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Safety Precautions

It is recommended that you read your engine manual and be-
come thoroughly acquainted with your equipment before you
start the engine.

This symbol is used throughout this
manual to warn of possible serious personal injury.

This symbol refers to possible equip-
ment damage.

Fuels, electrical equipment, batteries, exhaust gases and mov-
ing parts present potential hazards that could result in serious,
personal injury. Take care in following these recommended pro-
cedures.

Safety Codes

o Alilocal, state and federal codes should be consuited and
complied with.

e This engine is not designed or intended for use in aircraft.
Any such use is at the owner’s sole risk.

General

* Provide appropriate fire extinguishers and install them in
convenient locations. Use an extinguisher rated ABC by
NFPA.

* Make sure thatall fasteners onthe engine are secure and
accurately torqued. Keep guards in position over fans,
driving belts, etc.

o [fitis necessary to make adjustments while the engine is
running, use extreme caution when close to hot exhausts,
moving parts, efc.

Protect Against Moving Parts

* Do not wear loose clothing in the vicinity of moving parts,
such as PTO shaits, fiywheels, blowers, couplings, fans,
belts, etc.

o Keep your hands away from moving parts.

Batteries

o Before starting work on the engine, disconnect batteries
to prevent inadvertent starting of the engine.

¢ DO NOT SMOKE while servicing batteries. Lead acid bat-
teries give off a highly explosive hydrogen gas which can
be ignited by flame, electrical arcing or by smoking.

» \Verify battery polarity before connecting battery cables.
Connect negative cable last.

Fuel System

e DO NOT fill fuel tanks while engine is running.

e DO NOT smoke or use an open flame in the vicinity of the
engine or fuel tank. Internal combustion engine fuels are
highly flammable.

¢ [uel lines must be of steel piping, adequately secured,
and free from leaks. Piping at the engine should be ap-
proved flexible line. Do not use copper piping for flexible
lines as copper will work harden and become britile
enough to break.

¢ Be sure all fuel supplies have a positive shutoff valve.

Exhaust System

* Exhaust products of any internal combustion engine are
foxic and can cause injury, or death if inhaled. All engine
applications, especially those within a confined area,
should be equipped with an exhaust system to discharge
gases to the ouiside atmosphere.

e DO NOT use exhaust gases to heat a compartment.

¢ Make sure that your exhaust system is free of leaks. En-
sure that exhaust manifolds are secure and are not
warped by bolts unevenly torqued.

Exhaust Gas Is Deadly!

Exhaust gases contain carbon monoxide, a poisonous gas that
might cause unconsciousness and death. It is an odorless and
colorless gas formed during combustion of hydrocarbon fuels.
Symptoms of carbon monoxide poisoning are:

e Dizziness e Vomiting
e Headache * Muscular Twitching
¢ Weakness and Sleepiness e Throbbing in Temples

If you experience any of these symptoms, get out into fresh air
immediately, shut down the unit and do not use until it has been
inspected.

The best protection against carbon monoxide inhalation is
proper installation and regular, frequent inspections of the com-
plete exhaust system. If you notice a change in the sound or ap-
pearance of exhaust system, shut the unit down immediately
and have itinspected and repaired at once by a competent me-
chanic.

Cooling System

¢ Coolants under pressure have a higher boiling point than
water. DO NOT open a radiator pressure cap when cool-
ant temperature is above 212 degrees F (100 degrees C)
or while engine is running.

Keep The Unit And Surrounding Area Clean
e Make sure that oily rags are not left on or near the engine.

¢ Remove all unnecessary grease and oil from the unit. Ac-
cumulated grease and oil can cause overheating and
subsequent engine damage and present a potential fire
hazard.
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General Information

INTRODUCTION

This manual deals with specific mechanical and elec-
trical information needed by engine mechanics for
troubleshooting, servicing, repairing, or overhauling
the engine.

Use the table of contents for a quick reference to the
separate engine system sections.

Use the separate Parts Catalogs available at the
dealer level, for parts identification and for establish-
ing their proper location on assembilies.

The TROUBLESHOQTING GUIDE provides a quick
reference for locating and correcting engine trouble.

The illustrations and procedures presented in each
section apply to the engines listed on the cover. The
flywheel end of the engine is the front end, so right
and left sides are determined by viewing the engine
from the front.

The disassembly section contains major overhaul
procedures for step by step removal, disassembily,
inspection, repair and assembly of the engine
components.

If amajor repair or an overhaul is necessary, acompe-
tent mechanic should either do the job or supervise
and check the work of the mechanic assigned to do
the job to ensure that all dimensions, clearances and
torque values are within the specified tolerances.

The wiring diagram shows how the electrical compo-
nents are interconnected.

A parts catalog (available at the dealer level) contains
detailed exploded views of each assembly and the
individual piece part numbers and their proper names
for ordering replacement parts.

Use only Genuine Onan replacement parts to ensure
quality and the best possible repair and overhaul
results. When ordering parts, always use the com-
plete Model and Spec number in addition to the Serial
number shown on the nameplate.

ENGINE MODEL REFERENCE

Identify your model by referring to the MODEL and
SPEC (specification) NO. as shown on the unit
nameplate. Always use this number and the engine
serial number when making reference to yourengine.

How to interpret MODEL and SPEC NO. on generator
set engines.

12.0MDJC - 3R / 86 A
T
1 2 3 4

1. Factory code for general identification purposes.
2. Specific TYPE, as follows.

R - REMOTE type. Electric starting. Optional
accessory equipment can be connected for 2
wire remote control of starting and stopping

E - ELECTRIC start type. Electric starting at the
plant only.

3. Factory code for specific optional equipment
supplied.

4. Specification (Spec Letter). Advances with fac-
tory production modifications.



Specifications

All dimensions in U.S. customary units of measure (metric in parentheses) unless otherwise specified.

UNIT OF
SPECIFICATION MEASURE MDJA MDJB MDJC MDJE MDJF
Number of Cylinders . 1 2 4 2 4
Diesel Fuel ASTM2-D ASTM2-D ASTM2-D ASTM2-D ASTM2-D
Bore in 3.25 3.25 3.25 3.50 3.50
(mm) (82.55) (82.55) (82.55) (88.9) (88.9)
Stroke in 3.625 3.625 3.625 3.625 3.625
(mm) (92.07) (92.07) (92.07) (92.07) (92.07)
Displacement cuin 30 60 120 70 140
litre (0.5) (0.98) (1.9) (1.2) (2.3)
Compression Ratio 19to1 19to 1 19to 1 19101 19to1
Firing Order 1-2-4-3 1-2-4-3
Crankshaft Rotation
(viewed from flywheel) Clockwise Clockwise Clockwise Clockwise Clockwise
Governor Variable Speed Mechanical Variable Speed Mechanical
Valve Clearance (Coid) Spec A-C Begin Spec D ' .
Intake in 0.020 0.010 0.015 0.011 0.017 0.017
(mm) (0.51) (0.25) _ (0.38) (0.28) (0.43) (0.43)
Exhaust in 0.020 0.010 0.013 0.016 0.017  -0.017
{mm), (0.51) (0.25) (0.33) (0.41) (0.43) (0.43)
Qil Filter Full Flow Full Flow Full Flow Full Flow Full Flow
Crankcase Capacity qt 3 35 - 6.5 35 6.5
with filter change (litre) (2.8) (3.3) (6.2) (3.3) 6.2) -




Dimensions and Clearances

All clearances given at room temperature of 70°F (21°C).
All dimensions in inches (millimeters in parentheses) unless otherwise specified.

CAMSHAFT
Bearing Journal Diameter, Front. . .....c.oieiriiiiiiiiiiiiiiiiiiiiiii it 2.2500-2.2505 (57.150-57.163)
Bearing Journal Diameter, Center (dcylinder).........ooviiiiiiiiiiiiiien, 1.2580-1.2582 (31.953-31.958)
Bearing Journal Diameter, Rear ........cooiiiiiiiii ittt 1.1875-1.1880 (30.163-30.175)
Bearing Clearance Limit (Original) . ......ooiniiii i ieees .0015-.0030 (.038-.076)
Bearing Clearance Limit (Replacement) ..ottt inenns .0012-.0049 (.030-.123)
ey To o - et ee et eeateeatreiaeair ettt eaenann .007-.032 (0.2-1.0)
Cam Tappet Diameter (Prior 0 SPEC P} o .vniiiiiiiiii ittt iiiiiiaannans 7475-7480 (18.987-18.999)
Cam Tappet Hole Diameter (Priorto SpecP) ..o, .7507-.7515 (19.068-19.088)
Cam Tappet Diameter (Begin SPeC P)..cvveeiieiiii it eeess .8725-.8730 (22.162-22.174)
Cam Tappet Hole Diameter (Begin Spec P) o.oovvveninniiaia.t. et .8755-.8765 (22.238-22.263)
CONNECTING RODS
Large Bore Diameter....ovviiii it eiei it iiiei et ittt ey 2.1871-2.1876 (55.5523-55.5650)
Small Bore Diameter ... oovviir et ie ittt e 1.043-1.045 (26.4922-26.543)
Large Bearing Bore to Small Bearing Bore
(Center-10-Center) . ..ottt e et ettt eeereannn 5.998-6.002 (152.3492-152.4508)
Connecting RO END Play .. cvennntie i et e i it ee i aeaaenens .002-.016 (.05-.41)
CYLINDER
Bore Honed Diameter (MDJA, MDJB,MDJC) ......oiviiiiiiiiiiiiiiiiniinnn., 3.2495-3.2505 (82.537-82.563)
Bore Honed Diameter (MDJE, MDJF) ...oiiiiiiiiiiiiiiiiiii e 3.4995-3.5005 (88.887-88.913)
Maximum AloWab e TaPEr ..ottt ittt iiat ittt et iiatieeiiareeeeersetsananennns 0.005 (0.127)
Maximum Allowable Out-0f-ROUNd . ... .ot i i it i ittt ieinetesnenerennsaaannns 0.001 (0.025)
CRANKSHAFT
Main Bearing Journal Diameter (1 &2 cylinder) .......ooveviiiiiiiiiniiniiie, 2.2437-2.2445 (56.99-57.01)
Main Bearing Journal Diameter (4 cylinden.........cooovviiiiiiiiiiiiiiina., 2.2427-2.2435 (56.965-56.985)
Center Main Bearing Clearance (dcylinder) .....cooviiiiiiiiiniiiiiiiiiiiiiinneennns .0024-.0052 (.061-.132)
Front and Rear Main Bearing Clearance (Original) (4 cylinden ..............cevnvnnne. .0030-.0043 (.076-.109)
Front and Rear Main Bearing Clearance (Replacement) (4 cylinder) ............coveittt, 0024-.0062 (.06-.16)
Main Bearing Clearance (Original) (1 &2cylinder) .......coviiiiiiiiiiiiiiiiniia .002-.0033 (.051-.084)
Main Bearing Clearance (Replacement) (1 &2cylinden)........c.covvniviiiiiiiinnnn.. .0014-.0052 (.04-.13)
Connecting Rod Journal Diameter. ........covveieiiiiiiiiiiiiiiiininnes 2.0597-2.0605 (52.316-52.337)
Rod Bearing ClEaranCe . .....ueeeieireeerersceenneseisetrsoseaansransesscesasoacses .001-.0033 (.025-.084)
=T 122 010-.015 (.254-.381)
PISTONS AND RINGS

Clearance in Cylinder
Measure 90° to pin, just below oil ring

(a0 R (o TR o T=T 2 T .0050-.0070 (.127-.178)
(Begin OPEC P vttt iiiee et teeiitaratieta ettt tattettattereanersaanns 0055-.0075 (.140-.191)
Ring Groove Width
L« 2 .0970-.0980 (2.464-2.489)
NO. 2 ittt it tteetreeseaseaesoasasnsanasasscessesoasenssnssonsasassanses .0965-.0975 (2.451-2.477)
o T .0965-.0975 (2.451-2.477)
A oY S .1880-.1897 (4.775-4.818)
o 1T o N C -1 o .010-.020 (.25-.51)
PISTON PIN
ClearanCe N PISION ..o vv e ettt ceieeaeenenerecnenseennneatoecaseansonssassesnsanaonnss Thumb-push Fit
Connecting Rod Bushing Clearance .......cooiiveiuiniieiiiiieniiiiiiiiiierieianns .0002-.0007 (.005-.018)
STARTING MOTOR (Prestolite)
7] 7 11T o T Counterclockwise
Pinion Clearance to Pinion Stop (Solenoid Plunger Bottomed)...........covievanaana.. .070-.120 (1.78-3.05)
Armature End Play . .. .ovvieieiea ittt i ittt ittt i et i i raa s .005-.030 (.030-.760)



VALVE—INTAKE
Stem Diameter (Stem is tapered)
i 071 11 = .3401-.3411 (8.639-8.664)
il - T Y .3386-.3396 (8.601-8.626)
VAIVE R . ottt sttt iteteeaiensaeeoeononeeossesesoseneaenetssesassnessassacesossoasssssonsoonsns 42°
GUIAE ClEAMAMEE - i it eeteeeteereneaeansaronnensesasessssnssnosrossonssncsanesns .0015-.003 (.038-.076)
VALVE—EXHAUST :
MM DIAMBIOT . vttt ettt ienerseenaasossarinesiosssaniaessonsacssensans .3405-.3415 (8.649-8.674)
C TP Te L= 3 0 1= 1 - o1 g .0030-.0050 (.076-.127)
VIV FAC B vttt et isetinnenaeeeeasasasessnsasassssneanncssescsnsonnasansasssssenasssssssssoasns 45°
VALVE GUIDE
10 T 14 R R TR 1.7812 (45.2424)
(0 TR Yo L= 01T o1 1= .4690-.4695 (11.9126-11.9253)
inside Diameter (after reaming)
EXNAUSTt tviiriiieeiietiaeiecreeonsorsoessscsesconnsnssasarosconssansnannans .3445-.3455 (8.750-8.776)
INEAKE ottt ei et ieeeeneeaneaassassaseressssasonsssensansannnronnennsones .3425-.3435 (8.700-8.725)
Cylinder Block Bore Diameter. ... ..oooiiieiiiiiiiiiiiiiiiniieaienenieanes .467-.468 (11.8618-11.8872)
VALVE SEATS
Valve Seat Bore (Diameter) ,
INEAKE oot eeeieeeae e aeesoareasoastosoosonsaaseonsconcennncsnsenneans 1.547-.1.548 (39.29-39.32)
7= U113 S 1.361-1.362 (34.570-34.595)
Depth (from CylinderHead Face) ..........c.ccovviiviiiniaan.. e, 433-.439 (10.99-11.15)
Seat Outside Diameter
Exhaust .......coviiiiiinnnn e ettt tea et eearar e et aaraaanas 1.364-1.365 (34.6456-34.6710)
Intake ..ovvvnrneiiiiiiiiinnienss A 1.550-1.551 (39.37-39.39)
LYt 1T o | o YA .047-.062 (1.19-1.57)
N T 1= T LT 45°
AVAIHADIE [NSEIt OVEISIZES .ttt e vt eeeeenreasacancasaautoeseeiassisesonseossasssancansannsnss .002 (.0508)
.005 (.127)
010 (.254)
025 (.835)
VALVE SPRINGS
Load—Valve Closed .....couieerneieaeirersentenereneesneesassssassnnsaneranennns 45-49 Ib (200-218 N*)
Load—Valve Open (Priorfo SpecP) ....ooviiiiiiiiii ittt iieiear i 83-93 |b (369-414 N*)
Load—Valve Open (Begin SpecP).......covvevvnennn... eereeenaneanreartaanas 87-97 Ib (388-432 N*)

*Newton — Base unit of force.
**Measure intake valve stem at points indicated.

Valve Stem Diameter
(Intake)

FACE

2.96IN
(75.2 mm) +—||+— cenTer

118 1IN
(30.0 mm)



Assembly Torques and Special Tools

The assembly torques given here will assure proper RECESS
tightness without danger of stripping threads. If a ‘ UNDER HEAD
torque wrench is not available, estimate the degree of /

tightness necessary for the stud, nut, or screw. Be N
careful not to strip threads. Use only reasonabie force
and a wrench of normal length.

Specially designed place bolts do not require a lock-
washer or gasket. Do not attempt to use a lockwasher
with these bolts; it will defeat their purpose. Check all
studs, nuts, and screws often and tighten as needed

to keep them from working loose. ATag
SPECIAL TOOLS TORQUE SPECIFICATIONS Ft-Lb. Nem
Center main bolt (4 cylinder) ... 97-102 (131-138)
These tools are available from Onan to aid serviceand ~ Connecting rod bolt............ 27-28  (37-39)
repair work. Rocker-Box cover.............. 8-10 (11-14)
Cylinder head bolt ............. 44-46 (60-62)
. Exhaust manifold nuts.......... 13-15* (18-20)
D!esel szzle Tester ..... REEERERRISTSRRR 420-0184 Flywheel mounting screw....... 65-70  (88-95)
Diesel Pintle Nozzle Cleaning Tool Set Fuel pump mounting screws .... 15-20 (20-27)
(includes injection nozzle Gear case cover ........coeu..s - 18-20 (24-27)
centeringtool) ...l 420-0208 Glowplug .....covvvevveanaa... 10-15 (18-20)
Driver, Center Camshaft Bearing Injection nozzle mounting
(RDJFonly) ..oovveiviiiiiiieninnennns 420-0254 SCIEWS vovvrvernenernnennnans 20-21 (27-28)
Driver,ValveSeat.................cvuaet. 420-0270 Injection pump mounting
Oil Seal Guide and Driver................. 420-0456 SCTEWS ...ovinvrinnninnnnnnn. 15-16  (20-22)
Nozzle Centering Sleeve.................. 420-0321 Intake manifold ................ 13-15  (18-20)
Delivery Valve Test Fixture ................ 420-0322  Oil base mounting screws ...... 45-50 (61-68)
Combination Main and Cam , O!l filter ....... e Hand tight plus 1/4 to 1/2 turn
BEANNG DIVET v eveeeevesreerennnnss 420-0326  Oil pump mounting screws ... 1520 (20-27)
Diesel Compression Tester ............... 420-0283 ggiagf:ﬁgghmate """"""" 44%‘153 (5(;—?;;
Valve Spring Compressor Tool ............ 420-0119 T PT G it e neeeens y 3
Valve Seat RemOVer.......covvueeeennnnnn. 420-0311 Rockerarm stud ............... 35-40  (48-54)
(F:Iywtileﬁl fl:Lgler P I I. SRRCREREPETPRPPRPRY 420-0100 - Exhaust nuts must be tightened evenly.
rankshait (aear Fu gr R 420-0072 ** - This torque is due to friction between the threads only and
Crankshaft Gear Pulling Ring ............. 420-0248 locks the nuts in place. Use the rocker arm nut to adjust valve
ToolCatalog ....covvvvvnvvnnieiinnians, 900-0019 fash. : .



Engine Troubleshootin

2z,
S /S DIESEL ENGINE
S TROUBLESHOOTING GUIDE
<
53/ LIQUID OR AIR COOLED
>
8/
YA &
TS 5
G55/
O TS CAUSE

STARTING SYSTEM

L Discharged or Defective Battery
[ * ] o Defective Glow Plug or Lead
[ ] Load Connected When Starting
(AL Defective Solencid
(AL 2N ] Defective Starter
e|le Defective Control Circurt

|

[ Defective Fuel System
[ 2K ] [ ] ] ® Air in Fuel System
[AKJ] (AKX AKX [J o Incerrect Tummng
L AKX ] [ 3K Y ° Y Restricted Aur Intake - Dirty Arr Falter
ele [ IKAK)] o Paor Quality Fuel
[ 2K ] [ ] [ ] Dty Fuel Filters

® Out of Fuel or Shut Off Closed
[} [ ] ® Worn or Damaged Transfer Pump, Leaking Diaphragm

eole (A AK] o L] Faulty Injection Pump, Nozzies or Gaskets )
ole [ [ R L) [ Fuel Line Leaks

° ° Wrong Timing Button i Injectron Pump

) * Wrong T Pump ting

Y . Run For Long Periods of Time at NO LOAD

el L ole Lew Oil Supply
[ Defective O1i Gauge
[ ] L Excess Oi) in Crankcase

[y Otf Leaks From Engine Base or Connections
[ ] [ 2N ] ofe Light or Diluted Crankcase Qil

[ ] Leaky D1l Seals
efle [ ele Y Improper Lubrication

[ [ AK] Faulty Oil By-Pass
[J [ ] Wora Otl Pump
[ [ Heavy Oil or Clogged Passages

[ ] Durty Oil Filter

GOVERNOR SYSTEM

L] LAR J oo L} Loose or Disconnected Linkage
[ LALJ el e o Binding Linkage
o ® [ ] Excessive Wear in Linkage
ol|® e|® . Incorrect Governor Adjustmant
[ R High Spring Seasitivity
° P Incorrectly Installed Governor Yoke or Cup

Insufficiear Caolant

[ ]
[ K] ® [ Faulty Thermostat
[ [ [ Worn Water Pump or Defective Seals
[ 2 [ Water Passages Reswicted
L] L eojeole [ ] Blown Head Gasker
ele [ EK] [AK] Overheatng

] Restrictec or Teo Long Water Lines

o [ J Defective Expansion Tank Pressure Cap

Inadequate Air Circulation

Poor Compeession

[ [ Loose Piston

o ° Loose Connecting Rod or Crankshaft Bearing
(] o|e ® [ ] ejle|e Incorrect Valve Clearance
[ ole * o|leo|e Broken or Weak Valve Spring

[ eole High Exhaust Back Presswe

[ ) ol|le eleale [] Valves Not Seating Properly

[ ] o [ Worn Bearings
. el o L L] [ ] Worn Cylinder Walls, Pistons. Rings
[ ] ol [ ) o Sticking Valves

e ] L Worn o Diety Valve Guides




Service and Maintenance

PRE-STARTING

Preparations for the initial and each additional start-
ing operation should include careful checks of the oil,
fuel, cooling, and electrical systems.

Before engine is put in operation, check all compo-
nents for mechanical security. If an abnormal condi-
tion, defective part, or operating difficulty is detected,
repair or service as required. The engine should be
kept free of dust, dirt, and spilled oil or fuel. Be sure
proper operating procedure is followed.

Crankcase il

Multi-grade oils (such as 5W-30) are recommended
for service in ambient temperatures of 32°F and
colder. On Onan J Diesel liquid cooled engines, SAE
15W-40 or 20W-40 oils (CD/SE Service Designation)
may be usedinanambienttemperature range of 15°F
(-10°C) through 90°F (32°C). Refer to the oil chart
below for recommended viscosity grades at various
temperature ambients.

USE THESE SAE VISCOSITY GRADES

% D
l ] D
L 20W-20
~J1oW. |
10W-30, 10W-99
) }
°F -20 0 20 30 60 80 100
ec T30 .20 -10 0 10 20 30 40
TEMPERATURE RANGE YOU EXPECT BEFORE NEXT OIL CHANGE

Use oil with an API classification of CD/SE (all viscos-
ity grades) or CC/SE (grades 10W-30, 10W-40, or
5W-30 only).

When adding oil between oil changes, it is preferable
to use the same brand, as various brands of oil may
not be compatible. Refer to Maintenance Schedule
for recommended oil change intervals and pro-
cedures.

Crankcase pressure could blow out
hot oll and cause serious burns. Do

NOT check oil while the engine is operating.

Recommended Fuel

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

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

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

*NOTE: Fuels with Cetane numbers higher than 45 may be needed
in higher altitudes or when extremely low ambient temperatures
are encountered to prevent misfires.

Use low sulfur content fuel having a pour point
(ability to filter) of at least 10°F below the lowest
expected temperature. Keep the fuel clean and pro-
tected from adverse weather. Leave some room for
expansion when filling the fuel tank.

Due to the precise tolerances of die-
sel injection systems, it is extremely
important the fuel be kept clean. Dirt in the system

can cause severe damage to both the injection pump
and the injection nozzles.

WORK TRANSFER PUMP
PRIMING LEVER UNTIL
FUEL FLOWS FROM
RETURN LINE FITTING
OF INJECTION PUMP.

FIGURE 1. BLEED FUEL SYSTEM

it the camshaft pump lobe is up, crank engine one revolution to
permit hand priming. When finished, return priming lever inward
(disengaged position) to permit normal pump operation.



Bleeding Fuel System

Bleed air from fuel system as follows: Disconnect fuel
return line, Figure 1. Operate hand priming lever on
fuel transfer pump until fuel flowing from fuel return

line is free of air bubbles. Then reconnect the fuel
return line.

PRE-HEATING AND STARTING

Preheating for 60 secands is recommended on all
DJ-Series Diesels at 55°F (13°C) or lower, and 30
seconds for temperatures above 55°F (13°C). Refer
to Onan Diesel Starting Guide, for additional starting
guidelines.

[~ WARNING Inhalation of exhaust gases might
(e result in serious personal injury or
death. Be sure deadly exhaust gas is piped outside
and away from windows, doors, or other inlets to
building.

Use of ether as a starting aid might

cause an explosion resulting in
severe personal injury and engine damage. Do not
use ether as a starting aid; heat or compression or
heat from the glow plugs may cause a sudden ignition

of the ether vapor.
1. Engage PREHEAT switch for the time period
recommended below:

30 seconds if above 55°F (13°C) -
60 seconds if below 55°F (13°C).

2. Engage START switch while continuing preheat.
Hold until engine comes up to speed.

3. If engine fails to start in 15-20 seconds, repeat

steps 1 & 2. Absence of blue exhaust smoke dur-
ing cranking indicates no fuel being delivered.
Determine cause.

4. In extreme cold it may be necessary to maintain
preheating up to 2 minutes after the engine starts
to obtain firing or to smooth out all cylinders,
especially at no load or light loads.

Do not exceed the one minute
preheat periods to prevent heat-
er burn out and conserve the battery. Longer
preheating time prior to cranking the engine can
ruin the manifold heaterand glow plugs because
there is no incoming air flow to cool them. Addi-
tional operation of the preheaters for a few
seconds during cranking in cold weather may
help to preheat the incoming combustion airand
prevent misfires as the engine starts running.

5. Verify that oil pressure gauge reads at least 20 psi
after engine reaches speed (pressure relief vaive
is not adjustable).

Do not apply overvoltage to the

starting circuit at any time.
Overvoltage will destroy the glow plugs and air
healer. If it becomes necessary to use an addi-

tional source of power to start the set, use a 12
volt battery connected in parallel.

STOPPING

1. Push fuel solenoid switch-to Stop position.

2. Release switch when set stops. If stop circuit fails,
close fue! valve.

ONAN DIESEL STARTING GUIDE
- INDUSTRIAL ENGINES

BEFORE STARTING:

CHECK FUEL SUPPLY.
BE SURE SHUTOFF VALVES ARE OPEN.

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

TO PRIME FUEL SYSTEM:
MOVE PRIMING LEVERUP
AND DOWN UNTIL FUEL
FLOWS STEADILY FROM
RETURN LINE (DISCON-
NECTED).

FUEL TRANSFER
PUMP

PRIMING LEVER
FUEL RETURN LINE —

[ AIR HEATER
(ELEMENT IN MANIFOLD)
T T INJECTION NOZZLE
-y

J’ GLOW PLUG

o
) & INJECTION PUMP
i / o

< FUEL FILTERS

TO START:
PREHEAT COLD ENGINE: PUSH PREHEAT SWITCH AND HOLD —

* 30 SECONDS IF ABOVE 55°F (13°C);
* 60 SECONDS IF BELOW 55°F (13°C).
NEVER PREHEAT MORE THAN 60 SECONDS.

|

I ENGAGE FUEL SOLENOID SWITCH IF SO EQUIPPED

|

l ENGAGE START SWITCH WHILE CONTINUING PREHEAT

T

IF ENGINE FIRES BUT DOES NOT START, REPEAT ABOVE PROCEDURES, INCLUDING
PREHEAT. LIMIT CRANKING TO 15 TO 20 SECONDS TO CONSERVE BATTERY. IF

ENGINE STILL DOES NOT START, SEE"IF ENGINE FAILS TO START™ INFORMATION.




IF ENGINE FAILS TO START:

IMPORTANT!

KEEP ENTIRE FUEL SYSTEM CLEAN AND FREE FROM WATER
DIESEL INJECTION PUMPS WILL FAIL IF SYSTEM CLEANLINESS 1S NEGLECTED

INJECTION PUMPS AND NOZZLES ARE NOT FIELD REPAIRABLE
WHEN TROUBLESHOOTING. CHECK ALL OTHER COMPONENTS FIRST

TEMPERATURES BELOW 32 F (0 C):

USE NUMBER 1 DIESEL FUEL. USE CORRECT VISCOSITY OIL.
KEEP BATTERIES FULLY CHARGED. DO NOT USE ETHER STARTING AID.

OBSERVE ENGINE EXHAUST "SMOKE SIGNALS™

BLUE-WHITE EXHAUST SMOKE:
ENGINE IS GETTING FUEL

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

{ FUEL FLOWS STEADILY

d_
| Luirrie or wo ruee rLow]

CHECK PREHEAT SYSTEM:

1. OBSERVE  AIR HEATER
THRU AIR INLET.

2. ENGAGE PREHEAT.

. IF HEATER ELEMENT DOES \
NOT GLOW RED WITHIN
30 SECONDS, CHECK AIR
HEATERAND GLOW PLUG \
WIRING:

CONNECTIONS TIGHT?

(5]

CHECK FUEL SOLENOID:

-——~ SOLENOID ROD SHOULD
PULL IN AND THROTTLE ARM
FOLLOW {AS SHOWN) WHEN
START SWITCH IS TURNED

ON. IF NOT, CHECK FOR
1 * BINDING LINKAGE

LOOSE OR BROKEN WIRES

“\———THROTTLE ARM

SOLENQID ROD

CHECK FUEL SUPPLY

SYSTEM:

* FUEL TANK EMPTY?

* SHUTOFF VALVES
CLOSED?

® FUEL LINES KINKED?

* LOOSE CONNECTIONS?

* CLOGGED FUEL FILTERS?

FREE FROM CORROSION?

8-79 98-4006

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

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

[ IF ENGINE STILL DOES NOT START, CONTACT AUTHORIZED ONAN SERVICE REPRESENTATIVE I

AUTOMATIC STARTING AND STOPPING

Optional controls may be used for automatic start
and stop, but must provide engine preheating.

The automatic control should have a time delay relay
to preheat glow plugs and the manifold heater for at
least 20 seconds before cranking occurs. The time
delay relay prevents immediate engagement of the
starterin case the load is reapplied before the engine
stops.

APPLYING LOAD

If practicable, allow engine to warm up before con-
necting a heavy load. Continuous overloading causes
high operating temperatures that can damage the
engine. The exhaust system may form carbon depos-
its during operation at light loads; apply full ioad
occasionally before shut-down to prevent excessive
carbon accumulations.

Try to apply the load in steps instead of full load at
one time.

BREAK-IN PROCEDURE
The unit should be run in the following sequence:

1. One half hour at 1/2 load.
2. One half hour at 3/4 load.
3. Full load.

Continuous running under one half load during the
first few hundred hours may result in poor piston ring
seating, causing higher than normal oil consumption
and blowby.

Drain and replace the crankcase oll after first 50 hours of opera-
tion; drain while the engine is still hot.

INSPECTION
Check for alignment of engine and load. Misalign-
ment will cause excessive vibration and bearing wear.
Make a visual inspection of the entire installation.
- Contact with rotating machinery
might cause serious personal injury
or death. Stay clear of rotating components and

ensure that protective shields and guards are in place
and secured before operating machinery.



VENTILATION
Good ventilation is needed to cool the engine and to
support combustion. Avoid recirculation of ventilat-

ing air.
Inhalation of exhaust gases might
result in serious personal injury or

death. Do not use exhaust heat to warm a room,
compartment or storage area.

EXHAUST

Pipe exhaust gas outside any enclosure: exhaust gas
is poisonous. Exhaust pipes must not terminate near
inlet vents. Avoid sharp bends. Use sweeping, large-
radius elbows. Use a section of seamless, flexible
tubing between the engine and any rigid pipe to res-
trict vibration.

BATTERIES

Check the condition of the starting batteries at least
every two weeks. See that connections are clean and
tight. A light coating of non-conductive grease wiil
retard corrosion at terminals. Keep the electrolyte at
the proper level above the plates by adding distilled
water. Check specific gravity; recharge if below
1.260.

DUST AND DIRT
1. Keep inlet screen free of dirt, etc.
2. Service air cleaner as frequently as necessary.
3. Change crankcase oil every 50 operating hours.
4. Keep oil and fuel in dust-tight containers.
5. Keep governor linkage clean.

HIGH ALTITUDE

Maximum power will be reduced approximately 4
percent for each 1000 feet (310 m) above sea level,
after the first 1000 feet (310 m).
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LOW TEMPERATURES
1. Use correct SAE No. cil for temperature condi-

tions. Change oil only when engine is warm. If an
unexpected temperature drop causes an emer-
gency, move engine to a warm location or apply
heated air (never use open flame) externally until
oil flows freely.

2. Usefresh fuel. Protect against moisture conden-
sation.

3. Keep fuel system clean, and batteries in a well
charged condition.

4. Use additional preheat cycles during cold starts.

Do not exceed one minute preheat
periods; longer periods can ruin the

heater elements.

OPERATOR AND SERVICE MAINTENANCE SCHEDULE

HOURS OF
OPERATION MAINTENANCE TASK
8 e Inspect exhaust system
e [nspect engine
e Check fuel supply, see Note 1
. e Check oil level. See Figure 2.
50 (more often
in dusty e Check air cleaner.
conditions)
100 o Clean governor linkage
e Change crankcase oil
o Drain fuel condensation traps
in lines and filters,
see Note 1
200 o Replace oil filter
e Check battery condition
e Clean breather standpipes
500 o Check start-disconnect circuit
e Check valve clearances
600 e Change primary fuel filter
e Grind valves (if required)
e Clean holes in rocker box
oil line orifices
2000 o Check nozzle spray pattern,
see Note 2
3000 e Change secondary fuel filter
5000 e General overhaul (if required)
see Note 3

NOTE 1. Water or foreign material in fuel can ruin the injection
system. If daily inspection shows water or excessive
dirt in sediment bowl fuel, handling and storing facili-
ties should be checked and situation corrected. Prim-
ary and secondary fuel filters must be replaced follow-
ing correction of fuel contamination problem.

2. This service must be conducted by trained diesel injec-
tion equipment personnel with suitable test facilities.
Omit this service until these conditions can be met.

3. Tighten head bolts and adjust valve clearance after first
50 hours on an overhauled engine.



OIL FILTER CHANGE

Place pan under old filter and remove by turning
counterclockwise. Clean filter mounting area. Lubri-
cate gasket on new filter with oil and screw filter on
clockwise until gasket touches mounting base, then
tighten 1/2 turn.

Crankcase pressure could blow out

hot oil and cause serious burns. Do
NOT check oil while the engine is operating.

CAP AND OIL LEVEL
INDICATOR

KEEP
CRANKCASE

OPERATE ENGINE
WITH OIL BELOW
THIS LEVEL

+ OIL FILL
TUBE

AIEY

OiL LEVEL INDICATOR

FUEL PUMP
AND FILTER ~
BODY —1..

SCREEN

GASKET

FUEL TRANSFER PUMP

OIL DRAIN EXTENSION

For service convenience, install a short (less than 10
inches [254 mm]) oil drain extension made from
standard pipe and fittings, in the 1/2-inch (12.70 mm)
pipe-tapped oil drain hole in the base.

CRANKCASE
BREATHER
PIPE

INSERT A SOFT
WIRE THROUGH
BREATHER PIPE
TO CLEAN

BREATHER SYSTEM

BALL JOINT

PRIMARY ° SECONDARY
FILTER FILTER

DUAL FUEL FILTER SYSTEM

FIGURE 2. MAINTENANCE PROCEDURES



OUT-OF-SERVICE PROTECTION

The natural lubricating qualities of No. 2 diesel fuel
should protect a diesel engine for at least 30-days
when unit is not in service. To protect an engine that
will be out of service for more than 30 days, proceed
as follows:

1.

2.

Run engine until thoroughly warm; under at least
50 percent load.

Shut down engine and drain oil base while stiil
warm. Refill and attach a warning tag indicating
viscosity of oil used.

. Remove glow plugs. Pour 1-ounce of rust inhibi-

tor (or SAE #10 oil) into each cylinder. Install

glow plugs.
Crank engine by hand only to
distribute oil in cylinder. Starter

cranking is too fast; oil or inhibitor fluid will fire if
cranked with starter at normal room temperature.

Service air cleaner per Maintenance Schedule.

Clean throttle and governor linkage and protect
by wrapping with a clean cloth.

. Plug exhaust outlets to prevent entrance of mois-

ture, bugs, dirt, etc.

. Clean and wipe entire unit. Coat parts susceptible

to rust with a light coat of grease or oil.

. Disconnect battery and follow standard battery

storage procedure.
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Returning a Unit to Service

1.

2.

[2]

Remove cover and all protective wrapping. Re-
move plug from exhaust outlet.
Check warning tag on oil base and verify that oil

viscosity is still correct for existing ambient tem-
perature.

. Clean and check battery. Measure specific grav-

ity (1.260 at 77°F [25° C]) and verify level is at split
ring. If specific gravity is low, charge until correct
value is obtained. if level is low, add distilled
water and charge until specific gravity is correct.

DO NOT OVERCHARGE.

Ignition of explosive battery
gases might cause severe per-

sonal injury. Do notsmoke while servicing batier-

ies.

. Checkthatfuel injectors and fuel lines are secure

and correctly torqued.

. Clean heat exchanger.
. Connect batteries.
. Verify that no loads are connected to engine.

@ Inhalation of exhaust gases

might result in serious personal
injury or death. Be sure deadly exhaust gas is
piped outside and away from windows, doors, or
other inlets to building.

. Start engine.

After engine has starled, excessive amount of blue smoke will
be exhausted until the rust inhibitor or oil has burned away.

Accidental starting of the engine
might cause severe personal injury

or death. Disconnect the battery cable when repairs
are made to the engine, controls, or generator.



Exhaust System

GENERAL

The exhaust system must efficiently expel all engine
combustion products and muffle exhaust noises with
minimum back pressure. If back pressure is too high,
volumetric efficiency of the engine is reduced, fuel
economy drops, exhaust temperature increases, and
valve life is shortened.

Back pressure must not exceed 27 inches (686 mm)
of water column for the rated load when measured
with a manometer at the exhaust manifold, Figure 3.

Units of
Measurement

Full
Load

Inches of
Water

Inches of
Mercury 2
Ounces 15.6 0z.

27

FIGURE 3. BACK PRESSURE TEST WITH MANOMETER

EXHAUST SMOKE

Alight gray or light blue smoke may be aresuit of low
ambient temperature and light ioad. This smoke is
unburned fuel (not harmful to the engine) and disap-
pears when more load is applied.

Black smoke indicates overfueling (more fuel than
oxygen) and is usually caused by overloading. The
smoke or unburned fuel becomes carbon when
raised to a high temperature. Carbon contributes to
engine damage because it contaminates the lubricat-

ing oil.
Inhalation of exhaust gases might

result in serlous personal injury or

death. Do not use exhaust heat to warm a room,
compariment, or storage area.

Vent exhaust gases outside. Use flexible tubing only
between the engine exhaust outlet and rigid piping.
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Inhalation of exhaust gases might

result in serious personal injury or
death. Inspect exhaust system audibly and visually
for leaks dally. Repair any leaks immediately.

WATER COOLED EXHAUST

Marine exhaust systems are designed so that a
minimum mount of heat will be radiated from the
exhaust system components. This is done to keep the
heat build-up in the engine compartment to a min-
imum. Exhaust heat is dissipated by using a water
cooled exhaust manifold and a water injected exhaust
pipe and muffler system. The exhaust manifold is
encased ina shell through which engine coolant or
sea water is circulated. Just beyond the exhaust
manifold, a special elbow (see Figure 4) is fitted
which allows the output water from the sea water
system to be injected into the exhaust pipe. The
injected sea water is carried out thorugh the exhaust
system and discharged into the flotation water.

CONNECTED
TO EXHAUST
MANIFOLD
SEA WATER
INPUT
EXHAUST
ELBOW
APPLY PIPE SEALANT
TO ALL PIPE THREADS M — ASSEMBLY
TWO

HIGH EXHAUST
TEMPERATURE RUBBER
SHUTDOWN SWITCH EX:Cl)\SUEST

EXS-1014

FIGURE 4. EXHAUST ELBOW



Typical installations

All water injected exhaust systems must be designed
so that the discharge water will not flow back into the
engine. There are several methods that can be used
to keep water out of the engine. All are based on
injecting the water at a point a few inches approx-
imately 4 inches (102 mm) below the exhaust mani-
fold outlet and installing a sharp drop in the exhaust
line that water cannot normally flow over. These
methods are divided into two general categories:
above water line and below water line installation.

Above Water Line: The exhaust manifold mustbe one
foot or more above the load water line and the water
must be injected near the exhaust manifold. The
exhaust pipe is pitched downward 1/2 inch per foot
{18 mm per 305 mm) to allow draining in the line
" whether the genertor set is running or stopped.

Below Water Line: An Onan Aqualift muffler may be
used for below the water line installations if the lift
height is no greater than four feet (1220 mm). A
siphon break is required when the water injection
elbow is below the water line (see Figure 5) to prevent
water from being siphoned into the exhaust manifold.
The siphon break will be mounted at least 12 inches
(305 mm) above the load water line.

If the {ift height is greater than four feet (1220 mm), a
riser exhaust system will be used. The exhaust
system will run in a loop above the water line to a
point 12 to 18 inches (305 to 457 mm) above the boat
load water line. A water jacket encloses the loop and

the water is injected on the outiet side at a point four
inches (102 mm) above the bottom of the loop. A
condensation trap is usually installed at the bottom of
the dry exhaust line seciton. Drain the trap at regular
intervals to remove condensation.

Generally, exhaust systems should be as short as
possible with a minimum number of bends. The
radius of any bend in the exhaust pipe should be at
least 5 times the diameter of the pipe. The dry
sections of exhaust line shouid be either insulated or
water jacketed.

Be sure the slotted opening in the

vacuum relief valve is open to atmos-
pheric pressure. The siphon break will not function if
the relief valve slot is closed in any way.

HANGER STRAPS

VACUUM RELIEF
VALVE

ADAPTER
ELBOW (2)

RUBBER HOSE

WATER QUTLET

EXHAUST WATER
INJECTION ELBOW

EXHAUST OUTLET

FIGURE 5. SIPHON BREAK

EXHAUST GAS IS DEADLY!

Exhaust gases contain carbon monoxide, a poisonous gas that might cause
unconsciousness and death. It is an odorless and colorless gas formed during
combustion of hydrocarbon fuels. Symptoms of carbon monoxide poisoning

are:

¢ Dizziness
e Headache
o Weakness and Sleepiness

e Vomiting
e Muscular Twitching -
e Throbbing in Temples

If you experience any of these symptoms, get out into fresh air immediately,
shut down the unit and do not use until it has been inspected.

The best protection against carbon monoxide inhalation is proper installation
and regular, frequent Inspections of the complete exhaust system. If you notice
a change in the sound or appearance of exhaust system, shut the unit down
immediately and have It inspected and repaired at once by a competent
mechanic.
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Cooling System

INSPECTION

As a part of standard maintenance procedures, the
entire cooling system should be inspected for signs
of leakage and checked for worn components. In-
spect the water pump bearings, impeller (neoprene),
and seals for signs of wear, and check for correct
drive belt tension. Locate the source of any leaks and
correct as required. inspect the zinc pencils on heat-
exchanger cooled engines, and note the amount of
deterioration. Refer to the appropriate section for
recommended service procedures.

As a final check, run the engine at full load and verify
that the engine can maintain an operating tempera-
ture of approximately 180°F (82°C). An engine that
operates significantly above or below this value
should be tested for malfunctions.

IMPORTANCE OF REGULAR
MAINTENANCE

The entire cooling system, including the block and
radiator, heat exchanger, or keel cooler should be
cleaned and flushed out at ieast once a year. This is
especially important in cold weather conditions or
when preparing the unit for extended storage (over
30 days). The cooling system can work efficiently
only when it is clean. A build-up of rust and scale in
the cooling system will slow down heat absorption
and restrict water fiow.

PRESSURE CAP

DRAIN PLUG

EXHAUST MANIFOLD

DRAINING COOLING SYSTEM

Open all drains and hose connections where coolant
may be trapped when changing the antifreeze solu-
tion or when preparing a unit for storage in freezing
conditions. Open the fill vent valve when draining
heat-exhanger cooled engines. The following drain
plugs and hoses must be removed to drain the cool-
ing system completely:

Contact with hot coolant might

resultin serious burns. Do not bleed
hot, pressurized coolant from a closed cooling
system.

Engine Block: J-Series—Remove drain plug on left
front side of engine. (See Figure 6).

Water Pumps (All Units): Remove drain plug under
pump or loosen pump cover (Figure 6).

Exhaust Manifold: Remove plug from underside of
exhaust manifold (Figure 6).

Expansion Tank: Remove plug from front side of
expansion tank (Figure 6).

Heat Exchanger (Draining Raw Water or Sea Water):
Remove drain plug from underside, loosen end cover,
or loosen and remove hose to drain heat exchanger.

Tank Heater: Loosen and remove lower hose to drain
tank heater.

Aqualift Muffler: The Aqualift muffler has relatively
little water in it during normal operation and does not
have to be drained during freezing weather.

Replace and tlghten all plugs, fittings, and clamps
when draining is finished.

H

~

/\‘

| 1]

DRAIN

~  BLOCK HERE ™5
(ng/?ﬁ%?gés REMOVE PUMP

PLUG) COVER TO DRAIN
J-SERIES BLOCK WATER PUMP

FIGURE 6. DRAINING COOLING SYSTEM



CLEANING AND FLUSHING THE
COOLING SYSTEM

To clean rust and scale deposits from captive water
systems, drain the system (as previously described),
and then fill with clean water and cleaner solution.
Use an approved chemical cleaner (such as the type
used for cleaning automotive cooling systems), and
follow the instructions provided by the supplier.

Chemical cleaners cannot be used with direct sea water cooled

marine engines.

Cleaning solutions typically contain
strong chemicals that may cause

injury if used improperly. Read all warning labels

before using.

When cleaning is complete, drain the cleaning solu-
tion and flush the system. For best results the engine
and heat exchanger should be reverse-flushed. Allow
the engine to cool as much as possible before flush-

ing with cold water.

Never pour cold water into a hot
engine. Doing so may crack the

head or the cylinder block. Do nof operate engine

without coolant for even a few minutes.

Flush system if engine operation indicates clogged
passages or overheating.

To flush the engine:

1. Drain heat exchanger, cylinder block and exhaust
manifold. Remove thermostats.

2. Remove the inlet and outlet hoses between the
engine and heat exchanger.

3. Close all drain plugs and attach the flushing gun
nozzle to the water outlet, as near the exhaust
manifold as practical. Restrict the normal inlet
line opening until the system fills with water, then
apply air pressure gradually. Repeat the process
until the flow of water from the cylinder block is
clean.

4. Remove flushing gun.

5. Reinstall thermostats, hoses, and drain piugs and
refill the system with the proper cooiant.

6. When flushing is completed, check the system
thoroughly for any leaks uncovered by the clean-
ing operations.

To flush heat exchanger:
1. Flush the engine water jacket as previously dis-
cussed.
2. First remove water outlet hose between engine
water jacket to the heat exchanger.
3. Flush both fresh water side and raw water side of
heat exchanger.
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4. Remove rubber impeller pump cover to flush raw
water side.

5. Flush the water-cooled exhaust manifold.

6. When flushing is. completed, check the system
thoroughly for leaks.

FILLING COOLING SYSTEM

All closed or captive water cooling systems should be
filled with 50/50 mixture of antifreeze and clean
water. This is the amount recommended for satisfac-
tory corrosion protection and boil-over protection.

In extremely low temperatures (-25°F or lower), it
may be necessary to increase the percentage of
antifreeze to provide adequate protection against
freezing. Follow the recommendation of the supplier
to determine the amount of antifreeze needed for the
lowest temperature expected. The antifreeze solution
must be able to protect the cooling system during the
coldest winter weather. Table 1 shows the capacities
of the various cooling systems.

TABLE 1.
COOLING SYSTEM CAPACTIES
CAPACITY IN QUARTS
UNIT ENGINE AND HEAT EXCH.

MDJA 23(2L)

MDJB 45(431)

MDJC 95 (9 L)

MDJE 45(431)

MDJF 9.5(9L)

Heat Exchanger Filling

Improper filling of the heat exchanger (Figure 7) can
cause overheating of the engine. To prevent this pos-
sibility, follow these instructions whenever adding
coolant to the heat exchanger:

1. Remove fill cap.
2. Open fill vent valve (turn counterclockwise).

3. Remove vent plug (older city water cooled units
only). :

4. Fill with coolant until vents begin to overfiow.
. Close fill vent valve (turn clockwise).

6. Replace vent plug (older city water cooled units
only).

. Replace fill cap (prime pump on marine units).

8. Operate unit 10 minutes at full ioad; watch for
leaks.

9. Shut down unit.

o

-~



Contact with hot coolant might

result in serious burns. Do not bleed
hot, pressurized coolant from a closed cooling
system.

10. Slowly open pressure cap and check water level.
11. Fill system to top with coolant.

'WATER
MANIFOLD

FILL VENT
VALVE

/
B378

HEAT
EXCHANGER

FIGURE 7. HEAT EXCHANGER FILLING

MARINE COOLING SYSTEMS

Three types of marine cooling systems are in general
use today: direct sea water cooling, heat exchanger
cooling, and keel or skin cooling.

Direct sea water cooling systems use an engine
mounted pump to draw flotation water and pump it
through the engine and out through the exhaust sys-
tem. The floatation or sea water comes in direct con-
tact with the engine water jacket.

SHELL  ryges END
COVER

The heat exchanger and keel cooling systems were
developed to keep sea water, and the resulting
sediment deposits (sali, silt, etc.), from the engine
cooling jacket. Both systems have a fixed quantity of
captive water in a closed system to cool the engine.
Sea water cools the captive water in the heat
exchanger or keel cooler. Sea water and captive
water are kept separated, so the engine water jacket
stays clean. Figure 8 shows a typical marine heat
exchanger.

Because marine generator sets operate typically in
very small compartments, itis important thatthe heat
radiated from the exhaust system be kept to a min-
imum. To accomplish this, the heated sea water is
usually discharged through the exhaust system.
Special mufflers, pumps, and anti-siphon devices are
required to avoid interference with the passage of
exhaust gases and to prevent entry of water into the
combustion chamber.

Direct Cooling System

Onan engine generator sets constructed for direct
sea water cooling are equipped with a sea water
pump and are normally installed with a water filter,
water inlet valve (sea cock), and strainer.

A through-the-hull flush-type fitting is used for a
water inlet. Heated sea water flows past the thermo-
stat to the exhaust manifold (water cooled) and is
discharged through the exhaust system. The dis-
charged water cools the entire exhaust system and
greatly reduces the amount of heat that would
normally radiate from the muffler and exhaust pipe
(see Figure 9). Although this system is the simplest
and has the lowest initial cost, itis not recommended
for salt water or water that contains siit and debris.

WATER TO
,_EXHAUST LINE

FLEXIBLE Cl PITCH
SECTION [C) ¥ —~ DOWN
% LI eLecTRIC TO
—_ SET MUFFLER
...... \
OUTLET v
FORWATER -~ SEA i |
IN CLOSED COCK
SYSTEM / ELUSH TYPE THEL WATER FILTER
INLET FOR HULL FIFTING  — « COOLING WATER IN
COOLING WATER STRAINER =~ —

B258

FIGURE 8. HEAT EXCHANGER

FIGURE 8. DIRECT SEA WATER COOLING



SIPHON BREAK

2= VACUUM RELIEF
|"= ‘! VALVE
r¥l = ADAPTER
H PP ™ ELBOW (2)
THERMOSTAT
HOUSING FILL _ BLEEDER VALVE

——1

. RUBBER HOSE

e
WATER MANIFOLD 4

EXHAUST WATER
DISCHARGE
N EXHAUST
4 MANIFOLD
E\‘j 5
ENGINE DRIVEN ) A H ‘REAR CYLINDER
WATER PUMP X BLOCK CONNECTION
(SEA WATER) O~
Taay)
g A
[ NN ) \
R ) S FRONT CYLINDER
.S\)“ J 9%\ BLOCK CONNECTION SEA WATER
= i FRESH WATER
pre2 ’ Q> § | CLOSED SYSTEM
INLET - SEA WATER
CENTRIFUGAL PUMP
(FRESH WATER)
FIGURE 10. HEAT EXCHANGER COOLING

Heat Exchanger Cooling System
Marine heat exchanger cooling systems work using A second pump is sometimes used to draw flotation
the same principle as city water heat exchanger sys- water and discharge it through the exhaust system.
tems. Cool water from an unlimited source (fiotation This cools the muffler and exhaust pipe and reduces
water) is circulated by the sea water pump through a the amount of heat radiated from these components.
set of tubes encased within a surrounding shell (Fig- As with heat exchanger systems, the sea water is
ure 10). Engine coolantis circulated through the shell never mixed with the engine coolant. Figure 11 shows

but is not mixed with the sea water. A second water a schematic of a keel cooler system.
pump is used to circulate the engine coolant in the
captive system. The sea water passing through the
heat exchanger tubes absorbs the heat from the
engine coolant. The heated sea water is discharged
through the exhaust system. Figure 10 shows a
schematic of a typical marine heat exchanger cooling
system.

Skin coolers function similar to keel coolers except
that a section of the hull with an extra skin is used to
dissipate the heat. Engine coolant passes between
the hull of the boat and the exterior skin. The heat is
transferred to the skin and absorbed by the flotation
water. The remainder of the system operates the

Keel Cooling System (Or Skin Cooling) same as a kee! cooler system

Keel coolers are comprised of aseries of finned tubes
through which heated engine coolant is circulated.
The keel cooler is attached to the underside of the

boat (keel) so that flotation water can pass between Keel coolers must be designed to provide adequate
the fins. the heat from the engine coolant is trans- cooling when the water flowing through thefinsisata
ferred to the finned tubes and absorbed by the minimum and the temperature of the flotation water is
flotation water. Keel coolers function similar to atits maximum. This is necessary because the engine
radiators except that the heat is dissipated to the is often required to operate at its heaviest load when
flotation water instead of to the air. An engine driven the boat is not moving. For this reason a larger keel
pump is used to circulate the coolant through the cooler is required for the generator set than would be
water jacket and cylinder heads to the keel cooler. required for a propulsion engine of equal size.
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' EXPANSION TANK

ENGINE
EXHAUST
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FIGURE 11. KEEL COOLER

WATER FLOW

During normal operation, marine cooling systems
intake a greater amount of dirt and sediment than
would be expected with radiator or city water cooling
systems. This contributes greatly to water pump wear
and increases the chances that water passages will
become clogged or restricted. 1t is important with
marine cooling systems that the water flow be
checked frequently to insure that adequate cooling is
maintained.

Sea Water

All marine cooling systems (except keel coolers with
dry stack exhaust) require a continuous flow of sea
water for adequate cooling. Anything that reduces or
blocks the flow of water in the sea water system may
cause overheating. Remove the filter screen (Figure
12) from the water filter on a periodic basis and clean
away any accumulations of dirt and sediment. Flush
clean water through the screen before replacing the
filter. Also, check all hoses and pipes to make sure
there are no kinks or bends that could restrict water
flow.

When the boat is dry docked, the water inlet strainer
(located on outside of hull) should also be checked
foraccumulations of debris and cleaned if necessary.
The water inlet shouid not be directly in line with
other water inlets as this could reduce the amount of
water received by the unit when the boat is underway.
If more than one inlet is present, they should be
staggered.
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RECOMMENDED FLUSH TYPE THRU-HULL
FITTING AND WATER FILLER

TOELECTRIC PLANT

WATER FILTER

’\?“' FLUSH THRU-HULL
FITTING

STRAINER

WARNING: DO NOT USE SCOOP TYPE WATER
INLET FITTINGS ON ELECTRIC PLANTS USING
AQUALIFT MUFFLER SYSTEMS.

FIGURE 12. TYPICAL MARINE WATER FILTER

Do not use a scoop-type water inlet

fitting. When the boat is underway
and the generator set is not running, sufficient ram
pressure can force water past the sea water pump,
flooding the exhaust system, and possibly flooding
the engine cylinders.

Before starting operation, the sea water pump should
be primed and checked for water flow. The pump is
primed by removing a priming plug on the top of the
pump (not necessary with metal impelier pumps) or
by removing the outlet hose from the pump con-
nection. Fill the pump and hose with water and
replace the components. With the set running, check
the exhaust outlet to verify that the pump is delivering
water. An insufficient flow of water indicates that
there are obstructions in the system, the water pump
beltis loose, or the water pump is faulty. Inspect and
replace any hoses or pipes that have become re-
stricted or blocked. Refer to the section on Water
Pumps for water pump service procedures.

The minimum water flow requirements (in GPM) for
sea water systems are givenin Table 2. If necessary, a
test can be made to determine if the water flow is
adequate. Run the engine and use a pail to catch the
water that is discharged at the outlet connection on
the exhaust elbow during a 15 second period. Mea-
sure the number of gallons collected and multiply
that amount times 4 to obtain the flow rate in gallons
per minute. Compare with the amount shown in Table
2 to determine if the fiow rate is sufficient.

Do not run the generator set for

more than one minute if the cooling

system is faulty. Doing so can result in damage to
water-cooled exhaust system components as well as
to the engine.



TABLE 2. COOLING REQUIREMENTS

MINIMUM
ENGINE WATER
FLOW (GPM)
Heat HEAT
Direct Exchanger EXCHANGER COOLING
*kw Cooling or Keel COOLING SYSTEM
RATING (Sea Cooler AVAILABLE CAPACITY (PT)
MODEL (MARINE Water (Sea Water FROM WITH HEAT
DUTY) System) System) ONAN EXCHANGER
3.0MDJA 3,000 3.4 3.66 YES 45
6.0MDJB 6,000 3.8 3.0 YES 9
7.5MDJE 7,500 3.8 3.0 YES 9
12.0MDJC 12,000 4.0 4.7 . YES 19
15.0MDJF 15,000 40 47 YES 19
® Test at full load
Captive Water
A second pump (metal impeller type) is required for
the captive water system on engines that have heat
exchangers or keel coolers. This pump circulates
engine coolant continuously through the water jacket
to the heatexchanger or keel cooler. Check all hoses
for kinks or bends that could restrict the water flow
and correct as required. ’
CONNECTED
TO EXHAUST
MANIFOLD
bl WATER COOLED EXHAUST

HIGH EXHAUST
TEMPERATURE
SHUTDOWN SWITCH

FIGURE 13.

EXHAUST ELBOW

Marine exhaust systems are designed so that a
minimum amount of heat will be radiated from the
exhaust system components. This is done to keep the
heat build-up in the engine compartment to a mini-

Eé'l_*é‘g‘ff mum. Exhaust heat is dissipated by using a water
ASSEMBLY cooled exhaust manifold and a water injected exhaust
pipe and muffler system. The exhaust manifold is
encased in a shell through which engine coolant or
sea water is circulated. Just beyond the exhaust
manifold, a special elbow (see Figure 13) is fitted
Hosgg&ws which allows the output water from the sea water
system to be injected into the exhaust pipe. The
injected sea water is carried out through the exhaust
system and discharged.
RUBBER
EXHAUST
HOSE Typical Installations
All water injected exhaust systems must be designed
EXS-1014 sothat the discharge water will not flow back into the

engine. There are several methods that can be used
to keep water out of the engine. All are based on
injecting the water at a point a few inches (approxi-
mately 4 {102 mm]) below the exhaust manifold outlet
and instalfing a sharp drop in the exhaust line that
water cannot normally filow over.
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SIPHON BREAK

A siphon break is used wfth all marine installations

where the exhaust water injection elbow is BELOW
the load water line. The siphon break (see Figure 14)
is a vacuum operated vent valve that opens the
exhaust water discharge line to the atmosphere when
the engine shuts down. The open valve prevents
flotation water from being siphoned into the exhaust
manifold. The siphon break is mounted no less than
12 inches (305 mm) above the water line. If space is
limited it may be remotely mounted but must be
within 5 feet more than (1.5 m) of the exhaust water
injection elbow. In all installations the siphon break
must be mounted vertically with the threaded end

pointing down.

Be sure the slotted opening in the
vacuum relief valve is open to at-

mospheric pressure. The siphon break will not func-

tion if the relief valve siot is closed in any way.

HANGER STRAPS

VACUUM RELIEF
VALVE
ADAPTER

ELBOW (2)

RUBBER HOSE

WATER QUTLET

EXHAUST WATER
INJECTION ELBOW

D EXHAUST QUTLET

FIGURE 14. SIPHON BREAK

HEAT EXCHANGERS

Several types of heat exchangers are currently in use
with marine cooling systems. The front mount type of
heat exchanger shown in Figure 15 is used with the
MDJA and MDJB and was used with earlier models of
the MDJE, and MDJF. It is mounted at the front of the
engine perpendicular to the engine center line. The
end caps are removable for cleaning and a separate
expansion tank is required. The sea water side of
these heat exchangers is protected from corrosion
with either one or two zinc pencils (mounted on pipe
plugs) that are placed in one end of the heat
exchanger.
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WATER COOLED
EXHAUST MANIFOLD

CENTRIFUGAL —~
WATER PUMP
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L 1

FIGURE 15. FRONT MOUNT HEAT EXCHANGER

The side mount type of heat exchanger shown in
Figure 16 is used with later models of the MDJC,
MDJE, and MDJF. It is mounted on the side of the
engine just above the exhaust manifold. The end caps
are removable for cleaning and the expansion tank is
incorporated with the outside shell. On some models,
the sea water side of the heat exchanger is protected
from corrosion with a zinc pencil located close to the
sea water inlet. Other models may not have zinc
pencils.

AIR BLEEDER VALVE
HEAT EXCHANGER

= 3 ‘ 41 FiiLcap

~ o iy
= S
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1
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¥
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END CAP

EXHAUST
MANIFOLD

CENTRIFUGAL EXHAUST AND
PUMP RAW WATER
DISCHARGE

FIGURE 16. SIDE MOUNT HEAT EXCHANGER

Sea Water Side

Remove and inspect the zinc pencils that are used for
corrosion protection every two months. Replace if
the pencils are deteriorated to less than one half their
original size.



The sea water side of the heat exchanger should be
inspected and cleaned on a yearly basis. Remove the
two end caps and flush out any deposits that may
have accumulated inthe tubes. Be certain to note the
position of the gaskets when removing the heat
exchanger ends. On some models the gaskets direct
the water flow and when replaced must be positioned
the same way they were when removed.

Captive Water Side

The captive water side of the heat exchanger should
be protected from corrosion and scale formation by
filling the engine cooling system with a50/50 mixture
of antifreeze and water. if not protected, rust and
scale will form on the walls of the engine water jacket.
The rust and scale wiil combine to form an insulation
fayer on the water jacket which will reduce the
efficiency of heat transfer to coolant. This can lead to
overheating and subsequent damage to the engine.

Rusty water or rusty solutions of antifreeze indicate
the formation of rust on the water jacket. If this is the
case, the engine water jacket and heat exchanger
should be cleaned and thoroughly flushed out, as
described in the MAINTENANCE section. Use a
chemical cleaner to remove rust and scale deposits,
following the procedure recommended by the sup-
plier.

EXPANSION
TANK =

REASONATOR

\

ENGINE
GENERATOR

DUAL
FUEL
FILTERS

KEEL COOLERS

Keel cooling (see Figure 17) is available as an option
on the MDJA, MDJB, MDJC, MDJE, and MDJF
generator sets. The captive water pump, mounting
bracket, belt guard, hose, and fittings are supplied by
Onan. Some sets may also have a sea water pump for
injecting water into the exhaust system, while other
sets may use a dry stack exhaust. The keel cooler,
expansion tank, and plumbing must be supplied by
customer.

The keel cooler shouid be protected from corrosion
and scale formation by filling the engine cooling
system with a 50/50 mixture of antifreeze and water.
Follow the same service procedures recommended
for the captive water side of heat exchangers (see
previous section) to remove rust or scale formations.

With some keel cooler systems, a sea water pump is
used for injecting water into the exhaust system.
Check the water filter after every 100 hours of
operation. Change sooner if the unit is used under
exceptionally dirty water conditions. When the boat
is dry docked, inspect the kee! cooler and remove any
accumulation of sediment or debris.

HIGH TEMPERATURE
CUT OFF SWITCH

[ FLEXIBLE HOSE

EXHAUST LINE
TO MUFFLER
WATER
FILTER
SEA COCK

FIGURE 17. KEEL COOLER INSTALLATION



MARINE WATER PUMPS

Two types of marine water pumps are in general use:
the metal impeller pump and the neoprene impeller
pump. Each pump has certain advantages and dis-
advantages (see Table 3) and both are used exten-
sively with marine cooling systems. Two types of
pumps are necessary because water pumps are used
to perform different functions, depending on the type
of cooling system and the operating conditions.
Meta! impeller pumps provide no suction lift but can
operate in hot, cold, or dirty water. Neoprene impeller
pumps provide a suction lift, but can be used only
with clean, cool water.

The metal impeller pumps are used for captive water
systems, and the neoprene impeller pumps are used
for sea water systems. All captive water system
pumps (metal impeller) are driven by a V-belt from
the engine crankchaft. All sea water pumps (neo-
prene impeller) for the J-series (except MDJE, Spec
AB) are gear driven.

Captive Water Pump

Periodically check the captive water pump for wear or
signs of leakage from the shaft seal. Loosen the drive
belt and move the water pump pulley back and forth.
The pulley should be tight on the shaft and only a
slight amount of bearing play should be felt. Rebuild
the pump if wear is excessive orif the seal leaks. Refer
to the section on Water Pumps for water pumps
service procedures.

Sea Water Pump

Periodically check the sea water pump for signs of
leakage from the shaft seal. A leaking shaft seal may
allow water to enter the crankcase and contaminate
the engine oil. Remove the pump end cover (see
Figure 18) and inspect the impeller for cracking or
signs of wear. The impeller deteriorates with time
because of continuous flexing and must be period-
ically replaced. If the impeller fails, check for pock
marks on its end surfaces. This indicates that air has
been entering cooling system, reducing pump lubri-
cation and causing overheating. Check all hose
connections for leaks that could admit air, and
tighten as required. If the impeller fails after short
service (under 500 hours), check for possible defects.
Ifimpeller blades have broken, locate and remove the
particles or they will impede water flow. When re-
installing, coat the impeller with grease, and make
certain the impeller cover is air-tight. Tighten the
cover screws to 15-17 inch-pounds (1.70-1.92 Nm).
Refer to the section on Water Pumps for water pump
service procedures.
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FIGURE 18. END COVER REMOVAL

WATER PUMP REPAIR

This section covers removal, repair, and installation
procedures for all metal impeller and neoprene
impeller water pumps used with Onan marine liquid-
cooled engines. Repair Kits are available for most
water pumps. Table 3 shows the water pumps used
with Onan marine liquid-cooled engines. Metal
impeller pumps are required for circulating HOT
engine coolant. They are most commonly used with
marine cooling systems that use a heat exchanger.
Neoprene impellier pumps may be used only for
pumping COOL water because the impelier deterio-
rates rapidly in hot water. They are most commonly
used for pumping sea water in marine cooling
systems.



TABLE 3. WATER PUMPS

METAL IMPELLER PUMPS
132-0110 132-0074
With Heat Exchanger With Keel Cooler
MDJA (Also for Keel MDJB
Cooier Models) MDJC
MDJB MDJE
MDJC MDJF
MDJE
MDJF

NEOPRENE IMPELLER PUMPS

131-0257 131-0152 132-0115 132-0147 132-0059
MDJE MDJA Begin Spec E | MDJC Spec S MDJF Begin MDJA Spec
Begin MDJB Begin Spec L | w/heat exchanger | 1976 with heat | A-D
Spec AB MDJC Begin Spec D | MDJF before 1976 | exchanger MDJB Spec

w/o heat exchanger | w/heat exchanger A-K
Spec D-R with MDJC Spec
heat exchanger A-C
MDJE Spec A-AA
MDJF w/o heat
exchanger

LOCKING BODY

BOLT DRAIN IMPELLER

PEDESTAL ‘UE:
SHAFT "
AND BEARING BELLOWS

FIGURE 19. PUMPS #132-0110 AND #132-0074
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WATER PUMPS #132-0110 and #132-0074

Pumps #132-0110 and #132-0074 are centrifugal
pumps with metal impellers (Figure 19).

Disassembly

1. Remove the water inlet fitting, drive belt pulley,
cover screws, and pump cover gasket.

2. Unscrew the threaded impeiler from the .pump
shaft by turning the impeller in a counterciock-
wise direction (when facing impeller).

3. Slide the seal seat, wear face, and bellows
assembly off the shaft. Loosen the clamp screw
and slide the pump body off the pedestal.

4. Remove the bearing lock ring and drive the shaft
and bearing assembly out of the pedestal. The
bearing is press fit on the shaft and comes off in
one integral part. The bearing is packed with a
lifelong lubricant and is sealed at each end.

Assembly ;

Replace all worn components such as bearings,
seals, wear face, and impeller and use a new cover
gasket. Assembly sequence is the reverse of the dis-
assembly procedure.

A—f—A
LOCKING c B

c
BOLT <] COVER
f——/

CAIW/ R

IMPELLER

FIGURE 20. WATER PUMP CLEARANCES

Centering Pump Body

After the pump has been assembled (see Figure 20),
the impelier (B) must be centered in the body cover
space(C-C). Adjustment is made by moving the pump
body fore and aft until the shaft can be rotated freely
by hand, without binding. The pump must be adjusted
with the drive belt off. If not centered properly, the
impeller will rub on the body or cover and quickly
overheat. Clearance (A-A) may vary fromzeroto 1/16
inch (1.6 mm). Tighten lock screw when adjustment
is correct, being careful not to alter setting.

When the pump is reinstalied on the engine, check to
see that the pump pulley is aligned with the crank-
shaft pulley and adjust as required.
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WATER PUMP #131-0152

Water pump #131-0152 is a neoprene impeller type
pump (Figure 21).

Disassembly

1. Remove the pump end plate screws, end plate,
and gasket as shown in Figure 21, step a.

2. Pull out neoprene impeller with a pair of pliers
(Step b).

3. Iffurther disassembly is required, disconnect the
hoses and remove the two cap screws holding the
pump to the engine (Step c). Lift pump from
engine.

4. Loosenthe set screw on the side of the pump and
tap it lightly to free the cam from the pump body.
Lift out cam and wear plate (Step d).

5. Remove the retaining ring (using a screwdriver)
as shown in Step e, and slide the seat assembly
(O-ring and ceramic seal) off the pump shaft.

6. Pry the bellows assembly out of the pump body
by inserting a screwdriver through the drain slots
(Step f).

7. Drive the shaft and bearing assembly out of the
pump body using a bearing driver or press. The
bearing is press fit on the shaft and comes off in
one integral part.

Assembly

Inspect the pump housing for wear, rough surfaces,
or pitting, and replace if any of these conditions exist.
Replace any other worn components such as bear-
ings, seals, or impeller and use a new end plate
gasket.

1. Apply sealing compound to the sealing lip around
the edge of the bellows seal. Place the bellows
seal in the pump body and drive it into place
(Step 9)-

2. Apply a small amount of Loctite or equivalent on
the outside surface of the bearing (Step h).

3. Placethebearing and shaft assembly in the pump
bore and drive into place (Step i). Strike outer
race only to avoid damage to pump shaft and
bearing.

4. Lubricate both sides of the seat assembly (ce-
ramic seal and O-ring) with lubricating oil and
slide assembly over pump shaft. The ceramic
portion of the seat assembly should contact the
bellows. Compress the seat assembly against the
bellows, and at the same time push the retaining
ring into its groove on the pump shaft.

5. Place wear plate and cam so notch in wear plate
lines up with tang on cam (Step j). Fasten cam to
housing with screw.

6. Align the flat spot in the center of the impeller
with the flat spot on the pump shaft. Bend back
the impeller blades nearest the cam and push the
impeller onto the shaft. Do not remove the factory
coating of oil from the new impeller before
installing.
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FIGURE 22. PUMP #131-0257

7. Install the pump end plate using a new gasket and
tighten end plate screws to 15-17 inch pounds
(1.7-1.9 Nm).

8. Install pump onengine (Step k) and attach hoses.

WATER PUMP #131-0257

Water pump #131-0257 is a neoprene impeller type
pump (see Figure 22).

Disassembly
1. Disconnect all hoses and remove the pump from
the engine.
2. Loosen the pulley set screw and remove the pul-
ley from the pump shaft.

3. Remove the impeller housing screws, impeller
housing, and gasket.

4. Pull the impelier out of the impeller housing.

5. Remove the wear plate from the pump housing,
using a screwdriver to pry the plate loose if
necessary.

6. Remove the external retaining ring from the
impeller end of the water pump shaft.

7. Remove the two piece seal assembly. The spring
portion of the seal is removed first. The second
portion of the-seal can be loosened and removed
with a screwdriver or needle-nose pliers.

8. Remove the internal retaining ring from the drive
pulley end of the pump housing.

9. Carefully drive out the shaft and bearing assem-
bly from the impeller end of the housing.

10. Remove the slinger from the water pump shaft.

Assembly

Inspect the impeller housing for wear, rough sur-
faces, or pitting, and replace if any of these conditions
exist. Replace any other worn components, such as
bearings, seals, or impeller and use a new impeller
housing gasket.

1. Install the new slinger on the water pump shaft.

2. Install the ceramic part of the two piece seal
assembly in the pump housing. The rubber side
of the seal should be toward the bearings.

3. Coat the inside of the water pump housing and
the outside of the ball bearing races with grease.

4. \nsert the water pump shaft into the pump hous-
ing and install the internal retaining ring in the
drive pulley end of the housing.

5. Install the spring portion of the two piece seal an
the pump shaft and secure in place with the
external retaining ring.

6. Install the wear plate so that the notch in the plate
fits into the machining in the pump housing.

7. Coat the inside of the impeller housing with
grease.

8. Install the impeller in the impeller housing by
twisting it clockwise while pushing it into place.

9. While holding the gasket in place against the
pump housing, install the impeller housing secur-
ing it with four screws removed during disas-
sembly.

Mount the pump on the engine and attach the
hoses.

Align the pump drive pulley with the crankshaft
drive pulley and tighten the set screw.

10.

11.
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FIGURE 23. PUMP #132-0115

WATER PUMP #132-0115

Water pump #132-0115 is a neoprene impeller type
pump (see Figure 23). An alternate pump was occa-
sionally used for part number 132-0115. Refer to the
rebuild procedures for pump #132-0146 if the pump
being serviced does not match the pump shown in
Figure 23.

Disassembly

1. Remove the pump end plate screws and lock
washers, end plate, and gasket.

2. Pull out neoprene impelier with a pair of pliers,
being careful not to damage the pump body.

3. If further disassembly is necessary, disconnect
the hoses and remove the two cap screws holding
the pump to the engine. Lift pump from engine.

4. Remove the snap ring from the drive end of the
pump shaft.

5. Remove the shaft assembly by tapping lightly on

the drive end of the shaft. Use a brass or wood
dowel to avoid damaging the shaft.

6. Slide the seal and spring assembly off the drive
end of the shaft.
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7. Insert the drive end of the shaft into the impeller
end of the pump. Guide the shaft through the seal
until the shaft shoulders against the bearing. Tap
lightly on the shaft with a brass or wood dowel
until the bearing is out. Also remove the oil slinger
or O-ring.

8. Insertthe impeller end of the shaft into the engine
end of the pump and guide it through until the
snap ring shoulders against the seal seat. Tap
lightly on the shaft until the seal seat is out.

9. The graphite bushing in the end plate may be
removed by drilling. Do not drill through the end
of the cover plate.

Assembly

Inspect the pump housing for wear, rough surfaces,
or pitting and replace if any of these conditions exist.
Replace any other worn components such as bear-
ings, bushings, seal, seal seat, and impeller. Use a
new end plate gasket when reassembling. A new
bushing may be pressed into the end plate after
cleaning. Pump assembly is the reverse of disas-
sembly.
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FIGURE 24. PUMPS #132-0146 AND #132-0147

WATER PUMPS #132-0146 and #132-0147

Water pumps #132-0146 and #132-0147 are neoprene
impeller type pumps (see Figure 24).

Disassembly

1.

2.

3.

Remove the pump end plate screws, end plate,
and gasket.

Pull out the neoprene impeller with a pair of pli-
ers, being careful not to damage the pump body.

If further disassembly is necessary, disconnect
the hoses and remove the cap screws holding the
pump to the engine. Lift pump from engine.

. Force out the shaft assembly and adapter ring

from the pump body by pressing on the impeller
end of the shaft.

. Remove the set screw from the side of the pump

and lift out the cam and wear plate.

. Carefully pry the bearing seal out of the bearing

bore using a screwdriver.

. Press out the shaft seal from the pump body by

forcing it toward the impeller bore.

. Remove the O-ring, seal spacer, and slinger from

the impeller bore.

Assembly

Inspect the pump housing for wear, rough surfaces,
or pitting and replace if any of these conditions exist.
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Replace any other worn components such as bear-
ings, seal, seal seat, and impeller. Use a new end piate
gasket when reassembling.

1.

2.

Press the bearing seal into the bearing bore with
the lip towards the bearing side.

Insert the impelier end of the shaft into the drive
end of the pump housing and press the shaft and
bearing assembly into the bearing bore.

. Press the adapter ring into the drive end of the

pump body.

. Install the slinger on the shaft and place the seal

spacer in the seal cavity.

. Install the O-ring in the seal bore and press the

seal into the seal bore with the lip toward the
impeller side.

. Coat the top of the cam and the cam set screw

threads with sealer and install the wear plate and
cam assembly. Be sure that the cam is flush with
the end cover before tightening the set screw.

. Lubricate the impeller bore with grease and

install the impeller and spline seal.

. Lubricate the impeller face with grease. Hold the

new end cover gasket against the pump housing
and install the end cover, securing it with six
screws.

. Mount the assembled pump on the engine and

attach the hoses.
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FIGURE 25. PUMP #132-0059

WATER PUMP #132-0059

Water pump #132-0059 is a neoprene impeller type
pump (Figure 25).

Disassembly

1.

Disconnect the hoses and remove the cap screws
holding the pump to the engine. Lift pump from
engine.

. Remove the end cover screws, end cover and

gasket.

. Pull the impeller and shaft assembly from the

pump body.

. Remove the impeller pin and slide the impelier off

the shaft.

. Loosen the cam set screw on the side of the pump

and tap it lightly to free the cam from the pump
body. Lift out cam and wear plate.

. Working from the mounting flange end, use a

small drift punch to drive the seals out toward the
impeller. Remove the seal next to the impeller
bore first. Be careful not to damage the bore area
around the seal.
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Assembly

Inspect the pump housing for wear, rough surfaces,
or pitting and repiace if any of these conditions exist.
Replace any other worn components such as seals or
impeller. Use a new end cover gasket when reas-
sembling.

1.

Install the impelier side seal with the seal lip fac-
ing away from the impeller bore. Lubricate the
seal lip with grease.

. Install the flange side seal with the seal lip facing

away from the mounting flange. Lubricate the
seal lip with grease.

. Place the wear plate in the bottom of the impeller

bore with the raised portion of the dimple facing .
up.

. Coat the top of the cam and cam set screw

threads with sealer. Line up the dimple in the wear
plate with the hole in the cam and then tighten the
set screw.

. Slide the impelier over the shaft and secure with

the impeller pin. Lubricate the shaft with grease.
Check shaft to make sure it is free ‘of burrs.

. L.ubricate the impeller bore with grease and then

install the shaft and impeller assembly. Use a
twisting motion when fitting the impeller into the
impeller bore.

. Hold the new end cover gasket against the pump

housing and install the end cover, securing it with
three screws.

. Mount the assembled pump on the engine and

attach the hoses.



COOLING SYSTEM HOSES

Leakage is the most common cooling system trouble.
Besides losing coolant, leaks may also admit air. This
can result in premature failure of the water pump
impeller.

Test all hoses by squeezing and replace any that have
become cracked and brittie or overly soft. Verify that
all clamps and connections are tight and check for
leakage. White, rusty, or colored stains indicate
points of previous leakage.

With the generator set running, observe the water
that is discharged from the exhaust outlet.” The
presence of air bubbles indicates that air is being
admitted into the sea water system. Tighten all hose
connections as required.

*Cannot be observed if Aqualift muttler is used.

EXHAUST SYSTEM HOSES

Inspect all exhaust system hoses for leaks and
replace any hoses that are cracked and brittle or
overly soft. Rubber hose should be used only in the
water cooled sections of the exhaust. When replacing,
use only rubber hose designed and approved for
marine exhaust use. Provide adequate support for
rubber hose to prevent sagging, bending, and form-
ation of water pockets. Automotive type tail pipe
hangers should be used to prevent vibration from
being transmitted to the hull. Use two hose clamps,
having a minimum width of 1/2 inch (12.7 mm), at

each end of the hose.

Inhalation of exhaust gases might
result in serious personal injury or

death. Do not make any sharp bends in rubber

exhaust hose when installing as it might cause hose

fallure and gas leakage.

The exhaust line should be at least as large as the
engine exhaust outlet and increased one pipe size for

each ten feet of length.

Inhalation of exhaust gases might
result in serious personal Injury or

death. Pipe exhaust ouiside the hull and do NOT

terminate exhaust pipe near any window or bulkhead

door openings.

ENGINE WATER JACKET AND
CYLINDER HEAD

External coolant leakage may occur at any of the
joints in the engine water jacket such as the drain
plugs, core hole plugs, or cylinder head joints. Since
expansion or contraction can aggravate leakage, the
block should be inspected both hot and cold while
the engine is running.
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Internal leakage occurs when coolant passes into the
engine oil through a loose cylinder head joint, worn
water pump shaft seal, or a cracked or porous cast-
ing. The leakage is not visible but can cause extensive
damage to the engine. The coolant mixes with the oil
to form sludge which causes lubrication failure.
Heavy sludge accumulations followed by sticking
pistonrings, valves, and valve lifters are symptoms of
internal leakage.

Sometimes internal leaks are tight enough to prevent
coolant leakage but permit exhaust gases to enter the
cooling system. The exhaust gases dissolve in the
coolant, depleting the rust inhibitors and forming
acid which causes corrosion.

A leaking water pump shaft seal can allow water to
enter the crankcase on J-series engines with water
pump #132-0147. Refer to WATER PUMP REPAIR
section for pump repair procedure.

DRIVE BELTS

A V-belt is used to drive all captive water system
pumps. Belt tension is adjusted by changing the posi-
tion of the pump.

inspect the belt periodically and replace if worn or
glazed. Also check to see if the pulleys are properly
aligned and if the belt tension is suﬁiciegt.

To adjust the belt, remove the belt guard and loosen
the water pump mounting bolts. Slide the pump back
and forth in the mounting base slots until the correct
belt tension is obtained. There should be a 1/2 inch
(12.7 mm) deflection when a 15 Ib (67 N) force is
applied at the midpoint of the belt. Tighten the mount-
ing bolts when the correct tension is reached and
reinstall the belt guard.

EXPANSION TANK

An expansion tank is required with heat exchanger
and keel cooler cooling to allow for coolant expan-
sion and to provide for separation of air from the
coolant. With front-mount heat exchangers and keel
coolers a separate expansion tank is required. With
side mount heat exchangers the expansion tank is an
integral part of the heat exchanger. A pressure cap is
fitted to the top of the tank to maintain system
pressure.



PRESSURE CAP

The pressure cap increases the boiling point of the
coolant by allowing pressure to build up in the cool-
ing system. The increase in boiling point reduces the
chances for coolant loss due to boil over. A 15 psi
(103.5 kPa) pressure cap will raise the boiling point of
water to 250°F (122°C) and the boiling point of a
50/50 mixture of water and antifreeze to 265°F
(132°C).

Inspect the pressure cap periodically for freedom of
operation and verify that the spring applies a fairly
stiff tension and is not easily compressed. Peel the
pressure cap gasket back and check for wear and
cracking. Excessive dripping from the overflow tube
may indicate a faulty cap. Replace the cap if it mal-

functions or is worn.
Contact with hot coolant might

result in serious burns. Do not bleed
hot, pressurized coolant from a closed cooling
system.

Pressure caps should be inspected regularly for
gasket wear and spring action. A pressure tester may
be used if available to verify that the cap can hold its
rated pressure value. The pressure ratings for the
various caps are shown in Table 4.

Refer to the appropriate Parts Catalog for the pres-
sure cap part number.

TABLE 4
PRESSURE CAP TEST
PART RATED ACCEPTABLE

NUMBER PRESSURE PS! LIMITS PSI
130-0589 14 12-15

(97 kPa) (83-98 kPa)
130-0661 7 -

(48 kPa) —
130-0824 15 —

4 (98 kPa) -

130-0553 4 3.5-4.5

(28 kPa) (24-31 kPa)

HIGH TEMPERATURE CUT-OUT SWITCH

A high temperature cut-off switch shuts down the
engine if the coolant in the water jacket reachesa
dangerously high temperature. This normally closed
switch is a safety device designed to protect the
engine from damage caused by overheating (see
Figure 26).
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FIGURE 26. HWTKO SWITCH

When engine temperature rises beyond a specific
point the switch opens breaking B+, allowing fuel
solenoid to close on diesel engines. When coolant
temperature lowers to a safe operating range the
switch closes, permitting engine restarting.

A second high temperature cut-off switch is some-
times used with generator sets that have a water
injected exhaust system. The second switch is
mounted on the exhaust elbow (see Figure 13). If the
exhaust system overheats, the switch shuts down the
generator set before the exhaust system components
are damaged. The two switches are wired together in
series so that opening either switch will shut down
the engine.

Stopping of the engine due to action of the high
temperature cut-off switch is not a normal condition.
Examine the cooling system to determine the cause
of the overheating and repair as required. The open-
ing and closing temperatures for each switch are
shown in Table 5. Refer to the appropriate Paris
Catalog for the part number of the high temperature
cut-out switch used in the engine being serviced.

TABLE 5

HIGH TEMP CUT-OUT SWITCH
PART TEMPERATURE °F
NUMBER OPEN | CLOSE
309-0259 | 230°£7° (110°C)| 190° +9° (88°C)
309-0179 | 190° (88°C)| 215° +£5° (102°C)
309-0178 | 180° (83°C)| 205° £5° (97°C)
309-0002 | 160° £5° (71°C)| 200° £7° (93°C)
3090151 | 200° £5° (93°C)| 160° £7° (71°C)
309-0156 | 250° £5° (121°C)| 230° £7° (110°C)
300-0252 | 200°:£5° (93°C)| 160° £7° (71°C)
309-0192 | 290° £8° (143°C)| 250° +12° (121°C)




THERMOSTAT

The thermostat is a heat operated valve that controls
engine temperature by regulating the amount of
heated coolant that is discharged (direct flow) or
recirculated (heat exchanger and keel cooler). Asthe
engine temperature increases, the thermostat opens
and allows coolant to circulate. Prior to the thermo-
stat opening, a small amount of coolant circulates
through an internal by-pass. The continuous circu-
lation of the coolant through the by-pass allows the
various parts of the engine to warm up at a uniform
rate and avoids localized hot spots.

When the thermostat is not operating properly, the
engine may run too hot ortoo cold. Overheating may
damage the thermostat so that the valve wili not func-
tion properly. Also, rust or corrosion may interfere
with its operation.

Two thermastats are used on the 4 cylinder J-series
generator sets with front mount heat exchangers.
One thermostat is used on the 1 and 2 cylinder
J-series (all), and on 4 cylinder J-series generator
sets with side mounted heat exchangers. Figure 27
shows the thermostat locations.

If a faulty thermostat is suspected, remove it and test
it for proper opening and closing.

Testing

A defective thermostat may cause the engine to run
too hot or too cold and must be replaced if faulty.
Thermostats should be tested for proper opening and
closing. if a sticking or faulty thermostat is sus-
pected, test as follows:

1. Remove thermostat from the cylinder head.

2. Heat a pan of water to the opening temperature
specified in Table 6. Check temperature using a
thermometer immersed in water.

3. With the thermostat suspended in water at the
specified opening temperature, check to see that
the thermostat begins to open. It should be
possible to slip a 0.003 inch (0.08 mm) feeler
gauge between the valve and thermostat body.

4. Continue heating the water until the temperature
specified for full opening is reached. Check to see
that the thermostat is open by the amount speci-
fied in Table 6.

5. Remove the thermostat from the hot water and
allow it to cool in the surrounding air. The ther-
mostat should close within a short time.

6. If the thermostat sticks or does not operate prop-
erly, replace it with a new one.

7. Always install a new gasket when replacing the
thermostat.

Refer to the appropriate parts catalog for the ther-
mostat part number.
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FIGURE 27. THERMOSTAT LOGATIONS

TABLE 6
THERMOSTAT TEST
PART OPENING WIDE OPEN TEMP.
NUMBER TEMP. °F °F/MIN. STROKE
309-0054 147° to 154° 150°/.360 in.
(64° 10 68°C) (66°C/9.14 mm)
309-0298 157° to 164° 184°/.360 in.
(70° to 74°C) (85°C/9.14 mm)
309-0130 140° to 145° 165°/.130 in.
(60° 10 63°C) (74°C/3.30 mm)
309-0289 175° to 182° 202°/.096 in.
(80° t0 84°C) (95°C/2.44 mm)




MARINE MUFFLERS

A marine muffler is used to silence the generator set.
Some mufflers have an integral water injection inlet,

while others are cooled by water through the exhaust
line.

Placement of the muffler in the exhaust line depends
on the type of muffler used. Usually some tailpipe is
left to improve silencing. Refer to the manufacturer’s
installation instructions if the muffier does not func-
tion properly.
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All mufflers must be well supported, and in the case of
a neoprene muffler, completely separated from the
hull of the boat. If a neoprene muffler touches the

vessel, it increases exhaust noise.

— Do notuse the manifold as a muffler
support because it puts excessive

strain on the cannecting exhaust line and can cause it

to break or leak, resulting in the escape of deadly

exhaust gases.



Fuel System

FUEL RECOMMENDATIONS

Fill the fuel tank with a good quality fuel obtained
from a reputable supplier. The quality of fuel used is
important in obtaining dependable performance and
satisfactory engine life. Fuels must be clean, com-
pletely distilled, well refined, and non-corrosive to

fuel system parts.
Fuel vapors create fire and explo-
sion hazards which might result in
severe personal injury or death. Do not add gasoline,
gasohol, or alcohol to diesel fuel. Do not permit any
flame, cigarette, or other igniter near the fuel system.
Dueto the precise tolerances of die-
sel injection systems, it is extremely
important the fuel be kept clean and free of water. Dirt

or water in the system can cause severe damage to
both the injection pump and the injection nozzles.

Use ASTM2-D (No. 2 Diesel) or ASTM1-D (No. 1
Diesel) fuel with a minimum Cetane number of 45*.
Number 2 diesel fuel gives the best economy and
performance under most operating conditions. At
temperatures below 32°F (0°C), Number 2-D fuel
may pose operating problems. At colder tempera-
tures, use Number 1-D fuel (if available) or use a
"winterized” Number2-D (a biend of Number 1-D and
Number 2-D). The blended fuel is normally called
Number 2-D also, but can be used in colder tempera-
tures than non “winterized” Number 2-D fuel.
Do not add gasoline, gasohol, or
alcohol to diesel fuel. Damage to

fuel injection system or engine may resullt.

*NOTE: Fuels with Cetane numbers higher than 45, may be needed
in higher altitudes or when extremely low ambient temperatures
are encountered to prevent misfires and resultant excessive
smoke.

Use low sulfur content fuel having a cloud point of at
least 10 degrees below the lowest expected fuel
temperature. Cloud point is the temperature at which

wax crystals begin to form in diesel fuel.
Spilled fuel might ignite and cause

serious personal injury or death.

Never fill the fuel tank when the engine is running.
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Fuel leaks create fire and explosion

hazards which might result in severe
personal injury or death. Always use a length of flexi-
ble tubing between engine and the fuel supply line to
avoid line failure and leaks due to vibration. The fuel
system must meet applicable codes.

FUEL SYSTEM

The fuel system consists of a sediment bowl, fuel
transfer pump, primary filter, secondary filter, injec-
tion pump, injectors, and the connecting fuel lines.

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

The time interval between injection of individual
injectors is varied in the pump by engine speed. From
the injection pump, metered fuel is forced through a
delivery valve to the injector lines at about 1900 psi
(13,110 kPa). As the cylinder air reaches about
1000°F (538°C) on the compression stroke, the injec-
tor sprays fuel into the hot compressed air where it
ignites. The delivery valve in the injection pumpand a
pintle valve in the injector assist the precision timed
injection of fuel into the cylinder.

FILTER SYSTEM

The sediment bowl has a fine mesh screen which
blocks dirt and water entry into the transfer pump,
Figure 28, 29. The dirt and water remain in the sedi-
ment bowl which should be removed for cleaning as
required. The spin-on primary and secondary fuel
filters are replaceable units, that clean the fuel of
extremey fine particies before it goes to the injection

pump.

These filters are mounted on a common casting
which bolts to the oil fill tube. Positive filtration is
assured because the engine will not run if either filter
is loose or missing.

Average pore size of the second filter is 0.0005 inch
(0.0127 mm) smaller than the first filter. This means
most particles escaping the first filter are trapped in
the second filter.
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FUEL TRANSFER PUMP

The fuel transfer pump (Figure 30) is a diaphragm
and check valve type pump operated by a cam lobe
on the engine camshaft. The pump cam follower has
a wide surface to prevent wear as it rides on the
camshaft lobe. The priming lever is manually oper-
ated to prime and bleed the system.

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

T 10N - 51to 6 psi
(34.5 10 41.4 kPa)

* MDJB,MDJE ...eiiiiiiiiiiinneen 12 to 14 psi
(83 to 97 kPa)

** MDJC,MDJF .veieniiaiiannennnn 12 to 14 psi
(83 to 97 kPa)

*  Prior to 1962 and October through December 1964 —
2 to 8 psi (14 to 21 kPa).
Prior to 1962 — 2 to 3 psi (14 to 21 kPa).

*k
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FIGURE 30. FUEL TRANSFER PUMP

Fuel pump pressure may be checked by connecting a
pressure gauge and tee at the fuel outlet. A vacuum
gauge connected at the fuel inlet will show whether
the pump has enough capacity to lift fuel about 6 feet
(1.86 m). The fuel pump should produce 15 to 18
inches (381 to 457 mm) of vacuum at sea level.

Fuel Pump Removal Disassembly

1. Remove pump inlet and outlet lines. Remove two
capscrews holding pump to engine and lift it off.

2. Notch the pump coverand body with afile so they
can be reassembled in same relative positions,
and remove six screws holding them together.

3. Tap body with a screwdriver to separaie two
parts. Do not pry them apart; this would damage
diaphragm.

4. Drive out rocker arm hinge pin.

. Remove rocker arm, spring, and fink.

6. Lift out diaphragm assembly and diaphragm
spring.

(3]

Repair

A kit is available for replacement of the diaphragm
and spring. If the diaphragm is leaking or broken,
check for diluted crankcase oil. If necessary, replace
diaphragm. Occasionally, a worn rocker arm pin will
cause crankcase oil leakage. If this is the case, the
pump should be replaced.



Assembly

1. When installing a new diaphragm, soak it in fuel
before assembling. Insert diaphragm spring and
soaked diaphragm into pump body.

2. Insert link and rocker arm into body and hook it
over diaphragm puil rod. Align rocker arm with
rocker arm pin hole and drive in pin. The priming
lever must be in position shown in Figure 30 when
installing rocker arm.

3. Compress rocker spring and install between the
body and rocker arm.

4. Assemble cover to body, with notch marks lined
up. Install screws but do not tighten.

i WARNING .l Fuel leakage Is a fire and explo-

sion hazard that might cause
severe personal injury or death. Use care when
reassembling fuel pump. All parts must align per-

fectly or pump will leak fuel.

5. Pushrockerarm in one fuil stroke and hold in this
position to flex diaphragm.

6. Tighten cover screws alternately and securely,
then release rocker arm.

7. Install pump on the engine and repeat pressure
test.

INJECTION NOZZLES

Onan diesel engines use hydraulically operated,
pintle-type injection nozzles, Figure 31. They are fac-
tory adjusted to open at 1900 to 1850 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 throttiing pintle type nozzle information at the end of

this section for information regarding MDJE engines using Bryce/-
Kiki fuel systems.
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FIGURE 31. INJECTOR NOZZLE ASSEMBLY INSTALLATION

Operating Principle
Nozzle operation is as follows:

1. High pressure fuel from the injection pump enters
the fuel inlet stud and flows down drilled pas-
sages in the body of nozzle holder, Figure 32.

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 the vaporized fuel 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 pres-
sure spring to close the injector and cut off fuel
injection to the cylinder.

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

Bypass 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 to the fuel supply tank.
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FIGURE 32. INJECTOR NOZZLE AND HOLDER ASSEMBLY



Nozzle Spray Pattern
A nozzle suspected of misfiring can be checked in the
field by removing it from the engine and reconnecting

it to the high pressure line. The spray pattern (Figure
33) can be observed as the engine is cranked.

WARNING ] Fuel penetration of th_e _skin might

cause severe personal injury. Do not

let the nozzle high-pressure fuel spray against skin
surfaces.

POOR

GOOD et 243201
. SPRAY PATTERN

SPRAY PATTERN

FIGURE 33. NOZZLE SPRAY PATTERN

If streamers are visible, the pattern is badly distorted;
or if the nozzle drips before it reaches opening pres-
sure, it is defective and must be cleaned or replaced.

Cleaning is the mast important part of nozzle maintenance. Make
sure the work area and equipment are exceptionally clean.

A second method for identifying a misfiring nozzle is
to remove the exhaust manifold, run the engine, and
observe the exhaust ports for the following con-
ditions:

Heavy Load - Black smokey exhaust from any one
cylinder could indicate poor nozzie condition.

Light or No Load - Blue/white smoke from any one
cylinder could indicate poor nozzle condition.

Adjustment: To adjust the opening pressure, remove
each nozzle from the engine. Remove the plug from
the center of the cap nut, and loosen the cap nut.
Install the nozzle to be tested on a static-fuel, nozzle
testing fixture (may be purchased from Onan). Fol-
lowing the instructions on the tester, adjust the open-
ing pressure to 1750 psi (12,075 kPa) by turning the
adjusting screw. Clockwise adjustmentincreases the
pressure; counterclockwise decreases it. Do not try
to adjust the pressure without a testing fixture.

Disassembly: When removing and disassembling
nozzles, separate and label all components of each
nozzle. Never interchange components between
nozzles.
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1. Remove each nozzle assembly from engine and
remove fuel inlet and return lines.

2. Clamp nozzle holder body in a vise and remove
nozzle cap nut and nozzle.

3. Install nozzle cap nut loosely to protect lapped
surface of the holder body.

4. If necessary, to disassemble nozzle further,
reverse pressure adjusting screw and lift out
spring and spindle assembly.

Do not attempt to disassemble the

nozzles or adjust nozzle pressure
without the proper test equipment. A nozzle pressure
tester is essential to do a satisfactory job.

The cleaning procedure (Figure 35) is extremely important when
disassembling injection equipment. Always rinse in clean fuel
before reassembling.

Injection Nozzle Tester

Testing and adjustment can be performed only witha
nozzle tester, Figure 34. Do not attempt to disassem-
ble the nozzles or adjust nozzle pressure without the
proper test equipment.

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

FIGURE 34.

INJECTION NOZZLE TESTER

Neveruse hard or sharp tools, emery
paper, grinding powder, or abras-
ives of any kind on nozzles or they may be damaged.



Soak each nozzle in fuel to loosen dirt. Then clean
inside with a small strip of wood soaked in oil. Clean
spray hole with a wood splinter. If necessary, clean
the outer surfaces of the nozzie body with a brass
brush but do not attempt to scrape carbon from the
nozzle surfaces. This can severely damage the spray
hole. Use a soft oil-soaked rag or mutton tallow and
felt to clean the nozzle valve.

5. Clean nozzle valve and polish with taliow and a
wooden polishing fixture. Take care toremove all
traces of tallow when finished.

1. Use a brass type scraper tool to remove hard
carbon depositis from nozzle body valve seat.

6. Examine nozzle valve and body with a magnifying
glass. Iferosion and scoring conditions are found,
replace the valve and body.

2. Afterscraping the carbon, polish the valve seat by
using a round pointed stick dipped in tallow. Pol-
ishing should restore seat to its original finish
unless it is scored.

7. Use a lapping plate and compound for flat lap-
ping of nozzle parts which depend on a lapped
surface for sealing. A figure “8” motion is used.

3. Use a special hooked type scraper to clean the
nozzle pressure chamber gallery. The hooked
end of scraper is inserted intothe gallery and then
carefully rotated.

CENTERING

8. It is essential that the nozzle body be perfectly

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

FIGURE 35. NOZZLE CLEANING
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NOZZLE REPAIR

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

Assembly

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

. Clamp nozzle holder body in a vise.
. Set valve in body and set nozzle over it.
Instali nozzle cap nut loosely.

. Place centering sleeve over nozzie for initial
tightening. Then remove centering sleeve to pre-
vent it from binding between nozzle and cap nut.

5. Tighten nozzle cap nutto50-55 ft.-lb. (68-75 Nm).

NOZZLE INSTALLATION

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

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

1. Install a new heat shield to head gasket in
cylinder head recess.

2. Install heat shield, heat shield gasket, second
heat shield, and nozzle gasket.

3. Insert nozzie assembly into recess. Do not strike
tip against any hard surface.

4. Install nozzie flange and two capscfews. Tighten
capscrews alternately to avoid cocking nozzle
assembly. Tighten each to 20-21 ft.Ib. (27-28 Nm).

FUEL SOLENOID

The fuel shutoff solenoid (Figure 36) is also referred
to as a governor solenoid, as it over-rides the gover-
nor during shutdown. The solenoid is mounted on a
bracket and controls the injection pump operating
lever. When energized, the plunger pulis into the
solenoid body. When de-energized, the solenoid
spring forces the plunger out against the operating
lever to hold it in the fuel shutoff position.

The solenoid has two coils. Both are energized for
pulling the plunger up. When the plunger reaches the
top, it opens a set of contacts, de-energizing the puli-
in coil. The other coil holds the plunger up while the
engine is running and de-energizes when the engine
shuts down. .
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FIGURE 36. FUEL SOLENOID

To test the solenoid, check plunger operation and
current draw with 12-volt input. Current draw with the
plunger up should be about 1 amp. If it is much
greater, the contacts did not open.

The solenoid plunger should be adjusted so it fully
stops injection when in the de-energized position. To
adjust the plunger length, turn the screw and jam nut
on the plunger bottom in or out. If the plunger sticks,
remove the solenoid from its mounting plate and
clean the plunger and recess in the solenoid.

FUEL INJECTION PUMPS

Onan DJ series diesels are equipped with American
Bosch fuel injection pumps. Single cylinder engines
use the model PLB; the four cylinder engines use the
model PSU pump. Until recently, the two cylinder
diesel engines have been using a PSU pump. Now,
the MDJE engines use either a Bryce or a Kiki fuel
injection pump. For Bryce/Kiki pump information,
turn to the back of this section. The fuel injection
pumps are constant stroke, lapped plunger type and
operated by the engine camshaft. They deliver an
accurately measured quantity of fuel under high
pressure to the injection nozzles.

A constant bleed-check valve is furnished with ail PLB and PSU
pumps. The bleed valve automatically bleeds off a restricted
amount of fuel, fuel vapors, and small quantities of air to prevent air
accumulation in the fuel sump area of the pumps. This valve should
open at pressures between 0.9 and 3.0 psi (6.2 and 20.7 kPa).



The port closing (PC) mark is not stamped on replacement fly-
wheels. Therefore, the PC mark must be established by measuring
the piston drop with the cylinder head removed prior to injection
pump timing. Since injection occurs at the port closing position,
the PC mark can be located only by comparing the old flywheel
with the new one, or by measuring the piston drop from its top
center position on the compression stroke of number one cylinder.
Piston drop data is given in Table 7.

TABLE 7. PISTON DROP DATA

PORT
PISTON DROP ENGINE CLOSING
Inches mm BTC
0.102 2.59 MDJA 17 degrees
0.128 3.25 MDJB & MDJC 19 degrees
(Begin Spec P)
0.155 3.94 MDJB & MDJC 21 degrees
(Prior to Spec P)
0.128 3.25 MDJE Spec A-AA 19 degrees
0.115 2.9 MDJE Begin Spec AB | 18 degrees
0.128 3.25 MDJF 19 degrees

Replace any injection pump that

troubleshooting procedures prove
to be malfunctioning. Do not attempt unauthorized
repair procedures on the injection pumps.

Fuel injection pumps must pass stringent quality
inspections, and tests with precise settings and
adjustments, in order to meet Onan’s performance
and reliability requirements. Therefore, it must be
clearly understood by the owners and by Onan ser-
vice personnel that tampering or inept repair attempts
can cause irrepairable damage to the pumps that will
not be covered by the manufacturers’ warranties or
exchange agreements. Contact an authorized Amer-
ican Bosch Service station or Distributor for expert
repair service on injection pumps.

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

MDJA INJECTION PUMP
INJECTION LINE
. CAPNUT
BLEED VALVE HOLDER
VALVE SPRING
VALVE ASSEMBLY
PUMP HOUSING GASKET
GASKET
CONTROL LOCATING SCREW
LEVER PLUNGER BARREL
CONTROL SLEEVE
CONTROL CLOSING PLUG
SHAFT
ASSEMBLY UPPER SPRING SEAT

PLUNGER SPRING

PLUNGER RETAINING
RING

LOWER SPRING SEAT

FIGURE 37. PLB INJECTION PUMP COMPONENTS
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A PLB injection pump (Figure 37) is used on the
MDJA Series engines. The cross-sectional view
shows the internal parts and the operating lever and
control shaft. -

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

Repair
Most fuel system troubles are not due to a faulty

injection pump. Test therest of the fuel system before
condemning the injection pump.

Onan discourages field repair of the injection pump
because of the exceptionally close tolerances be-
tween 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. If the rest of
the fuel system is in working order and fuel delivery is
abnormal, remove the pump for replacement or
repair.

Removal

Remove the pump inlet and outlet lines. Remove the
two capscrews holding the pump to the engine and
lift it off. Do not lose the shims. They time the injec-
tion pump to the engine. Cap all openings in the
pump and fuel lines to keep dirt out of the fuel system.

Timing .

Timing the pump to the engine determines the port
closing point (17 degrees BTC) PC mark on flywheel.
See Figure 38. The helix position controls port open-
ing and is, in turn, controlled by the throttle setting.

s Y PC
S (PORT CLOSING)
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FIGURE 38. INJECTION PUMP TIMING



The most accurate method of injection pump timing
is with a depth micrometer (Method 1). However, if a
depth micrometer is not available, time it by Flowing
the Pump (Method 2).

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

Method 1. Depth Micrometer:
1. Install pump tappet in its recess and position fly-
wheel on the port closing mark (PC) of the com-
pression stroke.

2. Using a depth micrometer, measure the distance
from the pump mounting pad on the crankcase to
the tappet center. See Figure 39.

3. Subtract from the port closing dimension of the
pump 1.670-inch (42.42 mm) the depth obtained
in step 2. The result is the thickness of shims
necessary to time the pump correctly.

Thickness of shims may vary from 0.006 to 0.052-inch (0.15 to
1.82 mm). If it does not fall within these limits, check camshaft
and tappet for excess wear or improper assembly.

4, Select the correct shims for the required thick-
ness.

5. Install the pump.

DEPTH
‘MICROMETER
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FIGURE 39. DEPTH MICROMETER

43

Method 2. Flowing the Pump:

1. Install pump with 0.006-inch (0.15 mm) shims
between pump and pad.

2. Loosen the delivery valve holder to relieve
pressure on spring. See Figure 40.

3. Rotate the flywheel to about 15 degrees before
the port closing (PC) point. Blow in the pump
inlet and rotate the flywheel slowly clockwise
until air stops coming out of the pump outlet. This
is the port closing point.

4. Measure the distance from the point where port
closing occurs to the PC mark on the flywheel.
Find the thickness of shims to be added from the
table that follows.

5. Install the pump.
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FIGURE 40. LOOSENING DELIVERY VALVE HOLDER

installation

Prior to mounting the injection pump to the cylinder
block, follow steps 1 through 3.

1. Slide the shim or shims (using proper thickness
of shims for correct timing) over the pilot until
they are flat on the pump flange. See Figure 41.

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

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



SHIM SELECTION

USE THIS CHART WITH METHOD 2.
(All dimensions are in Inches)
DISTANCE ADD DISTANCE ADD
MEASURED THESE MEASURED THESE
STEP 4 SHIMS STEP 4 SHIMS
0.1 0.010 0.7 0.034
0.2 0.014 0.8 0.038
0.3 0.018 0.9 0.042
04 0.022 1.0 0.046
05 0.026 1.1 0.050
0.6 0.030

INJECTION

FIGURE 41. SHIMMING THE PILOT

With shims and seal in place insert the pump into
cylinder block mounting pad, and insert mounting
screws. Torque the mounting screws (tighten alter-
nately) to 18-21 ft.-Ib. (24-28 Nm).

Install the fuel inlet line ahd governor linkage. Bleed
the pump, and then install the fuel outiet line (see
INSTALLATION section).

PSU OR MODEL 50 INJECTION PUMP

The PSU or model 50 injection pump (Figure 42) is
used on Onan 2- and 4-cylinder water-cooled diesels.
Pumps that are almost identical, with only two injec-
tor line outlet ports, are used on the two cylinder
maodeils. The function of the pump as a distributor and
its location on the service side of the engine are the
same on both 2- and 4-cylinder engines.

Repair

Internal repairs on the injection pumps require spe-
cial tools and step-by-step procedures for disassem-
bly and reassembly.

Replace with a new pump any pump
m that troubleshooting procedures
prove to be malfunctioning. Do not attempt unautho-
rized repair procedures on injection pumps.

FIGURE 42. INJECTION PUMP

Pump Operation

The pump face gear mates with and is rotated by a
drive gear on the engine camshaft, Figure 43. The
face gear, pilot ring, and the reciprocating plunger in
the pump are rotated continually to assure positive
fuel distribution. A multi-lobed cam on the camshaft
rides on atappetassembly in the pump and drives the
plunger up and down.,
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FIGURE 43. INJECTION PUMP TO CAMSHAFT
RELATIONSHIP



OPERATING
LEVER

HYDRAULIC /

HEAD

O-RING i

¢

FIGURE 44.

Pump Cutaway View

The cutaway view in Figure 44 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 phased so 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 mist into the
combustion chamber. Fuel delivery control, full load,
and shutoff are regulated by the up-and-down move-
ment of the fuel metering sleeve. The sleeve is con-
trolled by the operating lever on the outside of the
pump. Fuel is injected only during the high velocity
portion of each plunger up stroke.

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

The metering sleeve is positioned by the operating
lever of the govern