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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, or the equipment itself.

Onan uses this symbol

throughout the text to warn of
possible injury or death.

This symbol is used to warn of
possible equipment damage.

Before operating the generator set, read the
operator's manual and become familiar with it and
your unit. Safe and efficient operation can be achiev-
ed only if the unit is properly operated and main-
tained. Many accidents are caused by failure to follow
simple and fundamental rules or precautions.

® Do not fill 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 expe! toxic gas fumes and fuel
vapors from the engine compartment. Be sure
propulsion and generator engine exhaust
systems are free of leaks.

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

Coolants under pressure have boiling points over
212 F (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 beit guards or covers with the
unit running.

Keep hands and loose clothing away from moving
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 resultingin
dangerous operating conditions . . . from leaking
fuel, leaking exhaust fumes, etc.

Before performing any maintenance on the set,
disconnect its batteries to prevent accidental
starting. Disconnect the ground lead first. Do not
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 extinguisher available in or near the
enging compartment and in other areas
throughout the vessel. Use the correct ex-
tinguisher for the area. For most types of fires, an
extinguisher rated ABC by the NFPA is 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

Eviry Onan marine model is designed, built and
tested specifically for marine service, Many foatures
such as radio supprassion, full-pressure lubrication,
hard faeced valves and seats, fow oil pressureand high
witer temperature cut-out switches, drip pans, vibra-
tign dampeners, neaprene impellar watar pumps to
name & few are standard.

All features, necessary 1o provide dependable day—ip,
day-qut efectric powsr aboard your vessel are built
into every Onan marine unik.

Stancard models are available in 1, 2, or 4 cylinder
gascline ar diezel engines in sizes up to 50 kKW, There
are Ihree main types of cooling systems available
Direct water cacling, heat exchanger coofing using
two separate water systems, and keel cooling using a
closed water systam.

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

1. To afd the ingtrugtion in teaching thiz material.
2. A means of self instruction for student sarning,

3. A dual purpose guide to be used with available
slides to assigt the instructor and as a fulure
reference for the student to use when necessary.

The purpose of this training manual in covering
maring service st give the student a general over-all

knowledge ot all aspects of service and 1o enable the
sardce personnal to become proficient inmany areaz
of marine sarvice such as:

Installation

Theory of Operation
Adjustments

Preventive Maintenance
Troubleshooling
Controls

Rules and Redulaticns

" # & & & 4 @

For alt Onan olectric generating $ets, engine end
the frort, generatar end i3 the rear. Right and feft
sides are determired by facing the st from the engine
{fromnt) end.

The following pages contain a general description by
madel of the size and features of the various units
coverad in this manual. Reference is made
throughouwt the manual to varous other Cnan
publications which deal specifically with one area of
thiz manual in detail and will serve ta aupplement the
information contained in this manual,

All metric dimensions are given in parentheses
following the LIS customary unit.

Alf intormeation, Mustrafions and specifications con-
tarned in this manual arg based on the latest product
information available ai the time of pubfication. Oran
reserves Ifte cight {0 make changas al 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 ENGINE

NUMBER vOLTS | AMPS | kW | KVA and PF | PHASE | WIRE | HERTZ | RPM | STARTING
4.0MCCK-3CR* | 120/240 | 33/17 | 4 | 40at1.0PF 1 4 60 | 1800 | Remote
6.5MCCK-3CR* | 120/240 | 54/27 | 65 | 6.5at 1.0 PF 1 4 60 | 1800 | Remote

" - These models are connected 120-240-voit, 3-wire and are reconnectible to deliver rated output
at 120-volt, 2-wire or 240-volt, 2-wire.



MARINE SERIES 3.0MDJA - 3,000 WATTS

The 3.0MDJA is a 4-cycle, single cylinder, vertical
design. water cogled 1800 rpm gensratos set. The 4-
pole, self excited revalving armature generator is
inherently regulated, and is a starting motor for the
engine. The illustration is a unit with optional heat
axchanger 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 vouts | amps | kw [ pHasE | wime [ HERTZ | START _
3OMDJAIR | 120 IE - T e - 60 | 12volt
3.0MDJA-3CR* 1200240 | 125 3 | 1 4 B0 12-volt

“Aeconneslibla o debiver raled cutput at 170-wolt, 2-wing, 240-yoll 2-wire or 1200 240-valt, 3-wire,



MARINE SERIES 6.0 and 7.5 kW MDJE

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 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

MODEL GENERAL MARINE RATING REMOTE

NUMBER VOLTS | AMPS | KW | KVAand PF | PHASE | WIRE | HERTZ! START
6.0MDJE-53CR* | 120/240 | 50/25 | 6.0 | 6.0at 1.0PF 1 4 50 12-volt
6.0MDJE-518R** — — 6.0 | 7.5at0.8PF 3 4 50 12-volt
7.5MDJE-3CR* | 120/240 | 64/32 | 75 | 7.5at1.0PF 1 4 60 12-volt
7.5MDJE-18R"** — . 75 | 9.37 at 0.8PF 3 4 60 12-volt

* - These 120/240-volt models are reconnectible to deliver full rated output at 120-volt, 2-wire ar 240-volt, 2-wire.
7T - Thisis a 12 lead, broad range reconnectible alternator which user connects for required voltage and amperage.
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MARINE SERIES 12.0 MDJC and 15.0 MDJF

This series is a d4-cycle, four gylinder, overhead valve,
veertical in-line dosign, water cooled 1800 rpm engine,
driving a revolving field gengrator. The new models
are salid state valtage reguiated. Glder models are
Magneciter {static) excited.

This model cannot be operated in a gasoline environ-
meant unless installed per USCGE regulation 183,410,

MODEL SELECTION AND RATING TABLE

MODEL GENERAL MARINE RATING | REMOTE
__NUMBER VOLTS | AMP | KW | KVAand PF | PHASE | WIRE | HERTZ | START
FZOMDJF-53CR | 12002407 | 10050 | 12 12.0 at 1.0PF 1 4 501 12volt |
12ZOMDIG-3CR | 12072400 | 100/50 | 12 | 120at10PF | 1 4 50 12-valt
15.0MDJF-3CR | 120/240° [125/625 | 15 | 150at1.0PF | 1 4 50 12-voll
15.0MNJF-3CRA | 120/240° | 100/50 | 15 | 45.0 at 1.0PF | 1 4 B0 12-valt |

Hikse 1200240-v0l models ara reconnectible 1o deliver full rated outped at 120 vol, 2.vare or 240-vall, 2-wira.
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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 Boat and Yacht Council have establish-
ed safety standards which you should always foilow.
All 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
years 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
get required for the vessel, total the wattage of all the
equipment and appliances which will be operated at
the zame time. Usually the wattage 15 available on the
nameplates of the equipment and appliances. If the
amperage is given, multiply the amperags by the
voltage to get the wattage. If the wattage oramperage
is not given on your appliances, use the watt loads
shown below for astimating purposes,

The electric ganerating set ssiected must be capable
of supplying maximum load during starting for each
motor and continuous [oad when motors arerunning.
Maotor, incandescent lamps and many other loads
reguire several times full load current {inrush current}
under starting conditions. If the motor loads are large,
voltage dip may cause lights to dim or relays to
chatier because of the starting 1oad of some motors.
When detormining the size of the unit, consider the
fuct that electricity uzage has doubled approximately
every ten years. Consideration should be given to
future elactrical requirements necessary becauss of
additional eguipment being added to the vessel
Characteristics of conductors, effects of woltage
drops. normal ampere ratings of the generating set
and correct wire sizes are factors 1o be considerad for
almast all installations.

CIRCUIT BREAKERS: Onan recommends that fuses
of circdit breakers be installed to protect the
generatar windings in case of an averload dus 1o
unhalancead loads or & short circuit in one of the load
cirguits, The 4.0 kW and &5 kW MCCK models are
self limiting and do not require extra circuit protec-
tion.

BALAMCE ALL LOADS: Divide the foads you intend
to aperate at onetime egually between the genaerator
autput leads. The current loads for any one output
lead must not exceed the nameplate rating.
Cverloading either output lead can damage the
generator windings. Even though the generator out-
puts are affacted, the engine has enough reserve
power 50 it will not be sensitive to unbalanced loads.

It may be easier to understand why generator load
circuits must be balancsd if you think of & genarator
as having two legs (windings). Heavily lpading one
leqg of the generator may result in higher than normal
yoltage outputs from the lighter-loaded leg as the
generator attempts to offset the unbalanced loads.

MOTOR LOADS

hWotors and molor driven applicances require up to
fro times more wattage while starting than whilp
running. When figuring totaf watt regquirements for
motors, take five limeas the running watt rating of the
largest métor and add the running weltt ratings of sl
Ihe smaller motors. This general listing applies 1o
capacitor-start motors,

Motar Size Starting Hunning

176 horsepower. .o e e 900 watts 200 watls
174 horsopower. ... . ... 1300 watts 300 watts
173 hOrSePoOwWeT e a 1500 watts 360 watts
172 horsepower. . ... ... 2200 watts 520 watts
3/ horsepower.. ... 2400 watts 75 walts
1 hersepowear. . oo 4030 watts  TO00 watts

Repeddsion-inducion motors reguire less staring wat-
tage than capacitor-start motors, splil-phase molors
recuirg maore starting wattage than capacitor start
mators,

Liniversal molars run satisfactorily on AC or DG

APPLIANCE AND EQUIPMENT LOADS

Alr Conditiomer o . .., See Motor Loads
Battery Chargers {Rectifier) .. ... .. Up to BO0watts
Blankets [electric) ... ... _... .. 50 to 200 watts
Coffee makers. . o o e e 550 to FOO watts
Eloctricdrill ..o See Motor Loads
Electiic Range

{Per Element) ... ... ..__._.. 550 to 1500 waltts
Fams o e e e e 25 to 75 watts
Fropan .. ... oo, .. 1000 b 1350 watts
Heater (space) ..o, 1000 to 1500 watts
Hot plate (par element) ... ... 350 1o 1000 walls
bro (olectric) oo oo, 500 to 1200 watts
Lights (AC) ... oai ot as marked
Relrigerator ..o L. ... .. ... ... Sce Motor Loads
Trlevision . ... e iaie e 200 to 300 watts
Toaster ... ... ... 200 to 1150 watts
Vasum Sledner oo e nns See Motor Loads
Walfle iron oL . o G50 1o 1200 walts
Weler heator ... oo 1000 1o 1500 watts
Eloctronic aven.. . o.aae e 7H0 to 1500 watls



MOUNTING

Onan marine electric generating sets are supplied
with vibration isolator mounts and on some models, a
drip pan. A mounting base mustbe prepared to mount
the unitto engine stringers or other strong supportsin
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.
Tabie 1-1 gives maximum operating angle of Onan
marine units,

TABLE 1-1. MAXIMUM OPERATION ANGLE
OF ONAN MARINE UNITS

UNIT LOCATION

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

U.8.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 operatein agasolinefuel
environment.

Most propulsion engine compartments are already

WASHER

BOND STRAP

/16" (1.6 mm)
CLEARANGCE
% FLAT WASHER
=

SNUBBER

MOUNTING FOOT
CAP SCREW
CUSHION

=

‘Em :_—— MOUNTING SPACER
\ -+—— DRIP PAN

ventilated, and have access to the fuel supply. Keep
ELECTRIC GENERATING MAXIMUM OPERATION ’ 7
SET ANGLE (ANY DIRECTION) the generator set away from tiving quarters, and away
~ from bilge splash and vapors. Select a location that
MCCK, MDJA, MDJE 20 will allow adequate space on all sides for servicing the
MDJC, MDJF 300 Set_
LOCK WASHER SHAKEPROOF

CAP SCREW 5
LOCK WASHER -
FLAT WASHER ]
UBBER \\
SN | N

OIL BASE /
MOUNTING FOOT ™" A
GUSHION /__4
MOUNTING SPACER __,t:/ g \_'
DRIP PAN —+ / 3

FIGURE 1-1. VIBRATION ISQLATORS




VENTILATION REQUIREMENTS

Electric generating sets must have free air circulation
while operating to provide combustion air for the
enging and cooling air for the generator. Table 1-3
lists minrimum air roquirements for Onan marine

should be sufficient to prevent recirculation of

genaraler codling air,

TAELE 1-2. PASSENGER YESSEL

VENTILATION REQUIREMENTS

Units SIZE OF MINUTES PER
: COMPARTMENT AlR
If the generator set fuel tankis in a separate compart- IN EU. FT. {m%) L. CHANGE
ment, it should be ventilated the same as the engine Less than 500 [14) 2
compartment. For passenger vessels, the Coasl S00 to mrﬂﬂ i 14 to 28) 3
Guard recommends a powered exhausting system to m[i%é% 1 :gf;ﬁg E‘ 42} g
meat requirements as shown in Table 1-2, The airflow =1 w2
TABLE 1-3. AIR REQUIREMENTS CUBIC FEET PER MINUTE {m?)
[ GENERATOR GENERATOR COOLING AIR | COMBUSTION AIR T
SET . 1800 RPM 1800 RPM TOTAL
3.0MDJA TR (2.1} 16 (0.5) a1 (2.8}
7.5MDJE 133 {3.8) A 167 (471
12.0MDJC, 15.0MDJF 125 (35) B4(18) 189 (54)
| 4.0, 6.5MCCK 120 43.4) 32 (0.9 14y
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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.

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

. The exhaust line must be installed so as to prevent

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.

. The generator set's exhaust system must not be

combined with the exhaust system of any other
engine.

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

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,

AL Use extreme care during exhaust system

| wniumcs"i \ :
installation to ensure a tight exhaust system.

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 1-4),

Most installations today use flexibie rubber hose for
the water cooled section of the exhaustline 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 to keep vibration
from transmitting to the hull. Two hose clamps having
minimum width of 1/2 inch (12.7 mm) should be used
at each end of hose. See Figures 1-2 and 1-3.

PIPE HANGER
» SIPHON BREAK
_ IPH
—F 1N
/ ’ — R EXHAUST HIGH
Y TEMPERATURE CUT-OFF EXHAUST WATER
— SWITCH INJECTION
1 FT. (305 mm) MIN. L a
v,
LOAD J,!-. GENERATOR SET
WATER LINE VENTILATED “' /
BATTERY BOX i
MARINE RUBBER -
EXHAUST HOSE
AFT. (1.2 m
MA(X ! ot -
() DRIP PAN
=
3 i (i) - . i .
‘ , P, R TO S5EA WATER PUMP
= S0 N
e B o
S WATER FILTER
ALLOW 3/8" (9.5 mm) CLEARANCE AT NN,
FOR AIR CIRCULATION &

BENEATH MUFFLER TG
PREVENT CONDENSATION

AQUALIFT
MARINE MUFFLER

SEA WATER LINE

\\

SEA COCK

FIGURE 1-2. TYPICAL SMALL UNIT EXHAUST SYSTEM
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TABLE 1-4. ELECTRIC GENERATING S5ET

EXHAUST OUTLET SIZES

| ) i 1]

I waARNING Den'l use? LT mamruld. as a muffler suppert
beceuse it puts excessive strakn on the con-

necling exhaust [Ine 8nd can cause it to break allpwing polsanous

exhaust fumes lo escape.

B+ =
I ol
™y 1
ol3
H-T H-T T H-T
ST 2 EWITCH MOJE fgwirgn MECK (PRIOA SWITCH FACCH,
(Y] MIT A rT MOJE, MOJF (T2 TO SFEC F)

STOR
SUH FRDI

EIH.?SJ.I.IZS; ?NUTLET To help hregk yp the momenlum of backwashing water [n the
— LNIT M_GDEL {IN.} gxhaust lines before the waler backflows to the 2ngind, the muffier
| MGOK Thro SPOS 3" 1 can be installed near The unil. Water rushing forward will pour into
MDJ A MOJE, MCCEK “H" 1-1ird the moftler, dissipaling its momentn.
rADLIC., MDJF 1-172
WARNING Do notinslall rubber hose with sharp bands as
this will reduce elficiency and may cause
hgse failure. Do not use rubber hose on dry lype axhaust
applicalions.
v
r—Lo 4 5 & 7
booaLamm b
-

[LE NIRRT
Gl

NG \BEGIN SPEGC G)

TERMIMMAL KLU LOCATED 1IN CORTROL BOX

HOTE; If et has g high waler lemperature cul-off switeh maunted
on engine cylinder biock, connect exhausl temperature cul-olf

switch I sorlas,

CPTIONAL HIGH
TEMPERATURE
SHUTDOWHN SWITCH

iNPUIT
EXHALIST
ELBOW
APPLY FIPE SEALANT f . ASSEMBLY
T ALL PIPE THREADS g7
TWO

SEA WATER

HESE CLAMPS

EUBBER
EL ROy

FIGURE 1-3. HHGH EXHAUST TEMPERATURE SHUTDOWN 5W I TCH
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PITCH DOWN

LOAD -_—

AQUALIFT
MARINE MUFFLER

WATER LINE

§ ; | e——— SEA COCK

FIGURE 1-4. TYPICAL ABOVE WATER LINE INSTALLATION

EXHAUST_QQQLING WATER INJECTION

When installing a“separate system to cool the ex-
haust, a deviee 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 (83°C). Onan recommends a
high-temperature exhaust shutdown switches for all
types of marine installations. See Figure 1-3.

An important consideration of water injection is
keeping water from flowing back through the exhaust
system into the engine. The two mostfrequent 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.

2. 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 Cnan units.

14

Use a manometer or pressure gauge on the manifold
to check back pressure. See Figure 1-5.

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

Excessive back pressure will cause loss of
power.

BACK
PRESSURE
UNITS OF AT FULL
MEASUREMENT LOAR
INCHES OF
WATER 40
INCHES OF
MERGURY 3
| OUNCES/SG. IN. 23.0 OZ.
LWl kiLoPascaL 10

AR

FIGURE 1-5. MANOMETER INSTALLATION




ONAN AQUALIFT MUFFLER

Cnan recommends the Onan Aqualift muffler
{(Figures 1-8 and 1-7) for marine generator sets
installed above or below tha load water line, Because
of installation variables, customers must provida the
brackets, hoses and clamps raquired for installation.
Complete instructions are included with the Agualift

muffler,
If1he Aqualift mutleriz used, Ihehull strainer

turnished wiih the mufler mug be uzed. It 1z

desngned forlhis mutflar bo prevenl back pressure orvacuuman the
engine coallng syslem.

Be sure any mutfler is well supported, and inthe case
of a neoprens muffler, completely separated from the
vessel's slructura, If a neoprane myffler touches the
vassal, it increases axhaust noise,

Because the Agualift has relatively little water in it
during narmal speration, itdoesn't have to bedrained
for winter conditions. Freezing temperatures will oy

darnage it

m DO NOT USE SCO0OP TYPE WATER INLET
FITTING 5 when inslalling an Agualift mufler.

Forweard lacing scoops develop sulficient rem pressure to foree

waler past the sel's water pump, flooding the exhaust systam where

Il may Mlow back, flioading the enging cylinders. Thig can happen

only if the elecinic 961 is not running and vessel is underway.

Welding on the mutfler will damage the
inlerior prolecilve caating decraazing ihe life
expactancy.

WARNING

Be sure all flitlngs are tight 1o prevent

WARNING
polsanous exhaust fumes from

eECaplng.

[E

SHORT NIFFLE -,
[
DOUBLE TARFED - &
TAMK BUSHIMG
LONG NIPFLE
[INSICE

T MLIFFLEH:I

CUTLET

SHORT
MIFFLE

ACCLIGER PIPC
BLIGHIMG

NOTE: LONG NMIPPLE GOES INSITE TAMK

FIGURE 1-6. AQUALIFT MUFFLER CONSTRUCTION
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FIGURE 1-7. 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.

m Leakage of gasoline in or around the com-
_ partment is a definite hazard. The ventilation
system should provide a constant flow of air to expel any
accumutation of fuel vapor.

Operating the electric set from a tee in the
main fuel line can cause erratic operation.
The set’s fuel pump has neither the capacity nor the power to
overcome the draw of propulsion engine fuel pump.

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 pipeis used, install a
separate ground wire between the deck plate and fuel
tank. Install the vent opening as far from any other
hult opening as possible and with a gooseneck so
water will notenterthe pipe. Install aflame arrestoron
the vent opening.

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

FUEL LINES

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

2. Run fuel lines at the top tevel 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. Instait lines so they are accessible and protected
from injury.

7. Use nonferrous metal straps without sharp edges
to secure the fuel lines.

8. If fuel line is metallic, ground with a suitable
ground strap to the boat common hond 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 installed above the engine ievel on
gasoline units, a siphon break is necessary to prevent
the fuel from emptying into the carburetor it the float
valve is not closed. This also prevents the fuel from
siphoning if the fuel fine 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 atthe
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 LiNE TO
PROPULSION GENERATOR
ENGINE

SET

ANTI-SYPHON VALVE OR ELECTRICALLY
OPERATED FUEL STOP VALVE

—0 o—

FUEL
TANK

GENERATOR PROPULSION
SET ENGINE

FIGURE 1-8. 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 calied sea water,
Water rocirculated through a ¢losed system will be
called captive water. Use of the term “sea watar” does
not necessarily imply that the water is salty. In fact,
use of zalt water in the engine block for coaling may
result in sevare corrosion problems. Units eperating
in a salt water environment should use gither a keel
type or heat exchanger type closed cooling system.

Three types of cooling in general usetoday are! direct
{sea) water cooling (Figurg 1-12); heat exchanger
{captive water] cooling (Figure 1-10); and keel ar skin
{captive water) cooling {Figure 1-11}.

DIRECT WATER COOLING

Direct Sea Water Cooling Systems uvse a rubber
impeller pump to draw water directly from the lake or
river, circutate the water threugh the engina's cooling
system and out through the exhaust system. Water
flow iz controlled by a thermostat. A high water
temperature cut-off switch protects the engine.

HEAT EXCHANGER COOLING

Heat Exchanger Gooling has two separate water
systoms, 8 captive water and a sea water system. The
metal impseller pump circulates captive water through
Ihe engine’s block, heat exchanger shell, water-
caed 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
mutfler.

KEEL COOLING

Keel Cooling, a captive water system, uses a metal
impeller pump to circulate saptive water through the
engine’s water jacket, exhaust manifold, expansion
tank, and keel copler tubing. The cooling tubes are
attached to the vessel's huli, below the water ling, 50
that sea water (floatation water) cogls the captive
water.

A rubber impeller pump circulates ses water for
exhaust cooling.

WATER PUMP

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

Figure 1-13.
Do not usae the existing rubber Impeller pump

in the hol water side of the cooling sysiem.
Heal or soluble oil {in many rusl inhlbltars and anlifreeres) wil
damage Iheimpeller. Inslead, connect the rubker Impeller pump on
lhe cea weler gide. Use ¢ metal impeller pump (Onan #1232-0110 or
equal) in the captive water slde.
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If Ihe boal is used exlenslvaly In conlaminaled water where a
strainar can'l ramove most of the dirt, install a centrifugal pump and
lilter below the water line 23 a seq waler pump. Didy water can shll
cauege block plugging; therefore heat exchangar, kel cogling or
zhin coollhg should be used under these condilions.

HRACKET

0 HEAT <7
EXGHANGER
PLIME

FLAT WASIILR

STRAP

A WATER
ouT

HEA| EXCHANGER
T EMGING
PUMP

FIGURE 1-10. HEAT EXCHANGER COOLING SYSTEM

- EXPAMSICN TANE

:

EMGIME
FRHALGT
MANIFOLD

EXHALST
LIMNE

THILOUGH
ERCIIME -
CHLIMTIER -

CAPTIVE
WarEA
FUMP  waTER

‘___I_..rr-*‘ FILTER

KEEL COOLER ~ |

FIGLRE .1-11. KEEL COULING SYSTEM



FLEXIBLE
SECTION

1
SEA !‘ b

COCK — ™

L

~+—— COOLING WATER IN

FLUSH TYPE THRU-
HULL FITTING

i, ———
ONAN STRAINER """

WATER TO
EXHAUST LINE

PITCH DOWN
TO MUFFLER

ELCCTRIC
GENERATING
SET

WATER FILTER

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 asection offlexible hose onthe
water inlet next to the generator set. Use another
flexible section on the water outletbeforeit entersthe
exhaust line. This flexible section must be long
enough to stop transfer of vibration.

Onan recommends using a water filter in the water line to protect
the cooling system (Figure 1-12).

line.

The flush-type thru-huil water iniet must have
an opening at least as large as the water inlet

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 QUTLET SIZE HOSE INSIDE
SET {INCH) {(INCH) DIAMETER IN INCHES(mm)
MDJA 1/2 OD hose adapter Connected to exhaust elbow 1/2 (12.7)
MCCK, MJC, MDJE 1/2 OD hose adapter 3/8 (hose adapter furnished) 1/2 (12.7)
MDJC, MDJF 3/4 OD hose adapter 3/8 (hose adapter furnished) 3/4 (19)
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ONAN DEARIMG AMD SIEE L ASSY.

-FLUG, FIFE

REAR WEAR PLATE

- GASKET, COWEH ﬂﬂ
SCREW PLLICG, PIRE

SHERWOOQD SHAFT ASSEMBLY BHAP RING "' RING

GRAAPHITE BUSHIME

CAM

REARING SEAL SEAL SMAP RIMG IMPELLENR

SHERWOGD - L

SPRIMNG ASSEMBLY

SMAF RIMNG
IMFELLER,

-

SEA, e AT AR
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¢ %@
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END PLATE

JABSCD

ADAPTER

o @
M

BODY

FIGLURE 1-13. SEA WATER PUMP3
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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 the terminals clean
and free of corrosion. See Table 1-6 for battery cable
size and length. Refer to Table 1-7 for battery size
recommendations. For further detailed information
on the care and servicing of batteries, see
Miscellaneous Service Bulletin #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.

simultaneously.

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

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

SPECIFIC
GRAVITY READING
SHOULD BE
1.260 at 80° F

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

CABLE
SIZE 2 1 0 00 000 | 0000
NEGATIVE CONNECTION v
; JC
Connect the negative battery cable to the generator MDJG
through-bolt us?ng a shakeproof washer. Ground the MCCK, MDJA
set by connecting a separate cable to clean, bare MDJE.MDJF | att | St | 76t | of | 114 | 1as
metal on the frame. Use shakeproof washers between
TABLE 1-7. ONAN MARINE BATTERY RECOMMENDATIONS
BATTERY SPECIFICATIONS
CAPACITY
" GENERATOR AMBIENT *COLD #*APPROX.

SET TEMP. QTy. $BCI GROUP CRANKING AMP-HR ONAN PART
SERIES RANGE REQ'D VOLTAGE SIZE AMPS @0°F (-18°C) {kC) NO.
MCCK Spec “H" | Entire Temp. 1 12 60 380 70{252) 416-0365

range
MCCK Prior Entire Temp. 2 6 1 450 105(378) 416-0457
to Spec "H’ range
32° F (0° C) 2 8 1 450 105(378) 416-0457
MDJA and warmer
MDJE 0°F(-18°C) 2 6 2H 565 135(486) 416-0363
and warmer
32°F(0°C) 2 6 2H 565 135(486) 416-0363
MDJC and warmer
MDJF 0°F(-18°C) 2 6 5D 800 190(684) 416-0437
and warmer
32° F (0° C) 1 12 60 360 70{252) 416-0365
MJC and warmer
0°F{-18°C) 2 6 1 450 105(378) 416-0457
and warmer

1 - BCl is abbreviation for Battery Council lnternationa_l
* - Minimum recommended Battery Capacities and Ratings

# - Specification for Reference Only (No longer included in the SAE Battery Standard)
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SUMMARY

PRACTICE SAFETY

Your last responsibility in the installation procedurs
af any marine electric generatar sel is to advise the
ownerfopergtor that proper maintenance is one

21

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



NOTES

2



SECTION 2
OPERATION

Introduction

Starting Methods
Summary

"% F » 8 B

The lheory of operation of gascline and diesel
cnpines is basically the sama regardiess of whather it
isal, Zordcylinderengine. Gnan uges a water cooled
engine on all Maring gencrator sets. The engines are 4
stroke, internal combustion 4 cycle and naturally
aspirated. The same is true for Onan generators
whether inherantly arvoltage regulated. They ali have
the same basic parts for voltage generation: g
magnetic field, conduocting wire and movement or
ritaticn. The controds do just exactly what the title
says they do, they control. Some of the things they
control are operating temparature, oil pressure,

2

Fuel and Qil Recommendations
Periedic Service Guide Gasollne Engine Generator Sets
Periodic Service Guide Diesel Engine Generator Sets

battery charging and ignrition. All Onan generators
are dosigned to give reliable electrical power if
preperly maintained o Onan specifications. In this
section we hope to give the student a general
understanding of the pringipals of operation for
gasoling anginss and the significant differences
between gascline and diesel engine aperation, The
game s true for generators whether inherently
regulated or statically exgited. No refergnces to any
particelar models are intended, but ageneral descrip-
tion as applies to all Onan marine units corrently in
use in the field today,



FUEL AND OIL RECOMMENDATIONS

LUBRICATING OIL SELECTION

Lubricating oils for spark-ignited and diesel engines
are made in a variety of service classifications, each in
several viscosities. Selection of an oil for a particular
engine, considering its fuel and operating conditions,
is based on ‘the classification and SAE viscosity
grade.

Qil 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 (API1), the Society of
Automotive Engineers (SAE), and 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 APl {American Petroleum Institute)
designation SE or SE/CC. Referto oil chart Figure 2-1
for recommended viscosity according to
temperature.

Oil consumption may be higher with a multigrade oil
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 a new or rebuilt engine, use
CC/SE oil forthefirstfill only (50 hours). Then use the
recommended oil only. Select the correct SAE
viscosity grade oil by referring to Figure 2-1.

Multigrade oils are recommended for temperatures of
32° F (0° C) and below, butthey are notrecommend-
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).

24

GASOLINE ENGINES ONLY

20W-40, 20W-50

10W-30, 10W-40

100

40

°F -20 [] 20 [ 60 80
*C 30 -20 10 0 10 20 30
TEMPERATURE RANGE YOU EXPECT BEFQRE NEXT OIL CHANGE

J-SERIES DIESEL ENGINES ONLY

°F -20 0 20 a0 80 80 100
°C =30 -20 -10 [ 10 20 30 40
TEMPERATURE RANGE YOU EXPECT BEFORE NEXT GIL 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 Wear

Ring Wear

Cylinder Wall Wear
Exhaust System Corrosion

. 8 e+ 2 = @

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



leaded gasdline in new or old Cnan sngines will
usually cause more wear and require more
mainienance, f changing from leaded gasoling to
nenleaded, the engine head must be taken off and all
lead deposits removed from the engine.

|flead depasils are not remaved from englne

befgre switching from leaded o nonleaded

gasoline, preignition would cccur causlhg severe damage to the
engine,

AIR CLEANER AND FLAME ARRESTORS

Properly servicad air cleaners and flame arrestors
heip ensure long enginae life. Air cleanerz remaove
akbrasive dirt material from the air befors it enters the
engine. This increases oparating efficiency and fuel
gconomy and reduces engine wear, Rastriction of
intake air results in over-rich fuel mixture in either
gasoline or diese! engines. Refer to individual
operalars manual for further information on your
specific Onan engine. See Figure 2-2,

FIGURE 2-2. FLAME ARARESTOR

DIESEL FUELS

The selection of diesel fuel should be made on the
basis of overall parformance as well as economy.
Ciieset fuel serves two main purposeas,

1. Supplies energy for the work done by the engine.

2. Lubricates all components in the diesel fuel
systam such as pumps, nozzies, ete.

Recommended Fuel

Use ASTM 2-0 or 1-0 fuel with a2 minimum Cetane
number of 45 _ Number 2 diesef fuel gives the best
economy for most operating conditions, however,
use ASTM 1-D Tuel during the following conditions:

1. When ambient temperatures are below 32°F
(0°Cl;
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2. During long perigds of light engine load: or mo
lpad.

MOTE: Fuels with Celane numbers higher than 45may be needed In
higher altiludes or when exlremély low ambient temperatures are
encountarad to prevent misliras,

Us=e low sulfur content fuel having a pour point {ability
to filter] of al lsast 10°F {B°C) below the |owest
expected temperature. Keep the fuel clean and
protected from adverse weather, Leave some rogm
tor expansion when filling the fuel tank.

FUEL FILTERS

Fuei filters are required for protection of the fuel
injection system even though good fuel handling
practices are followed. |t is absolutely nacessary o
Lge fiMers capable of remaving micron-size partictes
from the fusl. Two-stage filtration is supplied with all
Onan diesels. See Figure 2-3.

The fuel transfer pump pulls fusl directly from the
storage tank. A metal sediment bow! traps water and
most sedimant particles.  [fecontinuing amounts of
water and sediment ars seen at the supply outlet,
however, install a filter and water trap at this paint.

Fuel is pumped through two filters befare it reaches
the injection pump. Average pore size of the second
filter is Q005 smaller than the first filker. This means
most particles escaping the first filter are trapped in
the second filter.

WiOFRK TRAMNSFER PUMP
FRIMIMNG LEVER LINTIL
FUEL FLOWYE FAGM RE
TLHIM LINE FITTHNG OF
INJECTICIN PURMP ALWAYS
M| FETURM PRIMER LEVER

W T LCAWTHT POSITION.

FIGURE 2-3. BLEEDING THE FUEL SYSTEM



PERIODIC SERVICE GUIDE FOR GASOLINE ENGINE GENERATOR SETS

AFTER EACH CYCLE OF INDICATED HOURS

SERVICE THESE ITEMS

8

50 100 200 500 1000

Inspect Marine Set

X1

Check Fuel Supply

X2

Check Qil Level

X

Check Cooling System

x3

Check Flame Arrestor

X6

Inspect Exhaust System

Check Spark Plug

x4

Check Governor Linkage

x5

Change Crankcase Qil

x5

Check Battery Water Level

Check Brushes

Inspect Breaker Points

Clean Crankcase Breather

Clean Commutator and Collector Rings

Hopxopx X

Clean Carburetor

Remove Carbon & Lead Deposits

Check Valve Clearance

Clean Generator

Remove and Clean Qil Base

Grind Valves (If Required)

Replace Generator Brushes

As Required

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

X2 - Check fuel system for leaks or damage.

x3 - Check pump pulley set screws and belts. Replace antifreeze annually in captive system.

x4 - Replace at 250 hours.
x5 - Perform more often in extremely dusty conditions.

x6 - Inspect for physical damage. Wash in suitable solvent.

Use this periodic service guide as a check list for
important service requirements of all Onan marine
generating sets. Strict observance of the time inter-
vals and procedures in this chart promote long life for
the unit and low service cost. Equating hours to miles
makes the service intervals more realistic. On an 1800
remengine, one hourrunning time is equai to 40 miles
{64 km) driven in an automobile. Keep the unit clean.
Cleantiness of the generating set and the compart-
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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-
guent intervals are necessary under adverse
operating conditions. Refer to model operator's
manual for detailed information on recommended
service intervals.




PERIODIC SERVICE GUIDE FCOR DIESEL ENGINE GENERATOR SETS

SERVICE THESE ITEMS

_AFTER EACH CYCLE OF INDICATED HOURS

50 100 [ 200 600 | 3000 |

Ingpect Marine Set

1

Uheck Fuel

| Check il Leved

| Check Cooling Systam
Check Flame Arrestor

=3

kS

Clean Governor Linkage
Change Crankcase Qil .

x4

Drain Fue! Gondensalion Traps
Check Ballery Electrolyte Level

Replace Ol Filter {IT Lised)

Empty Fuel Sedimeant Bowl

Check Slip Rings and Commulator -

| _Check Brushes
| Replace Primary Fugl Filter

Check Walve Clearances

x|xi:a: b

Roplace Secondary Fuel Filter

. Glean Generator

Inspect Valves, Grind If Necessary
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With et running, viaually and sudibly check exhaust systermn fod lasks.

k2 - Gheck fuel syster for leaks or damage.

%3 - Check pump pulley set screws and belts, Heplace antifreeze annually in caplive system.
x4 - Perfarm more often in extremely dusty conditions.

%3 - Inspect for physical damage. Wash in suitable salvent,

The differences between the service items andg the
time intervals involved betwaen gasoline and diesel
engines is due mainly to pregise fusl metering,
absence of lead deposits and design differences.
Examples would be fuel filters and valves in diesel
engines which tast almost twice as long on the
averdage as similar pars in agaseling engine. In some

N

cagos depending on the part involved, the service time
interval for a gasaline engine part might ba the same
as a diessl part performing a similar function. Ex-
amples would be changing of oil, checking batteries
or checking geneérator brushes. Refer to model
operator's manual for more detailed information an
recommended service intervals.



STARTING METHODS

The electrical starting system for engine-driven
generator equipment is 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-
guirement 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 atternpt, inhibitor
oil used at the factory may have fouled the spark
plugs—remove, clean in a suitable solvent, dry
thoroughiy and reinstall. Heavy exhaust smoke when
the engine is first started is normal, and is caused by
the inhibitor oil.
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On diesel engines be sure fuel system is air-free. If
not, bleed the air from the fuel system as described in
the Qperation 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 preheating. If engine fails to startquickly, rest
engine several seconds and repeat starting sequence
applying preheat for a longer interval.

Do not apply overvoltage to the starting

circuit at any time. Qvervoltage will destroy

the glow plugs and air heater in two to three seconds. If it becomes
necessary o use an additional source of power to start the unit—
use battery of the same vollage connected in paraltel.

IMPORTANT: Never start or run battery charging sets unless the
battery is connected. Be sure the set-battery switch is closed and
fuses are good.



STARTING SEQUENCE

1. Cperator pushes START button, or set is started
by remote control,

2. Mart salenoid anergizes.

3. Battery current flows to

a) series field for cranking.
by STOR ralay, completing ignition cireuit.

o @ W

. Engine cranks.
. Ignition coil fires spark plugs when bregker points

apen,

. Enging starts,

Operator releases START button.

. Start disconnect relay energizes,
. Enging cantinues running.

EXCITER CRANKING SEQUENCE OF OPERATION
(GASOLINE MCCK ONLY FRIDR SPEC "H™

Oparate start awitch.

Energizes start salenoid.

Selencid conlacts close.
I ]
A Currenl Teed 1o electric
Currant fed to generator Battery currant fed to ignition choke operates carburetor
series field, cranks engine. coil and fugl pumg. choke M

Engine starts,

Operate start switch until generator speed builds up.

Releaze start awilch. produed,

Generator OO current AC outpul curren! producod

and fed to load.

Takes over energizing of start
dignonnect relay.

29
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Recharges baltery.




SUMMARY

When the Marine Electric Generating Set is correctly
serviced and maintained, it will provide many hours of
safe efficient operation. Service and maintenance
includes performing preventive maintenance items at
the correct time intervals shown in each operators
manual. Allitems necessary to prepare the generating
settostart, run and test should be checked frequently.
Iltems to be checked are things such as:

# Qil in crankcase

® Extra oil for filter

® Battery connections clean and tight
® Fuel lines tight
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® Safe and proper installation

® Engine properly timed

® Rated voltage being produced
® Governor set for correct RPM

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



Notes
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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)
Troubieshooting Guide for Gasoline Engines
Summary
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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 calied the brain of the
engine. In between, the ignition system might be
referred to as the pulse of the engine. All 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 wouid bear
striking similarities. The key difference between the
two types of engines is what happens inside during
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operation. Improvements in design, strength, light
metals, 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 econcmy 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
COMPRESSION RATIO
IGNITION SYSTEM
TIMING

OPERATION
EFFICIENCY

e o 0 » 0 0

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 th1e major differences betwesn gasolineg and
diegel engine operation. The chart will also zerve to

indicata why gas or diesel| operation mighl he hetter
suilod to a specific type of usage. Tha kay differences
are as follows:

COMPONENT

GASOLINE

Fuel Sys:cem

Type of Fuel

A. GConsists of Fuel Pump
Filter and Carburelor.
Fuel and Air Mixture to
Imtakc Manifold,

B. Fusl and Air Mixed
Before entering Combustion
Chamber. Air Fuel Ratio
15-1.

DIESEL

A, Cansist of Transfer
Purnp, Fillars, Injection
Fump and Mozzle. Alr
Only to Intake Manifeld

B. Only Air Enters Com-
bustion Chamber; Fuel i
injected at =pecific time. Air
Fued Ratio is 18-1 at full
load and 100-1 at no toad.

(3asaline - Flammable

Storage Problems -
Higher Cosgt

Comprassion Ratio
[gnition Systam

Timing

Efficiancy

v

Gperation .

R

? to 1 ——— —— .

Diezel Fuel - Mol as
Flammable - Llsualfy less
EHEENEIVE

Hdto 1

Battery or Magneto
Spark Plugs, Ralays,
Wires, Condensor,
Paints.

Compression lgrilion at
1000° or moare when running.
Dunng cranking, campression
igaition glarts the Onan bollt
units.

F"._'.A_.“ ﬁ]‘} BTC on models

1800 rpm ar slower

‘B. 24" BTC on model=s
3600 rpm ar faster

T MA & MCTCE Mordels

(Port CGlosing}
17* BTC MDOJA
21* BTC MDJE Before Spec P
19 Later Models Aflar Spog P
217 BTC MDUC Before Spec P
199 Later Modals After Spec P
16 BTC MDUE
197 BTG MDJF

Some wasted or unburned
fuel - Less BTU's
per gallon.

Good thermal efficiengy.
More BTU's per gallon
converied to usciul energy
and power,

Faster Starting, Highor.
Oprorating Cost - Shorter
Life Span.

A, Stowor starting, need
glow plugs for preheat,
also air heaters.

B. Nominal Qutside Air
Temperature - Wery
Irmpariant.

G Dirt and Air must be kept
out of fuel =ystem.
O. Longer Life Span.
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ONAN DIESEL STARTING GUIDE

IMPORTANT!

WATER

CLEANLINESS IS NEGLECTED

REPAIRABLE

COMPONENTS FIRST

JURY. ENGINE DAMAGE IS ALSOQ LIKELY,

KEEP ENTIRE FUEL SYSTEM CLEAN AND FREE FROM INJECTION

* DIESEL iINJECTION PUMPS WILL FAIL IF SYSTEM

INJECTION PUMPS AND NOZZLES ARE NOT FIELD PUMP

* WHEN TROUBLESHOGTING, CHECK ALL OTHER

WARNING DO NOT USE ETHER STARTING
AIDS! ETHER IS EXTREMELY EX-

PLOSIVE AND MAY CAUSE SERIOUS PERSONAL IN-

AlR CLEANER

AIR HEATER
(ELEMENT IN MANIFOLD)

"}’]]\GLOW PLUG

NOZZLE

INLET AIR HOLE

FUEL TRANSFER
{MARINE UNITS)

FUEL RETURN
LINE CONNECTION

INJECTION PUMP
FUEL FILTERS

CHECK FUEL SUPPLY. BE SURE SHUTOFF VALVES ARE OPEN.

BEFORE STARTING: [

TQ PRIME PUMP. MOVE PRIMING LEVER UP AND DOWN UNTIL FUEL
FLOWS STEADILY FROM RETURN LINE (DISCONNECTED).

T
PRIME FUEL SYSTEM IF: FUEL FILTERS WERE DRAINED OR CHANGED,
SYSTEM WAS JUST INSTALLED, FUEL TANK RAN DRY.

I
PREHEAT
. PREHEAT COLD ENGINE: PUSH PREHEAT SWITCH AND HOLD —

l (©) * 30 SECONDS IF ABOVE 55°F (13°C);
* 60 SECONDS IF BELOW 55°F (13°C).

TO START: l PREHEAT

td

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

START
RELEASE PREMEAT T (ﬁj ENGAGE START SWITCH

STOP

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):

KEEP BATTERIES FULLY CHARGED. DO NOT USE ETHER STARTING AID.

USE NUMBER 1 DIESEL FUEL. USE CORRECT VISCOSITY OIL.

m OBSERVE ENGINE EXHAUST “SIGNALS":

BLUE-WHITE EXHAUST SMOKE:
ENGINE IS GETTING FUEL

LITTLE OR NO EXHAUST SMOKE: ENGINE IS NOT GETTING FUEL.
‘PRIME FUEL SYSTEM AS SHOWN ABOVE: :
OBSERVE FUEL FLOW FROM RETURN LINE

FUEL FLOWS STEADILY | [UTTLE OR NO FUEL FLOW|

[

1. OBSERVE AIR HEATER THRU
AlR INLET HOLE OR BY REMOV-
ING AIR CLEANER.

2. ENGAGE PREHEAT.

3. IFHEATER ELEMENT DOES NOT
GLOW RED  WITHIN 30
SECONDS, CHECK AIR HEATER
AND GLOW PLUG WIRING:
¢ CONNECTIONS TIGHT?

* FREE FROM CORROSION?

CHECK FUEL SOLENOID:
SOLENOID ROD SHOULD

PULL IN AND THROTTLE ARM SHECK FUEL SUPPLY
FOLLOW (AS SHOWN) WHEN :
START SWITCH IS TURNED * FUEL TANK EMPTY?
I ON. IF NOT, CHECK FOR * SHUTOFE VALVES
%3 * BINDING LINKAGE * FUEL LINES KINKED?
* LOOSE OR BROKEN WIRES . LOOSE CONNECTIONS?

LOGGED FUEL FILTERS?
) SOLENOQID ROD * CLOG

e __THROTTLE ARM

2-79 800-0217

IF ENGINE IS STILL NOT GETTING FUEL, CHECK TRANSFER PUMP:
1. CRANK ENGINE AND OBSERVE FUEL FLOW FROM RETURN LINE.
2. [F FUEL DOES NOT SPURT QUT, PUMP MAY BE DEFECTIVE.

| IF ENGINE STILL DOES NOT START, CONTACT AUTHORIZED ONAN SERVICE REPRESENTATIVE |
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DIESEL FUEL SYSTEMS
FUEL SYSTEM

The fuel system (Figurs 3-1) consists of a metal
sediment bowl, fuel transfer pump, primary filter,
secondary filter, infection pump. injectors, and tha
connecting fuel linos.,

The fuel system, located an the service side of the
angine, uses a transfer pump to deliver fusl from the
tank to a high pressure injection pump at abiout 12 to
14 psi (83-97 kPa) {5-6 psi on DJA [35-41 kPal}. The
injection lines deliver fusl {0 the injectors at high
pressure and act as fuel distributors to the injectars,
The time imterval between individual injectors is
varied in the pump by engine speed. From the
injection pump, metered fuel ig forced through a
dalivery valve to the injector lines at ahout 1800 psi
(13,110 kPa}l. When the cylinder air reaches about
1000°F {538°C) an the compression stroke, the
injector sprays fuel into the hotcompressed air where
it ignites. The delivery valva in the injection pumgp and
a prtle valve in the injector assists the precision
timed injgction of fuel inta the cylinder,

FILTER SYSTEM

The sediment bowl has a fine mesh gcreen which
blocks dirt and water entry inla the transfer pump,
Figurg 3-2. Tha dirt and water remain in the sediment
bow! which should be removed for cleaning as
redquired. The primary and secondary fuel filters are
repiaceable =pin-on units that clean the fusl of
extremely fine particles bafore it goes to the injection

R,

These filtars are mounted on a common casting
which boits to the oil fill tubs. Positive filtration is
agsured becauvse the engine won't run when gither
filter is Igpse or missing.

Ayerage pore size of the second filter is 0005
(0.0127 mm) =maller than the first filter. This means
mast particles escaping the first filter are trapped in

the secand filter,
A diesel ehglne cannat tolerale dirl in the fuel

system, It |3 one of the major causes of diesel

enging failure, A tiny piece of dirt In the Injecdion syatem may atop
your unit, When opening any part ol Ike Tuel syslem beyond the
secondary fuel filter, place all parts in 8 pan of clean diesel fuel as
Ihey gre remaved. Before installlng new or used parts. flush them
thoraughly, and inslall while sthll wet,

FUEL TRANSFER PUMP

The fuel transfer pump (Figure 3-3} is a diaphragm
andcheck valvetype pump operated by a cam lobe on
the engine camshaft. The pump cam follower has &
wide surface to prevent wear as it rides on the
camshaft lobe, The priming lever is manually
operated to prime and bleed the systern,
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The diaphrgam spring maintains required fuel
pressure to the injection pump. Fuel pressure should
be as follows when operating at 1800 rpm:

MDJA . 5 to 6 psi
{34.5 to 41.4 kPa)
MDJC, MDJE, MDJF ... ............... 12 to 14 psi

(83 to 97 kPa)

Fuel pump pressure may be checked by connecting a
pressure gauge and tee at the fuel outlet. A vacuum
gauge cennected at the fuel inlet will show whether
the pump has enough capacity to lift 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
nozzies, Figure 3-4. They are factory adjusted to open
at 1900 to 1950 psi (13,110 to 13,455 kPa). However,
after several hundred hours of operation the nozzle
pressure will decrease to about 1750 psi (12,075 kPa).

Refer to the throttling pintle type nozzle information at the end of
this section for information regarding MDJE engines using
Bryce/Kiki fuel systems,

Operating Principle
Nozzle operation is as follows:

1. High pressure fuel from the injection 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.

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

Do not disturb the injector pressure adjusting
screw; it cannot be reset without proper
equipment.
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KIKI NOZZLE

ACCESS PLUG

FRESSURE
ADJUSTING

SCHEW_?
SPINDLE ASSEMBLY

NOZZ1LE GASKET

ASBESTOS GASKET
COPPER GASKET.

CYLINDER READ

PRECOMBUSTION
CHAMBER £

WATER-COOLED

FIGURE 3-4. NOZZLE ASSEMBLY

PLUG

yd

COVER

PRESSURE
AD JUSTING

SCREW -————»

FUEL INLET

SPRING

SPINDLE ASSEMBLY

PINTLE
Do not attempt to disassemble the nozzles

or adjust nozzie pressure without the proper
test equipment. A nozzle pressure tester is essentialtodo a sat -
isfactory job.

FIGURE 3-5. INJECTOR NOZZLE HOLDER




Nozzle Spray Pattern

If one cylinder is misfiring, its nozzle may be
operaling improperly. Faulty nozzles can be chacked
kry loosening the high pressure ling from the injection
pump O each nozzle {one at a time).

A suspected nozzle ¢an be checked in the field by
ramoving it from the enging and reconnecting itto the
high pressure ling, The spray pattern (Figure 3-8) can
be observed as the enging ig cranked,

Keep hands away from & spraving nozzle! The

nozzla discharge presgure cen peneltrate the

gkin and may causs Mood poisoning or a serlous skin Infection.

A second method fordetermining a misfiring nozzleis
to remove the exhaust manifedd and run the engine
undert Ioad, One can réadily see by the exhaust which
cylinder is not operating properly.

Injfection Nozzle Tester

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

The cleaning procedure (Figure 3-8) Is exlremely |mportar ]l when
dizassembiing Infection equipment. Always rinse In clean kel
before repssembling.

Cpening pressure, ieakage and spray pattern can be
checked using the tester. If any of the above malunc-
tions appear {except opening pressure), the nozzle
valve and seat can be inspected with a magnifying
glass for ercaion, scoring, ete, If cleaning with salvent
does not correct the malfunctions, a new nozzlo tip
wiil be required. The opening pressure can then be set

and spray pattern checked,
Mever use hard or sham leols, emery paper,
i grinding powder or aAbraslves ol any kind or

the nozzies may be damaged heyond use,

Soak each nozzle in fuel to loosendirt. Then clean the
inside with & $mall strip of wood soakad in ol and the
spray hole with a wond splinter, If necessary, clean
the outer surfaces of the nozzle body with a brass
brush but do not attempt to scrape carban from the
nozzle surfaces. This can severely damage the spray
hale, Use a soft oil-scaked rag or mytton tallow and
folt to clean the nozzle valva,

Nozzie cleanlng kils are available from Cnen Too!f Catalog S00-
aois.

NOZZLE REPAIR

If cheaning will not sliminate a nozzle defact, replace
the ngzzle or take it to an authorized American Basch
service station, Do not atternpt to replace parts of the
nozzle axcept for nozzle and pintle assemidy.

H

el 2 FoOR
" SPEAPATTERM

ERAMY PAT TERH

FIGURE 3-6. NOZZILE SPRAY PATTERN

FIGURE 3-T. INJECTICN NOZZLE TESTER

Assembly

Rinsa both vaive and nozzle thoroughly before
assembly and coat with diezel fuel, The valve must be
frae in the nozzle. Lift it about 1/3 out of the body, It
should slide back to itz seat without aid when the
assembly i$ 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 sat nozzle over it.
. Install nozzle cap nut logsely.

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

3. Adjust to specified torgus.

L




1. Use abrasstype scraper tool to remove hard carbon 5. Clean nozzle valve and polish with tallow and a
deposits from nozzle body valve seat. wooaden polishing fixture. Take care to remove all
traces of tallow when finished.

2. After scraping the carbon, polish the vaive seat by 6. Examine nozzle valve and body with a magnifying
using a round pointed stick dipped in tallow. glass. If erosion and scoring conditions are found,
Polishing should restore seat to its original finish renew the valve and body.

unless it's scored.

3. Use a special hooked type scraper to clean the 7. Use a lapping plate and compound for flat Japping
nozzle pressure chamber gailery. The hooked end of nozzle parts which depend on a lapped surface
of scraper is inserted into the gallery and then for sealing. A figure “8" motion is used.

carefully rotated.

CENTERING
SLEEvVE

4. Small holes in tip of nozzle body can be cleaned 8. It is essential that the nozzle body is perfectly
with a fine wire slightly smaller than the size of the centered in the cap nut when reassembling nozzle.
hole. A centering sleeve, as shown, is used for this

purpose.

FIGURE 3-8. NOZZLE CLEANING
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NOZZLE INSTALLATION

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

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

1. Install a new heat shield to head gasket incylinder
head recess,

2. Install heatshisld, anew nozzlegasket and nozzle
aclapter.

3. Insert nozzle assembly into recess. Do not strike
tipp againgt any hard surface.

4. Install nozzle flange and two cap screws. Tighten
cap screws alternatedy to avoid cocking nozzle
assemnbly. Tighteneach to 20-21 fooi-pounds (27 -
28 Nem).

FUEL SOLENOID

The fuel shutoff solenoid (Figure 3-8} is also refarred
to as a governor zalenoid as itover-rides the governor
during shutdown, The solenoid is mounted on the
gylinder air housing bottom pan and controls the
injection pump cperating laver, When anergized, the
plunger pulls inte the sofencid body. When
de-energized, the sclenoid spring farces the plunger
aut against the operating laver to hold it in the fusl
shutaff position.

The solenoid has two coils. Both are energized for
puiling the plunger up. When the plunger reachesthe
top, it opens & sat of contacts, de-energizing the putl-
in coil. The other coil holds the plunger up while the
angine is running and de-anegrgizes when the engine
shuts down.

S0LEMGIO o WIRE TS COMTRODL

T TN SOVERNOR
25 MM

FUEL
AETUHM
FITTIMG
(COMT A
BLEED
Wa LWEY

ADHETHENT SCREW
ANO WAR RLIT

IR JEC2 118 PIUME?
DELIVERY wALWE CAPSCREW

FIGURE 3-5. FUEL SHUTOFF SOLENDID
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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 precombustlon chamber for engine starting,
Figure 3-10. The manifgld heater and glow plugs are
wired in parallel and are controlled by a preheat
switch on the control box

FIGURE 3-10. GLOW PLUG AND MANIFOLD HEATER

FUEL INJECTION PUMFS

Gnan ODJ sertes diesels are eguipped with American
Bosch fuel injection pumps. Single cylinder engines
use the madel PLB; the four cylinder engines Lse the
madel PSU pump. Until recently, the two cylinder
diesel engines havebeen using a FSU pump. Mow, the
MDJUE ongines use either a Brype or a Kiki fuel
injection pump. For Bryce/Kiki pump information,
turn ta the back of this section. The fuel infection
pumps are constant stroke, lapped plunger type and
operated by the angine camshaft. They dstiver an
accurately measured guantity of fuel under high
pressure to the injection nozzles.

e

A constard bleed-check valve s fumished with all FLB anc PSL
pumps. The bleed valve aulomalically blesds off a restrotsd
amouni ol fuel, Juel vapors, and small quantities ol air 1o prevent air
aceumulation in the juel gump area of the pumps. This valvs shauld
opan at presaures between 0.8 and 3.0 psd (6.2 and 20.7 kPa}.
Replacre injection pumps that

Irpubeshooling procedurss prove to be

malunchioning wih new pumps. Do not altempt unaulhorzed
repalr proceduras on the Infeclion pumps. ‘

Fuel injection pumps must pass stringent guality.”
inspections and tests with precise sattings and ad- -
justments in order to meet Qnan's perdormance and
reliability requirements. Therefora, it must be clearly
understood by the owners and by Onan servicémen
that tampering or inept repair attempts can cause
irrepairable damage to the pumps that will not be
covarad by the manufacturers warranties or ex-
change agresments. Contactan authorized American
Besch Service statiaon ar Distributor for expert repair
gervice oh 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 1o 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
shaft.

INJECTION LINE

CAP NUT
VALVE HOLDER
BLEED
VALVE - SPRING

VALVE ASSEMBLY
GASKET

GASKET
LOCATING SCREW
FLUNGER BARREL

CONTROL SLEEVE
CLOSING PLUG

PUMP HOUSING

CONTROL
LEVER

CONTROL
SHAFT
ASSEMBLY UPPER SPRING

SEAT

PLUNGER SPRING

PLUNGER
RETAINING RING

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, defivery valve assembly,
delivery valve holder, and the union nut for connec-
tion of the high pressure discharge tubing.

Operating Cycle

During operation, when the piston nears the end of
each compression stroke, the plunger moves upward,
cioses its internal 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 aidsin dropping line pressure and keeps
fuel from draining out of the line.

The amount of fuel delivered is controiled 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 lift never varies.
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Injection timing on the one cylinder DJA Series engine with the
PLB injection pump is at 17 degrees BTC.
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SHAFT E
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Z
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ECCENTRIC BARREL
FIN
CONTROL |
FLANGE "
B412

FIGURE 3-12. PLB PUMP

PLB PUMP OPERATION

The pumping action involves both the pumping and
the metering principles, Figure 3-13.

Pumping Principle

A. Fuel enters the pump from the supply system
through the inlet connection and fills the fuel
sump which surrounds the barrel. With the
plunger at the bottom of its stroke, fuel flows
through ports in the barrel filling the space above
the plunger, the vertical slotin the plunger and the
cuUt-away area below the plunger helix.

B. Asthe plungermoves upward, the barrel ports are
closed by the plunger.

C. As the plunger moves further upward, the fuel is
discharged through the delivery valve into the
high pressure line.

D. Delivery of fuel ceases when the plunger helix
passes and opens the barrel spill port and the
delivery valve returns to its seat. During the




rematndar of the stroke, fuel is spilled back intg
the sump. This termination of fual delivery con-
trols the quantity of fuel delivered per stroke,

Metering Principle

Fuel metering includes long strokes for maximum
dslivery, shorter strokes for ngrmal delivery, and non-
effective pumplng strakes with no delivery for engine
shutdown.

The amount of fuel delivered is contralled by rotating
the plunger, thus changing the iength of its effective
pLmgpng stroke,

For maximum delivery, the effective part of the
stroka is relatively long before the spill port
opens.

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

. This view shows the plunger rotated to the OFF

position a0 that the vertical slot on the plunger
and the gpill port are in line for no delivery even
thauwgh the pump may continue to stroke, such ag
during a cranking condition with the fuel control
fever at QFF,
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FIGURE 3-14. DEPTH MICROMETER MEASUREMENT

TIMING THE PLB PUMP (DJA)

Pump timing procedures determine the correct
thickness of shims between pump and engine so port
closing occurs at 17°BTC.

The mostaccurate method of injection pump timingis
with a depth micrometer (Method 1). However, if a
depth micrometer isn’t available, time it by Flowing
the Pump (Method 2),

Injection pump must be timed on the compression stroke, not the
exhaust stroke.

METHOD 1. DEPTH MICROMETER METHOD

1. Install pump tappet in its recess and position
flywheel on port clesing mark (PC) of compres-
sion stroke.

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

3. Subtractfrom the port ¢losing 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.

Thicknes:s of shims may vary from 0.006-inch to 0.052-inch. If
it does not fall within these limits, check camshaft and tappet
for excess wear or improper assembly.

4. Select correct shims for required thickness.

5. Install pump.

METHOD 2. FLOWING THE PUMP

1. Install pump with 0.006-inch (0.152 mm) shims
between pump and pad.

2. Loosen delivery valve cap nut and hoider to
relieve pressure on spring. See Figure 3-15.
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TABLE 3-1. SHIM SELECTION

DISTANCE MEASURED .

STEP 4 ADD THESE SHIMS
Inch l mm Inch | mm
0.1 2.54 0.010 0.254
0.2 5.08 0.014 0.355
0.3 7.62 0.018 0.457
0.4 10.16 0.022 0.559
0.5 12.70 0.026 0.660
0.6 15.24 0.030 0.762
07 17.78 0.034 0.864
08 20.32 0.038 0.965
0.9 22.86 0.042 1.069
1.0 25.40 0.046 1.168
1.1 27.94 .0.050 1.270

The PLB Injection pump arm must be held on center or to the
right of center in order for the fuel {o flow through the purﬁp
plunger ports to the delivery valve when the transfer pumpis
operated by hand. -

3. Rotate fiywheel 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 closing point.

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.

9. Install pump.
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: ( s . PRIMING LEVER
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FIGURE 3-15. LOQ&N'NG DELIVERY VALVE HOLDER
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INSTALLATION

Frior to mounting tha injection pump to the eylinder
block, follow steps 1 through 3,

1. Slide shim or shims {using proper thickness of
shims for correct timing) ovar pilot until they ara
flat on pump flange. Ses Figure 3-16,

The shim thickness raguired lor each englne block is es-
lablished at ihe factory and is stamped on the block near the
injaction pump mounting. This measurement applles to g
replacement pump as well as Ihe original pump.

2. Dip seal ("0 ring) in engine iubricating oil.

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

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

4. Torgue mounting screws (tighten alternately) to
,E_-ﬂ_,;_-.g,lg;Zj foot-pounds (24-29 Nem),

B. 'Iﬁs't:ail'l”_'mg fuel inlet line and govermor linkage.

¥. Bleed thgThump and then install the fuel outlet
ling.

FIGURE 3-16 SHIMMING THE PILQT

PSU INJECTION PUMP

The P3LE injection pump (Figure 3-17) is used on
Onan 2- and 4-gylinder air-cozled and water-cooled
diesels. Pumps that are almaost identical with only twa
injector line outlet pors are used on the two cylinder
modeis. The fungtion of the pump as a distributorand
its location on the servige side of the enging are the
same on bath 2- and 4-cylinder engines.
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FHAURE 3-17. PSU INJECTION PUMP

PSU Pump Operation

The pump face gear mates with and is rotated by a
drive gear on the enging camshaft, Figure 3-18. The
face gear, pilot ring, and the reciprocating plunger in
the pump arg rotated continually to assure posifive
fuel distribution. The plunger is reciprocated up and
down by & multi-lobed cam on the camshaft which
bears against a tappet assembly on the pump.

OPERATING %%
I TvER

|

@ PSuU PLIMP

FUMH

E NGINE FlLANGE
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FACE GEAR

PLIMF TAPFTT-
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2e0n &

EMNGINE
CAMEHART

ORIvE
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MULC-LOBE
|

PIDLRT NG |

FIGURE 3418. INJECTION PUMP TQ CAMSHAFT RELATIONSHIP
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CAP NUT

HYDRAULIC
HEAD

OPERATING
LEVER
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HEAD

TAPPET

-
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DELIVERY VALVE

GUTLET

T

[Ty

PLUNGER

METERING SLEEVE

; SPRING

- FACE GEAR

TIMING BUTTON

FIGURE 3-19. PSU PUMP (CUTAWAY VIEW)

Pump Cutaway View

The cutaway view in Figure 3-19 shows the control
unit operating lever, metering sleeve, 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 reciprocation and rotation
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
open the pressure operated fuel injector nozzles
which inject the fuel in a fine mistinto the combustion
chamber. Fuel delivery control, full toad, and shutoff

. ~.are regulated by the up-and-down movement of the
- fuel metering sleeve. The sleeve is controlled by the
7 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 camshait,
the spring ioadéd plunger is forced down opening the

w+ fuel supply port to the fuel sump. This allows fuel

under low pressure from the transfer pump and fuel
sump to fill the cavity between the top end of the
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
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eccentric pin on the end of the controt shaftengages a
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 camshaft and face gear rotats,
the drive key and a vertical slot 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.

%/ OPERATING
LEVER

ECCENTRIC PIN

SLEEVE

" FIGURE .3-20. METERING CONTROL




Plunger and Sleeve Movement

Asg the plunger is cammed upward, the fuel fill port {A)
is closed cutting off the fuel supply tothe open center
of the plunger, Figure 3-21. This is the critical part
tlesing (PC) point of the Injection pump that cor-
responds with the PC mark on the rim oftheflywheal.
As the metering sleeve moves upward on the plunger,
it ctoses 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-grooyve on the piunger upper end to one
injector line. As the plunger reaches the upper end of
its movement, the spill pert {C) clears the sleevs
allowing the high pressure fuel to spill into the sump.

Sleeve Control

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

Ne Delivery: With the metaring slesve in the full
downward position, the spill port s open so no sl is
trapped above the plunger. Therefore, no fual delivery
resulls, As the governor actuates the control shaft to
move the metering sleeve upward on the plunger, fuel
is trapped above tha plunger as the port closes. Fuel
delivery corresponds with the Ioad placed on the
engine. See Figure 3-23,

Nomal Dellvery: For normal delivery [Figure 3-23)
the sleeve moves only part way up hafore the spill port
opens Lo dump the high pressure.

Maximum Dalivery: For maximum dellvery {Figure 3-
24}, the control shaft must position the sleave fully
upward. This increases the fuel delivary time and
volume because the spill portdoesn’t clear the sleeve
until & highsr portion of the pumping stroke is
reached. All engine speed and power control is
determined by the govemor 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.
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COMTROL

DELIYERY NO FUEL
FQIITION

FIGURE 3-21. PORT CLOSING

FIGURE 3-22. N{ DELIVERY

FIGLUHE 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
Delivery Valve Closed

Ports Closed
Delivery Valve Cpening

DELIVERY

END QF DELIVERY

Ports Closed (Spili Annulus Opened)

Delivery Valve 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
tuel is trapped above plunger {4).

it
[
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4. Additional plunger movement opens delivery
valve and forces fuel through delivery valve
(arrows 5} to outlet for cylinder No. 1.

5. Fuel under high pressure continues to fiow 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).

Since the plunger is constantly rotating counterclockwise, the
above action repeats for cylinder (9) No. 2 when the plunger rotates
180 degrees on next stroke. Injection occurs every 90 degrees of
plunger rotation counterclockwise on four cylinder engines.

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 agssembly,

* The pump body.

* The delivery valve assembly.
¢ The governor stop .

-
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FIGURE 3-26. PSU PUMP (EXPLODED VIEW)




Pump Installation Shims

If the pump is removed from the engine, be sure the
stenl shims betwesn the pump and the crankcases
mounting are the same on reassembly 10 maintain
praper gear backlash, Figure 3-27. The number
stamped on thg crankcase indicates the proper shim
thicknass, This thickness does not change when a
new pump i% installed. It only changes when a rnew
srankcase is installed, and then the thickness ol the
propar shims is stamped on the new crankcase.

Removing Tappet

s He sura be held the pump drive sacurely Lo the
pump body when removing the lappat, Figure
" 3-28. 1l nat, the pump will come epart and be
difleudl to reassemble. Also, the melering sleave may drap off the
plunger fnte the sump when the plunger s removed. I Hhe

rechanic: |3 nol aware of it, he could pul the pump back tegather,

but il will nel operale. IF the plunger port is ned snctosed by the
sleeve, thare will be no fyel delivery.

Usze a pair of channel lock pliers or 8 screwdrlvar 1o remove the
tappel Irem 1he O-ring In the drive gear.

Butlen 12 or M I3 the mid-range of the buiton tizes used the most.
Tha bulton dimension |z delermined by tha nuymber or lether
slamped on [ slda, Figure 3-29,

A KERMURM
THROTTLE
S1GF SCREW

S5TAMPED CoDr
LETTER OF GUTTOMN
USELD

DHIMG KEEFS TARPPET |4 &
DURIMNG HANDLING :

GROOVE TAFPIPET

FIGLURE 3-27. S5HIM THICKNESS

FIGURE 3-28 TAPPET REMOVAL

TABLE 3-2. TIMING BUTTONS

~ GROUP 1 i GROUP? GROwPY T |

CODE | PARTNG, | SIZE CODE PART NO. EIZE CODE PART MO, | .. SIZE

. Inm__j mm . _Inch 1 Wi . _ .. [ Inch I mm
1B ar s 147-01 88 A3d 3.404 Tord 147-0147 118 3.02% B orF 17152 . 0t 2 565
i2orA 147-0167 13 3.35¢ 2ord 147-0148 e 2846 TarH 1470153 093 2489
orP 147-0188 123 3251 Ao G 147-014% 13 870 Borl 1470154 095 2413
T3ork 147-01 B3 A28 3475 4 orD 147-0150 110 274 Boar K 14ATLHES g2 2,337
12 ar i 147-01 &0 128 3,005 S5ork 147-0181 Blir 2.ME 1Gorl 147156 089 2.261

11 o Std 147-01461 104 2642

Group 1. Used in all fate model pumps except 1470220 (odd firing) beginning Spec R.

Group 2, Used in early modals of all pumps.
Groyp 3. Used in late imodel 147-0220 (odd flringd pumps.

Pump Kits prior to Spec R—

Pump Kits beginning Spoc B -

20y 147-0218 20yl 147-0219

4Gyl 147-0 ) AGy 1470232

TIMING BUTTON CODE

The timing button has a code number or letter which
corresponds with its dimension in thousands of an
inch. See Table 3-2, Figura 3-30 shows the himing
button and tappet relationship. Only one button is
raquired to provide the correct port closing.

BL DM WITH CORE LETTER
OR MUMBER STAMFED OH T,
MO LETTER DH NUMEBER |1

IF STANDARO

FIGURE 3-29. TAPPET BUTTON CODE



TIMING
BUTTON

——— CONTACT
AREA

TAPPET

FIGURE 3-30. TIMING BUTTON AND TAPPET

PORT CLOSING FORMULA

#ye formula for determining the proper port closing

.. #PG¥ timing button for a new or replacement pump is
as foliows:

1.”Remove old pump.

2. Determine total pump
thickness for old pump.

. a Write down dimension given on old pump
flange. See Example, Figure 3-31.

flange and button

tyvo| Formula Inches (mm)

g .Port closing dimension of old pump 1.109 (28.169)

Button thickness of old pump +.107 2.719

Total 1216  (30.887)

f "¢} Port closing dimensions of new pump -1.094 (27.788})

“ ] Required button thickness of new pump 22 {3.099)
b
E

FIGURE 3-31. TIMING BUTTON CALCULATION

b. Remove old pump timing button.
Be careful when removing {appet

assembly that the plunger doesn’t

d¥op out of the sleeve, because reassembly is difficull.

. Obtain dimension of old timing button from
Table 3-1 corresponding with number or letter
“code on timing button.

d. Add dimension on old pump flange to timing
button dimension from Table 3-1.
e. Write down total PC dimension for old pump.

f. Write PC dimension from new pump flange
and subtract it from total PC dimension for old

pump.

Service Bulletin Engine 34 is enclosed with each new pump to
enabie the installer to correctly tife the pump to the engine. Table
2 lists buttons by Group 1, 2,'and 3 codes, pairt numbers, and
dimensions. )
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PREPARATION FOR PUMP
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 intake valve Iobe points outward
and down 45 degrees,

3. See that PC mark on flywheel aligns with timing
pointer on gear case cover, Figure 3-32.

4. Align PC mark on flywheel to timing pointer by
rotating crankshaft clockwise in the direction of
engine rotation to take cut all gear backlash in
that direction.

P.C. (PORT CLOSING}

TIMING
POINTER

COVER

GOVERNOR
ARM —— i

TUT.C. [TOP CENTER) y

AB79-5 REAR VIEW o ~

FIGURE 3-32. PORT CLOSING POSITION

POSITIONING PUMP ON ENGy

Remove the screw shown on the side of the pump,
rotate drive gear, and insert a 1/8-inch (3.175 mm)
brass rod into the siotin the drive gearto lock the gear
for positioning the pump on the engine, Figure 3-33.

ROTATE FACE GEAR UNTIL BRASS
RODS SLIPS INTO PLACE LOCKING
GEAR

INSERT 1/8 IN, (3.18 mm)
BRASS ROD

FIGURE 3-33. LOCKING THE DRIVE GEAR

Faer




Ancther method of aligning the drive gear slot for
purnp Instaliation uses a straight edge as shown. An
experignced person can "eye ball" the slot in the
screw hole and place the pump an the engine with
proper gear teath meshing,

INSTALLING PUMP

The Hat area Jugl aove the pump has & nember marked on it which
reders 1o the shim fhickness reguired betwesn the pump snd 9
meounling pad for assuring preper backlash in the gearing. Don't

fonget the ghims,

With the pump drive gear locked by the 1/8-inch
{(3.18 mm} brass rod, position the pump in the hole
and firmly apply pressure, Figure 3-34, A slight spring
reaction indicates the pump and camshailt gears are
meshed. Maintain this pressura, remove brass rod
and rotate the crankshaft manually to make sure the
gears mesh properiy, Figure 3-36.

FIGURE 3-3. INSTALLING PUMP OGN ENGINE

_d Pz PUHE
) 3 PLMP
FMOUM T MG
ENGINE 'Hm FLANGE

FACE GEAR—"
PLIMEe TAPFET

EETEN

=X [1x}

_FMGINE
LAMEHAFRT

DRIVE
CGEAR

MU TI-LOBE
ZAM

FIGLURE 3-25. PSU PUMP INSTALLED
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DELIVERY VALVE FUNCTION

The delivery valve maintaing 300 to 600 psi {2070 to
4140 kPa) line pressure in the infecter lines with the
engine running, Figure 3-36. This pressure increases
to about 1800 psi (13110 kPa) on each stroke of the
injection pump plungsar, The trapped fusl is held intha

lines at all tirmes, even though the pressure bleeds off~ .

during shutdown pericds. When the lines are full of

fuel, only a couple turns of the crankshaft are required
to build up engugh fine pressure for firing the
injectors,

SPRIMG

DELIvERT VALVE

SCAl

LiME FRESSURE ©

(PSU PLUMF QHLY)
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LATE MODELS

DELIVERY VALVE
SPRING

CAP NUT GASKET
VALVE HOLDER
- {Tarque to 70-75 foot

pounds maximum)

CAP NUT
{Torque to 5560
foot-pounds)

FIGURE 3-37. DELIVERY VALVE ASSEMBLY

FLOW TIMING THE PSU PUMP (DJB-DJC)

Flow timing the injection pump can be done using fuel
to determine whether or not the proper timing button
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 to flow time the 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
previously discussed under preparation for pump
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 shest
metal cover for access to flywheel marks and fusl

Remove No. 1 injector line; re-install line with top
end of line in pump outlet so other end will direct
fuel flow into an open container, Figure 3-38.

RETURN LINES
" (Shaded)

CONNECT
FUEL RETURN
LINE HERE

{MDJB)
PUMP
AB472 Rev,

. Place container under open end of No. 1 line.
. Disconnect governor linkage at bail joint and

wedge control arm at maximum fuel position.

. Rotate flywheel counterclockwise (when facing

front of engine) to point where PC mark on
flywheel is about 15 degrees before timing pointer
(compression stroke No. 1 cylinder).

Check that front cylinder valve rocker arms {both valves) are
free to move indicating the valves are closed.

. Manually operate fuel transfer pump until air-free

fuel flows steady from end of No. 1 line into
container.

It fuel tank is disconnected, use a separate container of fuel
and connect a short hose line between the transfer pumpiniet
and the fuel container. The pump has encugh suction te pull
the fuel out of the container.

. Continue transfer pump operation while assistant

rotates flywheel slowly in clockwise direction.

. Stop flywheel rotation at exact point fuel stops

flowing from No. 1 lineinto container {onedropin
2'to 5 seconds). This point is the port closingtime
of the injection pump plunger regardless of
flywhee! position, Figure 3-39.

FILL PORT
(PC)

FIGURE 3-39. PORT CLOSING

Timing is correct if port closing occurs when the PC mark on
the flywheel aligns with the timing pointer. If it doesn’t match,
timing is either early or late and another timing butiton is
required, Figure 3-40.

FIGURE 3-38. FUEL LINES TO INJECTORS
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FIGURE 3-40. PORT CLOSING (PC) MEASUREMENT



TIMING BUTTON THICKNESS

injection pump kits include & pump and four buttons
which will time 20 percent of the engines. The
standard thickness hutton and ring spring are no
longer assembiad, but are loose in kit.

Pump timing i=s critical. The injection pump on each
engine must be timed to that particutar engine by
using a timing button of specific thickness. Use the
method which applies best to determing the corract
new button thickness, Each new pump has its own
proft closing dimension stamped on it

Procedure

1. Mark flywheel in 0, 7-inch (2.54 mm] graduations
[about five marks each direction) from PC mark
for calculating required change in button
thickness.

2. Measure distance intenths {ormmj} from PC mark
on flywheal 10 point of actual port clesing,

3. Multiply distance measured times 003 inch
{076 mm} to determine the differanca in
thickness required for new button,

One degree of crankghaft rotatleon equals the 0. 1-Inch gradua-
Hen or .003-inch bylton thickness far timing,

TIMING CALCULATION

FPOINTER
ERAMPIE A "

FOINER
v EXamMPIE B

W1

FLyWHEEL

FRONT

FIGURE 3-31. TIMING MARKS

Example A, The port ¢closing time iz fate by 0.3-inch
{7.6 mm) measurement, Figure 3-41.

3w 003" - _ooge
{3 x 076 - 228 mm)
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Since .1 inch [2.54 mm) agquals 003 inch {.076 mm)
button thickness, the installed button is too thin by
A0 inch {0.228 mm}, This means a bution .00% inch
{0,222 mm) thicker than the ane installed is required
to time port ¢lasing so PC mark on flywheel aligns at
the timing peointer when fual flow stops.

Example B. If FG timing is too earfy by 0.4 inch
(10.2 mm), multiply 4 x 003 = 012inch (4 x 7.6 mim =
0.305 mm). In this case, a thinner button 012 ingh
(0.305 mm) less than the one instalied ig required.

BLEEDING FUEL SYSTEM

Bteed fuel system whenever the filters are changed or
when there iz air in the |ines,

Procedure:

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

|f the Iransler pump cam [ocbe |5 o the high slde, the priming lever
wlll nol cperale the pump. Aotate Ihe llywhael one revolulion
betora operailng the priming lever.

-h-ii"{f:‘.

ELEED WALVE |

CoNMECT | |
TUEL RETURKNY| :

(Flexible 1:_in=':| |

L e

(MO, MDJF)

FIGURE 3-42. BLEEDING FUEL SYSTEM

LINE HERE -1~



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 the plungersthrough the
delivery valves to the injection nozzles.

RETURN LINES
(SHADED)

GOVERNOR POST
AND ARM ASSEMBLY

CONNECT
FUEL RETURN
LINE HERE
‘FLEXIBLE LINE}

fBaka

{MDJE)

HIGH PRESSURE LINES

FIGURE 3-43. FUEL LINES TO INJECTORS

i
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The Bryce/Kiki injection pumps operate on the same
pumping and metering principles as the American

.Bosch PLB pump described eartier in this section.

Fuel control from idle to maximum speed and power
is accomplished by rotating the helix on each pump
piunger. Both pump plungers and barrel assemblies
are rotated (0 to 180 degrees) by a fuel control arm,
yoke, and a rack gear. Rotating the reciprocating
ifiger changes the effective length of the plunger

: strokes and hence the amount of fuel it delivers to the

injection nozzle.

Tﬁe 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 Diesei Kiki and
C.AV. 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 nozzie holders which have a black oxide
finish. The nozzle tips are inter-changeable in Kiki
and Yanmar holders, but internal components of
these holders-are not inter-changeable. The opening
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pressure for new nozzles should be 2133 to 2204 PS|
(14707-15196 kPa).

HIGH PRESSURE INJECTION LINES

Both high pressure fuel lines between the injection
pump and the two nozzles are designed to be instailed
without any bending. Lines that fit on Bryce pump
installations aiso fit on Kiki pump instatlations, 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.

2. 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.

It tuel tank is disconnected, use a separale container of fuel
and connect a short hose line between the transfer pump inlet
and the fuel container. The pump has enough suction to pull
the fuel out of the container.

If the camshatt’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.
A diesel engine cannot tolerate dirtin the

fuel system. It is one of the major causes

of diesel engine failure. A tiny piece of dirt in the injection
system may stop your unit. When opening any part of the fuel
system beyond the secondary fuel filter, place all partsin apan
of clean diesel fuel as they are removed. Belore installing new
or used parts, flush them theroughty, and instaft while still wet.

WORK TRANSFER P UMP
FRIMING LEVER UNTIL
FUEL FLOWS FROM
RETURN LINE OF
INJECTION PUMP

FIGURE 3-44. BLEEDING FUEL SYSTEM



BRYCE/KIKI FUEL INJECTION PUMPS

The Bryce/Kiki Injection Pumps ara similar in design,
appearance, and performance, Figure 3-45. Beoth
units mount two plunger and barrel assemblies in a
single housing and use a common rack {gear) to
ratate the controd sleeves and regulate the fuel output
of both pumps. Thesa purmps arainterchangeable on
WM DJE 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 gn both pumps are also similar,
bt the Bryce has one copper seaiing gasket while the
Kiki uses a combination sandwich type seal that
requiresa special delivary valve pulling tool to remove
it.

Both pumps use roller typa tappets as cam followars
which are held in place by pins and lock wire. Each
purnp has an air bleed fitting ta vent air and allow for
sasy priming.

CONTHOL

FIMGHSYUIRE KRCH

I

FIGURE 3-45. INJECTICN PLIMP

INJECTION PUMP ADAPTER

Thiz cast iron adapter (Figure 3-48) is the crankcase
mounting fixture for the fuel injection pump and its
fuel eontrol arm and yoke and the overfueling control
device. A composition gasket is used between the
adapter and the crankcase.

The fuel contrel arm and the shaft and yoke assembly
transmit governor action to the injection pump con-
tral rack. The overfueling device provides rmaximurnm
{excess) fuel during engine starting, and limits the
rmaximum amount of fuel and engine power output to
pratecl the engine from excessive loading.
Do not change the adjustment o this device
unless absolutely requirad, The warraniy may

bevolded, If the fual stop is inlanlianally alered to increase englne
powar abawve 10 percent pverdead at rated speed and load.
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FIGUIRE 3-46. ADAPTER ASSEMBLY

INJECTION PUMP REPAIR

MMost fued system frouhles are not due to & faulty
tfeifon pump, test the rest of the feet system before
condemining the infaction pump.

Onan discourages field repair of the injection pump
because of the exceptionally clogse tolerancas
between parts and the specialized equipment
necessary for repair. The injection pump is an
expensive part of the unit and even a particle of dirt as
fine as talcum powder could score its working
surfaces.

INJECTION PUMP REMOVAL

ITthe raest of the fusl $ystem is in working arder and
fuel delivery abnormal, remove the pump for replace-
ment ar rapair.

1. Locate injection pump on service side of engine
and remaove necessary shaet metal and hardware
to make pump aceessible,

2. Remove fuel inlet and return |ing, Figure 3-43.

3. Remowve high pressure lines between pump and
injector nozzles, both ends,

4. Cap all lines and fittings using extreme care to
teep all fuel system components clean.

5 Aemove four sockel head screws holding pumpto
adaptor assembly,

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

¢, Carelully clean injection pump assembly and
pigce it in 8 clean place. Betain shirms between
pump and adapter as they are needed for
reassom by,



A diesel engine cannot tolerate dirt in the tuel

system. It is one of the major causes of diesel
engine failure. A tiny piece of dirl in the injection system may stop
your unit. When opening any part of the fuel system beyond the
secondary fuel filter, place all parts in a pan of clean diesel fuel as
Ihey are removed. Before installing new or used parts, flush them
thoroughly, and install while still wet.

SHAFT POSITION OF
FLAT FOR REMOVING AND
INSTALLING PUMP TO ADAPTER

TOP END

OVERLOAD FUEL PLUNGER

ADAPTER ADJUSTED AT FAGTORY -

BOSS DO NOT CHANGE
EXTERNAL

RETAINING

SHAFT AND YOKE

ASSEMBLY LOCK NUT

ADAPTER
DOWEL PIN
HOLES (2)

- DOWEL PIN ADAPTER MOUNTING
P
.UMF';OTS:'(\LT)'NG HOLE BOLT HOLES (4)
(BAYCE ONLY)

FIGURE 3-47. INJECTION PUMP ADAPTER ASSEMBLY

ADAPTER ASSEMBLY REMOVAL

1. Remove fuel control arm.

2. 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.

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

4. Thoroughly clean adapter assembly before
replacing new bearings and oil seal.

5. 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.
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BEARING 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.

£ £
5E ke PRESS DOWN
S © TO
T s T‘E ”‘*‘T/ REMOVE
i
1 |
| = - SEAL
Y E f o
> TOP BEARING
o
r= RETAINER CLIP

BOTTOM 2EARING

- |

YOKE
SHAFT™ |

YOKE—

420-0375

BEARING DRIVER

SEAL SPACER
SLEEVE

BEARING SPACER
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.

3. Remove external retaining ring and slide bearing
off yoke shaft.

4. Thoroughly clean and oil yoke and shaft
assembly and adapter for installing new bearings
and seal.

- Install bottom bearing from top 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.

w

=2}
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Using hollow end of bearing driver, press retain-
ing ring on shaft, far enough so ring snaps into
groove an shaft.

Slide bearing spacer slesve {shortest sleeve) over
hollow end of bearing driver; then use tool to
press top bearing into adapter. Make sure toot
bottormns against top of adapter boss and that
“lettered™ side of the bearing faces upward.

. Replace bearing spacer sieeve with seal spacer

sleeve (longest slogve) and then usetocl o press
oil seal over shaft attop of adapter. Make sure seal
5 installed with “lettered” side down, facing the
bearing. and thal tool bottoms against top of
adapler boss,

Reinstall adapter and injection pump assemblies,

ADAPTER INSTALLATION
Proceed as follows:

1

Place new gas ket on engine block dowel ping and
Install adagter using fouwr socket head screws and
ook washers, krrguo screws to 20-24 1t b, 27-33
RLE R

Cetermine shim thickness required batween
pormp and adapter because the new gasket may
not be the same thickness as the anginal one, See
Figera 3-449.

The proper shim thickness Is glamped ¢n lhe black for the
shim combinalign required during the ariginal lazlory installa-
fion of Lhe injection pump.

MICRGHETEH .

NEFIH

] —— \n.azi_
T _ ] IR FE

CrLIMLY H
GLOCKE wnl | —— !
I

3

FIGURE 3-49. MEASURING DEPTH FOR SHIM
THICKMESS

To measure for shim thickness:

a. Rotate crankshaft to pogition injection pump
cam dopbes on the camshaft in a vertical posi-
tion ao the base circle of each lobe faces the
adapler ppening,
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b. Using a depth migrometer, measure the dis-
tance from the mounting face of the adapter ko
the base circle of gither cam lobe,

The shim kit contalng shims In the lollowing Thicknesses:
002, 003, 006, 010, .014, and .01 B inches. 1 ohe shim iz
not enough, the raquired shim thickness {belween 004
and .020) can be abained within .001 Inch by comblning
twor ol the above ahims. The thicknesa |3 stamped on each
shim. For the greatesl accuracy, measure the total shim
thickness with a micrameter.

4. Tocalculate the shim thickness, usethefollowing

formula:
Standard installation depth
of pumpis, . ... ., 3.2588 “inches (82.8 mm)

Cistance from adapter flangse to cam
lobe hase circle as measured
{subtract from above)

Requirad shim
thickness -

inches | mm}

"Many earlier spec AB MDJE engines have an in-
stallation dimension of 3.2540 (B2.652 mm}. On these
units, a silkscreen print indicates this dimension, H &g,
3.2540 should be subsliluted for 3.2598 in Step 4.

INJECTION PUMP INSTALLATION

Inzlall injection pump on adapter assembly as:'
foliows:

1. Rotale crankshaft to position camshaft so that the

pump rollers contact the camshaft baze circle
{low poinl of the pump cam lobes), One |obe
shouldd be up, the other lobe down. Sea Figure 3-
44,

. Using proper shim thickness (Figure 3-50), install

pump te adapterwith four socket head capscrews
and lockwashers. Torgue to 20 to 24 fi-lbs 27-33

Pl
Be sure Ihe canlrol rack ball fils helwesn
the yoke lingers lor proper operation. If
the ragk hall Is not properly pleged in the yoks, engine
cperalion will be wneontrellable and must ba shopped im-
medialely. In such as amargency, the englne can he sloppad
by blocking the #lr Inlake, or by loosening {Just cracking) Ihe
fuel injectar llne Mtlings al the pump end.

3. Connest flexibie fuel inlet line 10 pump inlet.
.- Comnect each high pressure fuel line to proper

purmnp outlet and nozzle inlet. Targue nuts to 16-
15 1t Ik, (22-24 Merm).

. Reinstall fuel control arm on yoke and shaft

assembly, Figure 3-50. Tighten socket head
gurew, but do not aver tighten,



FUEL CONTROL ARM

YOKE AND SHAFT ASSEMBLY

GASKET

ADAPTER

SHIM

FIGURE 3-50, PUMP AND ADAPTER ASSEMBLY

6. Adjust fuel solenoid piunger s¢ that a 0.010 to
0.030 inch (0.25to 0.76 mm) clearance exists (see
Figure 3-51) between the plunger adjustment
screw and the fuel control arm with the solenocid
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.

Heigin b

FUEL CONTROL ARM

SCREW
é " CLEARANCE
0.010-G.030 {NCH

k.
{0.25-0.76 mm}

FIGURE 3-51. FUEL SOLENOID ADJUSTMENT

FLOW TIMING - TROUBLESHOOTING

ONLY

Fiow timing is performed at either injection line to
establish or confirm the pert closing (PC) point of
each fuel injection cycle. The PC point should be
about the same for each cylinder, but an allowable
difference between c¢ylinders is 2.5 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.

If piston drop is measured to determine the PC point,
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the nominal value is 0.115 inch {2.9 mm); the
allowablerangeis 0.171t0 0.070inch (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.

Place the spring and volume reducer in a clean container of
fuel until re-installed.
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CONTROL. RACK
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FIGURE 3-52. SINGLE INJECTION PUMP ASSEMBLY




