

circuit breaker, or a loose plug-in printed circuit TABLE A. No Build Up of AC Yes | No | Test
board are ail potential malfunction areas to be Output Proc.
eliminated by a visual check
2. Unl sure 1. Is Field Breaker CB21
accurate, use portable test meters for on control panel ON? 2|3
troubleshooting.
3. Visually inspect components on VR?. Look for 2 0ol Jiner Wik dcrisy
i, dust, or moisture and cracks in the printed tarminals of Field Breakar,
1. Does AC output
voltage build up? —|a
voltage builds up
conductive and can cause short circuits between REPLACE FIELD BREAKER.
component
3. Push to reset Field Breaker
The question and answer troubleshooting guide Does AC output voltage
which follows, gives a step-by-step procedure for build up? - | &
checking the generator components. Refer to Figure If voltage builds up but
4-19 for an electrical schematic of the generator and is high, low, unstable, or
voltage regulator connections. causes tripping of Field
Breaker, refer 1o Tables
8,C,or D.
TROUBLESHOOTING JRES
This uuumesnoonng mlormallon is divided into 4. Disconnect alternator stator
tables, A, B, C, and D as follows leads 1 & 2 from TB21-1 and
T821-2 on VR22 Is reference
A. No build up of AC output valmge: e e
B. AC output voltage builds up, but is unstable. i ot w1
C. AC output voltage builds up, but is high o low.
OTER T oC  cRizCRInCRIs
o B T s, SEAY
GENERATOR
I TN =
. o
EReER e =
cra_ons
excren ROTATING
ROTOR RECTIFIER
00, wre) ASSEMBLIES Rerenence O VoLTace
1 THROUGH VoLTaGE REGULATOR
TAORT12 ASSEMBLY

FIGURE 4-19 GENERATOR-REGULATOR ELECTRICAL SCHEMATIC
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TABLE A. (continued) ‘ Yes | No | Test TASLE . AC Ouput Volses Yes | No | Test

Proc. uilds Up, But Is Proc.
ble
5. s excitr fed voltage across i
F1+and F2- on endbell 1. Are there any loose or broken
terminal block 7.0 VDC or wires or connections on
more’ 6| — voltage regulator assembly
If not, check wiring harness VR22! -2
W9 from end bell to VR22
Sefnnals:3:and 2159 e ) wing
harness from VR22 to €
6. IS brushless exciter stator bell OK? 3| =
(field) winding OK? =S
3. Does adjustment of Damping
7. Are diodes CRI, CR2, CR3, Gantrol 27 ptentiometer
CRA, CRS, CRS in rotating on VR21 result in stable
rectifier assemblies OK? 8| —|F voltage? — |4
Check all diodes - more
than one may be - - P
han one 4. Replace PC Board VR21.
8. Are brushless exciter rotor Do not replace the printed circult board unil
windings OK? 9 e L the trouble not on the PC board has been
9. Is generator rotor field
winding OK? wl—|m
TABLE C. AC Output Vltge Yes | No | Test
10. Are generator stator aids Up, Bt s Proc.
windings OK? nl—|nw m
1. Is set running at correct RPM?
11. I commutating reactor
, _ (ee appropriate engine
CMR21 OK 12 ! manual to set RPM) 2| -
12. 1s reference transformer
12108 ] el [ 2. Daes adjustment of Voltage
Adjusting knob for R22
13. Flash exciter field. Is on VR22 result in correct
reference voltage across output voltage? —|3|a
Tand 2 now 20 VAC or
more? nils|E 3. Does adjustment of
potentiometer R26 on VR21
14. Reconnect generator leads result in correct output
1&2 to 18211 and voltage? —| 4]
T821-2 on VR22. Does
reference voltage build up? S 4. Is correct voltage reference
VAto V1, V2,0r V3on VR21
15 s _regulator DC_output being used? Refer o Figure
Voltage across VR21-7 and 433 51—
21-8 7 VOC or more? See
Figure 4:19, 516 5. Ate generator stator leads
properly connected? Refer
16. Are SCR's CRI3 and 1o Figure 4-33 6 —
CRI6 0K? 7|
6. Replace voltage regulator,
17. Ave diodes CRI2, CR14, PC board VR2L =
and (RIS OK? B|—|c
18. Replace voltage regulator Do not replace the printed circult board until
PC board (VR21) - —=|r the trouble not on the PC board has been
located and corrected to avoid




TABLE D. AC Output Voltage Yes | No | Test
i But Field Proc.

Does AC output voltage
build up to 140% or more
of rated voltage before

leads properly connected?

Reler o e 435 el =] = TESTING REFERENCE TRANSFORMER

TESTING EXCITER STATOR

Field Breaker trips? 2| 71| =
AND TESTS — REFERENCE LIST,
2. Are there any loose or
broken wires or con-
7 _ A. VOLTAGE CALIBRATION ADJUSTMENT
nections on VR22? 3 B. VOLTAGE STABILITY ADJUSTMENT
C. BATTERY CHARGE RATE ADJUSTMENT
3 Btiods BR19.0n VRZLOK| £1=1¢ D. VOLTAGE REGULATOR CHECKOUT
. E. FLASHING THE FIELD
: A1 2L widings and 5 i F. TESTING ROTATING RECTIFIERS
Sonnections - G. TESTING OUTPUT BRIDGE DIODES
H. TESTING SCR'S
5. Are generator stator 1. TESTING REACTOR
J.
K.
L.

TESTING BRUSHLESS EXCITER ROTOR
Replace VR21. - =1r (ARMATURE)

M. TESTING GENERATOR ROTOR
7. Are diodes CR1, CR, CR3, N. TESTING GENERATOR STATOR
R4, CRS, CRS in rotating O. WIRING HARNESS CHECK
rectifier assemblies OK? 8| —| F P. VR21 REPLACEMENT
Check all diodes - more
than one may
defective.

8. Is brushless exciter

stator winding OK? 9 —| K
9. Is generator rotor field

winding OK? w|—|m
10. Is brushless exciter rotor

OK? 1 - L
11. Are generator stator

windings OK? 6 —| N




ADJUSTMENTS AND TESTS

GENERAL

The adjustment and test procedures herein are
referenced in the generator troubleshooting tables,
pages 87 to 89. The following information is needed
by servicemen o effectively service or repair J-series
generators beginning with Spec AA.

[A]

VOLTAGE CALIBRATION ADJUSTMENT

The calibration adjustment is made using an accurate
AC voltmeter to observe generator output voltage and
to set the correct no load voltage. If voltage regulator
VR#* printed circuit board has been replaced, it may
be necessary to make a calibration adjustment. To
obtain the correct output voltage, proceed as follows:

1. If set has a voltage adjust potentiometer (R*) on
the meter panel, set pointer halfway between
minimum and maximum positions.

2. With unit running at no load, turn generator
voltage potentiometer R* on VR?' (Figure 4-20)
clockwise to increase output voltage; turn R
counterclockwise to decrease output voltage.

[B]
VOLTAGE STABILITY ADJUSTMENT

Voltage stability is set at the factory, but if printed
circuit board VR*' has been replaced or if damping
potentiometer R*" has been unnecessarily adjusted it
may be necessary to reset stability. Set stability as
follows:
1. With generator set running at no load, tumn
potentiometer R*" (Figure 4-20) to a position
where voltage tends to be unstable or hunt.

2. Turn R¥ clockwise slowly until voitage first
stabilizes. This setting will result in stable voltage
under all conditions in maximum voltage
regulator response time.

[C]

BATTERY CHARGE RATE ADJUSTMENT

One generator winding supplies current for the
battery charging circuit. The current flows to diode
CR'', ammeter M'', to the battery, and to the ignition-
fuel solenoids circuits, Figure 4-14.

1. The slide tap on adjustable resistor R*', located in
the generator air outlet, should be set to give
about 2 amperes charging rate, Figure 4-34. For
applications requiring frequent starts, check

battery charge condition (specific gravity)

periodically and if necessary, increase charging
rate slightly (slide tap nearer ungrounded lead)
until it keeps battery charged. Having engine
stopped when readjusting avoids accidental
shorts. Avoid overcharging.

2. If charge winding AC output is below:
a. 19 volts on 12 volt battery charge modelis,
b. 38 volts on 24 volt battery charge models,

c. 30 volts on 32 volt battery charge models,
test the charging circuit for opens or grounds in
the leads and charging winding. If leads are
defective, replace them. If winding is defective,
replace generator stator. The charge winding
resistance is 0.11 ohm

3. If a separate automatic demand control for star-
ting and stopping is used, adjust charge rate for
maximum 4.5 amperes. This normally keeps
battery charged even if starts occur as oftenas 15
minutes apart.

[D]

VOLTAGE REGULATOR CHECKOUT

The solid state voltage regulators (VR?') can be
checked out on the bench for proper operation or
location of faulty components. The following test
equipment (one-each) is required for a proper
checkout.

REF. DESIGNATION TEST EQUIPMENT

B e O o B A A R R Switch
CMR2T . . e Reactor
B han A SR AR 6.6 i e S Fuse, 5 Amps
f B st Transformer, Variable 2 Amp 0-150V
- S e Pk A Voltmeter, DC + 2% of Full Scale 3,

Scale 0-50 and 0-150V and 0-10V
N T Voltmeter, AC * 2% @ 10VAC, 1% @ 150V
T ittt i et Resistor, 100-Ohm 400 W
TR Y i e Transformer, Input 315-0386

Transformer T?' and reactor CMR®' are a part of the
voltage regulator assembly (VR* or VR#); these are
the only parts obtainable with an Onan part number,
The big 100-ohm 400 watt resistor (R') serves as the
field during checkout.

Bench Check:

1. Remove voltage regulator from unit according to
procedure given for voltage regulator replace-
ment.

2. Referring to Figure 4-20 and Table 4-3 connect
test equipment to the printed circuit board VR
terminals as follows:



CONMNECT FROM
Jumpaer VH21-Y1
Jumper VHR21-1
Lead CMRAZ21-1
Lead CMRAZ1-4
Lead T21-X1
Lead T21-X2
AL Voltmeter ACross
DC Voltmeter ACross
VARIAC ACross

TO

VR21-v4d
VR21-2
YRZ21-10
VAZ21-9
VAZ21-6
VRZ1-4
T21-H1 & H2
CR21-7 & 8
T21-H1 (lused)
and H2

3. Open switch in 120 VAC supply to VARIAC.
4. Plug VARIAC into 120 VAC source.
5. Proceed with checkout according to steps in

Table 1.

[E]

FLASHING THE FIELD

The following procedure is used for momentarily
flashing the exciter field with a low voltage which
restores the residual magnetism in the alternator
rotor. Flashing the field is usually necessary when
installing a new brushless exciter stator wound
assembly, but seldom is necessary under other
circumstances. Always check generator residual
voltage at terminals 1 and 2 to be certain whether or
not flashing the field is necessary. Generator residual

voltage should be at least 20 VAC at rated speed. If

residual is too low and the output voltage will not
build up, flash the field as follows:

1. Locate terminals 7(-) and 8(+) on voltage

TABLE 4-3. VOLTAGE REGULATOR CHECKOUT

¥ AC IWPUT WOLTAGE

[ €= LESS THAN) ¥z BC OUTRIT VOLTAGE (>= MORE THAN)
5TER
e TEET Wk PROCEDURE ETOU I AT
. i MILD uF SET W, W@ 2% WAL Ty SHALL M » 12 WO
I |CALIBRATIOM | SET ¥, W0 Vig WAL SEY VY. W8, T8 LS

¥3 BETWEEN 50-70 WOC

L. SET wy TO 13 WAL

¥y SMALL BE < 0 ¥OC

1 RANGE . SET 'I'l T 175 ¥ViC 'l: SRALL BE < 0D ¥DC
A SET W, TO 118 ¥AC ¥y SHALL BE > #S VOC
g MUGE | o sET W, TO 100 VAC l: SWLL B 3 80 WOC
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FIGURE 4-20. VOLTAGE REGULATOR CHECKOUT TEST EQUIPMENT CONNECTIONS
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FIGURE 4-21. FLASHING THE FIELD

regulator printed circuit board (VR?).

2. Use a six volt dry cell battery with two clip leads, a
12 amp DC, 300 volt dicde, and a 10-ohm resistor
as shown in Figure 4-21. If a six volt battery is not
available, a 12 volt automotive battery can beused
by increasing the 10-ohm resistance to 20-ohms,
or a 24 volt automotive battery can be used by
increasing the resistance to 40-ohms.

m A series resistor MUST be used to protect the
meter. Polarity must be observed.

3. After starting engine, touch positive (+) battery
lead to VR-* and negative (-) lead to VR*-7,
contact terminals just long enough until voltage
starts to build up ordamage may occur to exciter-
regulator system.

WARNING Be caulious when working on a
; generator that is running to avold elec-
Irical shocks.

TEST PROCEDURES
All of the following tests can be performed without
disassembly of the generator as shown in the il-
lustrations herein. Use the following test procedures
for testing generator components in conjunction with
the troubleshooting tables.

[F]

TESTING ROTATING RECTIFIERS

Two different rectitier assemblies make up the
rotating rectifier bridge assembly, Figure 4-22. Using
an accurate ohmmeter, test CR using negative and
positive polarities. Test rectifiers as follows:

1. Disconnect all leads from assembly to be tested.
2. Connect one test lead to F'+ stud and connect

other lead to CR', CR?, and CR? in turn; record
resistance value of each rectifier.

. Connect one lead to F?- stud and connect other

lead to CR?® CR* and CR® in turn; record
resistance value of each rectifier.

. Reverse ohmmeter leads from step 2 and record

resistance value of each rectifier F'+ to CR', CR?,
and CR® and F?>- to CR*, CRS, and CR®".

. All three resistance readings should be high in

one test and low in the other test. If any reading is
high or low in both tests, rectifier assembly is
defective.

. Replace defective rectifier assembly with new,

identical part.

Use 24 |bs-in. lorque when replacing nuls on F'+ and F*-, CR', CR?,
CR’, CR*, CR*, and CR".

FIGURE 4-22. TESTING ROTATING RECTIFIERS



‘IDlAE

B8 T
EXCITER FIELD

=ty
CR15
. [::::—-J
G2 5 c11
R15% CR16
CR14
AC
=]

FIGURE 4-23. SILICON CONTROLLED RECTIFIER BRIDGE

[G]

TESTING OUTPUT BRIDGE DIODES

The output bridge rectifier diodes (Figure 4-23), CR",
CR™, and CR™, are located on the voltage regulator
printed circuit board. Using an accurate ohmmeter,
test diodes CR'", CR", and CR" as follows:

1. Disconnect at least one lead of dicde.

2. Connect one lead to each end of diode and
observe resistance reading, Figure 4-24.

J. Reverse ohmmeter leads and again observe
resistance readings.

A good diode has a higher reading in one direction than the
other. If both readings are high, or low, diode Is defective.

4. Replace defective diodes with new, identical

[H]

TESTING SCR'S

Two identical silicon controlled rectifiers (SCR'S),

CR'™ and CR', control the DC output voltage to the

exciter field. These SCR'S are mounted in heat sinks

on the voltage regulator and are tested as follows:
1. Unsolder leads from CR' and CR'.

2. Using high scale on ohmmeter, connect
ohmmeter leads to anode and cathode of the SCR
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OHMMETER —

FIGURE 4-25. SCR RESISTANCE TEST

as shown in Figure 4-25. The resistance reading
should be one megohm or greater. Reverse
ohmmeter leads to anode and cathode; resistance
should again be one megohm or greater.

. Using a B-volt dry cell battery and a 200-ohm

series resistor, observe correct polarity and con-
nect battery leads to anode and cathode as shown
in Figure 4-26. Observe polarity and connectaDC
voltmeter across the 200 ohm resistor. The
voltmeter should now read zero. Jumperanode to
gate; voltmeter should now read 6-volts. Remove
jumper; voltmeter should still read 6-volts
because the SCR remains turned on until voltage
is removed from anode to cathode.

OHMME TE R m

5 CATHODE

B214

FIGURE 4-24. TESTING DIODES
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FIGURE 4-26. SCR VOLTAGE TEST

4. If the SCR does not pass either test, it is defective.
Replace defective SCR with a new, identical part.

[1]

TESTING REACTOR

The reactor assembly CMR?' |leads are marked 1, 2, 3
and 4. Wires 1-2 and 3-4 are wound on the same iron
core.

y
[ ]

3 4

1. Resistance between 1-2 and 3-4 should be about
0.4-ohms.

2. Resistance between 1-3, 2-3, 1-4, or 2-4 should be
infinity { = ).

3. Resistance from any terminal to reactor frame
should be infinity.

4. If any of the above conditions are not met, install a
new reactor.

[J]

TESTING REFERENCE TRANSFORMER

The transformer. T? has four leads marked H', H*, X',
and X2 H'-H? are the primary leads. X'-X? are the
secondary leads.

p—|*|1 IHE

R L |
X ! ! X2

1. Resistance between H'-H? should be 122 to 150-
ohms.

2. Resistance between X'-X? should be 157 to 192-
ohms.

3. Resistance between H'-X', H'-X? H2-X' and H-X?
should be infinity.

4. Resistance from any terminal to transformer
frame should be infinity.

5. Ifany of the above conditions are not met, install a
new reference transformer,

[K]

TESTING BRUSHLESS EXCITER STATOR

Like the generator, the brushless exciter stator
(Figure 4-27) can be tested for open or shorted
windings and grounds

Testing for Open or Shorted Windings:

Disconnect F'+ and F?- exciter field leads from
terminal block in generator end bell. The resistance
between field leads should be 11 to 13.4-o0hms at
68" F.{20° C)

Testing for Grounds:

Connect ohmmeter between either field lead and
exciter stator laminations. Use ohmmeter set at RX
100 scale. An ohmmeter reading of less than infinity
( = ) indicates defective ground insulation.

OHMMETER RESISTANCE BETWEEM
F1 AND F2 SHOULD BE 11 to 134 OHME
AT B8* F (20* )

FIGURE 4-27. TESTING EXCITER FIELD
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[L]

TESTING BRUSHLESS EXCITER ROTOR
(ARMATURE)

The brushless exciter rotor (Figure 4-28), can be
tested for open or shorted windings or grounds.

Testing for Open or Shorted Windings:

Use a Wheatstone Bridge for this test. Disconnect
main rotor field leads which connect to rotating
rectifier assemblies at F'+ and F*-. Disconnect lead
wires from diodes CR', CR? CR® CR* CR*® and CR®.
Test between exciter lead pairs T'-T2, T*-T?and T'-T2.
Resistance should be 0.5to 0.6 ohmsatesd” F (20° C).

Testing for Grounds:

Connect leads of ohmmeter between each CR lead
and exciter rotor laminations;, use RX 100 scale on
ohmmeter. An ohmmeter reading less than infinity
{ =) indicates defective ground insulation.

[M]

TESTING GENERATOR ROTOR
For these tests, use an ohmmeter on RX 100 scale.

Testing for Grounds:

On brushless type generators, check for grounds
between each rotor lead and the rotor shaft, Figure 4-
29, Perform tests as follows:

1. Remove rotor leads F'+ and F%- from rotating
rectifier assemblies.

2. Connect ohmmeter leads between F'+ and rotor
shaft and between F?- and rotor shaft. Meter
should not register.

3. If meter registers, rotor is grounded.
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4. Replace grounded rotor with new, identical part.

CONTACT OME
LEADS AND OTHER PROD TO ROTOR SHAFT,
IF ROTOR 15 GOOD, THERE WILL BE ND
READ ING ON OHMMETER.

PROD TO EACH OF THE FIELD

BaIs

FIGURE 4-29. TESTING ROTOR FOR GROUNDS

Testing for Open or Shorted Winding:

All resistance values should be within £ 10% of values
specified in Table 4-4 at 68° F (20° C). Perform tests
as follows:

1. Remove rotor leads F'+ and F*- from rotating
rectifier assemblies.

2. Using ohmmeter, check resistance between F
and F? leads, Figure 4-30. See Table 4-4 for proper
resistance values.

It resislance Is low, there are shoried tums. If resistance is
high, rotor winding is open. In either case, rolor musi be-
replaced.

3. Replace defective rotor with new, identical part.

CONTACT OME PROD TO OMNE FIELD LEAD
AMD OTHER PROD TO OTHER FIELD LEAD
8213 RESISTANCE VALUES ARE GIVEN IN TABLE 4-4.

FIGURE 4-30. TESTING ROTOR FOR AN OPEN CIRCUIT



TABLE 4-4. RESISTANCE VALUES FOR ROTORS

_ KW RATING AND MODEL RESISTANCE
50 HERTZ | 60 HERTZ OHMS (@ 77°F (25°C)
6.0 MDJE 7.5 MDJE 276 - 282
— 10.0 MJC 2.05 - 2.0
10.0 MDJC 12.0 MDJC 230-235
- 15.0 MJC 250 - 255
12.0 MDJF 15.0 MDJF 250 - 2.55

[N]

TESTING GENERATOR STATOR

Using proper test equipment, check the stator for
grounds, opens, and shorts in the windings.

Testing for Grounds:

Some generalors have ground connections 1o the frame. Check
wiring diagram.

Using an ohmmeter set on high scale, test each stator
winding for shorts to laminations. A reading lessthan
one megohm indicates a ground.

Testing for Open or Shorted Windings:

Test for continuity between coil leads shown in Figure
4-31; all pairs should have equal resistance. Use an

FROM
KELVIMN
BRIDGE

| _THREE PHASE MODELS
TEST BETWEEN WIRE PAIRS

TI-T4
T9-T 12

T7-TIO Ti-Ta
T2-TS TE-THI

SINGLE PHASE MDDELS
TEST BETWEEMN WIRE PAIRS

TI-T2 T3-T4

B2

FIGURE 4-31. TESTING STATOR WINDINGS

accurate instrument for this test such as a Kelvin
Bridge. The proper resistance values are given in
Table 4-5 accordingto kW ratings and voltage codes.
All resistances should be * 10% of value shown at
68° F (20° C).

If any windings are shorted, open or grounded,
replace the stator assembly. Before replacing the
assembly, check the leads for broken wires or insula-

' [O]

WIRING HARNESS CHECK

Carefully check wiring harnesses as follows:

1. Inspect all wires for breaks, loose connections,
and reversed connections. Refer to applicable
wiring diagram.

TABLE 4-5. RESISTANCE VALUES FOR STATORS

KW RATING AND MODEL VOLTAGE CODE

50 Hertz 60 Hertz 518 3c 53C
6.0 MDJE 7.5 MDJE 460 498 224 294
6.0 MDJF 7.5 MDJF 460 .498 224 .294

10.0 MJC 340 — A72 —
10.0 MDJC 12.0 MDJC 303 .260 120 153

15.0 MJC 220 — 087 -
12.0 MDJF 15.0 MDJF 220 198 087 110

= I

100



2. Remove wires from terminals at each end and
using an ohmmeter, check each wire end to end
for continuity or opens.

3. Using an ohmmeter, check each wire against
each of the other wires for possible shorts or
insulation breaks under areas covered by wrap-
ping material.

4. Reconnect or replace wires according to
applicable wiring diagram.

[P]

AEMOVE JUMPER WHEMN YOLTAGE
ADJUST RZ2 15 USED FOR REFEREMCE
VOLTAGE REGULATION,.

Wi

G>‘ﬁ — 9
e Adith ™A oS

VRl

VR?' REPLACEMENT

Use the following procedure for replacing the voltage
regulator PC board.

1. Stop engine.

2. Disconnect and if necessary, label the following
wires: 3,4, 50r6, 7. 8, 9, and 10.

3. Remove four screws at corners (Figure 4-32).

4. Remove used PC board.

5. Install new PC board; secure with four screws.

6. Reconnect wires removed in step 2 at the proper NOTE: FIELD
terminals. BREAKER 15

7. Place jumper W10 at proper terminals for your REFERENCE m";ﬂ.ﬁ_m
particular voltage code and voltage connection. VOLTAGE COMMUTATING

See Figure 6.

8. Perform voltage calibration and stability adjust-
ment procedures to obtain the correct generator
output voltage and stability with new PC board in
set.
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TRAMSFORMER REACTOR

FIGURE 4-32. PC BOARD MOUNTING
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FIGURE 4-33. GENERATOR WIRING AND RECONNECTION DIAGRAMS
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GENERATOR DISASSEMBLY

COOLING AIR
OUTLET.

CHARGING =]
RESISTOR

adapter provide a means for prying stator loose.
Be careful not to let stator touch or drag on rotor.

. Remove baffle ring from adapter. Turn rotor-

through-stud nut to end of stud. While pulling
rotor outward with one hand, strike nut a sharp
blow. Support rotor with hoist and sling to avoid
bending rotor-through-stud, Figure 4-36. Use a
heavy, soft faced hammer to loosen the rotor from
its tapered shaft fit. If rotor does not come loose,
strike it a sharp downward blow in center of
lamination stack. Rotate rotor and repeat until it
comes loose. Be careful not to hit bearing or
windings.

. After disassembly, all parts should be wiped clean

and visually inspected.

FIGURE 4-34. GENERATOR AIR OUTLET

GENERATOR DISASSEMBLY

1. Disconnect battery to prevent accidental starting
of engine.

2. Remove end bell cover to reveal rotor-through-
stud nut.

3. Remove B' lead from tapped adjustable resistorin
generator air outlet opening, Figure 4-34,

4. Remove leads from control box to ignition
system, choke, start disconnect switch, etc. on

SUPPORT ROTOR

WITH HOIST ANMD

SLIMNG TO AVOID

BEMDING THROUGH
STUD

INSERT PRY BEHIND
BLOWER WHEEL THROUGH __—»
AR QUTLET QPEMING :

TURMN NUT OUT TO
EMD OF GEMERATOR
THR DUGH-ATUD.
STRIKE WITH 50FT
HAMME R WHILE

PAY ING.

engine.

5. Remove stator-through-stud nuts, end bell, and
stator assembly, Figure 4-35. Screwdriver slots in

FIGURE 4-36. ROTOR REMOVAL (ENGINE
MOUNTED GENERATOR)

HOUSING

aTATOR-

THR OUGH-STUD RTOR

THROUGH-5TUD

COVER

BRLUSHLESS
EXCITER
ROTOR

o

STATOR

BEARIMNG

AlR BAFFLE

END BEL | =———

BRLUSHLESS
EXCITER
STATOR

FIGURE 4-35. GENERATOR DISASSEMBLY
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GENERATOR ASSEMBLY

1.
2.

-

S

Clean and inspect all mating surfaces.

Coat mating area between generator bearing and
end bell bearing hole with a thin film of Molykote
or equal.

Install rotor-through-stud in engine crankshaft.
Install key in the crankshaft.
Slide rotor over through-stud and onto

crankshaft. Be careful not to let weight of rotor
rest on or bend the through-stud.

Install baffle ring.
Install stator through-studs in adapter.

Install stator and end bell. Torque nuts on
through-studs to 35 to 38 ft-lbs.

Make cerlain the B' lead is placed through the grommet in the
batfle ring and oul the air discharge opening in the adapter.
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10.

11.

12.

Torque down rotor-through-stud nut (55-60 ft.
Ib.). The rotor and stator are automatically align-
ed because stator and bearing support were
tightened in step 8.

Tap end bell to align at horizontal and vertical
plane; use a lead hammer to relieve stresses on
components (recheck torque).

Reconnect leads to preheater, centrifugal switch
and governor solenoid.

Install lead B' on adjustable resistor, R?'.
Check B' lead to see that it is short and is

kepl away lrom the blower. If necessary

when inslalling a new stator or leads, cut B' lead shorter and
reinstall the connector,

. Install end cover.



SUMMARY

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 thorough-
ly familiar with the operation of electric generating
equipment.

There are many special tools available (catalog #900-

0019) from Onan to aid you in testing and
troubleshooting of generators. The Master Service
Manual (sections 2, 3 and 4) gives a detailed explana-
tion including theory, operation and adjustment for
all types of Onan generator sets. Cleanliness is also
important in order for the generator to maintain its
output frequency. Always clean the generator using
low pressure compressed air wheneverthe covers are
removed for service,



SECTION 5
CONTROLS

* Introduction

¢ Starting Methods, Ignition Systems, Types of Controls
¢ Control Theory of Operation and Troubleshooting For:
® 611C1145 MCCK SPEC “H” Control

Shoreline Controls
e Summary

The marine generator set control system regulates all
functions of the generator and engine ignition; it
monitors temperature, oil and battery charging func-
tions of the set for both gasoline or diesel engines.
Dependable, trouble free operation of the control
system is a major concern of every boat
owner/operator. Service personnel must understand
the theory of operation thoroughly in orderto proper-
ly adjust or troubleshoot the Control System, and still
make repairs or replacements in a reasonable time.
The operating cycle includes starting, start dis-
connect, running, stopping and emergency shut-
down functions. In this section the student shoulid
become familiar with all types of Onan marine
controls, their operation, various component func-
tions in different systems and troubleshooting. He will
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611C1096 MCCK Solid State Control
613C0009 MCCK Control-O-Matic Control
612C2334 Diesel Control, MDJC - MDJF
“HA" Automatic Load Demand Controls

learn to interpret electrical symbols and read
schematic diagrams for current as well as older Onan
models,

The gasoline and diesel controls are similiar in
operation but differ in control components, so each
type is described separately. A number of Onan
service and technical bulletins are referenced
throughout this section to aid the service personnel in
detailed operation and troubleshooting of various

controls and components.
Belore commencing any mainlenance work

| thHlﬂjﬁ on the engine, control panel, or associated

equipment, disconnect batleries. Failure o do so could resull in
damage, serious personal injury in the event of inadvertent starling.



STARTING SEQUENCE-GASOLINE POWERED UNITS

ELECTRIC
FUEL PUMP ENGINE
OPERATOR START ENERGIZES. CURRENT TO CRANKS,
PUSH START SOLENOID STARTER IGNITION COIL STARTS AND
SWITCH OR RELAY ENERGIZES. AND ELECTRIC BUILDS UP
BY “,ﬂ":g[_'i ENERGIZES STOP RELAY CHOKE TO GOVERNED
co CONTACTS RPM
CLOSE.
il -l
START IGNITION
START RELAY OPENS.
DISCONNECT OPERATOR START-STOP
ENERGIZES RELEASES RELAY ENGINE
AND DISCON- START MAINTAINS RUNS
NECTS START SWITCH CURRENT TO
CIRCUIT IGNITION
SYSTEM.

STOPPING SEQUENCE GASOLINE

OPERATOR LOW OIL

PRESS STOP PRESSURE HWTKO
SWITCH, |or g}_“éﬁ: or BREAKS  lan ENGINE
BREAKS PRy o IGNITION STOPS
IGNITION TGHIOT TN CIRCUIT
CnCuly CIRCUIT
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STARTING SEQUENCE-DIESEL POWERED UNITS

START RELAY
ENERGIZES
OPERATOR MANIFOLD MANIFOLD
PUSH HEATER AND HEATER D:ﬁgﬂg" ‘“‘"“F‘L“l‘é‘i_““s
PREHEAT GLOW PLUG AND GLOW
START SOLENOID
OR REMOTE SOLENOID PLUGS SARTC O s Ay
SWITCH ENERGIZES ENERGIZE I e
ENERGIZES
—
OPERATOR
START
ENGINE DISCONNECT START RELAY RELEASES
STARTER CENTRIFUGAL LAY ENER G DE-ENERGIZES START SWITCH
CRANKS SWITCH o g AND BREAKS AND HEATER
ENGINE cms:ﬁ l:n* oo CRANKING AND
900 DE-ENERGIZES CIRCUIT GLOW PLUGS
DE-ENERGIZE
ENGINE
RUNS
STOPPING SEQUENCE DIESEL
LOW OIL
OPERATOR PRESSURE HWTKO
PRESS STOP SWITCH OPENS
SWITCH  |or CLOSES Of |  ANDFUEL [2"d  ENGINE
AND FUEL STOPS
sprphi L AND FUEL SOLENOID
Wi SOLENOID DE-ENERGIZES
DE-ENERGIZES
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STARTING METHODS

There are two main types of starting methods used on
Onan marine units. The first type is eleciric start with
all controls at the unit. The other is remote start using
electric starting, but with starting capability at both
the generating set or remote stations anywhere
throughout the vessel. The most common method for
marine application is electric starting with remote
capability. Onan uses three types of starting systems.
These are:

Hand cranking used on one cylinder units with
flywheel magneto ignition system.

Electric or remote starting with exciter cranking from
the generator utilizing a separate battery.

The automotive starter motor using a separate battery
with either a Bendix drive starter or the solenoid shift
type starter motor

COMPONENT FUNCTIONS

REVERSE CURRENT PROTECTION

1. Used to prevent engine from cranking through
the charge circuit when set is stopped.

2. Disconnects battery from generator when set is
stopped.

3. Allows battery charging current to flow only
towards battery - and not reverse-flow back into
generator.

START-DISCONNECT

Disconnects start circuit when engine starts to run
and generator builds up to approximately 1/2 its rated
output in DC voltage.

START IGNITION RELAY

Supplies ignition voltage to coil when "start” button
(or start circuit) is energized and engine is cranking.

STOP RELAY (IGNITION RELAY)

Removes ignition voltage to coil when “stop” button
(or stop circuit) is de-energized,
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TWO-STEP VOLTAGE REGULATOR

1. Charges batteries at Hi rate until battery voltage

rises to approximately 14.5 volts. Chargesat6to 8
amps in the Hi rate,

2. When battery voltage reaches approximately 14.5
volts, the regulator charge drops to the low rate
and charges at 2 to 3 amps.

START SOLENOID RELAY

Connects battery to generator starting winding for
cranking engine (exciter-cranked units) or connects
battery to a cranking motor.

CRANKING LIMITER

1. Shuts engine down when unit cranks and fails to
start.

2. Will allow cranking time of 45 to 90 seconds
before thermal device disconnects the starting
circuit.

GENERATOR OUTPUT LEADS

Identified by NEMA markings (i.e. - M', M?, M* M4 T,
T?, T3, T*includes 12 - lead reconnectible (except
delta wound). If M® or T° leads are used, thisindicates
a 3-phase generator with M” or T° |lead always being
neutral. Generator output leads marked with an *M"
indicate a revolving armature generator. Generator
output leads marked with a "T" indicate a revolving
field generator.

SUGGESTIONS

A. Service personnel should tag wires to assure

proper reconnections.

. Others take photegraphs of more complex wiring
before disconnecting wires.

. Most reconnecting/rewiring is best accomplished
by using the correct wiring diagram and following
the connections shown on the diagram.

. Also refer to Generator Service Bulletin No. 12.

wnluinn Fire exlinguishers should be convenilently
; located when electrical components are be-
ing cleaned and dried. Oil vapors and gases from solvenis may be
flammable or explosive when mixed with air. Be careful, the gases
may be irritaling to the eyes, throal, or nose. Observe good safely
practices at all limes while cleaning, drying. and testing electric
equipment.



611-1145 CONTROL OPERATING SEQUENCE
MCCK SPEC “H” GENERATOR SETS

CRANKING CIRCUIT

The Start/Stop switch is a rocker type switch. In Start
position, the ground circuit is completed for start
solenoid coil K1 and crank ignition relay coil K2.
Battery current flows through fuse F2 (5A), relay coil
K2, normally closed contacts of K3 (run ignition, start
disconnect relay), relay coil K1 to ground.

Solenoid contacts K1 close and connect the batteryto
starter motor B1 which cranks the engine. The
contacts of relay K2 close and connect battery to the
ignition circuit and fuel pump E4.

IGNITION CIRCUIT

During cranking, battery ignition current is con-
nected by relay contacts K2. As engine starts and oil
pressure switch S3 closes, relay K3 is energized by
current build-up in the generator field. Relay contacts
K3 open cranking solenoid K1 (cranking stops), and
completes the “run ignition” circuit (K2 contacts open
when Start switch is released).

The ignition current flows through resistor R3
(1.72 ohm), high water temperature switch S5,
bypass capacitor C1, ignition coil T1 and breaker
assembly to ground.

Run ignition start disconnect rela:,r K3 gets its
operating current from a tap on the generator shunt
field. The circuit is completed by resistor R1 (1000
ohm), oil pressure switch S3 and normally closed
contact of stop relay K4,

BATTERY CHARGING AND
CHOKE HEATER CIRCUIT

The choke heater ES is connected in series with the
battery charging circuit. Power is taken from the
generator 120-volt AC winding M1, M2. The AC
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current is rectified by diode CR2 and flows through
resistor R4 (7.5 ohm), fuse F3 (3A), choke heater E5
(40 ohm), resistor R2 (25 ohm) and fuse F2 (5A). The
circuit components limit the charging current to
about one ampere.

Fuse F3 protects the battery charging circuit. If
blown, the battery will not receive any charging
current, and the carburetor choke will not open and
result in poor engine performance after warm-up.

STOP CIRCUIT

When the Start/Stop switch is held in the Stop
position, current flows from B+ through coil of relay
K4 to ground. Relay K4 energizes and opens the
circuit to relay K3, which breaks the ignition circuit.
With the ignition current cut off, the generator set
stops.

BATTERY CHARGING DIODE

Diode CR2 rectifies the AC power from the generator
and prevents battery discharge through the generator
on shutdown. The diode replaces the reverse current
relay used on some earlier models.

SHUNT FIELD BRIDGE
RECTIFIER CR1

Diode bridge CR1 is located on the top brush holder
of the generator. It rectifies AC power from generator
terminals M1 and M2, and supplies DC current for
energizing the generator shunt field. At normal
operating conditions, field voltage measured
between F1 and F2 is 100to 110-volits DC. If generator
output has dropped and the field voltage is low, check
CR1 as a possible fault.
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611-1096 SOLID STATE CONTROL OPERATING SEQUENCE
MCCK (BEGIN SPEC E)

STARTING AND IGNITION:

Switch A152 is a rocker type switch. Pressing this to
the start position closes it. Battery currents are
supplied through the hand crank - electric start switch
A151, through diode CR1, through switch A151to the
primary of the ignition coil T1, tothe breaker points to
ground and back to the battery. (The ignition coil
requires about 4 volts minimum to operate.)

The fuel pump is energized at the same time as the
ignition circuit. From a connection point at the coil
primary, currents flow to the fuel pump (E1) to ground
and back to the battery. (The fuel pump requires 5.5
volts minimum to operate.)

When A152 is closed, currents are also supplied from
the battery, through the switch, through transistor
A1Q2 to the coil of Relay K1 (START SOLENOID) to
ground and back to the battery. (Relay K1 requires 4.5
minimum to operate.) K1 energizes and its contacts
close connecting the battery to the generator.
(Generator required 7.0 volts or more to crank.) If the
battery has sufficient capacity the generator acts as a
motor and cranks the engine. If coil voltage is correct
and fuel available the engine starts and accelerates to
governed speed. Relay K1 also energizes the choke
coil to close the choke.

START DISCONNECT:

When the engine starts and comes up to speed,
generator voltage starts to build up. Generator DC
voltage is supplied to charge resistor G1R1 through
both sections - 3.8-ohms and 8.3-ohms. When this
voltage reaches the same value as battery voltage
both sides of A1CR5 are at the same potential. This
causes CRS to stop conducting and it shuts off and
also shuts off transistor A1Q2. This de-energizes the
start solenoid (K1) and breaks the starting circuit.

At the same time ignition currents are supplied from
the generator, through the charge resistor (G1R1) to
CR2 diode, to the ignition coil and fuel pump.

BATTERY CHARGING:

There are two steps of battery charging—high and a
low rate. The high rate is transistor controlled and the
low is a fixed, steady rate—the low charge circuit is
from A1 of the generator to G1R1 charge resistor,
through the 8.3-ohm side, through CR3 and to the
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battery. Low charge rate is about 1.56 amps. This
supplies ignition current and fuel pump currents,

The high charge rate is through the 3.8-ohm side of
the R1 charge resistor, through Q1 transistor, through
CR3 diode and to the battery. This circuit supplies
about 3.7 amps charge current. The high and low
charge rate combined is about 5.26 amps.

Each time the unit is started the high charge circuit is
energized. If the battery is close to full charge -
indicated by battery voltage - this is de-energized or
shut off by transistor Q1 turning off.

HIGH CHARGE CIRCUIT CONTROL:

Q4 and Q5 form a trigger circuit to control Q3 and
then Q1. RS and R8 form a voltagedivider and control
the trigger point of Q5. Q5 turns off at about 13 volts
and on at about 15 volts.

Because of drop in battery voltage, when cranking,
the high charge circuit is always turned on. When
near normal charge is reached the high charge circuit
1s shut off. Whenever battery voltage drops below the
trip point (13 volts) the high rate circuit is turned back
on.

When battery voltage drops to about 13 volts Q5turns
off. This turns Q4 on and it turns Q3on. Q3thenturns
Q1 on and the high charge circuit is re-energized and
the battery receives higher charge currents.

When the battery voltage comes up to about 15 volts,
Q5 turns on. It then causes Q4 to turn off which turns

off Q3. Q3 shuts Q1 off and opens the high charge
circuit.

Because of the low power or small size of the
transistors Q4 and Q5, transistor Q3 is required to
control Q1. Q1is a high current transistor. Q1 carries
the high charge currents. When Q3 isturned off Q1 is

turned off and the battery charge drops to the low
rate.

STOPPING:

The generator set is stopped by pushing switch A152
to the stop position. The battery is prevented from
discharging through the generator by CR3 diode.



TROUBLESHOOTING
Disconnect battery before working on solid state
control for anything other than voltage checks.

Solid state control can be replaced with relay type control using kit
#2300-1796.

ENING Use caution when troubleshooting a unit in
N operalion! Elecirical shock hazard Is

present

SOLID STATE CONTROL VOLTAGES

All voltages are DC using ground (terminal 13) as a
reference point for measurements with a Simpson 260
VOM (or equivalent).

ENGINE STOPPED

TERMINAL NO. VOLTAGE
5 12
15 12
17 12
18 12
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ENGINE RUNNING

TERMINAL NO. VOLTAGE

1 10

2 28

3 10

4 10

5 13

6 13

7 Voltage Regulator ON 14

7 Voltage Regulator OFF 28

8 14

=] 0
10 28
1 10
12 10
13 0 (GND)
14 10
15 13
16 0
17 13
18 13
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This troubleshooting section is divided into five parts,

A, B, C, D, and E as follows:

To correct a problem, answer the guestion of the step
either "YES" or "NQ". Then refer to the number in the
column and proceed to that step next.

A. Engine does not crank.
B. Engine cranks but does not start. Always stop the generating set and disconnect the
C. Engine starts but stops when start battery leads before removal of the control cover or
switch is released. control printed circuit board.
D. Low battery — no high charge rate.
E. Battery loses excess water.
~A. | ENGINE DOES NOT CRANK YES | NO
Perform start lests first from the generating set control. If the generating sel starts using
the generating sel control, the problem lies in the three-wire adapter board or the remote
switch. Check relay K2 of the adapter by jumping terminal 3 to ground. If the relay does
nol operale or ils conlacts do nol close to energize the starl circuil, replace the board.
Y. Check battery. Are battery cables tight? 2 —
2. Push "HAND CRANK" - "ELECTRIC" (called "ROPE START" or
"NONFUNCTIONAL" on some models) switch A1S1. Is battery
voltage present between control terminal 6 and ground? 6 3
L Remove control cover and jumper terminal 5 to terminal 6. If battery voltage
present between terminal 6 and ground? 4 5
4. Replace switch A151. — —
2. Check battery cables for correct polarity. Replace fuse F1 with a 9-ampere,
in-line fuse. Push start switch A152. Does engine crank? - 6
6. With start switch A152 depressed, is at least 8 volts present from
terminal 9 to ground? 7 11
7. Jumper solenoid coil terminal S to battery. Does start solenoid K1 operate? 8 9
8. Is battery voltage present from right-hand terminal of start solenoid to
ground when start solenoid is energized? 10 9
9. Start solenoid is defective and must be replaced. — —
10. Perform generator tests., See Section 4. — -
1. Is voltage present from terminal 15, 17 or 18 to ground? 14 12
12. With start switch A1S2 depressed, jumper terminal 5 to terminal 15, 17 or 18,
Does engine crank and start? 13 14
13. Remove control P.C. board. Replace A1F2 fuse path with a one-inch length
of number 22 wire. Solder in place through holes provided. s ==
14, Jumper control terminal 5 to terminal 16. Does engine crank? 15 16
15. Replace start switch A152. — -
16. With start switch A1S2 depressed, jumper control terminals 9 to 16.
Does engine crank? 17 -
17 Check transistor A1Q2. If defective, replace control P.C. board. — —
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B. ENGINE CRANKS BUT DOES NOT START YES | NO

1. Is battery voltage present between control terminal 6 and ground when

start switch A152 is depressed? 4 2
2. Is battery voltage present between control terminal 6 and ground when

switch A151 is depressed? 3 —_
3. Faulty switch A151 or diode A1CR1. Replace control P.C. board. — —
4 Does generating set have an electric fuel pump? 5 6
a. Check wire lead to fuel pump, check fuel pump and replace if necessary. — 6

Does engine crank and run?
6. Check oil level. If okay, remove wire lead for low oil pressure switch S1 from

control terminal 4 and push start switch A152. Does engine crank and run? 7 10
T Is wire lead from low oil pressure switch grounded? B 9
8. Repair or replace wire lead. — —
Q. Check low oil pressure switch 51 and replace if necessary. Does engine crank? — 10
10. Check ignition system. See Section 3. — -

C. ENGINE STARTS BUT STOPS WHEN START SWITCH IS RELEASED YES | NO

1. Connect voltmeter from control terminal 8 to ground. Crank engine. |s there

DC voltage output from generator? 3 2
2. Check resistor G1R1 and all resistor connectlions, — —
3. Is voltage present from terminal 6 to ground after engine starts and

start switch A152 is released? — 4
4. Replace control P.C. board. — -
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LOW BATTERY — NO HIGH CHARGE RATE

YES

NO

Remove wire lead from fuse F1 to control terminal 5. Connect DC ammeter

between wire lead and terminal 5. Start generating set. Is high battery
charge rate present (over 3 amperes)?

Measure battery terminal voltage with voltmeter (one percent accuracy or
better). Does voltage rise to 14 volts or more?

Remove control cover and jumper control terminals 7 and 8.
Does charge rate increase?

Check battery and replace if necessary.

Stop generating set. Check wire leads to charge resistor G1R1.
Check resistor and replace if necessary.

Replace control P.C. board.

BATTERY LOSES EXCESS WATER

YES

NO

Connect a voltmeter (one percent accuracy or better) to battery terminals,

start and run generating set for 30 minutes. Does battery terminal
voltage exceed:

a. 14 volts at 100°F (38° C) or above; or
b. 15 volts at 50 to 100° F (10-38° C) or,
c. 16 volts at 50° F (10° C) or below?

Replace control P.C. board.
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613-0009 MCCK CONTROL-O-MATIC

GENERAL DESCRIPTION

The MCCK Control-O-Matic is an engine control,
‘automatic-demand control and bilge-blower control,
all combined into one top-mounted control box.

The front panel, facing the generator end of the unit,
holds the charge ammeter, emergency relay and
toggle switch. A unique hinge arrangement holds the
front panel, coverand chassistogether and opensina
very limited space to expose all the relays for
servicing

HOW CONTROL-O-MATIC WORKS
A three-position switch on the front panel selects
RUN, OFF or AUTOMATIC OPERATION

When the tothe

OPERATION OF CONTROL-O-MATIC

The Control-O-Matic operation explanation on the
following pages refers to schematic drawing with
current flow shown in bolt lines. Figure 5-11shows a
pictorial wiring diagram of the Control-O-Matic:

Throughout the text are references to various com-
ponents, terminal positions and current flow. When
reading the text, follow current flow the
schematics and locate relative positions of electrical
devices and terminal positions on the  respective

O-Matic operation is for Spec D units.

The Control-O-Matic must
neottive Ground toty. Connen e batey
ty.

ih correct pol

e P

RUN position, the Bilge-Blower Control delays crank-
ing while it closes a 12-volt, 5-ampere circuit to
operate the bilge blower. After the time delay for bilge
blower operation, the electric generating set cranks
and runs,

When the toggle switch is moved to AUTOMATIC
position, the Control-O-Matic will monitor the AC
load circuit to:

Sense a load on the AC line.

Close the bilge blower circuit (when used)
Open the bilge blower circuit

Assume the electrical load

Sense when all load is removed

Stop the electric generating set.

~oaoos

ms

or power source.or connecting a bige biower to the
Control-O-Matic, see page



Switch S' is a three-position switch with acenter OFF
position. In the RUN position, the switch bypasses
relay A’K’ contact (2-3) to energize the bilge blower
control which goes through its control cycle before
the electric generating set cranks and runs. In the
AUTO position, the Control-O-Matic starts the unit
which runs as long as a load demand prevails. The
Ioad must be at least a 50-watt incandescent lamp for
reliable automatic operation.

LOAD DEMAND
When the generating setis in AUTOMATIC and a 50-
watt lamp (or larger) is turned on, a load demand

ntacts, load terminal A,
theload. ground. Terminal W and back 10 the battery
to energize Relay

TRANSISTOR ON AND TIME DELAY

Relay A'K' contacts (2-3) close the circuit from B+
through the heater of relay A%K' to the 6%-ampere
fuse, to ground and back tothebatter. Thehesteron
the five-minute time delay begins its cycle
Simultaneously, as current flows through the heater
on Time Delay AXK', it also flows through the closed
AK' contacts (1-2) through Resistor AR to the base
of the transistor, through Resistor A7R?, and through
the fuse to ground. This switches on Transistor AQ"

FIGURE 5-3. LOAD DEMAND (SPEC D)

FIGURE 5-4. TRANSISTOR ON AND TIME DELAY (SPEC D)



BILGE BLOWER ON

When Transistor A°Q' turns on, current flows from the
B+ Terminal through the bilge blower, to Terminal BB
through the transistor and fuse to ground. The bilge
blower operates for five minutes to evacuate ex-
plosive vapors from the vessel bilge. At the end of the
five-minute period, Time Delay A" operates to close
contacts (1-3) and open contacts (1-2). Transistor
A'Q" turns off to interrupt the power to the bilge
blower.

Diode (CR?) between B+ and BB is a discharge diode
1o protect other components in the control from
inductive voltage when the bilge blower is turned off.

ENGINE CRANK

When Time Delay A’K' contacts (1-3) close, current
flows 1o energize the Start-§top Relay (K?). The K*
contacts close the circuit through K? contacts (8-6) to

9
(BAT-S') closes to supply battery power to the
cranking windings on the generator.

CHOKE

The Start Solenoid K* auxiliary contact (BAT-I) closes
the circuit to the Solenoid (C'-C?) on the thermo-
magnetic choke mounted on the carburetor.

e

FIGURE 5-5 BILGE BLOWER ON (SPEC D)

FIGURE 5-6. ENGINE CRANK CIRCUIT (SPEC D)



CRANKING LIMITER

When Starting Solenoid Relay K* picks up, contact 1
closes the circuit through Diode CR', Resistor R’ to
the heater on the Time Delay Relay K° (320-0104
emergency relay). If the electric generating set does
not start within approximately 45 seconds, this relay
opens its contacts to the control circuit and shuts the
unit down.

Diode CR' serves as a blocking diode to prevent
current flow to the choke control during a low oil-
pressure condition

IGNITION
izes, thecircuit

transistor and Zener diode. K' contacts (5-4) open the
Start Relay K* coil circuit. Relay K* de-energizes
opening its contacts to disconnect the cranking
circuit and choke solenoid circuit.

Relay K' contacts (1-3) close the circuit to the Bi-
metal Heater (H'-G) of the thermo-magnetic choke.
The Bi-metal heats to open the choke for normal
running as the engine warms up.

Relay K' contacts (1-3) also close the circuit to Time
Delay Relay K* through Low Oil Pressure Switch S*
and Resistor R If oil pressure switch S* does not
open. Time Delay Relay K operates o open the

y K- ene
to Relay K* and the ignition circuit. Current flows
through the Ignition Resistor (RT"), the High-Water-
Temperature Switch (S°), the primary of the ignition
coil and through the breaker points (S?) to ground.
This supplies ignition power to spark plugs E' and E-

START DISCONNECT, CHOKE HEATER
When the electric generating set starts and voltage
builds up, Start Disconnect Relay K' is energized bya

contact K* (1-4) to shut down the
unit wau ‘one i, then push 0 reest.

BATTERY CHARGE

When the generator comes up to speed, it supplies
battery charge current through S' to Start Solenoid
Relay K, and Terminal S' to Resistor R (charge
resistor). The resistor is divided with the upper
Terminal Cand the lower Terminal A connected to the
contact on the Voltage Regulator K*. The closed

FIGURE 5-7. CRANKING LIMITER AND IGNITION (SPEC D)
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FIGURE 5-8. START
AND BATTERY CHARGE (SPEC D)



contact reduces the resistance to supply the high
charge rate for fast battery charging.

Current flows from Reverse Current Diode (CR'),
through the ammeter back to the battery for charging
When the battery reaches a preset charge level, the
coil on Relay K* is energized, opening the contacts

g low rate.
Relay K* through closed K' contacts (6-8). through
the ammeter back to the battery for charging. When
the battery reaches a preset charge level, Relay K* is
energized, opening the contacts and dropping the
charge to a low rate.

Resistor R' s set at the factory for correct two rate
charging.

GENERATOR SUPPLYING POWER

the generator AC voltage reaches ap-
proximately 105volts on 120-volt units or 210volts on
240-volt units, Line Contactor K* energizes to open
the auxiliary contacts and close the main contacts

Load current through Transformer T' produces
current to Load Sensor Amplifier A'. Transistor A'Q"
switches on and passes current through both coils of
Relay A'K' keeping it energized. This relay remains
energized as long as a minimum 50-watt incandes-
cent lighting load is across the output terminals of
K

STOP

When the load is removed, the flow of currentthrough
the transformer T drops to zero. This switches the
transistor off to de-energize Relay A'K'. The contacts
open to break the ignition circuit and stop the engine.
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FIGURE 5.9, OFF POSITION (SPEC D)




TROUBLESHOOTING (SPEC D ONLY)

120-Volt, Single-Phase, 12-Volt

DC Control-O-Matic

A 20,000 ohm/volt VOM is needed for some of the
following tests. The symptoms are listed by number
and followed by test procedures.

1. Control switch is in RUN position, but electric
generating m does not crank after the usual 5-
minute delay period.

a. Check bauery connections and  battery
voltage.

b. If necessary to test engine cranking circuit,
temporarily bypass bilge-blower control relay
AK' by moving lead at terminal 1 on AK' to
terminal 3, Figure 5-11. This lead comes from
A1-3 (single Iug). If unit cranks with the bilge-
blower control disabled, the problem is in the
bilge-blower control circuit. Refer to Figure 5-
5.

[w
S e e g A e

NG | The bilge-blower s a safety device that

upon comletion of the above test could be disastrous.

c. Checktoseeif the StartSolenoid K* picks up. If
it doesn't, check for a faulty solenoid by
connecting a jumper from the S terminal to
ground. This bypasses contact K' and K. The
start solenoid should pick up. If it picks up,
check for proper operation of relay K' and K*

2 Electric, generating set wil not start on load
demand,

a. Move the toggle switch to RUN position. Unit
should crank after approximately a five-minute
delay.

Apply some load (atleast 100watts) to load the
circuit. Move toggle switch to AUTO position.
Unit should continue running.

If unit stops with 100 watt load, move toggle
switch to OFF posi
A'K! printed circuit
wire from terminal C of
around terminalin the Gontrol--Matic. Move
toggle switch to AUTO. Unit should start and
run. If it does not, remove relay to check
continuity of relay coll terminsls A, B.and C of
307-1087. Resistance A-C equals ap-
pmxlmaiely 34 ohms. See Figure 5-3.
Apply 6 to 12 volts to terminals A-C to see if
relay operates. When relay operates, contacts
should close.

o
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d. Ifrelay is good, check voltages as follows. The
voltage measured from the chassis-ground
terminal to:

— the B+ terminal on the Start Solenoid
should equal battery voltage.
— terminal A of relay socket should equal
battery valtage lese 05 to 0.7 volis
— terminal B of Start-Run relay should be
near zero if K? is closed properly and
sufficient load is connected to the load
circui
€. Check voltages of load sensor amplifier with
set running under a minimum load of 100
walts. Start electric generating set in AUTO
positon for this test by jumparing the outside
terminals of Switch S
— Measure AC ou«pu«vonugs of Transformer
T: at terminals on load sensor ampifer.
The voltage should read 2 to 3 VAC.
Use @ 20,000 ohm voltmeter to minimize

error.

— Voltage from ground to the transistor side
of Resistor A'R should measure 0.6 0 0.7
VD

— Voltage across A'K' coil A-C should read 5

10 14 VDC.

— Remove jumper from Switch S'.

3. Control-O-Matic  starts generating set
automatically under load, but slows down or
stops as soon as contact picks
a. Recheck size and_type of o Minimum

requirements are a 50-watt incandescent lamp

load or a 425-watt heater load
b- Recheck_adjusiment of contactor Pick-Up

Resistor R:

— Applyaloadand help contactor pick up and
hold in as the set starts. If this corrects the
problem, reduce the resistance of R

— Apply a load and hold the contactor to
delay pickup. If this helps, increase the
resistance setting of Resistor R

. Move toggle switch to the OFF position. Con-
nect ajumper from Terminal C of Relay A'K' to
ground terminal. Move toggle switch to the

AUTO position. The unit should start and run

d. Apply a load such as a 100-watt lamp; then
remove the jumper while the unit is running
with the switch in the AUTO position. If it
stops, place the toggle switch to OFF, jumper
the two outside terminals of the toggle switch.

Place in AUTO position to restart. While the

unit s running with a 100-watt minimum load,

measure the voltage on the load sensor
amplifier as follows:



— AC output voltage of Transformer T'
measured at terminals on load sensor
amplifier should be 2 to 3 VAC.

— Voltage from ground to the transistor side
of Resistor A'R should measure 0.6 0 0.7

TOP CONTACT
GLOSED, BOTTOM
CONTACT OPEN

CONTACT NOT USED

= Yollagh acrads'A'CRY shalik read s hian

- Vouage across Relay A'K' coil A-C should
read 5 to 14 VDC.
4. Generating vt wont stop with load removed.

a. Move the toggle switch to the OFF position to
stop the set. If the set does not stop, remove the
battery lead and check for a faulty Start
Solenoid. The contacts may have stuck closed.

b. Remove the load from the load side of the
contactor in the Control-O-Matic and
reconnect battery.

c. Put toggle switch in AUTO position
— If the unit does not crank, place the toggle

switch in the RUN position to start the unit
Put the switch in AUTO position; the
generating set should stop. If the unit stops.
with the 10ad lead removed from the load
side of the contactor, it indicates that there.
was sufficient load on the AC line to keep
the Control-O-Matic energized. Recheck

AIK1 START-RUN
RELAY (COVER
REMOVED)

\_ eainTeD CiRcUIT
BOARD.

the load circuit
— If the generating set cranks with the toggle
switch in the AUTO position and the load
lead disconnected, the Start-Run relay or
Load Amplifier are malfunctioning,

Remove the ground lead from battery.
d. Take out the printed circuit board and remove
the cover rom the Start Run relay A'K" (mark-
board). See Figure 5-10 for

Totorances during tests.

— With the VOM set at x10, measure
resistance between A and B — should be
. Resistance
r B and C should be
approximately 650 ohms (x100 scale). As
shown in Figure 5-10, the top K' contact

FIGURE 5-10. START-RUN RELAY ATK1 (SPEC D)
5. Bilge Blower Control circuit does not function at
all.

a. Check the 6'-ampere fuse A’F
§. Blowsr clreul I enarylaed continuously and
lectric generating set won't cranl
a. Check heater element of (hermal relay for an
open circuit or a poor connection which may
prevent relay from heating up enough to
switeh.
7. Blower circuitis not energized but generating set
s after a 2- to 6-minute delay.
a. Check blower operation by placing a jumper

should be closed, the bottom contact open.
There should be continuity betwesnthetop
contact and poin

— Chock Zoner Diote AGR (‘GR" on
printed circuit board). Resistance should
be 6000hms in one direction, infinity in the
atner dlraction. Check resisiance of tran-
sistor A'Q" (m: Q" <. board)
leads in one duecﬂr:m then reversing leads
and checking resistance in thatdirection. B
to C - 7500hms, infinity; B to E - 7500hms,
11,0000hms; C to E - 7000hms, infinity.

124

from Terminal BB to ground. Switch §' must be

RUN position for these checks. Measure
voltage from BB to ground — should be 2 volts
o less

Measure voltage from Terminal 2 of A to
ground. Voltage should equal battery voltage.
Check voltage across Resistor AR Voltage
should be 0.7 to 1.5 volts. If these tests are
satisfactory, the transistor is defective.
Replace it
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FIGURE 5-11. CONTROL-0-MATIC CONTROL MCCK GENERATING SET (SPEC D)
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TROUBLESHOOTING (SPEC C ONLY)

120-Volt, Single-Phase, 12-Volt
DC Control-O-Matic

20,000 ohm/volt VOM is needed for some of the
following tests. The symptoms are listed by number
and followed by test procedures.

1. Control switch is in RUN position, but electric
generating set does not crank after the usual 5-
minute delay period.
a Chenk _ betiary connections and _battery

volta
b necessary to test engine cranking circuit,
temporarily bypass bilge-blower control relay
K by moving lead at terminal 1 on AXK' to
terminal 3, Figure 5-11A. Thislead comes from
S run terminal. If unit cranks with the bilge-
blower control disabled, the problem is in the
bilge-blower control circuit.

WARNING ) e bilge-boweris a saety device hat

area five minutes prior o starting the generator sel. Failure to
Teconnec (i ead wire from S back to AK:temiml 1 on
completion of the above test could be disastrous.

©. Checkto seeif the StartSolenoid K* picks up. If

ground. This bypasses contact K' and K. The

start solenoid should pick up. If it picks up,

check for proper operation of relay K' and K-

2. Electric generating set will not start on load
demand.

a. Move the toggle switch to RUN position. Unit
should crank after approximately a five-minute
delay.

b. Apply some load (at least 100 watts) to load the.
circuit. Move toggle switch to AUTO position.
Unit should continue running.

c. If set stops with 100-watt load, move toggle
switch to OFF position. Connect a jumper wire
from terminal 8 of Relay K* to the ground
terminal in the Control-O-Matic. Move toggle

continuity of relay coil terminals 2-3 and 8 of
307-0062. Resistance 2-3 equals approximate-
ly 100 2-8 equals approximately
1000 0hms

Apply 6 to 12volts 1o terminals 2-8 to see if
relay operates. When relay operates, contacts
4-6 open and contacts 6-7 close.
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d. It relay is good, check voltages as follows. The
voltage measured from the chassis-ground
terminal to:

— the B+ terminal on the Start Solenoid
should equal battery voltage.
— terminal 2 of relay socket should equal
battery voltage.
~ lerminal 3of Start-Run elay should be near
> contact is closed properly and

Sutfcient load is connecied 1o he. lond

circuit
e. Check voltages of load sensor amplifier with
set running under a minimum load of 100
walts. Start electric generating set in AUTO
positon for thistest by jumpering the outside
terminals of Switch
— Measure AC uuigu\ voltage of Transformer
T' at terminals on load sensor amplifier.
The voltage should read 2 to
Use a 20,000-ohm voltmeter to minimize
error.

— Voltage from ground to the transistor side
of Resistor A'R? should measure 0.6 10 0.7

— Voltage across A'CR' should read 5 to 14
VDC.

— Remove jumper from Switch S
3. Control-O-Matic starts unit automatically under

picks up.

a. Recheck size and type of load. Minimum
requirements are a 50-watt incandescent lamp
load or a 425-wat heater load.

b. Recheck_adjustment of contactor Pick-Up
Resistor R
— Applyaload and help contactor pick up and

hold in as the set starts. If this corrects the
problem, reduce the resistance of R:

— Apply a load and hold the contactor to
delay pickup. If this helps, increase the
resistance setting of Resistor R2.

c. Move toggle switch to the OFF position. Con-
nect a jumper from Terminal 8 of Relay K- to
ground terminal. Move toggle switch to the
AUTO position. The generating set should
start and run

d. Apply a load, such as a 100-watt lamp; then
remove the jumper while the set s running with
the switch in the AUTO position. If the unit
stops, place the toggle switch to OFF, jumper
the two outside terminals of the toggle switch,
and place in AUTO position to restart, While



the unit is running with a 100-watt minimum

load, measure the voltage on the load sensor

amplifier as follows

— AC output voltage of Transformer T,
measured to terminals on load sensor
amplifier should be 2 to 3 VAC

— Voltage from ground to the transistor side
of Resistor AR should measure 0.6 0 0.7
v

D
— Voltage across A'CR? should read less than
5VDC.

— Voltage across Diode A'CR' should read 5
to 14 VDC.

4. Generating set won't stop with load removed.

a

o

o

Move the toggle switch to the OFF position to

stop the unit. If the generating set does not

stop, remove the battery lead and check for a

faulty start solenoid. The contacts may have

stuck closed.

Remove the load from the load side of the

contactor in the Control-O-Matic ~and

reconnect battery.

Put toggle switch in AUTO position.

— If the generating set does not crank, place
the toggle switch in the RUN position to
start the unit. Put the switch in AUTO
position; it should stop. If it stops with the
load lead removed from the load side of the
contactor, it indicates that there was suf-
ficient load on the AG line to keep the
Control-O-Matic energized. Recheck the
Ioad circuit

— If the generating set cranks with the toggle
switch in the AUTO position and the load
lead disconnected, the Start-Run relay or
Load Amplifier are malfunctioning
Remove the ground lead from battery.
Remove the Start-Run relay. Check con-
tinuity from Terminal 6 to 7 of Relay 307 62.
This circuit should be open. Check con-
tinuity with 1-1/2 volts or less from tube
socket Pin 8 to ground. The circuit should
show a high resistance (approximately
20,0000hms), with positive on Pin 8and will
show a low resistance (approximately
200hms) with negative to Pin 8

If this check indicates continuity in both
directions, unsolder one end of Zener
Diode A'CR® and repeat same test. If
resistance increases to the expected
values, the zener diode has shorted. To
verify this, check continuity in both direc-
tions on the zener diode itself.

If resistance does not increase with the
diode disconnected, check the transistor
forashort from the collector to the emitter.
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5. Bilge Blower Control Circuit does not function at
all.

a. Check the 6%-ampere fuse A’F'

6. Blower circuit is energized continuously and
electric generating set won't crank.
a. Check heater element of thermal relay for an

open circuit or a poor connection which may
prevent relay from heating up enough to

7. Blower
starts after a 2- to 6-minute delay.
a. Check blower operation by placing a jumper

from Terminal BB to ground. Switch ' must be

in RUN position for these checks. Measure

voltage from BB to ground — should be 2volts
s.

Measure voltage from Terminal 2 of A%’ to
ground. This voltage should equal battery
voltage. Check voltage across Resistor A?R:.
Voltage should be 0.7 to 15 volts. If these tests.
are satisfactory, the transistor A’Q" is defec-
tive. Replace it.

FIGURE 5-11A. MCCK CONTROL-O-MATIC SCHEMATIC
-



BILGE BLOWER CONNECTIONS

Connecting Auxiliary Relay To
Control-O-Matic

Th tall rsource
0 operate the bilge blower. It also permis use of
larger blowers with running currents in excess of
5amperes. The auxiliary relay should have a 12VDC
coil and contacts heavy enough to carry the current
required by the bilge blower.

Rxnecay | sige sLowen
Sowen

NEG BROUND soumce

Connecting Bilge Blower To
Control-OMatic

The bilge blower operates on power from the electric
set cranking battery. The optional switch will run the
bilge blower as long as the switch is closed. Thebilge
blower running current must not exceed 5amperes.

1
1

H
H
H
5
H
H
a

MARGALSWiTEH
T3 RON
eudE BLowen

@
TEa————

FIGURE 5-12. AUXILIARY RELAY CONNECTIONS
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FIGURE 5-13. BILGE BLOWER CONNECTIONS




612-2334 CONTROL OPERATING SEQUENCE
MARINE DIESEL GENERATING SETS

STARTING

‘The common practice for Onan controls is to ground
the center of the switch portion of all start-stop
switches. The operation of the control is ac-
complished through grounding certain components.

Moving the handle of the manifold heater switch to
the heat position energizes the manifold solenoid
which then supplies battery power through the main
contact of that relay to the glow plugs and the
manifold heater. This switch should be held in this
position normally for 30 seconds. If extreme cold
weather conditions are encountered, hold switch for
one minute.

After a sufficient pre-heat time has been allowed,
placing the start-stop switch to the start position
causes a current flow from the B+ terminal of start
solenoid, to the coil, to the start disconnect and fuel
solenoid relay. Then from this point through the
of the start-stop switch to terminal 1 on the terminal
connection block to ground. This energizes the start
solenoid and supplies battery power to the solenoid
shift on the cranking motor and then to the starter,
cranking the engine.

Battery voltage is picked up at the ammeter and this
causes a current flow to the coil of the start relay
through the coil to the normally closed contacts on
the relay to the start switch and to ground. This
causes the start relay to energize. From the battery a
current flows through the ammeter, through it to the
start relay contacts, which are now closed, through

pressure relay and its heater is energized when the
unit starts and if the low oil pressure switch fails to
open). Through these contacts to the terminal 4 on
the terminal block to the high temperature cutout
switch to the fuel solenoid. This energizes the fuel
solenoid and allows the governor to position the
metering sleeve in the injection pump to full fuel.

With the manifold heater switch released and the start
switch still closed, the starter solenoid and the
manifold heater solenoid remain energized. Battery
power is supplied to the glow plugs and manifold
heater and to the cranking motor.

SYAHT DISCONNECT
ing motor
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it starts and accelerates. The cantifugel swiich hes
been set to operataat 900 rpm. T ugal switch
is driven by a gear from the camahait gear. As
centmugal Torce s high enough the weights fly out
allowing the cam to drop in and the centrifugal
disconnect closes. When the centrifugal switch
closes, battery power is supplied through this switch
1o the 15 ohm, 10 watt resistor, to the coil of the start
disconnect and fuel solenoid relay and to ground.
This energizes that relay causing the normally closed
contacts to open and break the start solenoid circuit.
This also de-energizes the coil on the start relay. The
contact in the start relay opens just after the contacts.
in the start disconnect and fuel solenoid close. This
supplies power 1o the fuel solenoid and keeps it
energized so that it does not release and cause the
injection pump control metering sleeve to go to
minimum fuel and stop the engine.

The engine governor maintains the engine speed at
rated value for that particular unit. In this case it is
1800 rpm.

BATTERY CHARGE

When the engine has come up to speed the residual
magnetism in the otor poles produce  smallvoltage
nthe

voltage buildup 15 produced. When voltage has buil

up to normal then the battery charge winding in the
stator has a voltage produced in it w rected
through the charge rectifier to the charge ammeter to
the battery terminal on the manifold heater solenoid
and to the battery, recharging it. The charge resistor
Itis
factory set at approximately 5 amperes. The charge
rectifier replaces the reverse current relay. It is a
battery charge diode and this unit has only the one
step of battery charging.

LOPKO

The 1 ohm, 10 watt resistor is to limit the current
through the heater on the emergency relay. This
heater gets current only after the generator has come
Up to a certain speed and centrifugal switch has
closed. Should low oil pressure remain for 45 seconds
the heater will allow the rachet to release and contacts
will open breaking the circuit to the fuel solenoid
causing a shutdown.

STOP
Placing the start-stop switch to the stop position



shorts out the power supply to the start disconnect
and fuel solenoid relay and breaks the circuit to the
fuel solenoid. The solenoid shatt applies force to the
injection pump control arm causing positioning of the
metering sleeve to “no fuel” position. The engine
stops due to no fuel to injectors.

FAST TROUBLESHOOTING

The ammeter indicating “O" usually means the
generator has not built up voltage. This generator has
an automatic field flash circuit which receives power
from the S terminal of the start solenoid. When the
start solenoid is energized, power is applied to the
static exciter and to the revolving field for faster
voltage build up. The 12-volt battery used does not
cause damage o the exciter nor to the revolving field
due to the high cranking currents causing a substan-
tial voltage drop across the battery and reducing this
voltage to approximately 8 volts.

Should the high water temperature cutoff switch

the circuit to the fuel solenoid, de-energizing it and
shutting the unit down. Temporarily place a jumper
across the switch terminals to determine if shutdown
was due to high water temperature.

Should the centrifugal switch fail to close or make
contact, the start disconnect and the fuel solenoid
relay will not energize and as soon as the start switch
is released, the unit will shutdown. This can be readily
checked by taking the cover off the switch and
holding contacts closed manually. It also can be
checked by taking the cover off the control box and
holding the start disconnect and fuel solenoid relay
y hand. Should i
fail to open on shutdown it will cause a battery

CENTRIFUGAL BREAKER POINTS
Centrifugal breaker points act as mechanical start
disconnect switch for diesel ignition circuit. The
centrifugal switch is wide open when engine is
stopped. Loosen and move stationary contact to
correct gap.

Rotate engine crankshafl a few degrees counterclockwise before
Sdustng poine. To este oy trsions the

Replace burned or faulty points. If only slightly
burned, dress smooth with file or fine stone. Measure
gap with thickness gauge (Figure 5-14)

20" 051 mm)

FIGURE 5-14. CENTRIFUGAL SWITCH



FIGURE 5-15. DIESEL GENERATING SET CONTROL.
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TROUBLESHOOTING
BEGIN SPEC AA

ENGINE CONTROLS

This troubleshooting information is divided into four
tables. A, B, C. and D as follows:

A. Engine does not crank.

Engine cranks but does not start

Engine starts but stops when start switch is
released

Battery loses excess water.

]

c.

D.

Preparation: In the event a troubleshooting
procedure has to be initiated, it is possible that a few
simple checks could expose the probable problem
source or at least cut down on troubleshooting time.

1. Check all modifications, repairs, replacements
performed since last satisfactory operation of set.
A

ing a replacement part could cause problems. An
incorrect connection, an opened switch or circuit
breaker, or a loose plug-in are all potential
malfunciion areas to S Siiminated by'a visual
chec

2. Unless absolutely sure that
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accurate, use portable test meters for

troubleshooting

The troubleshooting guide on the following pages
gives a step-by-step procedure for checking the
Control System

Voltage Check Points: The voltages listed below
indicate normal conditions. Ghec al terminal block
terminals for correct voltages between terminal and
ground using a DC voltmeter on 12V battery system.

8118 12 VDG
81 GROUND
8112 12VDC
8113 12VDC
TBIIH 2 VoG
8124 12 V0 RUNNING
8125 RUNNING
8126 (0406 SToRRED, 12 VO RUNNING
8127 t0 21 VAG

120 10 139 VAC

12 VDG
12 VDC ON STARTING
12 VDC ON PREHEAT



To correcta problem, answer the question of thestep  typical wiring diagram #612-2334 for locating control
either YES or NO. Then refertothe step numberinthe  component leads, terminals, and other check points.
answer column and proceed to that step next. Refer to

TABLE A. Engine Does Not Yes | No TABLE A. (continued) Yes | No
Crank

1. Check 12 VDC to ground 1L, With S11 at START, jumper
at battery BT1 and at KI1 contacts to sarter
Sarter motor B1. Check solenoid. Does engine crank? | 114 | 12
B+ present at T8I, K11,
K13, S1, and M11. -] - 1A Replace K11

2. Check battery cables for 12. With SL1 at START, jumper
polaity 2nd ightness at normally closed contacts of
Battery and starter motor. | = KI2 Does engin crark ang 3

st

3. Is battery dead? Check if
centrifugal switch SI is
open to ground. If S1 re-

oo oL e TABLE B. ED':TEN E‘nsvl':s" But Yes | No
shutdown, R11 and K14 will
Sd to

3. Replace K12

discharge through 1. Is 12 VDC present between
ground. Remove switch cover start terminal on SL1 and
and check operation ground (TBL1-1) with S11
manually. 4 at START? 2
4. Replace S4. Replace or 2. 15 12 VOC present between
charge battery. ol M- B+ and ground
TBI1-1 with 11 at START?
5. Jumper battery cable con- Check Wire W3 & W8, 3|4
nection to ground at
starter. Does engine crank? 716 3. Replace faulty switch S11 - -
6. Check starter motor. 4. Does engine operate on
Repair or replace. gasoline? Is fuel primer
solenoid K3 energized when
7. With SL1 at START, s at SIL s at START? —|s
least 7 vols present
between terminal S on K11 5. Does engine operate on
and ground. Does K11 diesel fuel? Did glow
energize? 8 plugs and manifold heater
warm engine on pre-heat
8. Does manual operation of attempt with S12. 6
KL crank engine? 9
6. Does el purp ad fel
9. Jumper K11 from B+ to solenoid operate when
 terminal. Does engine S11is at START? 7
k! 10
7. Fuel solenaid and pump
10. Start relay K11 is de- ‘must operate during crank-
Tective; replace. ing and running. Remove

tuel line from carburetor
ot njector pump and press
S11. Does fuel pulsate

from fuelline? 8




TABLE B. (continued) Yes | No TABLE C. (continued)

8. Remove fuel solenaid from 7. s charging ignition-fudl
fuel fine and press S11 solenoid valtage present from
Does fuel pulsate from fine? 9 TBI2- to ground after

engine sarts and S11 is

9. Check lead from TB12-4 released?

1o fuel pump; check fuel
pump and replace if TABLE D. Battery Loses Excess
necessary == Water
1. Gonnect & voltmeter (one
10 Sheck enmne L eul. o percent accuracy o better)
e Lo 10 battery terminas, start
e i e and run generator set for
e " 30 minutes. Does battery
{erminal voltage exceed
11. Is lead 6 from T8126 to S i
LOP switch $4 grounded? 12 A e ataye; of
100F (1038° )
12. Repair or replace lead § i
0S4 ¢ 16 volts at 50
(10° ) below?

13. Check swich S4; replace
it necessary

TALE C. Enine Starts But Yes | No

ops When St Switch
s elased

1. Connect voltmeter from
1812-7 to ground. Is K12
energized with S11 at

2. Is charge winding umnucmg
DC voltage? If AC vol
Is present, replace CRH 3

3. Jumper contacts of K12
for gasoline ignition circuit
check. Does engine start
and run? 5

4. Jumper contacts of K12 for
diesel fuel solenoid relay
K1 circuit. Does engine
start and run? 5

Replace K12. & lfiess

6. Check charge resistor R21
and charging circuit
connections,
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OPERATING SEQUENCE FOR DIESEL GENERATING
SET CONTROL #612-4792

STARTING CIRCUIT

The common practice for placing “Onan” Class “A"
controls into operating condition is by grounding
certain components. The switch is used to place this
ground on the affected component:

Moving the handle of the manifold heater switch S12
10 the preneat position causes a current flow from B+,
through the coil of manifold heater solenoid K13 to
ground and back to battery negative terminal. This
causes manifold heater relay K13 to energize and
closes its contacts to supply power to the manifold
intake heater and glow plugs. If the preheat circuitis
controlled by a load transfer control, this relay is
energized by the grounding of terminal “H." The
length of preheat can be selected throughthe use of a
relay or through manually holding heater switch $12
on

After the preheat period has passed, the load ransier
control will cause terminal 3o be grounded energi

ing

energized by placing e -stop switchS11in ranan
position. This allows battery current to flow from the
B+ through start solenoid relay coil K11, through the
closed contacts of the start-disconnect and fuel
solenoid relay K12, through the start switch S11, to
the center terminal to ground and to the battery
causing start solenoid K11 to energize. K11 start
solenoid energizes and causes its main contacts to
close. connecting the battery through the cranking
motor. At the same time the main contacts of K11 are
closed, an auxiliary circuit is also completed from
start_solenoid K11 through the contacts of the
emergency time delay relay K14, to the fuel solenoid
K1, and 1o the battery. The fuel solenoid K1 is a two
coil unit with a pickup coil and a holding coil. This
relay energizes to take pressure off the control arm of
the fuel injection pump and allows the metering
sleeve to be positioned o fuel is supplied to the
injectors so the engine can fire, start and run.

When the engine has started and accelerated to
approximately 900 RPM, the centrifugal disconnect
switch S1 closes. When switch S1 closes, battery
current flows through its contacts, through resistor
R11. through the coil f the start-disconnect and fuel

The engine governor will maintain engine speed at
approximately 1860 RPM (62 hertz) or a fairly cons-
tant speed with load added,

A permanent magnet is imbedded i the exciter field
assembly. This is installed at the time the lamination

magnetism of the pole pieces pius the permanent
magnet in the one pole, causes a higher residual
voltage to be produced. This produces, in the three
phase exciter rotor, a voltage which is rectified by a
network of three positive and three negative diodes to
the generator rotor for field excitation. The voltage
produced in the stator is supplied to the voltage
regulator which controls the turn on point of the
SCR's and in turn controlling field current. When the
generator's voltage reaches the control point, the
voltage regulator maintains field current to hold
essentially constant output voltage.

BATTERY CHARGING CIRCUIT

A separate battery charge winding is placed in the
generator stator and has a voltage produced in it
dependent upon the field strength of the main
generator. The charging current is controlled by
resistor R21. This charging circuit is essentially a 5
ampere circuit. Battery charging current is supplied
through diode CR11 to the ammeter and tothe battery.
back 10 ground and to the charging winding. This
charges the battery and prepares it for supplying
power for the next start. The charge winding also
supplies power to maintain the fuel solenoid K1,
energizes

LOW OIL PRESSURE CUT-OUT
(LOPKO)

solenoid relay K1210 the batter
Telay 10 snorgize and broaks the circut 1 the sta
solenoid relay K11 causing the start solenoid K11 to
de-energize and remove the cranking motor from the.
battery. At the same time, another set of K12 contacts
close supplying power from the charging circuit or
the battery through the normally closed contacts of
emergency relay K14 to the fuel solenoid K1. This
keeps relay K1 (fuel solenoid) energized and allows
the governor to control the fuel injection pump.
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The low oil pr is from the battery
side of the ammeter through the centrifugal dis-
connect switch S1 to resistor R12, through the heater
of the emergency time delay relay K14 and through
the low oil pressure switch S4 toground. Resistor R12
sets the timing interval of emergency relay K14.
Should there be a[0ss of ol pressure or an excessive
drop in level, switch S4 will close and the emergency
time delay relay K14 will operate in approximately 15
seconds. When time delay relay K14 operates due to



low oil pressure, its normally closed contacts open

and break the circuit to the fuel solenoid K1. The fuel
and its plunger drop:

The control arm of the fusl Injaction P ang shuts

down the engine.

UNIT STOPPING

To stop the engine it is necessary to ground terminal
#2 through the load transfer control orto place start-
stop swilch S11 in the stop position. Grounding
terminal #2 or placing start-stop switch S11 in the
stop position causes a ground to be placed on the
supply side of the start-disconnect and fuel solenoid
relay K12. Relay K12 de-energizes, its contacts open
and break the circuit to the fuel solenoid K1 causing
engina shutdown. Resistor A1 i placed nthe ciraut
s0a short circuit

terminal 7 or 8 of the voltage regulator assembly.
Terminal 8 is positive and terminal 7 is negative.
Should no voltage be measured at these points, refer
0 the "YD" Generator Service Manual (900-0184).

The water-cooled units have a high water
temperature cutoff switch S2 in series with the fuel
solenoid K1. This switch can be checked by placinga
jumper across the terminals of the switch andclmmg
the start switch S11 to see if the solenoid energ

If there has been a low oil pressure cutout condition,
the red button on the emergency relay K14 will be
sticking out. One minute of “cool down” is required
before resetting (pushing in the button) the relay to
place it back in operation. A shorter time may resultin
the solder pot not fusing correctly and permitting the
button to be pushed out by the spring when the unit
vibrates,

battery charging circuit.

FAST TROUBLESHOOTING

If the ammeter does not indicate a charge, it usually
means the generator has not built up voltage. This
generator does not have an automatic field flash
circuit; and consequently, it is necessary to make a
field voltage measurement. This can be done across
terminals 3 and 4 at the end bell of the generator or at
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Shoul switch S1 ail to close or make
conucn the start-disconnect and fuel solenoid relay
K12 will de-energize as soon as the start switch S11is
released and then the unit will shutdown. This causes
a cycling condition on the generator set. The cen-
trifugal switch S1 can be checked by removing the
cover and holding the contacts closed manually after
the unit has started. Set the centrifugal disconnect
switch gap at approximately .020 inches (0.51 mm)

T proper wipe and contact pressure. Should the
centrifugal switch S1 fail to open on shutdown, it will
cause a battery discharge and burn out of the
emergency time delay relay (K14).
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“HA” AUTOMATIC LOAD DEMAND CONTROLS (SPEC D MODELS)

The HA automatic demand control provides
automatic starting of a generator set when a load
(lighting, motor, or other electrical device) is switch-
ed on. When the electrical load is removed, it

operate an Onan generator set as the only power
source, not as a standby unit during commercial
power outages. Therefore, if an AC load demand is
intermittent, the generator set does not need to run

continuously.
The HA automatc contrl s not crtied for
WARRING use in a gasoline fueled environment and

must be separated by a bulkhead or deck.

BASIC PRINCIPLES OF OPERATION
When the generator setisnot running, the DC starting
battery is connected across the line (in place of AC
voltage). When a load is connected across the line
(when a light is turned on for example), the small
amount of current flowing through the 120-volt bulb
(from the battery) operates a sensitive relay to the
generator set start circuit. When the generator set
starts and reaches full speed, another relay dis-
connects the battery from the line and connects the.
120-volt output of the generator set to the line (Ioad)

The generator set will continue o run if engine AC
current flows through the load from the generator set
In general, a 40-watt [0ad keeps a 120-volt generator
set running (100 watts for a 240-volt generator set)

The HA automatic demand control requires little
attention, but if difficulties arise, use the operation
description, service information, and troubleshooting
chart to diagnose and locate the trout

CONTROL COMPONENTS
AUTO-MANUAL SWITCH

For normal operation, keep the auto-manual switch in
the “AUTO" position. Whenever you do not want
automatic _starting or want o service the
generator set, set the switch at “MANUAL". In the
“MANUAL" position, the generator set will start only
from its start-stop switch or by hand cranking.

LINE CONTACTOR

The line contactor connects the generator AC output
1o the load after generator voltage builds up. It has
auxiliary contacts to disconnect the pilot and crank-
ing circuits after the generator set starts. Both the
contacts and coil of the contactor are replaceable.

Contacts on the contactor may require cleaning if
operated in extremely dusty or dirty environments. If
50, remove the plastic cover (Figure 5-17). Pull a

edium grade and weight paper (if a burnishing tool
isn't available) between the closed contacts.
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Silver contacts wil discolor with use but sil ops

Hiciently.

If the contact points become badly burned or pitted,
replace them as follows:

1. Remove plastic hood.

Remove spring and washer from each contact
guide post.

Lift contacts from guide post. Curved silver
contact surfaces face inward when replacing.
Take out stationary contacts by removing screws.
holding them to the plastic body.

©

— CONTAGTOR COVER

LOCKING PIN
MOUNTING PLATE

BASE PLATE

FIGURE 5-17. HA LINE CONTACTOR

CURRENT TRANSFORMER

The current t m AC

Load current through the transformer produces a
small AC output to the load sensor.

If the transformer is believed defective, check con-
tinuity between all three leads. Replace the coil if
continuity does not exist between il windings.

CRANKING LIMITER

The cranking limiter is a safety device to control the
maximum cranking time. If the engine will not start
after 45 to 90 seconds cranking, the breaker opens
removing battery voltage from the pilot circuit and
start-run relay.

The limiter can be tested by checking continuity of
the heater and checking for heating during a starting
cycle. To test circuit breaking, disconnect the
generator set remote start lead (terminal 3, remote)
and apply a load. The start-run relay should operate
immediately. After any start time delay and bilge
blower time delay (begin Spec D only), the cranking
limiter should heat. After 45 to 90 seconds, the limiter
should open.



TIME DELAY RELAY

The time delay is a thermostatic relay with a delay
between heater energization and contact pull-
Energized by the pilot circut, it starts preheat im-
mediately by grounding remote terminal H. After the
prescribed delay, the relay contacts close starting the
cranking cycle.

To test this relay, apply a load to the control and
watch contact operation. One contact should bend to
close the circuit with [

not close, check voltage at the heater terminals of the
relay socket and check continuity of the heater.

BILGE BLOWER TIME DELAY (SPEC D)

This solid state time delay relay is an in-line type and
delays starting of the generator set for about five

start-run relay contacts Aﬂenhenmaﬂslaypenud h
opens the bilge blower circuit by deer
iransistor, and 1 closes & crcultfor astar Time i
(if used) or for beginning of engine cranking.

Before testing the timer, always check the 6.25-
ampere fuse to see if it has blown. If the fuse is okay,
connect a DC voltmeter between B+ and time delay
terminal 3 on the terminal block. At theend of thetime
delay. the voltmeter should indicate battery voltage.
The DC voltmeter connected between B+ and time
delay terminal 2 should now read zero volts.

LOAD SENSOR

The load sensor amplifier rectifies and regulates the
AC voltage from the current transformer. Rectifiers
on the printed circuit board convert the AC voltage
into The capacitors and resistors filter and
regulate the voltage.

If the load sensor is believed to be the source of a
control

LINE CONTACTOR PULLS
INAT HIGHER VOLTAGE

LINE CONTACTOR
LS INAT
LOWER VOLTAGE

FIGURE 5-18. LINE CONTACTOR ADJUSTMENT

CIRCUIT DESCRIPTION

PILOT CIRCUIT

The pilot circuit initiates generator crank and start
when there is a demand for electric power (Figure 5~
19). It an AC load is connected to the generator set,
DC current from the B+ terminal flows through safety
breaker contacts K3, auto-manual switch S1 (in
AUTO position) rectifier AICR1, one-half the relay
coil ATK1, fuse ATF1, contact K2, and the AC load to
common ground and battery to energize the start-
stop relay ATK1

procedures for checking components.

LINE CONTACTOR PULL-IN VOLTAGE
ADJUSTMENT

An adjustable resistor in series with the line contrac-
tor coil adjusts the contractor pull-in voltage
(Figure 5-18).This is factory adjusted to pull in when
the generator voltage reaches 10210 108 volts (204 to
216 volts on 240-volt models). Do not adjust this
resistor unless the line contactor will not pull in when
the generator set starts or if it pulls in at 100 low a
voltage causing the generator set to start and stop
repeatedly.
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FIGURE 5-19. PILOT CIRCUIT



BILGE BLOWER

When start-stop relay A1K1 energizes to close its
normally-open contacts ATK1 (3-2), it completes a
circuit from transistor A2Q1, resistor A2R1, normally-
closed contacts A2K1 through the ATK1 contacts,
auto-manual switch S1 to ground. Transistor A2Q1
turns onto conduct B+ through F 1, A2Q1 to terminal 5
for operation of the bilge blower (Figure 5-20).

Contacts ATK1 (3-2) also connect a ground to the
bilge blower control relay A2K1 and relay K5. Relay
K5 begins a five-minute delay while the bilge blower
operates to evacuate explosive vapors from the bilge.

FIGURE 5-20. ENERGIZATION OF BILGE BLOWER CIRCUIT

CRANKING CIRCUIT

Atthe end of the five-minute delay, bilge blower relay
A2K1 opens its normally-closed A2K1 contacts (30-
87A) to remove battery ground from transistor A2Q1

Transistor A2Q1 tums off removing B+ from terminal
5 for the bilge blower operation. Relay A2K1 also
closes its normally open contacts A2K1 (30-87) to
connect battery ground through K2 contacts (5-4) to
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terminal 3. Terminal 3 connects to the generator set
start circuit

DC current from B+ terminal flows through cranking
limiter K3, resistor R2, normally-closed K2 contacts,
A2K1 contacts (30-87), ATK1 contacts (3-2) and auto-
manual switch $1 to' ground (Figure 5-21). If the
generator set does not start within 45 to 90 seconds,
the heat produced by the element in the cranking
limiter causes relay K3 contacts (2-3) to open the
circuit to start-stop relay A1K1. Relay A1K1 is de-
energized to open its normally-open contacts which
removes battery ground from start terminal 3. Wait at
least one minute before resetting the breaker. This
time allows the material in the breaker to solidify and
hold the contacts closed so cranking can resume.

Ho

FIGURE 5-21. CRANKING LIMITER

GENERATOR RUN CIRCUIT

When the engine starts and the generator AC voltage
builds up to approximately 210 volts on 240-volt units,
line contactor K2 is energized (Figure 5-22). Resistor
R1 adjusts the line contactor pick-up voltage.



FIGURE 5-22. GENERATOR RUN CIRCUIT

POWER CIRCUIT

When the contactor K2 energizes, the pilot circuit
interlock contacts open just before the power con-
tacts close (Figure 5-23). The closed K2 contacts
open to break the grounding circuit from control
terminal 3. The circuit to the coil of AK1 opens and
prevents application of generator voltage o the low
voltage control circuit

Load current passes through the primary of the
current transformer CT1 to induce a voltage i the
lranstormer sscondary. Current and voltage rom the
CT1 secondary tu A1Q1. Current
flows from B+ through normally eiosed K contacts,
auto-manual switch $1, rectifier A1

the generator set stopping circuit. The control
grounds the ignition to stop the generator set. When
the generator set shuts down, the K2 contacts return
1o their original positions.

Bo

FIGURE 5-23. POWER CIRCUIT

start-stop relay and the transistor to ground. The
relay A1K1 remains energize long as a load is
connected keeping normally-closed A1K1 contacts
open to prevent generator set shutdown.

STOP CIRCUIT
When the AC load is removed, there flow

through transformer CT1 and_transistor A1Q1
switches off. The start-stop relay A1K1 is de-
energized and its contacts return to their original
positions. Normally-open ATK1 contacts open and
normally-closed ATK1 contacts close to connect
terminal 2 through the auto-manual switch S1 to
ground (Figure 5-24). Terminal 2 is an extension of
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FIGURE 5-24. STOP CIRCUIT



TROUBLESHOOTING CHART (Spec D Only)

TROUBLE

REMEDY

Bilge blower does not
operate when load is
connected

3

1. Check switch positions. Auto-manual switch should be
at "AUTO", elec-start switch at "ELEC START."

2. Battery terminals may be incorrect. Should have

negative ground only.

Check 6.25-ampere fuse. If opdny chisck forshott

circuit. Remedy and replace fus

Check fuse on load sensor pnnled circuit board

and replace if open. Make sure incoming wires from

generator aren't connected to the load side of the

contactor.

5. With a hydrometer, check battery speciic gravity.
Check battery voltage at control B+ terminal

6. Check load circuits. Disconnect load wires from
control and substitute another load (such as a
100-watt lamp.) If generator set starts with this
10ad, check for problem in load circuits.

©

»

7. Jumper a wire from terminal TB1-B+ to terminal
TB1-5. I bilge blower does not operate, problem is in
bilge blower or its circuitry.

Bilge blower operates: Check for battery voltage
between B+ and relay A2K1 terminal 30. If battery
voltage is absent, see Printed Circuit Boards Tests
(Spec C and D).

. For 120/240-volt HA controls, jumper K1 terminals
6and 7. For other HA controls, jumper relay
ATK1 terminal 2 to 3. If bilge blower
operates, replace K1 or ATK1 relay,
whichever applies. Remove jumper wire.

. Jumper terminal 87A of relay A2K1 1o a good ground
If the bilge blower operates, check relay A2K1
and replace if necessary.

Check power transistor A2Q1 and replace if
necessary (see Figure 5-25).
a. Unsolder the wire and resistor connections to A2Q1

Do not take 50 much time to unsolder that

you damage A2Q1 with heat

With an ohmmeter or multitester, check the resistance

readings between B, C, and E. Use the metal

bracket or A2Q1 mounting hardware for C

connection during the tests. B is the top transistor

pin, and E is the bottom pin

Between B and C: infinity in one direction, about

11 ohms with the ohmmeter leads reversed.

Between B and E: infinity in one direction

about 11 ohms when you reverse the ohmmeter leads.

Between C and E: infinity in both directions.

®

©

o

o

a

®

ing operation
s 5, you should get a low resistance reading in
infinty when reversing the ohmmeter leads.
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TROUBLESHOOTING CHART (Cont.)

TROUBLE

REMEDY

Automatic demand control
will not n-n generator
set with loa

1 Check swl(ch positions. Auto-manual switch should be
at "AUTO,” elec-start switch at “ELEC START."

2. Check battery terminals. Must be connected negative
ground.

. Check cranking limiter. If tripped, push reset
button after waiting one minute. Before restarting,
check for cause.
Check 6.25-ampere fuse. If open, check for short circuit.
circuit. Remedy and replace fuse.
Check fuse on load sensor printed circuit board and
replace if open. Before restarting, make sure incoming
wires from generator aren't connected to the load
side of the contactor.

6. With a hydrometer, check battery SoRclc graiy
Check battery voltage at control B+ te
Check load circuits. Disconnect load wires from control
and substitute another load (such as a 100-watt
lamp). If generator set starts with this
load, check for problem in load circuits.

. Check if bilge blower is operating. If it is, wait
until the end of the bilge blower operation to see
if unit start.

m

set, see Bilge Blower Does Not Operate When Load is Con-
nected.

©

. Check generator set operation without automatic demand
rol. Disconnect demand control from generator set.

Sear generator set with start-stop switch on set
controls. It set doesn't operate properly, reconnect
demand control and refer to the generator set operator's
manual or service manual
Jumper A2K1 terminal 30 to TB1-3, then remove
jumper. Remove quickly if unit starts,

3

resulting in fire and explosion.

. If HA has a start time delay relay, note if
the contact has bent to close the circuit with
the time delay. If you are not sure, repeat Step 10
again and note the start time delay contact. Replace
if necessary.

. Remove the load, stop the generator set, and
disconnect battery ground cable. With an ohmmeter,
check for continuity across contactor K2
contacts C-NC for the 120/240 volt HA controls,
across contactor K2 contacts 4-5 for the other HA controls.

. Replace the bilge blower time delay A2K1

o

o
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Betore performing this test, make sure the bilge blower has
operated. Otherwise, any gas accumulations could lgnite




TROUBLESHOOTING CHART (Cont.)

TROUBLE

Generator set starts
but does not assume
load

Generator set starts
but stops when line
contactor pulls in

Generator set wi
not stop when load
is removed

REMEDY

1. Check generator output voltage Sas generalor
set operator's man

2. Check the automatic control contactor coil
If malfunctioning, see Line Contactor Pull-in
Adjustment under CONTROL COMPONENTS.

3. Check pull-in voltage and change setting (if
necessary) of adjustable resistor for contactor
pull-in. See Line Contactor Pull-in Adjustment
under control components.

1. Move auto-manual switch to "MANUAL" position.
Connect a jumper from terminal 6 to terminal 1
Move auto-manual switch to “AUTO" position. Generator
set should start and run.

2. Apply a load and remove jumper while generator set
is running with switch at "AUTO". If generator set
stops, remove printed circuit board from control

3. See Printed Circuit Board Tests.

1. Pull auto-manual switch in "MANUAL" position
and stop generator set with start-stop switch on engine
control

2. Remove the lead from the load side of the contactor
in the demand control

3. Move the auto-manual switch to “AUTO."

It engine cranks, proceed to Step 5. If engine doesn't

crank, put auto-manual switch to “MANUAL" position

Start engine with engine start-stop switch.

Move auto-manual switch to “AUTO" position

and generator set should stop. This indicates

there was sufficient load to keep the

control energized. Check load circuit for loads.

5. See Printed Circuit Board Tests.

-

FIGURE 5:25. LOCATION OF TRANSISTOR A201
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PRINTED CIRCUIT BOARD TESTS (SPEC C AND D)

300-0740 AND 300-0743 Printed Circuit
Boards

Remove the printed circuit board from the control.
Check components with an ohmmeter set at R X 100
scale except where noted. Always recheck zero

8 Using the RX 1 scale, heck
Resistance should be 33 of

9. 300-0743 Board Only: Resmance of resistor RS
(by start-run relay) and R6 (below fuse) should be
approximately 1500 and 160 ohms respectively.

resistor R3.

setting when changing scale settings.

The volt-ohm-milliameter used must have
batteries of 3 volls or less or diodes on the.

printed circult board can be damaged during the

With the printed circuit board positioned as shown in

Figure 5-26, start !

he tests on the left. All readings

given are approximate.

1

Condenser C1 and resistor R1 have a resistance
of approximately 10,000 ohms in one direction
1100 ohms in the other direction
Rectifiers CR2 and CR3 normally have resistance
of 15,000 ohms in one direction and 750 ohms in
the other direction.
Check transistor Q1 (three-lead component) like
a rectifier. Check resistance in one direction,
reverse leads and check resistance in that direc-
tion. B to C-750 ohms, infinity; B to E -750 ohms,
11,000 ohms; C to E - 700 ohms, infinity.
Resistors R2 and R4 should have resistances of
200 ohms and 47 ohms respectively. Use R X 1
scale for R
Rectifiers CR4 and CRS should have a resistance
of 600 ohms in one direction, infinity in the other

printed circult boa

300-0741 Printed Circuit Board
Remove the printed circuit board from the control.
Check components with an ohmmeter set at R X 100
scale except where noted. Always recheck zero
setting when changing scale settings.

The volt-ohm-miliameter used must
batteries of 3 volts or less or diodes on the
‘can be damaged during the tests.

With the printed circuit board positioned as shown in
Figure 5-27, start the tests on the left. All readings
given are approximate.

1. Condenser C1 and resistor R1 have a resistance

of approximately 2100 ohms in one direction and

900 ohms in the other direction.

Rectiflers CR2 and CR3 normalty have resistance

ohms in one direction and 650 ohms in

e ot directior

3. Check transistor 01 (three-lead component) like
a rectifier. Check resistance in one direction,
reverse leads and check resistance in that direc-
tion. B to C - 700 ohms, infinity; Bto E-750 ohms,
2100 ohms; C to E - 700 ohms, infinity.

Shictin, 4. Resistors R2 and R4 should have resistances of
and 47 ohms ectively. Use R X 1

6. Resistance of Zener diode CR6 should be Scaletor A, meshsopectivel.
dlighms in-one direction, infinity in the other 5. Rectifiers CR4 and CRS should have a resistance

Rectifier CR1_normally has 600 ohms in one
direction, infinity in the other direction

00 ohms in one direction, infinity in the other
direction.

ZeneR DioDE

ConpeNseR

TRANSISTOR

“RECTIFIERS
#For 300-0743 ONLY

FIGURE 5-26. 300-0740 AND 300-0743 PRINTED CIRCUIT BOARDS.



ZENER DIODE

TRANSISTOR Y

“RECTIFIERS

FIGURE 5-27. PRINTED CIRCUIT BOARD.

o

Resistance of Zener diode CR6 should be
700 ohms in one direction, infinity in the other.

Rectifier CR1_normally has 600 ohms in one
direction, infinity in the other direction.

Using the RX 1 scale, check resistor R3
Resistance should be 55 ohms.

300-0747 Printed Circuit Board
Remove the printed circuit board from the control.
Check components with an ohmmeter setat R X 100
scale except where noted. Always recheck zero
setting when changing scale settings.

~

®

The volt-ohm-milliameter used must have
batteries of 3 volts o less or diodes on the
can be damaged during the tes

printed circult

With the printed circuit board positioned as shown in
Figure 5-28, start the tests on the left. All readings
given are approximate.

1. Condenser C1 and resistor R1 have a resistance
of approximately 2100 ohms in one direction and
900 ohms in the other direction

2. Rectifiers CR2 and CR3 normally have resistance
3700 ohms in one direction and 600 ohms in
the other direction.
Check transistor Q1 (three-lead component) like
a rectifier. Check resistance in one direction,
reverse leads and check resistance in that direc-
tion. B 10 C- 700 ohms, infinity; B to E -700 ohms,
2300 ohms; C to E - 900 ohms, infinity.
Resistors R2 and R4 should have resistances of
200 ohms and 47 ohms respectively. Use R
scale for R4,
Rectifiers CR4 and CRS should have a resistance
of 600 ohms in one direction, infinity in the other
direction
Resistance of Zener diode CR6 should be 600
ohms in one direction, infinity in the other.
Resistance of resistors R6, RS, and R3 should be
200, 100, and 200 ohms respectively.
8. Rectifier CR1 normally has 600 ohms in one
direction, infinity in the other direction.

©

IS

o

CONDENSER

TRANSISTOR
“RECTIFIERS

Zenen bioDE

FIGURE 5-28. 300-0747 PRINTED CIRCUIT BOARD
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FIGURE 5-25. AUTOMATIC LOAD DEMAND CONTROL SYSTEM
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SHORELINE CONTROLS

Onan LT series line transfer controls are designed to
be used with remote starting electric generatng sets
installed for standby service. In standby service,
generating sets operate when the primary source of
electric power fails o when itis desired for any other
reason 1o have the generating set carry the load. The
primary power source may be either a commercial
power line or another generating set.

The line transfer control, standby set, and primary
source should  all the same _electrical
characteristics - voltage, frequency, phase, and
number of wires.

Listed on the nameplate is the maximum electrical
load the line transfer can safely carry. Be sure the
maximum current requirements of the electrical cir-
cuit never exceed the nameplate rating of the line
transfer control, even if aset with a smaller capacity is
used

In operation, the line transfer control connects the
electrical load lines to the primary source of power.
powerfails or the
line transfer automatically disconnects
rimary power, starts the standby set, and connects
the standby set to the Ioad lines. When primary power
is restored, the line transfer control automatically
disconnects and stops the standby set and
reconnects primary power to the load lines.

48

For simplicity, the line contactor contacts shall be
called line contacts, and the generator contactor
Contacts shall be called generator contacts.

This explanation is comprised of two sections cover-
ing controls with electrically held contactors and
controls with mechanically held contactors.

LT controls rated at 30amps (also LT60-21) and less
have electrically held contactors. During operation

y power,
the contactor coil. They remain closed as long as the
coil is energized.

LT controls rated at 60amps (except LT60-21) and
greater have mechanically held contactors. During
operation on primary power, the line contacts are
held closed by a mechanical latch. The contactor coil
is de-energized after the contacts close.

Refer to control Service Bulletin #9and #18and T-011
Technical Bulletin,

All LT type controls have an electrical interlock
between the two contactors to prevent both of them
from closing at the same time.



AUTOMATIC TRANSFER SWITCH

These are single coil transfer switches enclosed in
NEMA #1 cabinets and provide automatic switching
of AC electrical loads from the vessel's electric
generating set to the shoreline utility power. The
transfer switch's magnetic _reversing action
automatically switches the vessel’s electrical load to
SHORELINE, utility power when you connect the
vessel's shore power electric line into a shoreline
receptacle. If shoreline power is disconnected or
disrupted in any way, the transfer switch normally
closed on shoreline power, automatically reconnects

MANUAL ROTORY SWITCH

OPERATION — This manual transfer switch is in-
tended for switching from line voltage (shore power)
to generator set voltage (generating set). With this
switch it is possible to change from line voltage to
generator voltage with only a small power interrup-
tion. Push in on switch handle to go from “OFF"” to
Onan Power or Shore Power. It is recommended that
the generator is started and allowed to warm-up afew
minutes before switching to generator voitage. The
generator may be allowed o run with the switch set
for line voltage (shorepower). In either OFF position.
the load system has no power applied unless from
another source

These switches are manually operated, with four
positions, (2 “OFF") and are rated at 60 amperes.
hey are intended for use as a transfer switch from
commercial line power (shore power) to generating
set power.

the load to the vessel's electric generating set. If
generating set is equipped with either a Control-O-
Matic or an HA automatic control. it will start up
automatically if load exists. Other sets must be started
by start switch manually. Under no condition can
power be supplied at the same time from both
sources

FIGURE 5-30. TYPICAL AUTOMATIC SHORELINE TRANSFER
swiTcH

ONAN GENERATOR
CONNECTIONS

SHORE POWER
CONNECTIONS

NOTE 3WIRE SWITCH (308-0270) SHOWN. TERMINALS 9-12
JSED FOR 2. WIRE (308-0269) SWITCHES.

LOAD CONNECTIONS

BUILT-IN JUMPERS BETWEEN
2AND 4

6AND 8
10 AND 12

FIGURE 5:31. TYPICAL LOAD TRANSFER SWITCH DIAGRAM
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SUMMARY

s sort of a nerve center for controlling and syn-
cronizing all the individual operations and functions
of the marine generating set. Depending on the
particular_unit involved; its installation, and the
demand placed upon the set by the vessels load; the
control functions to see that all systems and circuits
generator set. This is to supply power on demand
whenever and where ever its needed. The starting,
ignition, running, st

specification letter of the unit being repaired. This is
also important when ordering any parts.

When the electric generating set is correctly serviced
and maintained, it provides many hours of safe and
efficient_operation. Service and maintenance in-
cludes following the proper adjustment and testing
procedures and as a routine part of the schedule
every time when preparing to leave the pier.

* Check the marine generating set
for a safe and proper installation.

functions of the unit are all controlled by the sets
control system. The summalic demand and load
transfer sy
control to make the overall system more completely
automatic from start to stop. In this respect the
control system might be called the brain of the
generator set. With the aid of the information con-
tained in this section; the service personnel should be
able to thoroughly troubleshoot and repair any Onan
control 'system quickly and _efficiently.

sonnel in troubleshooting a specific section of the
overall generating set. The Onan Master Service
Manual (#922-0500) and many other Service and
Technical Bulletins deal specifically with individual
areas of all Onan generator sets in detail. When in
doubt always consult the regular Operator's Manual
for the particular model being repaired. Remember
100 that when consulting the factory for assistance in
Troubleshooting of any Onan unit, always give the
complete model number, serial number and
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 Besure all are clean and tight.
* Check service items such as:

- Oil in crankcase

- Clean flame arrestor/air cleaner

- Battery properly connected

+ Fuel lines tight

+ Rated voltage being produced

+ Water pump operation

+ Governor set for correct RPM

« Al spilled gasoline or oily rags removed

« Bilge blower working properly

- Check fuel suppl;

« Inspect axhaet system

+ Have an approved, fully charged
fire extinguisher located close by.

With a minimum of preventive maintenance your
Onan unit will provide its owner with many happy
hours of trouble free cruising and safe happy boating
Remember Onan builds power afloat for any size
vessel. Power on Demand for the Good Things in Life.
Performance certified.




REFERENCE PUBLICATIONS

The Onan Technical Publications listed on this from the Onan Offi
Department. The information contained in these various Tranise and bulletins will serve to supplement the
various sections of the training manual in more detail for each subject and section of the manual. The listing is

grouped into five main catagories.

TECHNICAL BULLETINS
T-011
T-021

SERVICE BULLETINS
Eng. 21
Eng. 22
Eng. 24
Eng. 32
Eng. 34
Eng. 45
Eng. 56
Eng. 57
Gen. 18

OPERATOR MANUALS
927-0121
968-0123
968-0122
968-0120
968-0121

PARTS CATALOG
927-0221
968-0223
968-0222
968-0220
968-0221

OTHER ONAN BOOKS
922-0500
900-0184
900-0019

TITLE
Load Transfer Controls
Onan Marine Generator Set Installation

TITLE

Onan Gasoline Engine Maintenance Chart

Onan Diesel Engine Service Chart

Crankcase Oil Recommendations for Onan Built Engines
Air Cleaner Maintenance

Timing Button Selection J-Series Diesel

Storage of Marine Generator Sets

Out of Service Protection Gasoline Engine

Out of Service Protection Diesel Engines
Reconditioning Water Damaged Electric Generator Sets
Care of Batteries

TITLE
MCCK Operator Manual
MDJA Operator Manual
MDJC Operator Manual
MDJE Operator Manual
MDJF Operator Manual

TITLE
MCCK Parts Catalog
MDJA Parts Catalog
MDJC Parts Catalog
MDJE Parts Catalog
MDJF Parts Catalog

TITLE

Onan Master Service Manual
YD Generator Service Manual
Onan Tool Catalog
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