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Foreword

This manual is applicable to all V12 Series Cummins Die-
sels currently being produced by Cummins Engine Com-
pany, lne. It contains instructions for operators that will
enable them to get the best service from their engines.
Before operating engine became familiar with procedures
described. )

Maintenance section is for men who are responsible for
upkeep and availability of engine on the job. Maintenance
program is 8imple, realistic, easy to econtro) and profitable
to practice. :

This is an operation and maintenance manual; repair opera-
tions should be performed by specially trained personnel.
Trained personnel are available at all Cummins Distributor
and Dealer locations.

Full repair Shop Manuals may be purchased from a Cum-
mins Distributor at a nominal cost if you are equipped to
do your owr repair work,

Cummins Engine Company, Inc,
Cotumbus, Indiana, U. 8. A

/

Operation and Maintenance Manual
V12 Series Diesel Engines
Bulletin 9855964




T --
Operation and Maintenance Manual 3

V12 Series Diesel Engines
Bulletin 983596A

Table of Contents

Principles Of Operation C-Checks ... i 5-13
: D-Checks . ..ooivni e 5-20
Cummins Diesel Cycle ............ .. ... ... . ..., 11 CE-Checks L e 5-25
The Fuel System ......... ...l 1-2 F-Checks .. oottt ee e e e 5-33
The Lubricating System ............. ... 1-1 Engine Rebuild ......... . ... ... .. .. .. ... 5-33
The Cooling System ................... S 1-12 Summary Sheet . ... 5-34
The Air System ....... ..o e 1-13
Index
Operating Instructions
General — All Applications . ......................... 2-1
New Engine Break-In ........... ... ... ... ... ceen. 241
Prestarting lnstructions ........ ... ... ... ... .. ..., 2-1
Starting the Engine ........... . ... .. ... oool.. 2.2
Engine Warm-up ... ... 2-4
Engine Speeds ......... ... e 2-5
Instrument Panels .................. .. ... L. 2-5
Maximum Horsepower Requirements ................. 2-6
High Altitude Operation ... ........................ 2-6
Engine Shutdoewn ........ ... ... ... ol 2-6
Operatar’s Daily Report ... ... ... .. ........ 2.7
Vehicular Applications .......................... .. .. 2-8
Generator Applications . ... ....... .. ... ... ... 2-10
Marine Applications ........ . ... ... oo 2-15
Industrial Applications - _.............. ... .. ... ..., 2-18
Specifications
Fuel Ol oo 31
Lubricating Qil ........ .. .. .. 3-2
Grease ... 3-3 |
Coolant ... .. 3-4
Trouble Shoeting
Descriplion .. ... e e 4-1
Chart e e 4-2
Maintenance Operations
T Y VLS 5-1
Check Sheet ... i it 5-2
. A-ChetkSs ..ot s 5-4
Tty o T T e 5-8




T

w——”'@;r'mnand Maintenance Manual

V12 Series Diesel Engines
Bulletin 983596A




Operation and Maintenance Manual 5
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Engine Ratings

Engine Ratings—V12
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V12-525 ENGINE MODEL

Table 1: Cummins V12 Series Naturally Aspirated Engines

Displ.
Engine Bore & Stroke Cu. In. Max, Torque @ RFM
Model In. [mm) {cu cm] Ft-Lb [kg m] Max. HP @ RPM
NVH-450 5% x 6 1486 1190 2 1480 450 @ 2100
[127.1250 x 142.4] [24,351.2306] {164.5770]
V12-525 52 x B 1710 1445 @ 1500 525 @ 2100
[139.7x 142.4] [28,021.9410) {199.8435]

Note: Harsepower ratings {stated in U. 8. values) established at 28.92 In/Hg. barometric pressure (sea level), 60° F [15.5° C]

air intake temperature, dry air. De?ate naturally aspirated engines 3% for each 1000 it [304.800 m] above sea leve! and 1%
for each 10° F {5.56°C] rise in air temperature,

S
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VT12-700 ENGINE MODEL

Table 2: Cummins V12 Series Turbocharged Engines

Displ. Maximum
Engine  Bore & Stroke Cu. In. Altitude Max. Torque @ RPM Max. Hp Begin Derate
Maodel In. [mm] [cu cm] Ft [m] Ft-Lb [kg m] @ RPM @ Ft [m] Altitude
VT12 5% x B 1486 6000 1630 [225.4290] @ 1500 600 @ 2100 6000 {T-590)
[127.1250 x 142.4]  [24,351.2306] [1828.8000] [1828.8000]
VT12-635 5Y2x6 1710 11,000 1750 [242.0250] @ 1500 €35 @ 2100 11,000 (T-590%, 12,000 (T-50)
[139.7 x 142.4] [28,021.9410]  [3352.8000] [3352.8000]  [3657.6000]
VT12-700 5% x B 1710 850D 1920 [265.5360] @ 1500 700 @@ 210D 8500 T-590), 11,000 (T-50)
[139.7 x 142.4] [28,021.9410] [2580.8000] ‘ : [2590.8000] [3352.8000]

1. Harsepower ratings (stated in U. S. 'vaJuesj established at 29.92 ln./Hg.' barometric pressure (sea level), 60°F [15.5° C]

air temperature, dry air.

2, Turbocharged engines are derated 4% for each 1000 ft [304.800 m] altitude above maximum altitude stated above and

1% for each 10°F [5.56°C] air temperature rise above 100°F [37.8°C].
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The most satisfactory service can be expected from a Cum-
mins Diesel Engine when operation procedures are based
upon a clear understanding of engine working principles.
Each part of engine affects operation of other working
parts and of engine as a whole. Cummins Diesel Engines
treated in this manual are four-stroke-cycle, high-speed,
full-diesel engines. Horsepower ratings and other engine
specifications for each model are tabulated on preceding
pages.

Cummins Diesel Engine

Cummins Diesel Cycle

Diesel engines differ from other internal combustion en-
gines in a number of ways. Compression ratios are higher
than in spark-ignited engines. The charge taken into com-
bustion chamber through intake consists of air only — with
no fuel mixture. injectors receive low-pressure fuel from
fuel pump and deliver it into individual combustion cham-
bers at right time in equal quantity and proper condition to
burn. tgnition of fuel is caused by heat of compressed air
in combustion chamber.

It is easier to understand function of engine parts if it is
known what happens in combustion chamber during each
of four piston strokes of the cycle. The four strokes and the
order in which they occur are: Iintake Stroke, Compression
Stroke, Power Stroke and Exhaust Stroke.

Intake Sircke

During intake stroke, piston travels downward; intake valves
are open, and exhaust valves are closed.

The downstroke of piston permits air from outside to enter
cylinder through open intake valve ports. On engines where
used, turbacharger increases air pressure in engine intake
manifold and forces it into cylinder.

The intake charge consists of air only with ne fuel mixture.

Compression Stroke

At end of intake stroke, intake valves close and piston
starts upward on compression stroke. The exhaust valves
remain closed.

At end of compression stroke, air in combustion chamber
has been forced by piston to occupy a space about one-
fifteenth as great in volume as it occupied at beginning of
stroke. Thus, compression ratio is 15:1; or directly in pro-

portion to amount air in combustion chamber is com-
pressed.

Compressing air into a small space cauzes temperature of
that air to rise. Near end of compression stroke, pressure
of air above piston is approximately 500 to 600 psi [35.1800
to 42.1800 kg/sq cm] and temperature of that air is approx-
imately 1000° F (537.7° C].

During last part of compression stroke and early part of
pawer stroke, a small metered charge of fuel is injected
into combustion chamber.

Almost immediately after fuel charge is injected into com-
bustion chamber, fuel is ignited by hot compressed air and
starts to burn.

Power Stroke

Curing power stroke, piston travels downward and both in-
take and exhaust valves are closed.

By the time piston reaches end of compression stroke,
burning fuel causes a further increase in pressure above
pision. As more fuel is added and burns, gases get hotter
and expand more to push piston downward and add im-
petus {o crankshaft rotation.

Exhaust Stroke

During exhaust stroke, intake valves are closed, exhaust
valves are open, and piston is on upstroke.

Burned gases are forced out of combustion chamber
through open exhaust valve poris by upward trave! of piston.

Proper engine operation depends upon two things — first,
compression for ignition; and second, that fuel be measur-
ed and injected into cylinders in proper quantity at proper
time,
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Fuel System

The PT fuel system is used exclusively on Cummins Diesels.
The identifying letters, “PT,” are an abbreviation for “pres-
sure-time,”

The operation of Cummins FT Fuel System is based on
the principle that volume of liquid flow is proportionate to
fluid pressure, time allowed to flow and size of passage
liquid flows through. To apply this simple principlie to Cum-
mins PT Fuel System, it is necessary to provide:

1. A fue!l pump to draw fuel from supply tank and deliver it

to individual injectors for each cylinder.

2. A means of cantrolling pressure of fuel being delivered by

fuel pump to injectors so individual cylinders will receive
right amount of fuel for power required of engine.

3. Fuel passages of proper size and type so fuel will be ‘dis-
tributed to all injectors and cylinders with equal pressure
under all speed and load conditions.

4. Injectors to receive low-pressure fuel from fuel pump and

() GOYERNOR ASSIST PLUNGER (¥ PULSATION DAMPER
(@ SHIMS (® THROTTLE SHAFT
() GOVERNOR ASSIST SPRING (& IDLE ADJUSTING SCREW
(0 MAIM SHAFT @ IDLE SPRING
() TAGHOMETER SHAFT (3} GEAR PUMP PRESSURE
(@) FILTER SCREEN @ FUEL MANIFOLD PRESSURE
(D SHUT-DOWN VALYE @ 1DLE PRESSURE

_ (D GEAR PUMP (0 GOVERKOR WEIGHTS

Fig. 1-1. PT {type G) fuel pump cross-section FWC-B

deliver it into individual combustion chambers at right
time, in equal quantity and proper condition to burn.

The PT fuel system consists of fuel pump, supply and drain
lines and passages, and injectors. There are two types of
PT fuel systems. The first type — commonly called PT (type
G} — is shown in Fig. 1-1. The second type —called PT
{type R) —is shown in Fig. 1-3,

Designations PT (type G) and PT (type R} are for "Gover-
nor-Controlled” and “Pressure-Regulated” respectively.
Hereafter, these designations will be used to describe
both fuel system and fuel pump.

Fuel Pump

The fuel pump is coupled to compressor or fuel pump drive
which is driven from engine gear train. Fusl pump main
shaft turns at engine crankshaft speed, and drives gear
pump, governor and tachometer shaft,

(1) GEAR PUMP
® (3 IDLE
PULSATION DAMPE
R FULL
(@) FROM TANK

(1) THROTTLE SHAFT
GOVERNOR WEIGHTS
(i> GOVERNOR PLUNGER

(1) SHUT-DOWN VALVE
(® FILTER SCREEN

TO INJECTORS
Fig. 1-2. PT (iype Q) fuel pump flow FWC-§




(D) GOVERNOR WEIGHTS
(i) MAIN SHAFT

O GEAR PUNP
@ PULSATION DAMPER
(3 PRESSURE REBULATOR D) VBLE SPEED SCREW
(D) TACHOMETER CONNECTION (@ IDLE $PRIKES
@) FILTER SCREEN ' @ MAXINUM SPEED SPRING
(i THROTTLE SHAFT

Fig. 1-3. PT (type R) fuel pump cross-section

(1) SHUT-DOWN VALYE
FWC-3

PT {type G) Fue! Pump

PT (type G} fuel pump can be identified by absence of re-
turn line at top of fuel pump. The pump assembly is made
up ol three main units.

. Gear pump, which draws fuel from supply tank and forces

it through pump filter screen o governor.

. Governor, which controfs flow of fuel from gear pump, as

well as maximum and idle engine speeds.

. Throttle, which provides a manrual control of fuel flow to

injectors under all conditions in operating range. The lo-
cation of fuel pump components is indicated in Fig's. 1-1
and 1-3.

L

PT (fype R) Fuel Pump

PT (type R} fuel pump can be identified easily by presence
of a fuel return line from top of fuel pump housing to sup-
ply tank.

The pump assembly is made up of four main units:

. Gear pump, which draws fuel from supply tank forcing it

through pump filter screen into pressure regulator valve.

. Pressure regulator, which limils pressure of fuel to in-

jeciors.
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T GOVERNOR WEIGHTS (T SHUT-DOWN VALVE
(D EOVERNOR PLUNEER {5 T0 INIECTORS

() PRESSURE REGULATOR @ IMLE

@ BEAR PUMP @FiL

(D PULSATION DAMPER G)FILTER SCREEN
(D FROM TANK G THROTTLE SHAFT

Fig. 1-4. PT (type R) fue! pump flow FWC-4

. Throttle, which provides a manual control of fuel flow to

injecters under all conditions in aperating range.

. Governor assembly, which controls flow of fuel from idle to

maximur governed speed.

Gear Pump And Pulsation Damper

Gear pump and pulsation damper located at rear of fuel
pump perform same function on both PT (type G} and PT
(type R) fuel pumps, :

Gear pump is driven by pump main shaft and contains a
single set of gears to pick up and deliver fuel throughout
fuel system. A pulsation damper mounted to gear pump
contains a steel diaphragm which absorbs pulsations and
smoothes fuel flow through fuel system, From gear pump,
fuel flows through filter screen and:

. In the PT {type G) fuel pump, to governor assembly as

shown in Fig. 1-2.

. In the PT (type R} {fuel pump, to pressure regulator assem-

bly as shown in Fig. 1-4.

Pressure Regulator

The pressure regulator, used only in PT (iype R) fuel pump,




functions as a by-pass valve to regulate fuel pressure to in-
jectors. By-passed fuel flows back to suction side of gear
pump. See Fig. 1-4,

Throttle

In both fug] pumps, throttle provides a means for operator
to manually contro! engine speed above idle as required by
varying operating conditions of speed and load.

In PT (type G} fuel pump, fuel flows through governor to
throttle shaft. At idle speed, fuel flows through idle port in
governor barrel, past throtile shaft, To operate above idle
speed, fuel flows through main governor harrel port to
throttling hole in shaft.

In PT (type R} fuel pump, fue! flows past pressure regu-
lator to throttle shaft, Under idling conditions, fuel passes
around shaft to idle port in governor barre). For operation
above idle speed, fuel passes through throttling hole in
shaft and enters governor barrel through main fuel port.

Governors

ldling and High-Speed Mechanical Governor: The mechan-
ical governor, sometimes called "autometive governor”,
identical on both PT (type G) and PT {type R) fuel pumps,
is actuated by a system of springs and weights, and has
two functions, First, the governor maintains sufficient fuel
for idling with throttle control in idle position; secand, it
culs off fuel to injectors above maximum rated rpm. The
idle springs in governor spring pack position governor
plunger so idle fuel port is opened enough to permit pas-
sage of fuel to maintain engine idle speed.

During operation between idle and maximum speeds, fuel
flows through governor to injectors in accordance with en~
gine requirements as controlled by throttle and limited by
size of idle spring plunger counterbore on PT {type G) fuel
pumps and pressure regulator of PT (type R) fuel pumps,
When engine reaches governed speed, governor weights
mave governor plunger, and fuel passages to injectors are
shut off. At the same time another passage opens and
dumps fuel back into main pump body. In this manner en-
gine speed is controlled and limited by governor regard-
less of throttle position. Fuel leaving governor flows through
shutdown valve, inlet supply lines and on into injectors,

PT (type G) Variable-Speed Governors

There are two mechanical variable speed governors used
with PT (type G) fuel pump. The “Mechanical Variable
Speed (MVS)” governor which is mounted directly on top
of, or remofely near, the fuel pump; and “Special Variable
Speed (SV8)" governor which is a special spring-pack as-
sembly at lower rear of fuel pump. See Fig's. 1-5 and 1-6.
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Mechanical Variable Speed (MVS) Governor

This governor supplements standard auiomotive governor
to meet the requirements of machinery on which engine
must operate at a constant speed, but where extremely
close regulation is not necessary.

Adjustment for different rpm can be made by means of a
lever contraf or adjusting screw. Al full-rated specd, this
governor has a speed droop between full-load and no-load
of approximately eight percent. A cross section of this gov-
ernor is shown in Fig. 1-5, '

As a variable-speed governor, this unit is suited fo varying
speed requirements of cranes, shovels, eic., in which same
engine is used for propelling unit and driving a pump or
other fixed-speed machine.

As a constant-speed governor, this unit provides control
for pumps, nonparalleied generators and other applications
where close reguiation [variation between no-lead and full-
load speeds) is not required.

The {MVS) governor assembly mounts atop fuel pump, and
fuel solenoid is mounted to governor housing, See Fig. 1-
5. The governor also may be remote mounted.

Fuel from fuel pump body enters variable speed governor
housing and flows to governor barrel and plunger. Fuel
flows past plunger to shut-down valve and on into injector
according to governor lever position, as determined by op-
erator.
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(D TERMINAL LEVER (® PILOT VALVE PLUNGER
(D' BALLARM PIN ® TRRUST BEARING
() SERYQ MOTOR PISTON (D SPRING SEAT
(® GOVERANOR BASE () SPEED DROP ADJUSTING SCREW
Fig. 1-9. Laad off, increased speed, hydraulic governor FW(C-1

The variable-speed governor cannct produce engine speeds
in excess of automotive governor setting. The governor can
produce idle spceds below automotive pump idle speed
setting, but should not be adjusted below automotive fuel
pump speed setting when operating as a combination auto-
motive and variable-speed governor. .

Special-Variable Speed (5V5) Governer

The SVS governor provides many of the same operational
features of MVS governor, but is limited in application. An
overspeed stop should be used with SVS governors in un-
attended applications; in attended installations, a positive
shutdown throttle arrangement should be used if no other
overspeed stop is used.

Marine applications require automotive throttle of fuel
pump to be locked open during operation and engine speed
control is maintained through SVS governor lever. Also,
only PT {type B} injectars should be used in marine en-
gines equipped with the SYS governed fuel pump.

Power take-off applications use SVS governor lever to
change governed speed of engine from full-rated spead to
an intermediate power take-off speed. During operation as
an autamolive unit, 8¥§ governor is in high-speed position,
See operation instructions for further information.

Hydraulic governar applications, not having variable-speed
setting provisions, use the SVS governor to bring engine
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0] & PUMP GEAR
(@ SPEED ADJUSTING SHAFT (& BALLHEAD
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(2 DRIVE SHAFT CDLLAR
Fig. 1-10. Load on, decreased speed, hydraulic governor FW{C-1

speed down from rated speed for warm-up at or slightly
above 1000 RPM.

PT (type R) Mechanical Variable-Speed Governor

On some applications this governor replaces standard auto-
motive governor to meet requirements of machinery on
which engine must operate” at a constant speed, but where
extremely close regulation is not necessary.

Adjustment for different rpm can be made by means of a
lever control or adjusting screw. At full-rated speed, this
governor has a speed droop between full-load and no-load
of approximately eight percent. A cross section of this gov-
ernor is shown in Fig. 1-7.

As a variable-speed governor, this unit is suited to varying
speed requirements of cranes, shovels, etc., in which same
engine is used for propelling unit and driving a pump or
other fixed-speed machine.

As a constant-speed governor, this unit provides control
for pumps, nonparalleled generators and other applications
where close regulation (variation hetween no-load and full-
load speeds) is not required. -

PT (type R) Torque Converter Governor

A PT (type R) fuel pump is usually supplied when a torque

R pgessure OIL




converter is used to connect the engine with its driven unit.
An auxiliary governor may be driven by torque converter
output shaft to exercise control over engine governor and
o timit converter output shaft speed. The engine governor
and converter governor must be adjusted to wark together.

The PT torque-converter governor consists of two mechan-
ical variable-speed governors in series — one driven by en-
gine and the other by converter. Fig. 1-8.

The engine governor, in addition to giving a variable en-
gine speed, acts as an over-speed and idle-speed governor
while the converter driven governor is controlling the en-
gine. Each governor has its own contrel lever and speed
adjusting screws.

The converter-driven governor works on same principle as
standard engine governor except it cannot cut off fuel to
idie jet in engine-driven governor. This insures that if con-
verter tailshaft averspeeds, it will not stop engine.

Hydraulic Governor

Hydraulic governors are used on stationary power applica-
tions where it is desirable to maintain a constant speed
with varying loads.

The Woodward SG Hydraulic Governor uses lubricating oil,
under pressure, as an energy medium. It is supplied from
a sump on governor drive housing. For oil viscosity, see
Fage 3-2.

The governor acts through oil pressure to increase fuel de-
livery. An opposing spring in governor conirol linkage acts
to decrease fuel delivery,

In order that its operation may be stable, speed droop is
introduced into governing system. Speed droop means the
characteristic of decreasing speed with increasing load.
The desired magnitude of this speed droop varies with en-
gine applications and may easily be adjusted to cover a
range of approximately one-half of one percent to seven
percent,

Assume a certain amount of load is applied to the engine.
The speed will drop, flyballs will be forced inward and will
lower pilot valve plunger. This will admit oil pressure un-
derneath power piston, which will rise. The movement of
power piston is transmitted to terminal shaft by terminal
lever. Rotation of terminal shaft causes fuel setting of en-
gine to be increased. Fig's. 1-9 and 1-10.

Injectors

The injector provides a means of intreducing fuel into each
combustion chamber. 1t combines the acts ol metering,
timing and injection. Two types of injectors — flanged and
cylindrical — are found in V12 Series engines.
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Flanged injector

Fuel is supplied to and drained from flanged injectors
through external fuel lines and connections as shown in
Fig.1-11. From inlet connection, fuel flows down inlet pas-
sage of injector, around injector plunger between body
and cup, up drain passage to drain connections and lines
where it returns to supply tank.

As plunger rises, metering orifice is uncovered and part of
fuel is metered into cup. At same time, the rest of fuel
flows out of drain orifice. The amount of fusl passing
through metering arifice and into cup is controlled by fuel
pressure. Fig. 1-11, .

During injection, plunger is forced downward until meter-
ing orifice is closed and fuel in cup is injected inte cylin-
der. While plunger is seated, all fuel flow through injector
stops. Fig. 1-13,

Injectors contain an adjustable orifice or selected inside

diameter orifice plug in inlet passage which regulates fuel
flow into injector,

Cylindrical Injector

When cylindrical injectors are used, fuel supply and drain
is accomplished through internal drilled passages in cyl-
inder head. Fig. 1-12. A radial groove around each injector
mates with drilled passages in cylinder head and admits

(D o
@ BASKET
@) s

(1) mirecror sopy

() mer

(&) oRIFICE PLUE
(1) oRaiw

(8) PLUNGER

ORAIN DRIFICE
METERING ORIFIGE

Fig. 1-11. Cross-gection, flanged PT injector FWC-11
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fuel through an adjustable (adjusiable by burnishing to
size at test stand) orifice plug in injector bedy. A fing
mesh screen at fuel iniet orifice of each injector provides
final fuel filtration.

Fucl flows from a connection atop fuel pump shut-down
valve through a supply line into lower drilled passage in
cylinder head at front of engine. A second drilling in head
is aligned with upper injector radial groove to drain away
excess fuel, A luel drain at flywheel end of engine allows
return of unused fuel to fuel tank.

Fuel grooves arcund injectors are separated by “O" rings
which seal against cylinder head injector bore. Fig. 1-14.
This forms a leak-proof passage between injectors and cyl-
inder head injector bore surface.

The injector contains a ball check valve. As injector plung-
er moves downward to cover feed openings, an impulse
pressure wave seats ball and at the same time traps a pos-
itive amaunt aof fuel in injector cup for injection. As the
continuing daownward plunger movement injects fuel inta
combustion chamber, it also uncovers drain opening and
ball rises from its seat. This ailows free flow through in-
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jector and drain for cocling purposes. Fig. 1-15.

Fuel Lines, Connections And Valves
Supply And Drain Lines

On engines using flanged injectors, fuel is supplied through
a single tube to fuel supply manifold. The drain manifold
returns fuel, that is not injected, to supply tank through a
drain line located at rear of the engine.

The PT {type R) fuel pump has a drain line returning from
top of pump to supply tank. This line is not necessary with
the PT (type G) pump. Fig. 1-12.

Connectians

Flanged injeciors are connected to supply and drain man-
ifclds through connections. The inlet connection contains

(> INJECTOR

(@ FUEL PUMP

(D FUEL FILTERS

(® TD SYPPLY TANK

(8) FROM SUPPLY TANK

Fig. 1-12. Fuel flow diagram, V¥-12 5%: inch bore engine with external lubricating cil pump FWC15




METERING

START UP-STROKE

Fig. 1413, Fuel injection cycle, flanged PT injecior

@ cup

" (@ METERING ORIFIGE
(& PLUNGER

® PLUG

® '0’ RING SEALS
INJECTOR SPRING
(@ INJECTOR LINK
(O PLUGS

@ STO0P

CHECK BALL

(@ FUEL OUT

@ FUEL-IN

@ FUEL SCREEN

@ ORIFICE PLUG

@ 0" RING SEAL

GASKET

Fig. 1-14. Cress section. cylindrical PT [(type B} injector FWC-14
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INJECTION COMPLETE

FWC-1Y

a fine mesh screen which acts as a firal filter belore fuel
enters combustion chamber.

V12 engines using cylindrical injectors have fuel lines be-
tween heads to bridge gap between each cylinder head
supply and drain passage. Fig. 1-12

Shut-Down Valve

Either a manual or electric shut-down valve is used on
Cummins fuel pumps.

With a manual valve, control lever must be fully clockwise
or open to permit fuel flow through valve.

With electric valve, manual control knob must be fully
counterclockwise to permit solenoid to open valve when
“switch key” is turned on. For emergency operation in case
of electrical failure, turn manual knob clockwise to permit
fuel te flow through valve,

Aneroid

The aneroid control, Fig. 1-16, provides a fuel by-pass sys-
tem that responds to air manifold pressure and is used on
some turbocharged engines whenever close control of ex-
haust smoke is desirable.

The aneroid limits fus! pressure to injectors when accel-
erating engine from speeds below normal operating speed
range, and while air intake manifold air pressure is not suf-
ficient for complete combustion. Air intake manifold pres-
sure rises with turbocharger speed, which is a product of
exhaust gas energy and is resultingly low at low engine
speed and exhaust gas output.




METERING

PRE-INJECTION

Fig. 1-15. Fuel injection cycle, PT (type B) cylindrical injector

Note: Aneroid is not required on turbocharged V12 en-

gines using T-50 turbochargers.

Fig. 1-16. Ancroid control cross-sectian
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Lubricating System

Cummins V12 Series engines are pressure lubricated, pres-
sure being supplied by a gear-type lubricating oil pump.

A by-pass valve is provided in full-flow oil filter(s) as in-
surance against interruption of oil flow by a dirty or clog-
ged element,

1. GQil is drawn into pump through an oil line to oil pan sump.

A screen in sump strains the oil. Fig. 1-17.

2. Qil flow fram pump is:

a. Externai lubricating ol pump and cooler in Vee: from

pump to full-flow filters to cooler then to oil headers in
block.

b. External lubricating oil pump and external cooler {cooter

not in Vee) mounted transversely at front at top of engine
or aiong side of engine: from pump te cooler to full-flow
filters, then to oil headers in block.

LUBRICATING OIL
COOLANT

Fig. 1-17. Lubricating oil and coolant flow — side view

. Internal lubricating oil pump and coeler mounted on side

of engine in combination with filter head and filters: from
pump to cooler to full-flow filters, then to .il headers in
block.

. Oil headers, drilled full length of block on each side, de-

liver oil to moving parts within engine.

. Oil pipes—or a combination of pipes and passages —

carry oil from camshaft to upper rocker housings; various
drillings through block, crankshaft, connecting rods and
rocker levers complete oil circulating system.

. On engines equipped with oil-cocled pistons, cil headers

are drilled the length of block on each side; headers sup-
ply oil to spray nozzles, which direct oil to piston skirts.

. Lubricating oil pressure is controlled by a regulator located

in the lubricating oil pump.

(D VIBRATION DRMPER

D MAIR BEARING )
(D) CONNECTING ROD BEARING
@ pisTaN

(5 COOLANT PASSAGE

@ INIECTOR

() THERMOSTAY .

(® VALVE ROCKER LEVERS

(D INJECTOR RGCKER LEVER

@ 7-590 TURBOCHARGER

@ INTER-COOLER /AR INTAKE
MANIFELD

@ PUSH TUBES

@ TAPPETS

) CAMSHAFT

& DL CODLER

(@ QIL 10 ENSINE

@ FULL-FLOW QIL FILTERS
@® gL TO COOLER

@ OIL SUCTION
LUBRICATING OiL PAN
@) LUBRICATINE OIL PUMP
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Cooling System

Coolant is circulated by a centrifugal-iype water pump
mounted at front of engine and driven by an idler gear from
right-hand camshalt gear or by beits from accessory drive.
Fig. 1-17 and 1-18.

Coolant is drawn from radiator or heat exchanger by water
pump and circulated as follows:

a. With lubricating cil cooler in Ves: coolant flows from wa-
ter pump to oif cooler and water header simultaneously,
then through block, cylinder heads and exhaust manifolds.

. External jubricating oil cooler (not in Vee}: coolant flows
from water pump to water header, through block, cylinder
heads and exhaust manifolds to il cooler.

c. External jubricating oil cooler, cooler in combination with

LUBRICATING OiL
CODLANT

Fig. i-18. Lubricating oil and coalant flow — end view

filter head and full-flow filters: coolant flows from water
pump to oil cooler to water header, through block and cyl-
inder heads and exhaust manifolds.

Note: Heat exchangers., marine type (o0il coolers and cool-
ant section in one unit), coolant flow as in {b) above; both
sections cooled by sea water circulated by sea water pump.

Note: From return header (exhausf manifold) coolant goes
to thermostat housing where it is directed to radiator for
coaling, or, if it has not been heated sufficienily to actuate
thermostats, it is directed through a by-pass tube to water
pump for recireulation.

. The engine coalant is cooled by a radiator or by heat ex-

changers, depending on type of installation. An oil coocler
is always used on V12 engines.

(D CONNECTING ROD

@ DI FILLER

(3 TURBOCHARGER FILTER

® 01 DIPSTIEK

(3 INIECTOR

() COOLANT PASSAGE

(@ EXHAUST MANIFOLD
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(@ INTER-COOLER /MR INTAKE
MANIFOLD

@ PISTON

G2 TAPRET

@ 0L COOLER

(@ CAMSHAFT

@ FUEL PuMP

@ FULL-FLOW DIL FILTER

@ PISTON-COOLING NOZZLE

@ OIL TO COOLER AND EMGINE

LUBRICATING 0iL PAN

@ 0IL SUCTION
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Air System

The intake air should always be routed through an air
cleaner (or air silencers). The cleaner may be mounted on
engine or equipment and may be either oil bath, paper ele-
ment or composite typé depending upon engine applica-
tion. Air is routed from air cleaner directly to intake air
manifold, or turbocharger if engine is a turbocharged
model.

The turbochargers force additional air into ecombustion
chambers so engine can burn more fue) and develop more
horsepower than if it were naturally aspiraied.

Turbocharger

The turbacharger consists of a turbine wheel and a cen-
trifugal blower, or compressor wheel, separately encased
but mounted on and rotating with a common shaft.

The power ta drive turbine wheel —which in turn drives
compressor — is obtained from energy of engine exhaust
gases. Rotating speed of turbine changes as energy level
‘of gas changes so engine is supplied with enough air to
burn fuel for its lead requirement. Fig. 1-19.

Air Compressor

The Cummins Air Compressor is a single-cylinder unit
driven from engine by integral crankshaft and accessory
drive or by belt. Lubrication is received from engine lubri-
cation system, with oil carried by internal drillings or ex-
ternal lines. The cylinder head is cooled by engine coolant.
Operating functions are as follows:

(5 HEAT SHIELD

@ PISTON RING SEAL
(5 EXHAUST DUT

(3 TURBINE WHEEL

(@ TURBINE CASING

(i) EXHAUST N

@O IN

G} AIR T ENGINE

( LDWFRESSDR CASING
(@ BEARING INSERT

@ OIL SEAL

@ SLEEVE

@ COMPRESSOR WHEEL
@ THRUST WASHER

@ AR IN

{® SEAL PLATE

@ SEAL RING

(@ BEARING HOUSING
@® oIL OUT

() BEARING

Fig. 1-19. T.50 turbocharger cross-section AWCH

Air Intake

Air is drawn into compressor from a separate filter ar fram
engine air system after air cleaner or silencers. As piston
moves down, a partial vacuum occurs above it. The dif-
ference in cylinder pressure and atmospheric pressure
farces inlet valve down from its seat, allewing air to flow
through intake port and into cylinder. When pision has
reached the bottom of its stroke, spring pressure is suffi-
cient to overcome lesser pressure differential and forces
valve against its seat. Fig. 1-20. °

Compression

When piston starts its upward stroke, the increased pres-
sure of air in cylinder and head forces ouilet valve away
from its seat. The compressed air then flows through out-
let ports and into air tank as piston continues its upward
stroke. On piston down-stroke, exhaust valve closes and
intake valve opens except during unloading period.

Unloading

When pressure in air tank is at a predetlermined level, air
prassure is applied to top of unloader cap by a compres-
sor governor. This pressure forces cap down and seals off
intake passage. When pressure in air tank drops, cap re-
turns to its upper position and intake and compression se-
quences begin once again.

(D AIR GOVERNOR
LONNECT/ON

(@) UNLDOADER VALVE
@ MR INLEY

() INTAKE VALVE
@ EXHAUST VALVE

(© COMPRESSED AlR
QUTLET

Fig. 1-20. Cummins air compressor AW
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The engine operator assumes responsibility of engine care
while it is being worked. This is an important job and one
that will determine to a large degree the extent of profit
from operation. There are comparatively few rules which
operator must abserve to get best service from the Cum-
mins Diesel. However, if any of these rules are broken, a
penaly is cerfain to fellow. The penalty may be in lack of
work accomplished because of lowered cngine efficiency,
or it may be in down time and costly repair bills resulting
from premature engine failure.

General—All Applications

New Engine Break-In

Cummins engines are run-in on dyhamometers before being
shipped from factory and are ready to be put to work in
applications such as emergency generator sets, fire pump
engines and turbine-starting engines. In other applications,
engine can be pul to work, but operator has an opportunity
to estabiish conditions for optimum service life during
initial 100 haurs of service by:

. Operating as much as possible in half to three-guarter

throttle or load range.

. Avoiding cperation for lang periods at engine idie speeds,

or at maximum horsepower levels in excess of five minutes.

. Developing the habit of watching engine instruments close-

ly during operation and letting up on throttle if oil temper-
ature reaches 250°F [121.1°C] or coolant temperature ex-
ceeds 190°F [87.87C].

. Operating with a power requirement that allows accelera-

tion to governed speed when conditions require more
power.

Pre-Starting Instructions — First Time

Priming Fuel System

. Prime fuel pump before starting engine for first time. Re-

move plug next to tachometer drive — PT (type G) pump —
and fill with clean fuel oil meeting the specifications out-
lined on Page 3-1. On all PT fuel pumps fill gear pump
through suction fitting with clean lubricating oil to aid in
faster pick-up of fuel. If fuel filter is "dry”, fill with clean
tuel oil before starting engine.

. Check fuel tarks, There must be an adequate supply of

goad grade, clean, No. 2 diesel fuel in tanks. See 'Fuel
Qil Specifications,” Page 3-1,

. If injector and valve adjustments have been disturbed by

any maintenance work, check to be sure they have been
properly adjusted before starting engine.

e an

Fig. 2-1. Checking gngine oil level

Priming Lubricating System

. Fill crankcase to “L" (low) mark on dipstick. See Page

3-2.

Note: Most dipsticks have dual marking(s), with high- and
fow-level marks: static cil marks on one side. engine run-
ning at low idle speed marks on opposite side. Be sure 1o
use proper scale. Fig. 2-1,

. Remove pipe plug from lubricaling oil filter head for paper

clement filters,

. Connect a hand: ar motor-driven priming pump line from

source of clean lubricating oil (see Page 3-2) to oil plug
boss.

. Prime untif a 30 pst [2.1090 kg/sq om] minimum pressure is

obtained.

. Crank engine for at least 15 seconds while maintaining ex-

ternal oil pressure at minimum of 15 psi [1.0545 kg/sq ¢m].

. Remove external oil supply and replace plug in ail filter

head.

-~
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Fig. 2-2. Checking hydraulic governar oil level V41802

. Fill erankcase, through filler tube(s), to “H" (high) mark an
dipstick with oil meeting specifications shown on Page’3-2.
No change in oil viscosity or type is needed for new or
newly rebuilt engines.

_Caulion: After engine has run 2 few minutes, it will be
necessary to add lubricating oil to compensate for that ab-
sorbed by filter element(s) and oil cooler.

Check Hydraulic Governor

. Many engines used in stafionary power applications are
equipped with hydraulic-governed fuel pumps. This gover-
nor uses lubricating oil as an energy medium. For governor
ail viscosity, see Page 3-2.

. Oil level in governor sump must be at full mark on dipstick.
Fig. 2-32,

s

Normal-Daily Checks
Check Oil Level

. A dipstick oil gauge is located on side of engine. The dip-
stick supplied with engine has an "H" (high) and “L" (low}
level mark to indicate lubricating oil supply. Dipstick must
be kept with oil pan, or engine, with which it was originally
supplied. Cummins oil pans differ in capacity with different
type installations and oil pan part numbers.

Note: Most dipsticks have dual markings, with. high- and
low-level marks; static marks on one side, engine running
at low idle speed marks on opposite side. Be sure to use
proper scale.

. Keep oil level as near high mark as possible.
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Caution: Never operate engine with oil level below low-
tevel mark, or above high-ievel mark.

Check Air Connections

Check air connections to compressor and air equipment, if
used, and to air cleaners.

-Check Engine Coolant Supply

. Remove radiator or heat exchanger cap and check engine

coolant supply. Add coolant as needed to completely fill
system. )

:

. Make visual check for leaks.

. There are several recognized methods of protecting engine

cooling systems from rust and corrosion. These methods
are described on Page 3-4. )

Check Fuel Supply And Connections

. Fill fuel tanks with fuel meeting specifications on Page 3-1.

. Visualiy check for evidence of external fuel leakage at fuel

connections. Tighten fuel manifold fittings; tighten flanged
injector fuel connections to 20/25 in.~b [0.2300/0.2875 kg m].

. On engines with internal fuel passages in head, check fuel

supply line at front and rear of engine.

Starting The Engine

Starting requires only that clean alr and fue! be supplied to
combustion chamber in proper quantities at correct time.

MNormal Starting Procedure
Prelube Engine

If fuel system is equipped with overspeed stop, push “Re-
set” button before attempting to start engine.

. On units equipped with air activated prelube device, open

air valve for 10 to 12 seconds to activate piston in prefube
device which will lubricate all moving parts in engine prior
to engaging starter.

. Set throttle for idle speed.

. Disengage driven unit or make sure main disconnect switch

is open.




Fig. 2-3, Instrument panel, power unit N11808

. Open manual fuel shut-down valve, if engine is so equip-
ped. Electric shut-down valves operate automatically.

. Pull the compression refease.
. Press starter button or turn switch-key to "start" position.

Note: 4 manual over-ride knob provided on forward end of
electric shut-down valve allows valve to be opened in case
of electric power failure. To use, open by turning fully
clackwise.

Caution: To prevent permanent cranking motor damage, do
not crank engine for more than 30 seconds continuously.
If engine does not fire within first 30 seconds, wait one to
two minutes before recranking.

. After three or four seconds of cranking, clese compression
release and continue to crank until enging fires.

. On some generator sets where main generator current is
used to actuate pump shut-down vaive, start engine by us-
ing manual over-ride button and then disengage button to
allow engine safely circuit 1o take over pump and engine
control. This arrangement is usually used with air starting
systems.

. Release lever guickly at instant engine starts. Make certain
lever returns to “off” position.

Use Preheater For Cold-Weather Starting

To aid in starting engine when temperature is 50°F [10° C)
or below, an intake air prehealer is available. The preheater
equipment consists of a hand-priming pump (1, Fig. 2-4) to
pump fuel into intake manifold (9), a glow plug (7) which
is etectrically heated by battery {3), and a switch {3) to turn
on glow plug. Fuel burns in intake manifold and heats in-
{ake air.
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Fig. 2-4, Preheater wiring diagram V41803

Caution: Do not use ether in conjunction with preheater.

To use preheater for cold stariing:

. Set throttle in idle position. Do not accelerate engine dur-

ing starting procedure,

. Turn glow ptug toggle switch to "ON" position. Red indi-

cator light {6) must be on.

. After red light has been on for 20 seconds, start cranking

engine. As scon as engine begins rotating, operate pre-
heater priming pump to maintain 80 to 100 psi [5.6240 to
7.0300 kg/sq cm] fuel pressure. Use of primer before the
20-second interval will wet glow plug and prevent heating.

Mote: On engine equipped with an oil pressure safety
switch, fuel by-pass switch must be in “start” position be-
fore operating priming pump. Hold fuel by-pass switch in
"start” position until engine oil pressure reaches 7 to 10
psi [0.4921 to 0.7030 kg/sg cm); then, move to “run” po-
sition,

S

Fig. 2-5. Glow plug inspection hole v41818°




2-4

I engine does not start within 20 seconds, stop cranking.
Wait 30 seconds and repeat cranking operation.

. After engine starts, pump primer slowly to kecp engine id-
ling smoothly, In cold weather this may require 4 to 5 min-
utes, or longer. Do net accelerate engine.

. When engine has warmed up so it does not falter hetween
primer strokes, stop pumping. Close and lock primer. Turn
off glow plug teggle switch. (Red indicator light will go
cut.)

Failure To Start

. If engine gives no indication of starting during first three
full strokes of preheater pump, touch-check intake mani-
fold for heal, If there is no heal, check electric wiring. 1f
wiring is all right, remove 34" pipe plus (1, Fig. 2-5) from
manifold near glow plug and check flame while a helper
perfarms the preceding Steps 2, 3 and 4.

. 1t po flame is observed, close glow plug manual switch 15
saconds and observe glow plug through %" pipe plug hole.
Glow plug should be white hot: if not, connect glow plug
ta a 6- or 12-volt {as used) source and check amperage
which should be 30432 {(minimum). 1T glow plug is all right,
check manual switch and resistor, if used, and replace i7
necessary.

Other Cold-Starting Aids
Use Of Ether Without Metering Equipment

if engine is not equipped with a preheater arrangement,
two men can use tho following method to start engine:

N _*
s 4 - e
S { a0 e e

Fig. 2-6. Ether spray application V41805
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Caution: Never handle ether near an open flame, Never
use it with prebeater or flame thrower equipment. Do not
breathe the fumes.

. Pour three tablespoonfuls of ether on a cloth; hold cleth

¢lose to air cleaner intake while second man cranks engine.

Caution: Be sure cloth is outside air cleaner and cannot be
drawn into engine,

. As an alternate method, spray ether into air cleaner intake

while second man cranks engine. Fig. 2-6.

Caution: Use of too much ether will cause excessively high
pressures and detonation.

. Ether fumes will be drawn into intake air manifold and cold

engine should start without difficulty.

Warm Up Engine Before Applying Load

When engine is started, it takes a while to get lubricating
oif film re-estabiished between shafts and bearings and be-
tween pistons and fliners. The maost favorable clearances
between moving parts are obtained only .after all enging
parts reach normal operating temperature.

Avoid seizing pistons in liners and running dry shafts in dry
bearings by bringing engine up to operating speed grad-
ually as it warms up. Allow engine to run at 800 to 1000 rom
far some 4 to 5 minutes or preferably until water tempera-
ture reaches 140° F [60° C] before engaging the load. Dus-
ing the next 10 to 15 minutes, or until water temperature
reaches 160%/165°F [71.19/73.9% C], operate at partial load
at approximately 75% of governed rpm.

I

Engine Speeds

It is necessary in some applications to reduce engine
harsepower and rpm due to load or climatic conditions un-
der which angine operates.

Qperation of an engine at its maximum rating for prolonged
periods will reduce engine life.

Operate At Reduced RPM For Continuous-Duty
Or Cruising

When operating engine in a conlinuous-duty situation and
engine is rated al maximum horsepower and rpm such as
powering a boal, or running continuous-operation gener-
ators, etc., maintain engine rpm at approximately 85 percent
of rated rpm (approximately 1750/1800 rpm). This will give
adequate power as well as economical fuel consumption.

Engine governors are normally set for reduced rpm or fuel
pump at reduced fuel rate for continuous-duty operation. If




engine is applied under these conditions constantly, see
. later paragraphs,

Governed Speeds

All Cummins engines are equipped with governors to pre-
vent speeds in excess of maximum or predetermined lower
speed rating.

The governor has two functions: First, it provides exact
amount of fuel needed for idling when throtile is in idling
position. Second, it overrides throttle and shuts off fuel if
engine rpm exceeds maximum rated speed.

Many engines, such as generator sets, are set at other
values due to equipment being powered or loads applied
to equipment and engine,

Instrument Panels

Operate By The Instruments

It makes no difference whether an engine is in a boat or
on some other type operation; operator must use the panel
board instruments, The instruments show at all times how
to get most satisfactory service from any engine,

Use Tachometer

Governed engine speed is maximum rpm which a properly
adjusted governor will allow engine to turn under tull ioad.

Never override governor, or allow engine to exceed gov-
erned rating during operation.

Operate at partial throttle in continuous-duty situations to
give required torque with tachometer showing rpm approx-
imately 15 percent below governed speed.

Qil Temperature Gauge Indicates Best
Operating Range .

The oil temperature gauge normally should read between
180° F [82.2°C] and 200° F [93.3° C] {for best lubrication.
Under full-load eonditions, a temperature of 225° F [107.2°
C] for a2 short period is not to be considered cause for
alarm.

Caution: Any sudden increase in oil temperature, which is
not caused by load increase, is warning of possible me-
chanical failure and should be investigated at once.

During warm-up period, apply load gradually until oil tem-
perature reaches 140° F [60° C]. While oil is cold it does
not do a goed job of lubricating. Continuous operation with
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oil temperatures much below 140° F [80° C] increases like-
lihood of crankcase dilution and acids in the lubricating ail
which quickly accelerate engine wear.

Keep Water Temperature Between
165° F [73.9° C] And 195° F [90.6° C]

A water temperature of 165° F to 195°F [73.9° to 90.8° C]
is best assurance that cylinder liners are heated to proper
temperature to support gead combustion and that working
parts of engine have expanded evenly to most faverable oil
clearances. See "Engine Warm-Up.”

Engine should be warmed up slowly before applying full
load so pistons will not expand too fast for cylinder liners,
Most cases of piston and liner scoring start with throwing
full foad on a cold engine.

When water temperature is too low, cylinder walls retard
heating of air during compression and delay ignition. This
causes incomplete combustion, excessive exhaust smoke
and high fuel consumption,

Keep thermostats in engine summer and winter, avoid long
periods of idling, and do whatever else is required to keep
water temperatures to a minimum of 185°F [73.9°Cl. If
necessary in cold weather, use radiator shutters ar caver
a part of the radiator to prevent overcooling.

Overheating problems require mechanical correction. 1t
may be caused by loose water pump beits, a clogged cool-
ing system or heat exchanger, or insufficient radiator ca-
pacity. Report cases of overheating to maintenance de-
pariment for correction; 200° F [93.3° C} maximum engine
coolant temperature should not be exceeded.

Keep An Eye On The Oil Pressure Gauge

The oil pressure gauge indicates any drop in lubricating oil
supply or mechanical malfunction in the lubricating oil sys-
tem. Operator should note loss of oil pressure immediately
and shut down engine before bearings are ruined,

Normal Operating Pressures are:
At ldle _....... e 15 psi [1.0545 kgrsgq em] (Minl)
At Rated Speed ...... 40 psi [2.8120 kg/sq cm] {(Min.)

Note: Individual engines may vary from above normal pres-
sures. Observe and record pressures when engine (g new
to serve as a guide for indication of progressive engine
condition.

Observe Engine Exhaust

Engine exhaust is a good indicator of engine operation and
performgnce. A smoky exhaust may be due to a pogr grade
of fuel: dirty air cleaner, overfueling or poor mechanical

“conditions.




I engine exhaust is smoky, corrective action should be
taken.

Maximum Horsepower Requirements

Maximum horsepower is attained only at maximum, or gov-
erned, engine rpm. Whenever engine rpm is pulled down by
overload, horsepower (s lost and continues to be lost as
long as the engine continues to lose rpm. When {ull horse-
power is needed, vperate the engine near the governor.
This rule applies ta any kind of application.

Increase Engine RPM When
More Power Is Needed

One rule sums up all rules for proper operation to give the
power needed and best performance from the equipment:

Always operate so power requirements will allow engine 1o
accelerate to, or maintain, governed rpm when advancing
to full throttle.

When more torque or power is required, bring engine
speed near governor. This will produce additional horse-
power needed.

High Altitude Operation

Engines lose horsepower when operated at high altitude
because the air is too thin to burn as much fuel as .at sea
tevel, This loss is about 3 percent for each 1000 ft [304.8000
m] of altitude above sea level for a naturally aspirated en-
gine. An engine will have a smoky exhaust at high aititude
unless a lower power requirement is used so engine will
not demand full-fuel from the fuel system. Smoke wastes
fuel, burns valves and exhaust manifolds, and “carbons up”
piston rings and injector spray holes. See “Engine Rat-
ings" for altitude ratings for VT12 engines.

Engine Shut-Down

Let Engine idle A Few Minutes
Before Shutting it Down

it is important to idle an engine 3 to b minutes before shut-
ting it down to allow lubricating oil and water to carry heat
away from combustion chamber, bearings, shafts, etc. This
is especially important with turbocharged engines.

The turbocharger caontains bearings and seals that are sub-
ject to high heat of combustion exhaust gases. While en-
gine is running, this heat is carried away by oil circulation,
but if the engine is stopped suddenly, turbocharger tem-
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perature may rise as much as 100°F [37.8° C]. The resulls
of extreme heat may be seized bearings or loose oil seals.

Do Not Idle Engine For Excessively
Long Periods

Lorg pericds of idling are not good for an engine because
operating temperatures drop so low the fuel may not burn
completely. This will cause carbon to clog the injector
spray holes and piston rings.

If engine coolant temperature becomes too low, raw fuel
will wash lubricating oil off eylinder walls and dilute crank-
case oil so all moving parts of the engine will suffer from
poor lubrication.

If engine is not being used, shut it down,

Turn Switch Key To “Off” Position To
Shut Down Engine

The engine can be shut down completely by turning off
swilch key on installations equipped with an electric shut-
down valve, or by pulling the manual shut-down lever.

Turning off switeh key which controls electric shut-down
valve always stops engine unless aver-ride button on shut-
down valve has heen locked in open position. If manual

over-ride on electric shut-down valve s being used, turn’

button fully countefclockwise to stop engine. Refer to “Nor-
mal Starting Procedurs,” Pags 2-2. Valve cannot he re-
apened by switch key until after engine comes to complete
stop.

Caution: Never leave switch key or over-ride button in
valve-open or run position when engine is not running.
With overhend tanks this could aliow fuel to drain into cyl-
inders causing hydraulic lock.

Do Not Use Compression Release Lever
To Stop Engine

V12 Series engines are squipped with a compression re-
lease lever. Pulling this lever lifts the intake valve push
tubes and opens the valves. The push tubes are pulled from
their sockets and extensive wear on balls and sockets will
result from using compression release to stop engine.

The compression release lever can be used as an aid in
cranking, before starting, or while making injector and
valve adjustments, but not to stop the engine.

Stop Engine Immediately If Any Parts Fail

Practically all failures give some warning to operator be-
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time allotted and to make provisions for more extensive
maintenance work as reports indicate necessity.

Comparison and intelligent interpretation of daily report
along with a practical follow-up action will eliminate prac-
tically all operating failures and emergency repairs. Report
to maintenance department any of following conditions:

1. Low lubricating oil pressure.
2. Low power.
3. Abnormal water or oil temperature.,

4. Unusual engine noise.

5. Excessive smoke.

L ;
Fig. 2-7. DOrain points V4033

fore parts fail and ruin engine. Many engines are saved be-
cause alert operators heed warning signs (sudden drop in
oil pressure, unusual noises, etc) and immediately shut
down engine. A delay of ten seconds after a bearing failure
causes a knock may result in a ruined crankshaft or allow
a block to be ruined by a broken connecting red.

. Never try to make the next frip or another load after en-
gine indicates that something is wrong. It does not pay!

Cold-Weather Protection

/

1. For cold-weather operation, use of permanent-type ethyl-

ene glycol-base antifreeze with rust inhibitor additives is
recommended. See Page 3-4.

2. To completely drain cylinder block and head, open pet-
cock (1, Fig. 2-7) or remove drain plug on water pump, and
both banks of cylinder block at the front and rear of en-
gine. If an air compressor, oil cooler, heat exchanger or
othey "water-cooled" accessory is used, open petcock on
unit, Failure to drain.any of these units may cause serious
damage in freezing weather.

Operator's Daily Report

Make A Daily Report Of Engine Operation
To Maintenance Department

The engine must be maintained in top mechanical condition
if operator is to get most satisfaction from its use. Engine
. adjustments, etc., are the work of maintenance department.
However, the maintenance department needs daily-running
reports from operator to make necessary adjustments in
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Fig. 2-8. Typical vehicular installation

Engine break-in, before starting and general operational
_procedure follows that previously described. Additional
items, applying to other applications, follow.

Apply Load Gradually

Always engage load in a gear low enough to allow accel-
eration to governed rpm. The operator should become fa-
miliar with transmission and gear train used in vehicle be-
fore starting engine. Many power train options are available
due ta variety of applications in which V12 Series engines

V41807
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are used. Several of these power trains require full throttle
at all times, some require vehicie to come to a compfete
stop before shifting gears, and on some you can caich a
gear while engine is decelerating. You may have a power-
shifted or mechanical-shifted transmission, .used with or
without a single stage or three-stage torque converter,
with or without a variable rear axle ratio, with or without a
lockup feature in torgue converter; or you may have an
glectric power train which could have an electric motor in
each driving wheel. Sometimes you must clutch a trans-
mission once to change gears or you may have to double
clutch transmissien to change into another gear, or you

_might not even have a ciutch. .




As you can readily see, the operation of any one of the
above combinations would differ greatly from any other
combination, and should be driven accordingly. De not skip
gears,

Shock loads take their toll of tires and transmissions as
well as being hard on engine. Apply load gradually,

Operate At Reduced RPM For Cruising

When operating a vehicle on level ground hold engine rpm
at approximately 85 percent of governed rpm. See Pages
5 and B. This will give adequate power for cruising and
economical fuel mileage. The engine will be operating in
proper range and will not be working hard.

Use Tachometer

Governed engine speed is maximum rpm which a prapetly
adjusted governor will allow engine to turn under full-load.

Never override governor, or allow engine to exceed gav-
emed rating while out of gear, operating at partial load, or
driving downhill. ‘

Shift To Lower Gear When Load
Pulls Down Engine RPM

If grade gets steeper and load starts to pull down engine
rpm, treat that part of grade like another hill and shift to
a still lower gear or range. Fig. 2-9.

Do not pull down engine rpm more than 10 fo 20 percent.

-

Fig. 2.9. Change gears for more power V41808
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The practice of shifting gears, when used, — next to safety
observance — is the most important phase of good engine
operation. -
When approaching a hill, more torque at the wheels is re-
quired. Shift to a lower gear and “rev up” engine near gov-
ernor. This will give additional horsepower needed without
loss of speed.

Downhill Operation

The Cummirs diesel is effective as a brake on downhill
grades, but care must be exercised not to averspeed the
engine going downhill. Fig. 2-10. The governor has no
control over engine speed when it is being pushed by
loaded vehicle,

Never turn off switch key while going dowahili. With en-
gine’ still in. gear, fuel pressure will build up against shut-
down valve and may prevent it fram opening when switch
key is furned on.

Use Brake As Needed To Prevent Excessive
Engine Speeds

Use a combination of brakes, gears and any other mechan-
ism available on vehicle to keep it under control at alf
times, and to keep engine speed below rated governed
rpm.

Fig, 2-10. Down-hill operation V41809
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Fig. Z-11. Typical generatar setl

In addition to general operating instructions, perfarm fol-
fawing.

Beforc starting:
. Open main power disconnect switch from load line.
. Check electrical connections.

. Lubricate generator end bearing as stated on generator.

Starting Procedure

On some generator sets where main generator current is

V41810

used to actuate pump shut-off valve, start engine by using
manual override button, and then disengage button to al-
low engine safely circuit to take over pump and engine
control. This arrangement is usually used with air starting
systems,

Operation

1. Bring engine to desired operating rpm.

Caution: Make sure zll power lines and control stations are
clear of personnel.

r

2. Engage disconnect switch and adjust load bank.



1.

Generator Set — Paratlel Operation

In many cases where electric power is required, it may be
advantageous to install two or more smaller generator sets
instead of one single set of higher rating. Table 2-1. This
condition also exists when it becomes necessary to in-
crease the capacity of existing plant by adding generator
sets. When two or more generators are connected and ap-
eraled logether in such a way that they deliver electric
energy to system, they are said to be operating in parallel.
Paralle! operation is considered successful when genera-
tors deliver energy to external system without delivering
energy to sach other.

To be suitable for parallel operation, generation eguip-
ment selected must meet the following requirements:

The generator voltage and frequency ratings must be the
same for all sets.

. The generators should have approximately the same wave-

form. Simifar waveshapes are readily obtainable if ma-
chines are of similar type.

. The generators should have similar voltage regulation

characteristics.

. The driving engines should have the same speed regula-

tion characteristics. The governors should be adjusted to
give same speed droop when applying or removing the
load.

Connections

. When two or more power units are to be operated.in paral-

lel, they must be tied tegether electrically and connected
to the load sysiem. This interconnection is referred to as
“the bus."

. The connecting cables or bus must be installed between

the corresponding line terminals of each pawer unit. Thus
L-1 on one unit will be connected to L-1 on the second
unit, L-2 to L-2 and L-3 to L-3, etc. On 3-phase, 4-wirg
units, the L-0 terminals will alsc be connected together,

Caution: Both sets must be connected to a common
ground. This is most readily achieved by running a No. 12
or larger wire from the grounding terminal on the housing
of one set to the grounding terminal on the other sef. This
wire should be protected from mechanical damage. It need
not be insulated.

. Bar positions on set's reconnection panels must be con-

nected in the same way so cutput voltage of both sets will
be the same.

. Power units which are suitable for parallel operation will

be equipped with necessary cress current compensation
equipment to assure proper parailel operation.
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Initial Operation
Generator Test

Before operating power units in parallel, each generator
and regulator should be checked by starting and operating
each unit individually.

. Check engine, baitery, generator and connecting cables in

accordance with operating procedure for single-unit opera-
tion outlined in the technical manual for the set in use.

Caution: When canducting these preliminary tests never
close the main switches (or contactors) of both sets at the
same time,

. Check operation of voltage regulators of each of the sets

as described in technical manual and adjust as described
therein, if necessary,

Speed Droop Check

Since it is important that both engines have the same
speed droop characteristics, each set should be checked
individually for speed droop and the governors adjusted,
if necessary. This may be accomplished by using any load
which does not exceed the rating of a single set. When a-
dummy load is not available, use of the end item as a load
is permissible. Loads which vary, such as tracking anten-
nas, should be avoided but acquisition antennas running at
constant speed are acceptable loads.

. Start one machine and adjust to standard no-load speed

(62 cycles for 60 cycle machines and 415 cycles for 400
cycle machines).

. Adjust set to rated voltage operating under automatic

voltage regulator control. Load set with as much steady
state load as is available, up to the rated capacity of the
machine.

. Determine frequency at which the set is operating under

load.

. Shut down first machine and repeat steps 1 and 2 above,

on second maching.

. In accordance with instructions contained in technical

manual, adjust governor droop characteristic of second ma-
chine so set will be operating at same frequency as first
machine when loaded with same load,

Preliminary Tests

Before operating two sets in paralief the first time, two
preliminary electrical tests should be made.

Phase Rotation Test

Only generators connected together with proper phase ro-
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tation (phase sequence) can be operated in parailel

. Connect units to bus as directed in paragraph "Connec-
tions" above.

. Start both units leaving main switch or contactor on both
sets open.

. Adjust voltage on both sets to rated value by means of
automatic voltage regulator rheostat.

. Adjust both sets to same frequency (no-load}.

. Close main swiich an one set and turn on synchronizing
lamp switch on other machine.

. If the phase sequence on both generators is the same,
both synchronizing lights will light and go dark simultane-
ously. If the machines do not have the same phase se-
guence, at no time will both lamps be dark simultanecusly;
instead, the lamps in the different legs will darken succes-
sively. In the latter case, the phase ratation of the ma-
chines can he matched by interchanging two (any two)
cables at the one-load terminal panel.

Caution: Never work on load or bus lines unless both seis
are shut down.

Cross Current Compensation

When two generators are operated in parallel, supplying a
load whose power factor is other than unity, each generator
must supply its proper share of reactive {wattless) KVA, If
one generator carries more than its share of wattless cur-
rent, overheating of the generator may take place. The volt-
age regulator functions to hold the voltage constant. In
addition, when sets are operated in parallel, the voltage
regulatars function to provide proper division of wattless
KVA load between generators. They also serve to prevent
useless circulating current from flowing between the two
machines. For these purposes, cross current compensation
equipment is provided with the regulators.

Polarity Test

Proper functioning of cross current compensating equip-
ment depends on cannections to current transformers be-
ing made correctly. If polarity of transformer secondaries
is incorrect, the compensation will aggravate current un-
balance instead of restoring proper division.

To determine if connections are correct:

. Start both machines as directed in “Preliminary Tests”
above, Close parallel operation (cross current compen-
sator) switches on both sets and adjust voltage and fre-
quency.

. Adjust speed of either set so synchronizing lights blink
slower and slower (about once every two secondsj. When
both lights are dark, close the circuit breaker,
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Fig. 2-12. Typical switch gear control panel V41811
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. Some cireulating current will flow between the two ma-

chines as indicated on the ammeters. If it does not or if it
is very great, turn voltage regulator rheostat on either set
ta cause about 10 percent of rated current to flow be-
iween the sets.

. Turn off paralle! operation {cress current compensating

switch} on one set. If the current rises, the circuit is con-
nected correctly. If the current falls, the leads to the cur-
rent transformer secondaries must be reversed on that set.

. Repeat operation on second machine.

Adjustment

. After the proper polarity of the compensation circuit has

been established, the amount of compensation should be
adjusted. For single, non-parallel operation, voltage regu-
lator can be adjusted for a negligible voltage drop. As
soon as compensation is connected in the regulator cir-
cuit, a drop in AC voltage, held by voltage regulatar, is in-
troduced when a load with a power factor other than unity
is applied or increased during operation. Depending upon
how much resistance is used across current transformers,
AC voltage will drop from 2 to 5 percent when load varies
from zero to rated load. It should be noted that voltage
drop due to compensation will only occur when the load
has a power factor other than unity; on unity power factar
(pure resistance) loads, this compensation drop is neg-
ligible. -

- Increasing compensating resistance will increase compen-

sating etfect toward equalizing the division of current be-
tween generators, but at the same time the voltage drop
will increase which is an undesirable effect. Therefore, it
is advisable to use just enough compensation to obtain
satisfactory parallel operation. Generally, parallal opera-
tion is considered successful if the differences between
the currents of the two generators (as indicated by the
load ammeter) is less than 10 percent of the rated current



of one machine when the load is anything from 20 percent
to 100 percent of rated load.

. The compensating resistor (or resistors) are set at the fac-
tory for load and power factor conditions normally encoun-
fered n the field. This setting will usually provide satis-
factory parallel operation and will eliminate crass currents.
Voltage drop during parallel operation will be negligible. it
is recommended the setting of the compensating resistor
not be changed unless the load conditions are so abnor-
mal the compensation is inadequate. Once set and found
satisfactory, the resistor setting should be left unchanged.

Synchronizing

Once preliminary tests have been performed and adjust-
ments made, settings will remain correct as long as the
respective wire and cable connections remain unchanged.
It is not necessary to make these tests every time the ahter-
nators are to be paralleled. It is, however, necessary to
synchronize each and every time the generators are to be
paralleled.

. Make sure both main switches (breakers or contactors) are
open. .

. Start both sets and adjust to frequency, without lead, by
adjusting governor controls, (Normally this setting will be
about 62 cycles for 60-cycle sets and 415 cycles for 400-
cycle sets.)

. Operate both sets on their automatic voltage regulators,
Adjust both sets to the same voltage.

. Throw bath cross current compensation (parallel operation)
switches to "ON" position.

. Close hreaker on one of .the sets,

. Twrn on syrnchronizing tamp switch on the other set. The
synchronizing lamps will flash on and off rapidly at a fre-
quency depending on difference in speeds of two units.

. Adjust speed of unit whose breaker is open until famps
flash on and off slowly (about once every two seconds).
After making a speed adjustment it may be necessary to
wait a few seconds until lamp fluctuations slow down.

. When the lamps are dark, close the main breaker of the set.
. Open synchronizing lamp switch.

Note: The above precedure can be followed if one of the
sets is already on the line. Follow above directions with
loaded set taken to be the one with closed main switch.

Load Division

After units are operating in parallel, load should be divided
proportionately to generator ratings. In case of addition of
a set to one already carrying a load, this involves shifting
of part of the load to the second generator. tn case of two
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units of the same size, each should carry half ¢f the load.
On AC generators, load can be shifted from one generator
to another only by speed control, not by manipulating velt-

age regulator rheostat. Such manipulation will only change -

power factor of generator and hence current output of the
machines, causing undesirable cross current. .

. Increase the load on.machine with the lesser ambunt :6f

total load by increasing governor throttte control. Thrs in-
crease will be indicated on the watimeter.

1

2. When two loads are gorrect as indicated by the wattmetérs,

check frequency as indicated on either sets' frequency
meter. 1} frequency is too high, it will be necessary to re-
adjust both the governor controls {o feed less fuel to the
machines. Conversely, if the combined speed is too low,
opening the governor conifols on both machines “will*in-
crease the frequency. When raising or lowering the fre-

.quency, care must be taken to readjust lfoad division so

wattmeter readings are equal {(or proportional to set size
if sets are not the same size). s

Eliminating Wattless Current

After KW load has been proportionally divided, the reactive
(wattless) load should also be divided propertionally. As-
suming that both generators have the same rating, both
generators should show same load amperes. This indicates
cross curvents and should be eliminated by adjustment of
voltage regulator rheostats on the sets.

. Stowly turn voltage adjusting knob on one of the units first

clockwise, then counterclockwise. One movement or the
other should result in decreasing ammeter readings. Adjust
unti] both ammeters are at the lowest point at which they
both read the same value on similar sets. On different size
sets, the proportional load division described previously
will have to be considered.

. After adjustment, it may be found the output voltage is too

high or too low. If too low, turn the voltage regulator rheo-
stat on one of the sets up slightly and repeat the operation
of the preceding paragraph using the rheostat on the other
set for balancing, Conversely, if the voltage is too high, turn
down one of the rheostats and balance with the other,

Adjustments

Once proper load distribution between the units is estab-
lished, little or no adjustment of the load distribution should
be required when the load is increased or decreased. Such
adjustments as may be necessary should be carried out as
indicated in the preceding paragraphs. Proportional division
of the KW load is assured by the speed regulation char-
acteristics of the units. The proportional division of the
wattless load will be maintained by the cross current com-
pensation feature of the voitage regulators.
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Table 2-1: Standard Generator Set Application Specifications

50 Cycle 60 Cycle

Engine Model Stand By Prime Power Stand By Prime Power

KW RPM KwW RPM KW RPM KW RPM
NVH-450 265 1800 F5 1800 220 1800 187 1800
v12-525 300 1800 250 1800 250 1800 208 1800
VT12-600 200 1200 175 1200
YT12-600 "~ 850 1800 300 1800 292 1800 250 1800
VT12-700 250 1200 225 1200 . ’
VT12-700 400 1800 350 1800 333 1800 292 1800 -

Removing A Generator From The Line

To remove a generator operating in parallel, reduce the
load carried by that machine by manipulating the speed
control until the KW indication on the wattmeter is very
small, then open the main switch or contactors on that ma-
chine. Turning the speed control in the decrease speed di-
rection will decrease the load carried by that generator.
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Marine Applications

Fig. 2-13. Typical marine unit

Fleasure boat and work boat engines are rated at a differ-
ent horsepower output and speed (rpm) for the same model
engine, due to continuous duty requirements of work boat.
Refer to Table 2.2. Engine break-in, pre-starting checks
and operation follow “"General Operating instructions” and
include specific instructions listed below.

Prestarting Checks

Check marine gear ail level. The marine gear is a separate

V41812

unit and carries its own lubrication. Fill housing through
filler tube to high-level mark on dipstick gauge with correct
viscosity of oil according to specification plate on gear
housing.

Check Fresh-Water System

Filt fresh-water expansion tank of heat exchanger with
clean fresh water or antifreeze to about one inch from top
of tank. This will allow raom for expansion when coolant
gets warm and eliminates overflow.
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Table 2-2: Cymmins Marine Diesels

Pleasure boat Work boat
intermittent duty  continuous duty

Model Bhp-rpm Bhp-rpm

NVH-450-M 450 @ 2100 290 @ 1800
V12-525-M 525 @ 2100 370 @ 1800
VT12-M 600 @ 2100 390 @ 1800
VT12-700-M 700 @ 2100 455 @ 1800
VT12-825-M 825 @ 2100 535 @ 1800

Open Seacocks

Open seawater inlet and outlet valves to permit seawater
flow through heat exchanger.

Starting Procedure

Place marine gear in neutral position and follow general
starting procedure and other instructions as follows:

Check Marine Gear Oil Level

Check oil level of marine gear daily. Keep oil level as near
“H" mark as possible. Use type and grade of cil specificd
in marine gear manufacturer's manual.

Note: Never operate marine gear with oil level below the
“L* mark or above the “H" mark on the dipstick.

Operate By Instruments

. Tachometer. Do not operate engine above governed rpm.
Excessive engire speeds are dangerous and may lead fo
engine failure.

. Qil temperature gauge. The oil temporature gauge may
read as high as 225° F [107.2° C] with engine at sustained
lead operation. Under heavy load conditions, lubricating oil
temperature may reach 280° F [121.1° C] for a short period.
However, a sudden increase, in oil temperature, which is
not caused by (dad increase, is a warning of possible me-
chanical failure and should be investigated at once.

. Coolant temperature gauge. A minimum temperature of
165°F [73.9° C] indicates cylinder liners are heated to
proper temperature to support good combustion. Engines
should be warmed up slowly before appiying fuli-load so
pistans will not expand faster than cylinder liners. Piston
and liner scoring is often caused by operating at fuli-lcad
while engine is cold. When coclant temperature is too
low, cylinder walls retard heating of air during compres-
sion, thereby delaying ignition. This causes delayed com-
bustion, excessive smoke and high fuel consumption.
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Fig. 2-14. Marine unit instrument panel N11817

Properly operating thermostats are necessary both summer
and winter. Avoid long pericds of idling and do whatever
else is required to keep water temperatures up to minimum
of 165°F [73.9° C). Over-heating problems usually require
mechanical corrections. They may be caused by a worn
water pump, a clogged cooling system, worn sea water
pump, clogged sea water inlet or outlet.

. Oil pressure gauge. The oil pressure gauge indicates lubri-

cating oil pressure. Shut down engine immediately at loss
of oil pressure. Under full load conditions, oil pressure may
drop to 40 psi [2.8120 kg/sq cm} and oil temperature may
reach 200°F (121.1° C| for a short period. This is not cause
for alarm.

Caution: Any sudden increase in oil temperature, which is
not caused by load increase, is a warning of possible mech-
anical failure and should be investigated at once.

Marine Gear

Movement of a single lever on control valve to neutral, for-
ward or reverse controls marine gear operation. If so de-
sired, control lever may be interlocked with throttle; there-
fore, marine gear may be shifted to forward or reverse
before throttle is moved from idle position and returned to
neutral when throttle is closed. The use of an interlock
system is mandatory when pilot house control is used and
na engineer is present in engine room.

Check Marine Gear Oil Pressure

If unit is being operated first time, remove pipe plug and
attach oil pressure gauge to control valve. Refer to gear
manufacturer's manual for specific pressure.

Clutch slippage can be corrected by adjusting oil pump
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pressure regulator by adding or removing washer atop
pressure regulator spring.

Check Marine Gear For Oil Leaks

Check all hose line connections, fittings, hose, gaskets and
cil seals for leaks. If oil seal at rear of gear housing is
leaking, tighten bearing retainer cap capscrews.

Check For Misalignment Or Binding

Marine Gear, crankshait and propeller shaft should have
been correctly aligned during initial instaliation, but if gear
becomes overheated or if “hot spols” are detected under
full-tpad condition, it is an indication of gear misalignmeat
or of incorrect bearing or gear clearances. Correct as
necessary.

Caution: Never shift control lever to any position with en-
gine running faster than idle speed.

Operating Procedure

. Operate pleasure craft at 85% of governed rpm for cruising.

. Operate with a power requirement that will permit marine

unit to reach governed rpm under loaded condition. See
Table 2-2.

PT (type G) Fuel Pumps With SVS Governor

. The engine is operated by means of SVYS governor lever

and "automotive” throtile is set in wide open position dur-
ing operation.

. The engine must contain a fuel pump with special limited

by-pass governor plunger to prevent "under-shoot” during
deceleration, and the fuel pump does not require a torque
spring.

. An overspeed stop must be used in unattended applica-

tions, and in atfended installations the “automotive" throttle
should be set so it will act as a positive shut-down, if no
other overspeed stop is used.

Caution: When automotive throttle is used as a positive
shutdawn, it must not be used except in an emergency ta
shut down the engine; at all other times the throtile should
remain in wide open position.
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Industrial Applications
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Fig. 2-15. Typical industrial unit

Engine break-in, prestarting checks and operation follow
“General Operating Instructions” and include additional
specific instructions listed below.

Prestarting Checks

. Check torque converter oil level, when used; maintain oil
level as near as possible to “H” (high) level mark on dip-
stick. Fill converter with grade of oil listed on torque con-
verter specification plate. .

. On stationary units check for proper alignment of engine
to driven unit.

"

|
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Operation

1. Observe torque converter temperature gauge. Operating

range is 180°F to 230°F [82.2° C to 110° C]. Temperature
should not be allowed to exceed 250°F [121.1° Cl.

2. Observe torque converter oil pressure gauge. Operate with

pressure as specified by canverter manufacturer listed on
converter specification plate.
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Hydraulic Governor Applications With SVS
Governor PT (type G) Fuel Pump

1. 8VS governor is used in combination with hydraulic gov-
ernor in industrial installations to bring engine speed down
from rated, where it is normally maintained by hydraulic
gaovernor, far engine warm-up.

2. Idle speed, or warm-up, should be set at 1000 rpm or above
with the SVS governor.

Table 2-3: Industrial Power Unit Specifications

Max. HP Cont. HP
Madel " @ RPM @ RPM
V12-525 525 @ 2100 361 @ 1800
VT12-600 600 @ 2100 410 @ 1800 -
VT12-700 700 @ 2100 475 @ 1800

Table 2-4: Torque Converler Power Unit Specifications

Max, Approximate Converter
HP. @ RPM Output at 500 Ft
(sea level, 60°F [152.2000 m], 85° F
. Model [15.6° C]) [29.4° C]
Max. HP. Cont. HP.
V12-526-TC 526 @ 2100 387 340
VT12-600-TC 600 @ 2100 458 390

VTI2-700-TC 700 @ 2100 535 495
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Providing and maintaining an adequate supply of clean,
high-quality fuel, lubricating oil, grease and coolant in an
engine is one way of insuring long fife and satisfactory per-
formance.

Fuel Oil Specifications

_-1

IDYSIA
TR

Fuel oil serves two purposes in a Cummins Diesel: it supplies the energy for
the work done by the engine and it lubricates many of the fuel system parts.
Fuel oil, commonly referred io as Ne. 2 Diesel Fuel, should be a neutral distillate
petroleum oil, free from suspended matter, and not a mixture of light oil and
heavy residue,

Physical and chemical propersties should meet the following requirements:

Viscosity @ 100°F, Centistokes: 2.4 to 5.0, or
Saybolt Universal: 34 to 42

Gravity 30 to 42 degrees A.P.I. at B0°F.

Cetane Number 40 minimum except that in warm
weather and where no starting diffi-
culties are encountered, the cetane
number may be lower.

Pour Point 10°F. below lowest temperature ex-
. pected.

Bottom Sediment and Water Not to exceed .05% of weight

Distiliation At least 10% should distill below 460°F.

At least 80% should distill below 675°F.
End point should not exceed 725°F,
Minimum recovery 98%.

Conradson Carbon Residue Not to exceed 25% on 10% bottt-)ms.
Ash Nat to exceed .02% of weight.
Suiphur Not to exceed 1% of weight.

Copper Strip Corrosion Must pass test 3 hours @ 122°F.
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Lubricating Oil Specifications

Cummins Engine Company, Inc., recommends that owners of Cummins Diesels
give special consideration to use of heavy-duty oils developed for use in diesel
engines, Under normal canditions, the oil used should meet the requirements
of U. S. Military Specifications "Mil-L-2104-A. The respansibility for meeting
these specifications, the quality of the product and its performance must neces-
sarily rest with the oil supplier. Cummins Engine Company, Inc., does nhot rec-
ommend any specific brand of lubricating oil. Many brands which meet specifi-
cations fo'lowing are listed in the "Lubricating Qils for Industrial Engines™
booklet published by The Internal Combustion Engine Institute (Room 1516
- 201 N. Wells Street, Chicago, lllinois 60606).
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Where temperatures are not above 0°F [ — 17.8° C], SAE W oils meeting the
requirements of Mil-L-10295 may be used. However, in heavily loaded applica-
tions it may be necessary 10 use one grade heavier oil to maintain minimum
recommended oil pressures of engine being operated.

Oil which is best for general operation is also best for the “break-in” pericd.
No change in oil viscosity or type is needed for new or newly rebuilt engines.
Do not mix brands or grades of oil in the engine. Choose carefully the best oil
available and continue to use that brand consistent with above conditions and

engine wear.

Mil-L-2104-A and/or British Defense Spec. DEF-2101D

Recommended for engines operating under normal conditions and where sul-
86°F phur content of the diesel fuel is from 0.6% to 1% content by weight.

Recommended where a fuel with a corrosive sulphur content in excess of 1%
is used. These oils have a higher additive level than Mil-L-2104-A,

These oils meet or exceed the levels of Supplement 1 oils and may be used in
Cummins Engines to provide additional sludge and rust protection.

These are premium oils and are not required for Cummins Engines except under
very. unusual operating conditions. Do not use in applications where exhaust

Except in extreme climates most engine operation will be in the range of
SAE 10W — temperatures consistently between —10°F [—23°C] and 30°F

SAE 20—temperatures consistently hetween 20° F [—6.7° C] and 90° F [32.2° C].

SAE 30 — temperatures above 90° F [32,2° C].
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Grease Specifications

Longer service, less maintenance and more effective lubrication are possible
when a high-quality engine accessory grease is used. Cummins Engine Com-
pany, Inc,, recommends use of grease meeting the specifications of Mil-G-3545,
excluding those of sodium or soda soap-type thickeners. Contact your lubri-
cant supplier for grease meeting these specificatians.

High-Temperature Performance

Dropping point, °F ASTM D 2265 350 min.
Bearing life, hours at 300°F, 10,000 rpm *FTM 331 600 min.

Low-Temperature Properiies

Torgque, GCM ASTM D 1478
Start at 0°F 15,000 max.
Run at 0°F - 5,000 max,

Rust Protection and Waler Resistance

Rust test ASTM D 1743 Pass
Water resistance, % ASTM D 1264 20 max.
Stability

OQit.separation, % *FTM 321 5 max.

30 Hours @ 212°F

Penetration

Warked ASTM D 217 250-300
Bortb Test, PS] Drap ASTM D 542

100 Hours 10 max.
500 Hours 25 max.
Copper Corrosion *FTM 5309 Pass

birt Count, Particles/ce *FTM 300%

25 Micron - 5,000 max.
75 Micron + 1,000 max.
125 Micron -+ Mone
Rubber Swell *FTM 3603 10 max,

*Federal Test Method Standard No. 791a.

Caution: Do not mix grades or brands of grease as damage to bearings may
result. Excessive lubrication is as harmful as inadequate lubrication.
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Coolant Specifications

S

Water should be clean and free of any corrosive chemicals such as chlorides,
sulphates and acids. 1t should be kept slightly alkaline with pH value in range
of 8.3 to 9.5. Any water which is suitable for drinking can be treated as de-
scribed in the following paragraphs for use in an engine.

Install and/or maintain the Cummins Corrosion Resistor on the engine, The re-
sistor by-passes a small amount of coolant from the system via a filtering and
treating element which must be replaced periodically. In addition, a sacrificial
metai plate arrests pitting of metals in the system by electro-chemical action.
The resistor is available from any Cummins Distributor or Dealer.

In Summer (No Anti-freeze)

. Use the corrosion resistor with chromate element(s), Part No. 132732, Do not

use elements 168481 (PAF) with plain water.

. Replace corrosion resistor element(s) as recommended in Section 5§ of this

manual.

. 1f no corrasion resistor is used, add 2 oz [14.1747 g] chromate compound in the

system for every U.S. gal [3.785 lit] of water ar until the coolant mixture meets
requirements indicated in Section 5 under “Check Engine Coolant”.

In Winter (Using Anti-freeze)

. Select an anti-freeze known to be satisfactory for use with the chromate element

of the corrosion resistar and confinue to use the 132732 resistor element(s) or;

. If you are not sure the anti-freeze is compatible with the chromate resistor ele-

ment 132732:

. Use anti-freeze, in percentage io prevent freezing, with PAF [168481) element(s)

in the corrosion resistor.

. Use only anti-freeze, with compounded inkibitors, in proper percentage and fol-

low anti-freeze supplier's recommendation to prevent corrosion.

. Check corrosion confrol by draining a sampfe of coolant from the system as

deseribed under “Check Engine Coolant”,

. If there has been a loss of corrosion cantrol, change anti-freeze,

Caution: Never use soluble oil in the cooling system when a Corrosion Resistor
is being used.
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Trouble shooting is an arganized study of the problem and
a planned method of procedure for investigation and cor-
rection of the difficulty. The chart on the following page
includes same of the problems that an operator may en-
counter during the service life of a Cummins Diesel Engine.

Cummins Diesel Engines

The chart does not give all the answers for correction of
problems listed, but it is meant to stimulate a train of
thought and indicate a work procedure directed toward the
source of trouble. To use the tfrouble-shooting chart, find
the complaint at top of chart; then follew down that column
until you come to a black dot. Refer to leit of dot for the
possible cause.

Think Before Acting

Study the problem thoroughly. Ask these questions:
. What were the warning signs preceding the trouble?

. What previous repair and maintenance work has been
done?

. Has similar trouble occurred before?

. If the engine still runs, is it safe to continue runring it to
make further checks?

Do Easiest Things First

Most troubles are simple and easily corrected; examples
are “low-power" complaints caused by loose throtile link-
age or dirty fuel filters, “excessive lube vil consumption”
caused by leaking gaskets or connections, etc.

Always check the easiest and obvious things first; follow-
ing this simple rule will save time and troubfe.

Double-Check Before Beginning Disassembly
Operations

The source of most engine troubles can be traced not to
one part alone but to the relationship of one part with an-
ather. For instance, excessive fuel consumption may not be

due to an incorrectly adjusted fuel pump, but instead to a
clogged air cleaner or possibly a restricted exhaust pas-
sage, causing excessive back pressure. Too often, engines
are completely disassembled in search of the cause of a
certain complaint and all evidence is destroyed during dis-
assembly operations. Check again to be sure an easy solu-
tion to the problem has not been overlooked,

Find And Correct Basic Cause
Of Trouble

After a mechanical failure has keen corrected, be sure to
locate and correct the cause of the trouble so the same
failure will not be repeated. A complaint of “sticking in-
jector plungers” is corrected by replacing the faulty in-
jectors, but something caused the plungers to stick. The
cause may be improper injector adjustment, or more often,
water in the fuel.
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TROUBLE £
SHOOTING

CUMMINS ENGINES 2
x

CAUSES

Restricted Air latake []
High Exhaust Back Pressure
AIR Thin Air in Hot Weather or High Alt,
SYSTEM Air Leaks Between Cleaner & Engine

Out of Fuel or Fuel Shut-Off Closed
Poor Quality Fuel

Air Leaks In Suttion Lines

Restricted Fuel Lines: Stuck Drain Valve
External or internal Fuel Leaks
Plugged Injector Spray Holes

Broken Fuel Pump Drive Shafr

Scored Gear Pump or Worn Gears
Loose Injector inlet or Orain Connectiarn
Wrang Injector Cups 0
Cracked Injector Body or Cup
Mutiliated Injector Cup 0" Ring
Throttle Linkage []
Incorrectly Assembled Idle Springs LAl
Governor Weights Assembled Incarrectly
High-Speed Gavernor Set Too Low . |
Water in Fuel LA » L
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SYSTEM
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External and (nternat Oil Leaks
Dirty Lube Qil Strainer
Faulty Cylinder Qil Cantruol
LUBRICATING Clogged 0Qil Drillings

SYSTEM Qil Suction Line Restriction
Faulty Qil Pressure Regulator
Crankcase Low or Qut of Qil
Wrong Grade Qil for Weather Conditions [ )

I

L

[
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o |olale
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|

Insufficient Coolant
Warn Water Pump
Faulty Thermostats L
Damaged Water Hose
Loose Fan Belts
Radiator Shutters Stuck Qpen []
COOLING Ciogged Water Passages
SYSTEM internal Water lLeaks
Clogged 0il Coo er
Radiator Core Openings Dirty
Air in Cooling System
Exterior Water Leaks
Insufficient Radiator Capacity

sesae & (& ‘T}"

Dirty Filters and Screens

OPERATION Long |dle Feriods se®
AND Engine Dverioaded

MAINTENANCE Lube OHf Needs Changing

PRACTICES Engine Exterior Caked with Dirt \d

&

Gasket Blow-bhy or Leakage [ [ J . LJ
Faulty Vihration Damper
Unkalianced or Loose Flywhee!
Valve Leakage 9 @
Broken or Worn Piston Rings oe
Incorrect Bearing Clearances
Excessive Crankshaft End Clearance o CIC
Main Bearing Bore Qut of Alignment [ J T | e
MECHANICAL Engine Due for Overhaul e oo @ ° L) 2 [ L JE aee
ADJUSTMENTS Darmaged Main or Rod Bearings ® ® O
OR Broken Teoth In Gear Train ) .e
REPAIR Excessive Gear Back Lash LK)
Misalignment Engine to Driven Unit ® L
Loose Maunting Bolis
Incorrect Valve and lajection Timing |@
Worn or Scored Liners or Pistons
Injectors Meed Adjustment L]

.!
i
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Maintenance is the key lo lower operating cosis. A diesel
engine — tike any other engine — requires regularly sched-
vled maintenance to keep it running efficiently. Most diesel
engines are purchased and used for the sake of revenue.
Any failure or loss of efficiency reduces revenue as well as
requiring additional funds for repair.

Investigate any successful operation where engines are
used and you will find a good, regularly scheduled main-
tenance program in effect.

Maintenance Schedule

Preventive maintenance performed on schedule is the
easiest, as well as the least expensive, type of maintenance.
It permits maintenance department to do work in the shop
on schedule, rather than on the job under poor working
conditions and at inconvenient hours.

Accessaries must have a place in maintenance schedule
the same as basic engine, for an accessory failure may put
entire engine out of operation.

A Good Maintenance Schedule Depends
On Engine Application

Actual operating environment of engine must govern estab-
lishment of maintenance schedule. Some engines operate
under rather clean conditions, some under moderately dusty
conditions and others under severely dusty or dirty condi-
tions, and each type operation must be analyzed as main-
tenance schedule is established. A look at suggested check
sheet, on the opposite page, indicates some checks (shown
by shaded boxes) may have to be performed more often
under heavy dust or other special conditions. The scheduie
is also dependent upon amount of work being done which
can best be determined by amount of fuel being burned.
A record of gallons of fuel used is the best yardstick to
be used in establishing an accurate regular maintenance
schedule,

Hours of operation may be used for the same purpose; in
so doing you should determine amount of fuel used per
hour during normal operation. For example, if the average
fuel consumption of a V12 engine is 156 to 20 gallons [56.8
to 75.7 liters] per hour the “B” check would be made every
3750 to 5000 gal. [14193.0000 to 18925.0000 liters] of fuel or
approximately every 250 hours of operation.

Extending Maintenance Schedule

Any change of established maintenance schedule should
be preceded by a complete re-analysis of the operation. A
lubricating oil analysis should be the major factor used’in

establishing original maintenance schedule and it should
be studied before making any change in or extending
schedule periods. In extremely dirty and under severe op-
erating conditions, scheduled mainienance period may even
nead reducing. Again, operation should be re-analyzed and
a lubricating oil analysis should be made. Extending or re-
ducing schedule period should be done only after a com-
plete study, basically, the same as used in establishing
original maintenance schedule period. Lubricating oil ana-
lysis is described on Page 5-11.

Using Suggested Schedule Check Sheet

The maintenance schedule check sheet {on next page) is
designed as a guide until you have adequate experience to
establish a schedule to meet your specific operation.

A detailed list of compronent checks is provided through
several check periods: also a suggested schedule basis is
given for gallons of fuel used and/or hours of operation.

Your maintenance schedule should be established using the
check sheet as a guide: the result will be an excellent
maintenance program to fit your specific operation.

The check sheet shown can be repraduced by any printer
to provide forms for your use. The person making each
check can then indicate directly on the sheet (in the blank
or shaded box {following the operation) that he has com-
pleted the operation. When a complete column funder A,
B. C eic) of checks is indicated, the engine will be ready
for additional service until the next check is due.

Maintenance Operations Summary Sheet

The maintenance operations summary sheet {at the end of
this section) is designed to be used to summarize sched-
uled maintenance checks for a specific engine, by unit or
engine serial number. The summary sheet records opera-
tion or check performed, fuel used, mechanic, labor costs,
parts used, etc. A complete record of this type 15 essential
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As Applicable To Your Unit — Check Each Operation As Done C D E F
Suggesied Engine Naturatly Aspirated Haurs Operation Oaily 250 5Q0 1000 2000 6000
Maintenance Interval Turbocharged Hours QOperation Daijly 950 ai0 1000 2000 6000
Maturally Aspirated Gal's Fue! Used Daily (3750 7500 15,000 30,000 90,000
@ Turbatharged Gal's Fuel Uscd Daily 560D 10,000 20,000 |40,000 120,000
g If Different From Suggested — Insert Your Actual lnterval s
- Check or Operation Engine Application
o Check Operators Report . All
d o 8 Check Leaks and Correcl All (1 }]
Z in = Check Engine Qi) Level 41! ] o)
é % g Check Coelant Level All .5
= (o] ‘&L Fill Fuel Tanks All 0
w I_ ] Check Uil Bath Air Cleaner Ol )
W % o Clean Pre-Cleaner Dust Pan Industrial o}
E b4 5 w Checl Marine Gear Oil Leva) Marirg <
O E W Check Sea Waler Pump Qil Level Marine H
E E E:) g Check Converter Qil Level Industrial _'.:
Lubricate P.T.Q. Bearing Industrial/Marine _J E
DOrain Sediment From Fuei Filter All ' - ——
Clean Dry-Type Air Cleaner Element Ab M -
Change Qil Bath Air Cleaner Oil All - B
| Change Engine ang Aneraid Gil All 1
Change Enging (Full Fiow) and Turbacharger Filter All &
Record Oil Pressure - All ;
Lubricate Elecirical Equipment All —
| Change Marine Gear Qil, Clean Strainer Maring m
Check Hydraulic Gavernor Qil Level, Change Filter  [Industrial =
Change Engins By-Pass Gl Filter Element Al - 1 o
. Clean Fuel Tank Breather, Orain Sediment industrial/Marine * (1)
. g Check Air and Venal Piping Connections Al » E
g o= Change Fuei Filter and Check Restriction All Q_
u - g Check and Adjust Belt Tension All o
=z 9 E Y Change Corrosion Resistor Element/Check Cooclant All £
; E %’ o Check Heat Exchanger Zinc Plugs Marine w
o T w '_U_? Change Canverter Cil Filter, Clean Strainer Indystrial : 1 . m
=& = [+ Check Inlet Air Restriction All * c
8 g - EE Replace Dry-Type Air Cleaner Element Al * -
Clean Qil Bath Air Cleaner Tray Screen All * m
Clean/Change Crankcase Breather Element 1an * c
Clean Air Campressor Braather All > uJ
2 Check Cooling System Thermal Controls Al o
= » Check Fan Hub and Drive Pulley All | o
-U ﬁ Cilean Electrical Units/Tighten Connections All .E
m o] Check Turbacharger For Gil Leaks Al :
-: g Tighten Turbocharger Manilold Mountings All
o i Check Sea Waler Pump Marine E
m — Clean Anercid Air Filter All i T
< [ Ciean Oil Bath Air Glaaner All - 8
m % FEu_bricate Waler Pump and Fan Bub Al T
o w Claan Fuel Pump Sareen atf m
: E Adjusl Valves and Injectors Al n‘
(0 W | Check Fuel Manifold Pressuro All |
c % Clean Turbocharger Compressor Side All -
q, « Check Turbocharger Bearing All o
et () Check Afternator/Generator Brushes/Commutator All ";
: ‘i’ Check Starting Motor BrushesiCommutator AL Q
» - :
m 0 LS_t‘ea\m Ciean Engine All m
Tighten Engine Mountings All Q.
E Check Engine Blow-By All 1)
Check Crankshaft End Clearance Al E
Check Vibration Damper IAll fu
Change Hydraulic Governor Qil Industrial O
Clean Cooling System 1] ISpring and Fall 'E'u‘
Check Engine Preheater lall Bpring and Fall E
Check Clutch Adjusiment ALl As Required
Clean Injeclors and Inlet Sereens A1) IAs Reguired
Noles: ¥ Under exlremely dusty conditions perform at the more frequent inlesval shown.
** All other than Cummins Fleetguard element.
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to perform a thoroughly efficient cost record of the opera-
tion,

Maintenance — Standby Service Engines

For units in standby service. or when howrs of operation
fall far below those listed, adjust the maintenance schedule
accordingly as follows and with due consideration:

. Monthly perform A checks.
. Every 3 months, perform B checks.
. Every 6 months, perform C checks.

. Yearly, perform D checks.

Lubricating ©il standing in engines that are used infre-
quently or are in storage between seasons may tend to
oxidize and require changing even though it is not dirty.
Laboratory testing is the best way to determine whether
oil or fuel is oxidizing under these canditions, and we sug-
gest that.oil be checked regularly. After several tests it
will be possible to schedule oil changes wheare the ail is
not actually being contaminated due to dirt.

Units in standby secvice should be started once each week
in locations where ambient temperature remains below 70¥F
[21.1°C] and contains a high percentage of humidity. Start
engine and bring unit up to normal operating temperature
and run for approximalely thirty minutes. Check slectrical
equipment for corrosion on all relays and switch terminals.
Check controls for leaks and proper operation.

With units in locations where ambient temperature is nor-
mally above 70°F {21.1° C], perform starting procedure as
above once every two weeks. ,

The above procedures are only recommendations; there-
fore, the operator must take info consideration the environ-
ment of his particular unit installation.

Operation and Maintenance Manual
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b, Excessive smoke,

. Low lubricating il pressure.

. Unusual engine noises.

. Observe all instruments and gauges (with coolant femper-

. Check fuel pump and filter.

. Check fuel supply line and connections at fuel tank, fuel

- Check fuel inlet tube and connections at fuel pump shut-

. Check all fuel supply and drain lines, connections and fit-

. Check fuel lines and tubing between engine and fuel

. ¥ there are indications of air leaks on suction side of fuel
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A —Maintenance Checks

Check Operator's Report (A Check) Check Coolant Leaks And Correct (A Check)

Check operator’s daily or trip reports, and investigate and

Check for evidence of external cooclant leakage. Tighten
correct reported cases of:

capscrews, hose clamps, fittings and connections or re-
place gaskets or hose as necessary to correct.

. Low power.

. Abnormal water or oil temperature.

atures in aperating range} with engine running at most ap-
plicable speed; take any corrective action required.

Check Oil Leaks And Correct (A Check)

Check for evidence of external oil leakage. Tighten cap-
screws, fitlings, connections or replace gaskets as neces-
sary to correct. Check oil dipstick (1, Fig. 5-1) and filler
tube caps (2). See that they are tightened securely.

Fig. 5-1. Lubricaling.oil filler tube V40738

Check Fuel Leaks And Correct (A Check)

. Check for evidence of fuel leakage.

filter and fuel pump.

down valve.

tings on cylinder heads.

tank(s).

pump, check for air leaks by placing a sight gauge (1, Fig.
5-2) in the line between fuel filter(s) and pump. Bubbles
over 2 in. [1.270 cm] long or “milky” appearance indicates - .
an air leak. Find and correct. Fig. 2. Sight gauge in fuel suction iine V41923




Check Air Connections (A Check)

Visually check air system connections far leaks or damage
while making other visual checks.

The diesel engine requires hundreds of gallons (liters) of
air for every gallon (liter) of fuel that it burns. For engine
to operate efficiently, engine must breathe freely; intake
and exhaust systems must not be restricted.

Valves, pistons and rings must seal properly against com-
pression and combustion pressures.

The amount of fuel that can be burned and power devel-
oped is as dependent upon air as fuel, If there is too little
air to burn all the fuel, the excess fuel causes a smoky ex-
haust — high exhaust temperatures and a loss of horse-
power.

Wasted fuel is not the only loss caused by incomplete com-
bustion. The excess fuel washes fubricating oil off cylinder
walls resulting in seized pistons and bearing failures. Car-
boned injector cup spray holes and stuck piston rings are
other troubles which result from insufficient air. Dirty air
cleaner elements, leaky valves, worn rings, damaged silenc-
ers and air piping that is too small or with sharp bends are
common causes of air restriction, Therefore, it is neces-
sary to perform air system maintenance regularly as follows,

When engines operate under extremely dusty conditions,
adjust the maintenance intervals to those indicaled by
shaded blocks in the check sheet on Page 4-2.

Engine Oil Level (A Check)

. Check oil level with dipstick oil gauge located on the en-
gine. For accurate readings, oil level should not be
checked for approximately 30 minutes after engine shut-
down. Keep dipstick with the oil pan with which it was
originally shipped. Keep oil level as near "H” mark as pos-
sible. Fig. 2-2.

Note: Some dipsticks have dual markings, with high- and
low-level marks: static oil marks on one side, engine run-
ning at low idle speed marks on opposite side. Be sure to
use proper scale.

Caution: Never operate the engine with oil level below the
“L" mark or above the "H" mark,

. Add oil as necessary of the same quality and brand as al-
ready in engine. See Page 3-2.

Lubricating oil performs four functions in an engine:

. Reduces friction (heat and wear) by providing a film be-
tween bearing surfaces.

. Scavenges by picking up carbon and other small particles,
carrying them to the oil filter where they are taken out of
circulation.

. Cools pistons, liners and bearings and absorbs heat from
the engine. This heat is then dissipated by radiation from
the pan and by an oil cooler. It is important that air be free
to flow around the cil pan.
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. Completes the seal of rings to pistons and cylinder walls.

There are two broad classes of lubrication failures:

Those caused by running an engine without or low on oil,
resuiting in seizures of pistons or bearings within minutes.

. Failures due to poor or marginal lubrication, from low oil

pressure, dilution, partially clogged oil passages and dirty
or clogged lubricating oil filters or improper clearances.

Fill Cooling System (A Check)

Keep cooling system completely filled. Check coolant level
daily or at each fuel fill point. Investigate for cause of cool-
ant loss. Recheck the level after engine reaches normal
operating temperature. At operating temperature the ther-
mostat is open and water is free to circulate to all parts
of the system and fill all air pockets. Requirements of a
good coofant are described on Page 3-4.

Many operators have been shocked to find water in crank-
case and to learn it got there through "pin holes"” or pitted
areas that started on water side of cylinder liners.

This "eating away of metal” or caorrosion, as it is comman-
ly called, is likely to gccur in any heating or cooling sys-
tem. Corrosion may or may not be associated with iron
rust, and as a result may not show up in the coolant.

Research has shown there are many causes of corrosion
and among the most serious are acid, salt or aeration of
the coolant. Acid and salt can be controlled by a properly
maintained corrosion resistor as described in the following
paragraphs entitfed “Check Engine Coolant (C Check)".

Aeration refers to air bubbles which may be drawn into ra-
diator core tubes, then inte water pump and engine. The
worst effect of aeration is loss of water pump prime due
to an acecumulation of air resulting in complete flow stop-
page. Entrained air promotes accelerated internal corro-
sion. Entrained air in coolant will increase the temperature
differential from combustion gases to water due to reduc-
fion in heat transfer.

An open {non-baffled) radiator top tank is often the cause
of air entering the system. Due to high velocity of céolant
entering top tank, the surface becomes very agitated and
fends to draw air into core tubes along with coolant. it is
very difficult on many units to completely fill cooling sys-
tem at initial fill; this is due to trapping of air in pockets
in engine or other parts of the system. The system should
be bled of air or refilled after a short period of operation
to purge air from the coolant.

Fill Fuel Tanks (A Check)

Always filter or strain fuef before or while putting it in tank,
See "Fuel Oil Spacifications”, Page 3-3.

In cold w;eather, water which accumulates in the fuel sys-
tem will sometimes freeze and block the supply of fuel




This condition can be prevented by adding one quart of
denatured alcohol to each 50 gal. [189.250 lit.] of fuel oil.
This not only prevents the water from freezing, but allows
it to go into solution with the alcohol and fuel oil so it can
pass through the fuel system and be "burned” without do-
ing any damage. :

Fuel should always be strained or filtered before being put
into the supply tank. This wili lengthen the life of the en-
gine fuel filter and reduce the chances of dirt getting into
the fuel pump.

Fue! filter elements are designed to trap dirt and sediment
that has entered the fuel system. A filter thal has been
atlowed to become dirty and clogged from overuse will be
mare of a handicap than help to an engine. It will allow
damaging sediment and dirt to circulate through the fuel
systern and wili restrict the flow of fuel, thus reducing
hersepower output, -

Excessive amaunts af water in the fuel will cause rusting
and corrosion in the injeciors as well as to fuel pump
shafts, bearings and other parts. In some sections it is dif-
ficult to purchase fuel which does not contain some water.
Normal condensation, either in the storage tank or in the
fue!l tank, increases water content. This water, of course,
must be filtered out or drained off before it gets into the
fuel pump, The life of a fuel pump and injectors can be
considerably extended if the operator takes the precaution
of draining about a cup of fuel from the lowest point in the
fuel system before starting the engine each day.

Drain plugs are located in the bottom of scme fuel filter
cases, and in the sump of the fuel supply tank. Mare con-
densation of water vapor occurs. in a partially filled foel
tank than in a full one. Therefore, fuel supply tanks should
be kept as nearly full as possible. Warm returning fuel from
the injectors heats the fuel in the supply tank. If the fuel
level is low in cold weather, the upper portion of the tank
not being heated by returning fuel tends to increase con-
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Fig. 5-3. Oil {evel in air cleanar N1003

Operation and Maintenance Manual
V12 Series Diesel Engines
Maintenance Operations

i

Fig. 5-4. Check ail level in sea water pump V41819

densation. in warm weather both the supply tank and fuel
are warm. In the night, however, the cool air lowers the
temperature of the tank much more rapidly than the tem-
perature of the fuel. Again this tends to increase conden-
sation,

Check Air Cleaner Qil Level (A Check)

Daily, check oil level (4, Fig. 5-3) in oil bath air cleaner {3)
to be sure oil level in oil cup (2) is at indicated mark. To
remove oil cup, joosen wing nuts (1). During wet weather
and in winter months, excessive moisture in air cleaner oil
sometimes causes cleaner to become flooded and results
in oil puliover or plugging of the bottom air cleaner screen,
Add or change oil as necessary. This is especially impor-
tant if ¢il bath cleaner is the only cleaner on the engine,

Clean Pre-Cleaner And Dust Pan (A Check)

On engines waorking under extremely ditty conditions an air
pre-cleaner may he used. Clean pre-cleaner jar and dry-
type air cleaner dust pans daily or oftener as necessary de-
pending on operating eonditions.

Check Marine Gear Oil Level (A Check)

Check oil level of marine gear daily. Keep oil level as near
“H'" mark as possible.

Note: Never operate marine gear with oil level below the
“L” mark or above the “M™ mark on the dipstick.



Check Sea Water Pump Qil Level (A Check)

Check oil level by remaving plug (1, Fig. 5-4). Fill with
hypoid SAE 90 oil when pump with oil sump is used.

Check Converter Qil Level (A Check)

Different models of equipment may vary in the manner in
which oil level check is made — either with a dipstick, a
level plug or a petcock. Qil level should be maintained at
fubl. 1 needed, add oil according to oil specifications on
nameplate.

. Cold Check:

The cold check {engine not running) insures there is suf-
ficient oil in system fo start engine — especially if equip-
ment has been standing idle for a long period of time. Be
sure oil is at high level. -

. Hot Check:

The hot check should be made al operating temperature,
with the engine running from 600 to 1000 rpm and with the
transmission in neutral range.

. If the converter is operating in combination with a Torqu-
matic transmission, the oil level check is made at the
transmission.

-

Lubricate Power Take-Off And
Cluich Throw-Out Bearing {A Check)

Power Take-Off

Apply a small amount of any high-grade soda base, shost
fiber, heat resistant, gun lubricant grease once a day
through fitting on tapered part of housing to throw-out col-
lar.

Manual Spring-Loaded Input Disconnect Clutch

Approximately once a week, lubricate the release bearings
with two “shots” from a grease gun using above grease.
Two grease fittings are usually provided atop the clutch
housing.
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B—Maintenance Checks

Drain Sediment From Filter (B Check)

Perform at A Check under extremely dusty conditions.

. Open drain cocks (1, Fig. 5-5), if used, al bottom af fucl
filter case and drain out any accumulated water and sedi-
ment. Tighten the drain cock. 1f drain plug is used, tighten
to 5 to 10 ft b |0.6915/1.3830 kg m].

. Unscrew throw-away type elements (without drain cock);
dump water and sediment.
fuel and replace.

Fill new element with clean

Fig. 5-5. Open drain cocks in fuel filter

Clean Dry-Type Cleaner Element (B Check)

Perform at A Check under exiremely dusiy conditions.

The paper element (6, Fig. 5-6) in a dry-type air cleaner (3)
may be cieaned several times by using a compressed air
jet to blow off dirt. Do not hold air jet too close to paper
element or damage to element will result. Wing nut (1) se-
cures bottom cover (2) to housing with center bolt (4).
When installing element, make sure it seats on gasket at
air cleaner outlet end (7).

Caution: Holes in efement of a dry-type air cleaner render
cleaner inoperative. Do not use damaged cleaner element.

Clean Composite And Cyclonic Dry-Type
Cleaner Element (B Check)

Perform at A Check under extremely dusty conditions.

Composite cleaners combine a centtifugal cleaning stage
with a paper filter element. Fig's. 5-7 and 5-8.

Air enters cleaner through an inlet on side of cleaner and
passes into a lube., Vanes on tube impart a cyclonic twist
to air which throws dust particles to the outside.

The separated dust collects in pan {2, Fig. 5-7) at bottom
of cleaner while clean air passes up through center of tube
to a paper filter (4, Fig. 5-7) (3, Fig. 5-8). The paper filter
then removes any small dust particles remaining in the air.
Before disassembly, wipe dirt from cover and upper portion
af air cleanar, To clean composite-type:

1. Loosen clamps and remove cover (1, Fig. 5-7).

2. Unscrew wing bolt holding inner cover and element in po-
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Fig. 5-6. Air cleaner — dry type M11003
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sition; remove element carefully so loose dirt wili not fall
into chamber (3, Fig. 5-7) {2, Fig. 5-8).

. Remove dust cup {2, Fig. 5-7) (1, Fig. 5-8) and clean.

. Tap side or bottom ring of element with palm of hand or

soft hammer.

. Blow out element from clean air side with campressed air,

Caution: Air pressure should not be more than 100 psi
[7.0310 kg/sq cm] to avoid rupturing efement. Do not con-
centrate air pressure in one spot.

. Wash element with non-sudsing household detergent and

warm water, preferably 120/140° F [48.9/60.0° C|. Dry with
compressed air, approximately 40 psi [2.8124 kg/sg cm].

- Remove retainer clamp. Separate upper and lower bodies;

remove “O ring.

. Hold element up to light and inspect tubes for dust de-

posits. Remove dust with stiff fiber brush.

. Inspect gaskets and “0O" rings; discard if worn or muti-

lated.

inspect element after cleaning fo be sure there are no
holes in filter.

Position upper body with gasket on tower body; secure
with retainer clamp.

Install element and inner cover in position.

Be sure gasket washer is in place under wingnut befare
tightening.

Install cover,

Install dust cup.

Cartridge-Type Air Cleaner (B Check)

. The best method to iell when to change any dry-type air

cleaner is by use of a Filter Reslriction Indicalor which
clearly indicates when the clement is loaded. Fig. 5-25.
Other indications are a loss of engine power or excessive
smoke in exhaust gases.

. Cartridge changes can be scheduled. but due to wide vari-

ations in dust and weather conditions. even in the same lo-
calion, changing “as required” is usually more economical.

. The Filter Restrichion Indicator, Fig. 5-24, signals when 1o

change cartridges. The flag in window gradually rises as
cartridge toads with dirt. Do nat change cartridge until flag
reaches top and locks in position, When locked, flag will
remain up after engine is shut down. Change cartridge
when fiag locks at top. After changing cartridge reset in-
dicator by pushing Re-Set Button. Push button ali the way
in firmly, then release. If buiton sticks, repeat pushing
stowly.

. Loasen wing nuts {4, Fig. 3-9) on air cleaner housing (3).

Loosen “U" bolt clamp securing pre-clecaner to aspirator
tubing. Remave pre-cleaner panel (1).
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Fig. 5-8. Air cleaner — cartridge type

. To remove dirty Pamic cartridge (2) insert fingers in cart-
ridge opening using a “bowling ball grip”. Loosen al! four

corners of cartridge, one at a time, by pulling straight out.
With larger cartridges it may be necessary to break seal
along edges of cartridge. After seal has been broken pull .
cartridge straight out and slightly up so cartridge will clear.
sealing frame and edges of air cleaner housing.

. Clean pre-cleaner openings of all soot, oil film and any

other objects that may have become lodged in the open-
ings. Remave any dust or dirt that may be in lowsr portion
and aspirator tubing. Inspect inside of air ¢leaner housing
to be sure it is free of all foreign material.

. Inspect dirty cartridge for soot or oil. If there is scot in-

side Pamic tubes check for leaks in éngine exhaust system,
exhaust “blow-back” into air intake and exhaust from other
equipment. If cartridge appears “oily” check for fumes es-

caping from crankcase breather. Excessive oil mist short-_

ens life of any dry-type cartridge. Trouble shooting before
new cartridge is placed in air cleaner can appreciably
tengthen cartridge life.

. It is not recommended to clean and reuse cartridge. Con-

siderable laboratory testing shows shaking, washing, rap-
ping or blowing out with compressed air can cause cracks
or ruptures in paper filter cartridges and would permit
wear-causing dirt particles to enter engine. If a failure oc¢-
curs, there is no way of discovering it until the cartridge is
changed again.

..lnspect fiexible hose or tubing and clamps to be sure all

fittings are air tight.

Inspect each new filter cartridge for shipping damage be-
fore installing.

To install a new cartridge, hold cartridge in the same man-
ner as when removing it from housing. Insert clean cart-
ridge into housing: avoid hitting cartridge tubes against

12.

13.

14.

15.
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sealing flange on edges of air cleaner housing.

Since cleaner requires no separate gaskets or seals, care
must be taken when inserting cartridge to insure a proper
seat within air cleaner housing. Firmly press all edges and
corners of cartridge with fingers to effect a positive air
seal against sealing flange of housing. Under no circum-
stances should cariridge be pounded or punched in the
center with the fist to effect a seal.

Replace pre-cleaner panel and tighten wing nuts. Assemble
aspirator tuhe to pre-cleaner panel and tighten "U" bolt.

Care should be taken to keep leaves, rags or side curtains
from obstructing cleaner face, Obstructing air intake can
resuit in reverse exhaust flow through the bleed line and
damage to cartridge,

Be sure Service Indicatar is re-set before starting engine,
if this accessory is used.

Change Oil Bath Air Cleaner Qil (B Check)
Perform at A Check under extremely dusty conditions.

Before dirt build-up reaches %: inch, remove eil cup fram
cleaner. Discard oil and wash cup in ¢leaning sclvent or
fuel oil.

Fill oil cup to level indicated by bead on its side with
clean, fresh oit and assemble to cleaner, Oil of the same
grade as that in crankcase should be used in cleaner; how-
ever, in extremely cold weather a lighter grade may-be nec-
essary. A straight mineral, non-foaming detergent, or non-
foaming additive oil may be used in oil bath air cleaners.

Caution: Never use crankcase drainings.

Table 5-1: Suggested Initial Oil And Filier Change Periods

Filtering Fuel Consumed Hours
Arrangement U. S. Gal. [Lit.] Operated
Full-Flow Paper  3750/5000 250
Element Only [14,193.8000/18,925.000]

Full-Flow Paper  6000/8000 400

and By-Pass [22,610.000/30,280.000]

Note: 3750/5000 U.S. gal = 4503/6005 UK. gal
6000/8000 U.S. gal — 7205/9607 U.K. gal

Engine Oil Change (B Check)

The kind of oil used (Mil-L-2104A, Supplement 1, Mil-L-
21048, etc.}), the efficiency of the filtering system and con-
dition of the engine must be considered in determining
when to change oil. Currently, two levels of filtering effi-



ciency are being used on Cummins V12 engines; therefore,
this must be taken into consideration.

The following schedule can be lengthened or may even, in
rare cases, be reduced, based on cil analysis and other
closely controlled tests, such as filter restriction meas-
urement.

Faclors to be checked and the limits for oil analysis are
listed below. The oil change at the “B check” as shown in
the maintenance check chart on Page 5-2 is for average
conditions which closely follows that indicated as "Full-
Flow Paper Element Only” above.

Lubricating Oil Analysis

The most satisfactory method for determining when to
change lubricating oil is by oil analysis using laboratory
tests. Fig. 5-10. After several test periods, a time interval
{gallons fuel consumed, hours, weeks, etc.) for the oil

change can be established; however, a new series of tests -

should be run if filters, oil brands or grades are changed.

In the beginning, tests should be made each 200 gal. [757
lit] fuel consumed (after the first 800 gal. [3028 lit], or 20
hours (after the first 100 hours) unti! the analysis indicates
the first oil change is necessary. Repeat analysis cycle un-
til a definite pattern is established. .

Wide variations in different brands of lubricating oil make
it profitable to contact the oil supplier to assist in the de-
velopment of the oil change period because he knows best
the factors peculiar to his brand or brands of oil.

Analysis Test For Lubricating Oil

Following is a suggested list of lubricating oil properties

Fig. 5-10. A typical lubricating oil analysis test N11945

Operation and Maintenance Manual 5-11
V12 Series Diesel Engines
Maintenance Operations

’

which should be checked during laboratory analysis. The
suggested methods are fully described in the American
Society for Testing Materials Handbook,

Qil Property Test Number

Viscosity at 100° and 200°F

f37.8% and 93.3° C] ASTM-D445
Sediment ASTM-D893
Water ASTM-D95
Acid and Base Number ASTM-DGB4

General Limits For Qil Change

. Minimum Viscosity (dilution limit): Minus one SAE grade

from oil being tested or point equal to a minimum centain-
ing five percent by volume of fuel oil.

. Maximum Viscosity: Plus one SAE grade from oil being

tested, or ten percent increase at 210°F [98.9° C] or 25
percent increase at 100° F [37.8° C].

. Sediment Content: Normal pentane insaluble 1.0 to 1.5 per-

cent. Benzine insoluble 0.75 to 1.0 percent.

. Acid Number: Check with your oil supplier as this value

differs with each oil brand and grade.

. Water Content: 0.2 percent maximum.

. Additive Reduction: 25 percent maximum,

Caution: If the ahove tests indicate presence of any bhear-
ing metal particles, or if found in filters, the source should
be determined before a failure results.

The efficiency of any maimenance program can only be
judged on the basis of failures prevented or intercepted
before engine or unit is damaged.

Fig. 5-11. Fifl aneroid with oil V41022
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Change Oil In Anercid Control (B Check)

. Remove plug from bottom of aneroid control and drain oil.

. Replace drain plug and remove filter or pipe plug at haole
marked “Lub Ol

. Fill aneraid with clean engine lubricating ofl through hole
until oil filis to hole level. Fig. 5-11. Reinstall filter or pipe
plug.

Change Engine Full-Flow Filter Element
(B Check)

. Remove drain- plug(s) from filter case(s) and allow oil to
drain. :

. Loosen cenler capscrew(s) and remove filter case(s) from
filter head.

. Withdraw filter element Fig. 5-12, inspect, then discard.

. Inspect for metal particles. If metal is found, a check ot
connecting rods and main bearings should be made at
once.

. If element is relatively ciean it may be possible to lengthen
change periods.

. 1f element is ¢logged the change period should be short-
ened. Qil pressure drop reading across filters is the hest
way to determine change periods. Pressure drop from inlet
to outlet side of filter shouid not exceed 10 psi [0.7030 kg/
sq¢ cm)] with 140°F [60° C] oil and engine at high-idle
speed,

. Remove seal ring from filter head and discard,

. Clean filter case thoroughly.

—fim e L —~—

Fig. 5-12, Removing paper element lubricating ail filter{s} V40737
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6. Check to make sure element end seals are in place and

7.

install new element over spring support assembly. -

Position new seal ring in place; assemble filter case to
head and tighten center capscrew to 25/35 ft-lb {8.915/9.681
kg m].

8. Check oil level. Run engine and check for leaks.

w

. Recheck engine oil level; add oil as necessary to bring oil
level to "H" mark on dipstick.

Note: Always allow oil to drain back to oil pan before
checking level.

Change Turbocharger Qil Filter (B Check)

The throw-away type turbocharger oil filter prevents clog-
ging of the T-530 turbocharger oil supply orifice. T-50 tur-
bochargers do not require use of a separate turbocharger
filter.

Change filter at sach il change or install a pressure gauge
in the filter outlet line and change filter when gauge indi-
cates a 15 psi [1.0546 kg/sq cm] lower pressure than oil
pressure on inlet side.

To change element:
. Unscrew element and discard, Fig. 5-13.

. Clean filter head with solvent that is not harmful to alumi-
num.

. Inspect head for cracks and distorted threads; discard if
damaged.

. Coat gasket and fill new element with clean engine lubri-
cating oil.

. Install element to head; tighten until gasket contacts head.

Fig. 5-13.

Remaving tusbocharger ol filter V4g7as.



6. Rotate element an additional one-half to three-fourths turn
to seal gasket. Do not overtighten.

Caution: Do not attempt to use substitute elements. Ele-
ment threads and filter paper are of a special design.

. Reconnect oil supply and discharge lines, if previously re-
moved.

Caution: Make sure ail supply line to filter is connected at
opening marked “in". Reversing connections will lead 1o
turbocharger failure.

Record Dil Pressure (B Check)

Start the engine and operate at 800 to 1000 rpm until the
oil temperature gauge reads 140° F {60° C}. Reduce engine
speed to idle and record oil pressure. A comparison of
pressure at idling speed with previous readings will give
an indication of progressive wear of lubricating oil pump,
bearings, shafts, etc. These readings are more accuyrate
and reliable when taken immediately after an oil change.

Lubricate Generator (B Check)

Lubricate generator by adding five or six drops of SAE 20
lubricating oil to oil cup, Fig. 5-14, or by turning down
grease cup a maximum of one tum.

Caution: Aveid over-lubrication; it is harmful to insulation.

If no cups are present, unit contains sealed bearings and
requires no lubrication.

When a generator filter is used, clean filter screen at each
lubrication period. Remove filter screen and wash in an ap-

Fig. 5-14. Lubricate generator V41304
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proved cleaning solvent; blow dry with compressed air and
reassemble.

Lubricate Cranking Motor (B Check)

Electric

Add five or six drops of clean SAE 30 lubricating oil to
cranking mator bearings.

Air

Air cranking motor may be equipped with grease fittings,
felt wicks with outer grease cups or air line lubricators.
Follow manufacturér's recommendation for procedure, in-
terval and lubricant specification.

Change Marine Gear Qil (B Check)

. Remove drain plug from bottom of gear housing and drain

oil, or pump from sump, or follow manufacturer's recom-
mendations.

. Reinstall drain plug and fill marine gear to “H" level on

dipstick with lubricant as specified by the gear manufac-
turer.

Note: On some gears the inspection plate must be re-
moved to fill gear, while others have an oil filler spout.

Clean Marine Gear Oil Strainer (B Check)

. Disconnect oil hose and remove capscrews securing cover

to housing; slide out strainer assembly and discard gasket.

. Wash strainer in an approved solvent and dry theroughly.

. Assemble strainer to cover and position assembly in hous-

ing with new gasket; secure with capscrew and connect all
hose.

Check Hydraulic Governor Oil Level (B Check)

If engine has a hydraulic governor, use clean lubricating
oil of same grade as wsed in engine in governer sump.

Keep level half-way up on inspection glass or to high-level
mark on dipstick oil gauge. Fig. 2-2.
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Change Hydraulic Governor Oil Fiiter (B Check)

Some engines have hydraulic governors which are lubricat-
ed from the engine oil supply and utilize a filter. Change
filter every 200 hours or install a pressure gauge in the fil-
ter outlet line and change filter when gauge indicates a -
pressure drop of 7 psi (0.49217 kg/sq cm] or more across ,

filter head at engine governed speed. -

To change element: ~

1. Unscrew element and discard. L

9 Clean filter head in solvent that is not harmful to aluminum. t

3. Inspect head for cracks and distoited threads; discard if
damaged.

4. Coat gasket atop new element with clean lubricating oil
and fill element. .-

5. Install element to head; tighten until gasket contacts head.

6. Rotate element an additional one-half turn to seal gasket.
Do not overtighten.

Caution: Do not attempt to use substitute elements. Ele-
ment threads and filter paper are of a special design.

Change By-Pass Filter Element (B Check) RN S

Fig. 5-15. By-pass filter crass-section V41908

Change Cummins Fleetguard (LF-750) by-pass filter ele-
ments on engine so equipped as follows: .
19, Install cover and clamping ring; tighten capscrew until

1. Remove drain plug (5, Fig. 5-18) from bottom of housing clamping lugs come together

and drain oil.
13. Add enough extra oil to crankcase to fill case and element.

2. Remove clamping ring capscrew (1) and lift off cover (2). (Approximately 2.9 gal [10.9775 lit] per filter.)
3. Unscrew upper support hold-down assembly (3); lift out Caution: Never use a by-pass filter in place of a full-flow
element (4) and hold-down assembly. Discard element. filter.

4. Clean housing and hold-down assembly in solvent; clean
orifice (6) in standpipe.
Clean Fuel Tank Breather(s) And

5. Inspect hold-down assembly spring and seal. Replace if Drain Sediment From Tank(s) (B Check)
damaged.
8. Inspect drain plug and connections. Replace plug.’ 1. Clean tank breather(s) in cleaning solvent and. dry .with
compressed air. ‘
7 On the Cummins Fleetguard by-pass fitter, check orifice . , i
plug (8) inside oil outlet connection or standpipe; blow out 2. Loosen fuel tank drain cock(s) or plug(s) and draln approx-
with air jet to make sure orifice is open and clean. - imately 1 cup of fuel. Close drain cock(s) or plug(s).

8. Check filter cover 0" ring (7). Replace if damaged or de-
teriorated. -

9, Install new element in housing.

10. Replace upper support hold-down assembly in filter and
tighten down to stop.

11. Position “O™ ring seal on housing flange.
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C —Maintenance Checks

Check Air And Vapor Line Connections
(C Check)

Perform at B Check under extremely dusty conditions.

Check all air and vapor lines and connections from com-
pressor, rocker housing caver and cylinder head for leaks,
breaks, stripped threads, etc.; correct as needed.

In cold weather, condensed moisture in air tanks and lines
may freeze and make brakes or cranking motors useiess.

Drain air tanks to keep all water out of brake system.

Check Air Piping (C Check)

Perform at B Check under extremely dusty conditions.

Check air intake piping from air cleaner to intake mani-
folds. Check for lcose clamps or connections, cracks,
punctures, or tears in hose or tubing, collapsing hose, or
other damage. Tighten clamps or replace parts as nesces-
sary to insure an airtight air inlake system. Make sure that
all air goes through air cleaner. Fig. 5-16.

!

-

Fig. 5-16. Check air intake piping V41023

Change Fuel Filter Element (C Check)

Double efement (throw-away) fuel filters are used. Unader
normal working conditions and with proper starage of fuel,
filter should be changed every 7500 gal [28,387.500 lit] of
fuel used.

The most accurate method of determining element change
period is by measuremeni of fuel restriction as outlined
below.

Check Fuel Restriction

To check restriction, connect ST-434 Vacvum Gauge to
fuel pump as shown in Fig. 5-17 using special adapter fur-
nished. If restriction reads 8 to 85 in. [20.320 to 21.590 cm]
vacuum while engine is running at full speed and load,
change element or remedy other sources of restriction.
When restriction becomes as great as 10 or 11 in. [25.400
or 27.940 cm] vacuum, engine will lose power.

Change element as described below,

Replaceahle Element

. Open drain cock(s) in bollom of filter case(s) and drain
contents. {1, Fig. 5-18.)

S
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Fig. 8-17. Checking fuel filter restriction Vd14211
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. Loosen nut(s) at top of fuel filter(s}. Take aut dirty ele-
ments, clean filter case(s) and install new element(s). Fig.
5-18.

. Instali new gasket(s) in filter head{s) and assembie case(s)
and element(s). Tighten center baoli(s) to 20/25 ft-1b [2.766/
3.4575 kg m] with a torque wrench. Fill filter case(s) with
clean fuel to aid in faster pick-up of fuel.

. Check fittings in filter head(s) for leaks. Fittings should be
tightened to 30/4C ft-1b [4.1490/5.5320 kg m].

Throw-Away Type Filter
. Unscrew combination case(s) and element(s); discard.
(1, Fig. 5-19.)

Note: On elements that do not have integral “O" ring
seal(s), install new “O" ring(s) before installing elament(s).

- Fill element(s) with clean fuel,

. Install new element(s); tighten by hand until seal touches

filter head. Tighten an additional one-half to three-fourths”

turn.

Caution: Mechanical tightening will distort or crack filter
head(s). ' -

Check And Adjust Belt Tension (C Check)

The: service life of belts used to drive fans, water pumps
and generators/alternators can be greatly extended by
proper instaltation, adjustment and maintenance practices.
Neglect or improper procedures often lead to problems of
cooling or bearing failures, as well as short belt life. Fol-
lowing are the most important rules to be observed to ex-
tend belt life.

- - - — _—— e —— -

Fig. 5-18. Replaceable element fuel filter V4004
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installation

. Always shorien distance between pulley centers so belt

can be installed without force. Never roll or tighten a belt
cver the pulley and never pry it on with a tool such as a
screwdriver. Either of these methods will damage belts and
cause early failure. Diagonal cuts on a failed belt indicate
that the failure was caused by rolling a tight belt over the
pulley. Cuts from prying a belt in place may be either di-
agonal or vertical.

. Always replace bells in complete sets to prevent early fail-

ure and to provide efficient operation. Belt riding depth
should not vary over Y5 in. [1.587 mm] on matched belt
sets.

. Pulley misalignment must not exceed Wg in. [1.587 mm] for

each ft [0.3048 m] of distance bhetween pulley centers.

. Belts should not bottom on pulley grooves nor should they

protrude over ¥4, in. [2.381 mm] above top edge of groove.

. Do not allow belts to rub any adjacent parts.

Belt Tension

. Tighten belts until a reading of 90 te 110 b is indicated on

§7-868 Belt Tension Gauge. Fig. 5-20.

. If belt tension gauge is not availakle, tighten belts so pres-

sure of index finger wiil depress belt as shown in Table
5-2. The index finger should be extended straight down
from hand; in this manner, force will be approximately 13
Ib [5.8968 kg] deflection (A, Fig. 5-21) per ft [(.3048 m] of
span {B).

Readjusting New Belts

All new belts will loosén after running for an hour or more

Fig. 5-19: Removing throw-away type fuel filter V41925
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and must be readjusted. Readjust as described under "Belt
Tension”.

Table 5-2: Belt Tension—. in. [mm]

Deflection Per Ft [0.3048]

Belt Width of Span

. [12.700] 134, [10.318]

145 [17.462] 134, [10.318]

s 19.050] %e [11.112]

7 [22.095] v, [12.700)

1 [25.400] % [14.287)

Belt Care Or Maintenance Fig. 5-20. Checking bell tension with ST—S.GB gauge V41922

Belts often slip-or squeak because of glaze that forms due _
to dirt or steam cleaning. '

To clean a belt, wipe it with approved belt lubricant or hy- '
draulic brake fluid. Cleaning in this manner will eliminate ‘
most cases of squeaking.

Do not tighten belt beyond figures given to eliminate belt
squeak., Squeak does not necessarily mean belt slippage.
Tightening to excess may damage bearings as well as
befts.

Change Corrosion Resistor (C Check)

Change corrosion resistor element at each “C” check un-
less facilities are available for testing. See “Check Engine
Coolant”, following. Change element when concentration
drops below 100 grains per gal [3.785 lit].

N11471
Selection of element to be used should be based upon
“Coclant Specifications”, Section 3.

Note: Whenever a cooling system is changed from one ele-
ment formula to the other, the system must be drained and
flushed.

To Change Element(s):

1. Close shut-off valves on inlet and drain lines. Unscrew
drain plug at bottom of housing.

2. Remove cover capscrews and caver(s). Fig. 5-22.

3. Remove plate(s} securing element(s); lift element(s) from
housing(s) and discard. Remove plate(s) below eiemeni(s).

4. Lift spring(s) from housing(s}.

5. Polish plates. If less than half of metal plates can be. ex-
posed by polishing, install new plates. . Fig. 5-22. Changing corrosion resisior elements V40820
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. Replace spring(s) and lower plate(s}. Note: Use of chromate compound, added to the coolant

without a corrosion resistor, with antifreeze is not recom-

7. Remove new element(s) from transparent bags; install ele-

ment{s) in housing(s). Fig. 5-22, mended.
8. Replace upper plate(s), gasket{s) and cover(s).
9. Replace drain plug(s) and open shut-off valves in inlet and pH Value Test:
drain lines.
1. Separate tubes marked “pH" are furnished in the test kit.
Select a tube and fill to mark with coolant to be checked.
Keel Cooling Or Heat Exchanger Systems 2. Add eight drops of pH Reagent to tube and mix thor-

oughly.
1. Determine complete capacity of cooling system over and
above that of engine itself.

W

. Insert tube in comparator, hole: marked "pH".

»

-y

. Compare color of test sample with color standards on

2. Add ' oz. of Nalce 38, Dearborn Formula 517 or equiva- cither side. Preferred range is 8.3 to 9.5.

lent chromate treatment for each gal [3.785 lit] of water
over that stated in Step 1. 5. Wash out test tubes after each test and keep reagent con-

. . tai i .
3. Start unit and check pH value and chromate concentration ainer caps in place

after sglution is thoroughly mixed.

4. The corrosion resistor will maintain proper chromate con-

centration for systems up to 30 to 36 gal [115.550 to 136.260 Chromate Concentration Test:

lit] of coolant capacity. If above this capacity, it is recom-

mencded that treated 'make-up” coolant be added to the 1. Draw sample of coalant and pour into tube marked "chrom-
system. See "Check Engine Coolant’ preceding. ate”.

2. Insert sample into comparator, hole marked “chromate'.

. 3. Compare color of test sample with color standards on

Check Engine Coolant (C Check) either side. Preferred range pis 100 to 150 grains per gal -

[3.785 lit] or 1700 to 2500 parts per million {ppm).

Periodic tests of engine coolant should be made to insure

the frequency of corrosion resistor servicing or concentra-

tion of chromate is adequate to control corrosian for spe-

cific condition of operation. In cases where “make-up”

water ntust be added frequently, we suggest that a supply

of water be treated and added as necessary. (See “Keel
Cocling” precceding).

4. Wash out test tubes after each test.

Adjusting Cooclant Te Specifications

If above tests indicate coolant is outside specifications,
When using plain water in a coaling system with a corro- v
sion resistor (with chromate-type element) or when treat-
ing with chromate compounds, the concentration of effee-
tive inhibitor dissotved in coolant can be measured by the
color comparisen method. Cummins Ceolant Checking Kit
S5T-993 is available from Cummins Distributers for this
check. Fig. 5-23.

Most commercially available antifreeres contain a coloring
dye that renders the color comparison method ineffective.
When colored antifreezes are present in the coolant, effec-
tive control of corrasion can be determined by ingpecting
coolant for accumulation of reddish-brown or black finely
granulated dirt. A small amount of corrasion produces sig-
nificant quantities of these corrosion products; therefore,
if corrosion resister servicing is adjusted at the first indica-
tion of increased accumulation of these products, actual
corrosion will be limited fo a negligible amount.

Examine sump of corrosion resistor for these “dirt” ma-
terials at time of servicing or inspect for them in a small
sample of coolant drained from bottom of radiator after
a”OWiI'Ig coalant to settle. Fig. 5-23. Checking coolant — ST-993

N11946
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,make an adjustment immediately to prevent corrosion.

i Cummins Corrosion Resistor is used change element(s)
and run engine four to six hours; then, check coclant again;
in extreme cases it may be necessary to change element(s)
a second time. However, the latter condition may be due
to larger coolant system than corrosion resistor was de-
signed to treat; note reference on resistor label.

Table 5-3: Comparisen Units Chromate Concentration

Ounces Per Gallon Parts Per Million Grains Per Gallon

0.16 850 50
032 1700 100
050 2550 150

If chromate compounds are used, add enough compound te
bring concentration to proper level. Normal usage is V2
oz. [218.75 grains] chromate for each 1 gal [3.785 lit] cool-
ant.

Check Heat Exchanger Zinc Plugs (C Check)

Check zinc plugs in heat exchanger and change, if badly
erroded. Frequency of change depends upon chemical re-
action of raw water circulated through heat exchanger,

Change Converter Qil
Filter And Screens (C Check)

Change Converter Oil

Oil should be changed every “C" check in the hydraulic
system, or oftener, depending on operating conditions.
Also the oil must be changed whenever it shows traces of
dirt or the effects of high operating temperature evidenced
by discoloration or strong odor.

Change Converter Filter And Screen

The hydraulic system filter should be changed every oil
change and the strainer thoroughly cleaned.
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D-—-Mainténance Checks

Check Inlet Air Resfriction (D Check)

Perform at C Check under extremely dusty conditions.

The best method for determining dry-type air cleaner main-
tenance periods is through air restriction checks.

Check Air Inlet Restriction At Engine -

. On naturally aspirated engines attach vacuum gauge or
water manometer in the middle of the intake manifold or
on air intake piping. When located in air intake piping,
adapter must be perpendicular to air flow and not more
than 6 in. [152.4 mm] from air intake manifold connection.

. On turbocharged engines, attach checking fixture one pipe
diameter upstream from turbocharger in a straight section
of tubing.

. Idle engine until normal operating temperature is reached.

. Opsrate engine at rated speed, full-load and observe read-
ing from vacuum gauge or manometer. Air restriction must
not exceed 25 in, {635.0 mm] of water or 1.8 in. [45.720 mm]
of mercury.

. [f air restriction exceeds 25 in. [635.0 mm] of water or 1.8
in. [45.720 mm] of mercury:

. Clean or replace dry-type cleaner element.
. Replace damaged air pipi\nug, rain shield or housing.

. Remove excessive bends or other source of restriction in
air piping.

Check Air Inlet Restriction At Cleaner

Air restriction readings may be taken at air cleaner outlet
pipe. The adapter must be mounted perpendicular to air
flow, and restriction must not exceed 20 in. [508.0 mm]-of
water or 1.5 in. [38.100 mm)] of mercury when checked at
this location.

A mechanical restriction gauge is available to indicate ex-
cessive air restriction. This gauge can be mounted in air
cleaner outlet or on vehicle instrument panel. The gauge
shows completely red in indicator window (1, Fig. 5-24),
plunger (2), when restriction reaches 20 in. [508.0 mm] of
water.

Vacuum switches are available which actuate a warning
light on instrument panel when air restriction becomes ex-
cessive. |tems required for installation are:

1. Electric source (1, Fig. 5-25).
2. Air piping with fitting for switch (2).
3. Vacuum switch (3).

"4, Red indicator light (4).

Note: Air restriction checks should not be used to deter-
mine maintenance periods for oil-bath air cleaners. Before
dirt build-up reaches ¥z in. [12.700 mm] maximum height,
perform maintenance as described under “Change Air
Cleaner Cil",

Replace Dry-Type Cleaner Element (D Check)

Perform at C Check under extremely dusty conditions.

Elements that have been cleaned several times will finally
clog and air flow to engine will be restricted. After clean-
ing, check restriction as previously described and replace
element if necessary.

Holes, loose end seals, dented sealing surfaces and other

forms of damage require immediate element replacement.

Replace paper element in all dry-type air cleaners when

Fig._5-24. Air inlet restrictian gauge CGS5-20



,breaks appear or if air restriction is still excessive after
element has been cleaned. To change element:

. Remove cover; lift out element. Do nat allow dust from ele-
ment to fall back into air cleaner. Discard element.

. Inspect "O" rings or gaskets. Replace as needed.

. Insert new element and tighten cover securely.

Clean Tray Screen (D Check)

Perform at C Check under extremely dusty conditions.

Immerse tray screen (1, Fig. 5-26) in kerosene or cleaning
solvent. :

Slosh screen up and down several times. Dry thoroughly
with compressed air, and reassemble to air cleaner.

Note: If tray screen is exiremely dirty or coated with var-
nish, it may be necessary o singe the screen with a flame.
Be careful not to melt tin plaie on screens.

Clean Crankcase Breather (D Check)
Perform at C Check under extremely dusty conditions.
Wire Mesh Element

Clean breather element in cleaning solvent and dry with
compressed air. Wipe out breather housing. Soak element
in oil; drain out excess. Check gasket; replace if damaged.
Fig. 5-27.

Clean Air Compressor Breather (D Check)

Perform at C Check under extremely dusiy conditions.

Three types of breathers are available to provide filtered
air for air compressor when intake line is not connected to
engine air intake system,

When used, service breathers regularly as follows.

Bendix-Westinghouse Paper Element

Remove the breather cover and element. Fig. 5-29. Ctean
by reverse flushing with compressed air; reassemble on
compressor. Discard element if damaged or unsuitable for
cleaning.

Bendix-Westinghouse Sponge

Remove breather from air compressor. Disassemble breath-

Operation and Maintenance Manual 5-21
V12 Series Diesel Engines
Maintenance Operations

Fig. 5-25. Vacuum swiich to check air inlet restriction N21905

Fig. 5-27. Clean crankcase breather — mesh element V40313
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er, wash all metal parts in solvent and blow dry with com-
pressed air. Wash element in solvent; using a squeezing
action, remave all solvent from element; dip in clean en-
gine oil and squeeze excess oil from element.

Bendix-Westinghouse OQil Bath

Unsnap spring clips and remove oil cup. Wash in solvent,
dry, repienish with oil to level mark and reassemble. Use
clean oil, same grade as used in crankcase.”

Every other service period, unscrew wing nut on top and
remove filter element. Wash in solvent, dry and reassemble
te cover,

Cummins Paper

A light-weight, self-contained air cleaner with “paper ele-
ment' is optional on Cummins air compressor. Clean ele-
ment at each "D” maintenance check. Remove wing nut
securing front caver to body. Lift off front cover and ele-
ment. Inspect paper element before cleaning by reverse
flow of compressed air; discard if damaged or unsuitable
for cleaning. Fig. 5-28.

Caution: Do not rupture filter element.

Clean the body and front cover with a clean cloth. With
rubber gasket on center bolt, place element in front caver
and assemble over center bolt; secure with wing nut.

Check Thermal Controls (D Check)
Thermostat

Most Cummins Engines are equipped with either medium
170/185°F [76.7/85.0°C] or low 160/175°F [71.1/79.4°C] and
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Fig. 5-28. Cummins ajr compressor hreather — paper element

Fig. 5-29. Bendix-Westinghouse air compressor breather

V414209

V414210

in a few cases high-range 180/195° F [82.2/90.6° C] thermo-
stats, depending on engine application.

The lower value indicates where thermostat starts to oben
and the higher value where it is fully open. Check stamp-

Table 5-4: Thermal ControI—Seﬂings

Settings with

Settings with

Unit 170/185° F [76.7/85.0° C] ' 160/175° F [71.1/79.4° C]

Thermostats Thermostats

Start- Stop- Start- Stop-

Open Close Open Close
Thermatic Fan " 195°F [90.6°C] 180°F [85.0°C] 185°F [85.0°C] 170°F [76.7°C]
Shutterstat 190°F [87.8°C] 182°F [83.3°C] 180°F [82.2°C] 172°F [77.8°C]

Shutterstat with

Thermatic Fan 180F° [82.2°C] 172°F [77.8°C] 170°F

[76.7°C]

162°F [72.2°C]




o
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Fig. 5-30. Testing thermostat N10809

ing on thermostat; install same range new thermostat as
that removed.

The opening and closing of thermostats can be checked
against a thermometer reading (1, Fig. 5-30) while im-
mersed in water as the water is brought up to temperature
by heating.

Other Thermal Controls

Shutterstats and thermatic fans must be set to operate in
same range as thermostat with which they are used. Table
5-4 gives settings for shutterstats and thermatlic fans as
normally used. The 180/195° F [82.2/390.68° C] thermostats
are used with shutterstats only that are set to close at
187° F [86.1° C] and open at 195° F [90.6° C].

Check Fan Hub And Drive Pulley (D Check)

Check fan hub and drive pulley to be sure they are se-
curely mounted.

Tighten fan capscrews each "D" check. Check drive pulley
for looseness or wobble and, if necessary, remove fan and
hub and tighten shaft nut. Tighten bracket capscrews.

Clean Dust From Alternator/Generator
And Cranking Motor (D Check)

Dust and dirt, if allowed to accumulate in generator/alter-
‘nator and cranking motor, will cause excessive wear of
bearings, brushes and commutator.
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Remove cover band and blow out dust and §irt with com-
pressed air.

Clean And Tighten Electric Connections
(D Check)

Hard starting is often traceable to loose or corroded bat-
tery connections. A loose connection will overwork gen-
erator/alternator and regulator and shorten their life.

. Add water (distilled) to battery cells as required. Check

solution level every 15 days during hot weather, every 30
days during cold weather; keep solution filled to ¥ in.
above separator plates.

. Remove corrosion from around terminals, then coat with

petroleum jelly.

. Keep connections clean and tight. Prevent wires and lugs

from touching each other or any meta! except screw termi-
nals to which they are attached.

. Replace broken or worn wires and their terminals.

. Have battery tested periodically. Follow battery manufac-

turer's instructions for maintenance.

Check For Oil Leaks At Turbochargers (D Check)

Check both intake and exhaust sides of turbochargers for
“wet” oil. If oil is present, be sure that it is not caused by
worn rings or an oil-over condition from the air cleaner.
Check hose, tubing and connections for leaks and tighten
or replace as necessary.

Tighten Manifold Nuts Or Capscrews (D Check)

Check exhaust and intake manifolds mounting hardware for
tightness; correct deficiencies as reguired.

Tighten Turbocharger Mounting Nuts (D Check)

Tighten all turbocharger mounting capscrews and nuls to
be sure that they are holding securely. Tighten mounting
bolts and supports so vibration will be at a minimum. Fig.
5-31.

Check Sea Water Pump (D Check)

Maintenance and service periods for sea water pump must
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Fig. 5-31. Tighten turbocharger mounting nuts V40043

necessarily be adjusted to agree with the type of applica-
tion to which it is suhjected. Fig. §-4. .

It coolant being pumped through sea water pump is rela-
tively free of sediment, corrosive chemicalg, foreign mate-
rial and abrasives such as sand or mud, normal mainte-
nance periods are sufficient. '

Accelerated maintenance periods are necessary to com-
pensate for undesirable operating conditions.

. Check all pipes and fittings for leaks. Tighten as neces-
Sary.

. Remove cover pfate to drain pump.

. Slide out rubber impellers and check for cracks, breaks or
damage. Install new impellers if necessary.

Note: If impeller is subjected to extreme temperatures,
gither hot or cold, impeller life is shartened and inspection
pericds must be adjusted accordingly.

. Clean out all sediment.

. install new cover plate gasket and install cover cn pump.
0.015 in. [0.3810 mm]| gasket should be used to maintain
proper impeller-to-cover clearance.

. The sea water pump is self-priming,
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E —Maintenance Checks

Clean Aneroid Air Filter {(E Check) Lubricate Water Pump And Fan Hub (E Check)

Perform at D Check under extremely dusty conditions. 1. The water pump and fan hub confdia plugs (1 and 2, Fig.
5-32) through which grease may be applied; give cne “shot”

At pach “E” check, remove filter and reverse flush with (approx. 1 tablespoon) each “E* check.

compressed air; it is not necessary to disassemble filter. Caution: Remove grease fittings and install pipe plugs
after applying grease to prevent expelling grease during
operation.

Clean Qil Bath Air Cleaner (E Check)
Perform at D Check under extremely dusty conditions.

Steam Cleaning

Steam clean oil-bath air cleaner main body screens. Direct
steam jet from air outlet side of cleaner to wash dirt out
in opposite direction of air flow.

Solvent Bath Cleaning

This method of cleaning requires a 85 gal [219.175 lit] drum
and a source of air pressure. Any good commercial solvent
may be used.

. Steam clean exterior of cleaner.

. Remave air cleaner oil cup.

. Clamp hose with air line adapter to air cleaner outlet.
. Submerge air cleaner in solvent.

. Introduce air into unit at 3/5 psi [0.21093/0.35155 kg/sq cm]
and leave in washer 10 to 20 minutes.

. Remove cleaner from soilvent and steam ciean thoroughly
to remove all iraces of solvent.

. Dry thoroughly with compressed air.

Caution: Failure to remove solvent may cause engine to
overspeed until all solvent is sucked from cleaner.

. If air cleaner is to be stored, dip in lubricating oil to pre-
vent rusting of screens.

Note: If screens cannot be thoroughly cleaned by either
method, or if body is pierced or otherwise damaged, re- E
place with new air cleaner. Fig. 5-33. Fuel pump filter screen V41911
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. Completely disassemble, clean and inspect at each third
“E" check. Pack bearings and fitl water pump and fan hub
bearing cavities 2 to 24 full of grease meeting specifica-
tions shown on Page 3-3.

Clean Fuel Pump Screen And Magnet (E Check)
PT Fuel Pump

Remove and clean fuel pump filter screen at each “E"
check. To clean filter screen:

.-Loosen and remave cap at top of fuel pump. Remove
spring. Lift out filter screen assembly. Fig. 5-33.

. Remove top screen retfainer from filter screen assembly.

Note: Some filter screens do not contain a magnet. If not,
magnet can be obtained from any Cummins distributor.
Magnetic action will remove any ferrous metal particles
that may enter fuel system.

. Clean screen and magnet in cleaning solvent and dry with
compressed air.

. Replace screen retainer and install filter screen assembly
in fuel pump with hole down. Replace spring on top of fil-
ter screen assembly.

. Replace cap, tighten to 20/25 fi-lb [2.7660/3.4575 kg m].

PT (type G) Fuel Pump With MV$ Governor

. Remave filter cap and dynaseal from governor housing.
See Fig. 5-34.

. Remove “O" ring retainer, “O” ring, screen and spring
from filter cap.

. Using a screwdriver or wire hook, remove bottom screen
and magnet assembly from fuel pump housing. Remove
screen retainer,

. Clean parts as described above.

. Install screen ratainer and place bottom screen assembly
in fuel pump housing with removable end up.

. Install spring, large coil first, in filter cap; install upper
screen, closed end first, in cap and snug against spring.

. Install new "O" ring on “O" ring relainer; insert in filter
cap, “O% ring first.

. Install filter cap and dynaseal in governor housing; tighten
cap to 20/25 ft-Ib [2.7660/3.4575 kg m] with torque wrench
and screwdriver adapter. .

Adjust Injectors And Valves (E Check)

It is essential that injectors and valves be in correct ad-
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justment at all times for engine to operate properly. This
controls engine breathing and fuel delivery to the cylinders,
Adjust valves and injectars at “E" checks. Final adjustment
must be made when engine is at operating temperature.
Injectors must always be adjusted befare valves. The pro-
cedure is as follows:

Time Mark Alignment

. Pull compression release lever back and block in open po-

sition to lift all intake valves. This allows crankshaft to be
rotated without working against compression,

. Bar engine in direction of rotation until No. 1-6L VS mark

appears. See Fig. 5-35 for location of valve set marks. In
this position, both intake and exhaust valves must be
closed for cylinder No. 1, on engine left bank. (Remove
block from compression release before selting valves.)

Fig. 5-34. Fuel pump screens — PT {type G) fusl pump with Y41912
MVS governar

Fig. 5-35. Valve set marks_ V1484



. Adjust injector plunger, then crossheads and valves of first
cylinder as explained in succeeding paragraphs. Turn
crankshaft in direction of rotation to next VS mark corre-
sponding to firing order of engine and corresponding cyl-
inder will be ready for adjustment.

Engine Fiting Order

Right Hand —
1L-6R-2L-5R-4L-3R-6L-1R-5L-2R-3L-4R

Left Hand —
1L-4R-3L-2R-5L-1R-6L-3R-4L-6R-2L.-6R

Note: Number one L and one R cylinders on V12 engines
are at gear case end of engine,

. Continue turning crankshaft in direction of rotation and
making adjustments until all injectors and valves have been
correctly adjusted.

Mote: Two complete revolutions of crankshaft are needed
to set all injector plungers and valves. Injector and valves
can be adjusted for only one cylinder at any one '"VS"
setting. .

Injector Plunger Adjustment

The injector plungers of all engines must be adjusted with
an in.-lb torque wrench to a definite torque setting. Snap-
On Model TQ12B or equivalent forque wrench and a screw-
driver adapter can be used for this adjustment. Fig. 5-36.

. Turn adjusting screw down until plunger contacts cup and
advance an additional 15 degrees to sgueeze oil from cup.

. Loosen adjusting screw one turn; then, using a torque
wrench calibrated in in.-lb and a screwdriver adapter,
tighten the adjusting screw to values shown in Table 5-5
for cold setting and tighten the locknut, Table 5-6. After
all injectors and valves are adjusted and engine has been
started and warmed up to 140° F [60.0° C] oil temperature,
reset the injectors to the warm setting.

Table 5.5: Injector Plunger Adjustment Torque

Qil Temperature
70°F [M.1°C]

Oil Temperature
140° F [60° C)

48 in.-lb [0.5520 kg m] 60 in.-tb [0.6500 kg m]

. Hold injector adjusting screw and tighten injector locknuts
to values indicated in Table 5-6, Where ST-669 is used nut
torque is reduced to compensate for additional torque arm
length. Fig. 5-37. ‘
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Table 5-6: injector And Valve Locknut Torque

With ST-669 Without 5T-669

60/70 ft-Ib [8.298/9.681 kg m] 70780 ft-Ib [9.681/11.064 kg m]

Crosshead Adjustments

V12 Series engines have four-valve heads; it is necessary
to adjust the crossheads before making valve adjustments.
Fig. b-38.

. Loosen valve crosshead adjusting screw locknut and back

off screw one turn.

Fig. 5-37. Tightening injector adjusting screw locknut V414201
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. Use light linger pressure at rocker lever contact surface to
hold crosshead in contact with valve stem {without adjust-
ing screw), Fig. 5-38.

. Turh down crosshead adjusting screw until it touches valve
stem. N

. With new crossheads and guides, advance screw an addi-
tional one-third of one hex (20%) to straighten stem in guide
and compensate for slack in threads. With worn cross-
heads and guides, it may be necessary to advance screw
as much as 307 to straighten stem in gquide,

. Hold adjusting screw in this position and torque locknut to
25/30 ft-1b 13.4575/4.1490 kg m).

. Check clearance between crosshead and valve spring re-
tainer with wire gauge. There must be a minimum of 0.020
in. {0.5080 mm] clearance at this point.

Valve Adjustment

The same engine posilion used in adjusting injectors is
used for setting intake and exhaust valves.

. While adjusting valves make sure compression release is
in running position.

. Loosen lacknut and back off adjusting scrow. Insert feeler
gauge between rocker lever and top of crosshead. Turn
screw down until lever just touches gauge and lock adjusl-
ing screw in this position with the locknut. Fig. 5-38. Torque
lacknut to values indicated in Table 5-6; note Step 3 under
“Injector Plunger Adjustment”.

. Always make final valve adjustment after injectors are ad-
justed and with the engine at operating temperature. Valve
clearances are shown in Table 5-7.

Table 5-7: Valve Clearance — In. [mm]

Intake Valves Exhaust Valves

Qil Temperature Oil Temperature
70°F 140°F 70°F 140°F
{21.1°C] [60°C] [21.1°C] [60°C]

0.016 [0.4064] 0.014 [0.3556] 0.029 {0.7366] 0.027 [0.6858]

Check Fuel Manifold Pressure (E Check)

. Check maximum fuel manifold pressure with ST-435. Re-
move plug from shut-down valve and connect gauge line.
Run engine up until governor “cuts in” and check maximum
pressure reached. Compare with previous readings to de-
termine if fuel pressure output is satisfactory. Normally
this check is required only if loss of power is suspected.
Fig. 5-40.

Fig. 5-40. Checking luel manifold pressure V41021



Caution: Anercids (when used} on turbocharged engines
must be disconnected to reach maximum fuel pressure dur-
ing the short acceleration period.

. Always make above checks on a hot engine and operate

engine for a minimum of five minutes between checks to
clear system of air.

Clean Turbocharger Compressor Wheel And
Diffuser (E Check)

Keep compressor wheel and diffuser clean for best turbo-
charger performance. Any build-up of dirt on compressor
wheel will restrict air flow and cause rotor imbalance.

At every "E” check, clean compressor wheel and diffuser
as follows:

. Remove intake piping, air cleaner piping and support brack-

et if used from turbocharger.

. Loosen and remove capscrews, lockwashers and plain

washers from plate. Remove front plate to expose com-
pressor wheel and diffuser. Fig. 5-41.

Note: On T-50 turbocharger, loosen and remove Vl-clamp
between housings. Pull T-50 compressar housing.

. Use a good carbon-removing solvent and a brush with ny-

lon or hog bristles to clean compressor wheel and diffu-
ser. Never use a solvent that may attack aluminum and re-
sult in an unbalanced compressor wheel.

. If unit is very dirty when front plate or compressor housing

is removed, remove turbocharger from engine.

. Immerse compressor wheel end of turbocharger in clean-

ing fluid to diffuser plate face; allow to soak. Do not rest

weight of turbocharger on compressor whee! or on end of
shaft.

. Dry unit thoroughly with compressed air. Reassemble front

plate to turbocharger.

Note: On the T-50 turbocharger, install compressor housing
and V-clamp. Tighten V-clamp capscrew to 32/36 in-lb
[0.3680/0.4140 kg m]; do not overtighten.

Check Turbocharger Bearing Clearance
(E Check)

Check bearing clearances every "E" check. This can be
done, without removing turbocharger from engine, by using
& dial indicator (1, Fig. 5-42) to indicate end-play of rotor
shaft and a feeler gauge to indicate radial clearance.

Checking Procedure

1. Remove exhaust and intake piping from turbecharger to
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Fig. 5-41, Cleaning T-590 turbocharger Va1919

o g M

Fig, 5-42. Checking turbocharger bearing clearance V41024

expose ends of rotor assembly.

2. Remove one capscrew from front plate (compressar wheel

end} and replace a long capscrew. Attach an indicator to
the long capscrew and register indicator point on end of
rotor shaft. Push shaft from end-te-end, making note of to-
tal indicator reading. Move indicator point to end of shaft

and check end-play of rotor assembly. See Tabie 5-8 for
limits.

3. Check radial clearance on compresser wheel only. Note

that limits in Table 5-8 are minimum figures.

Table 5-B: Turbocharger Bearing Clearances —In. [mm)]

Turbocharger Radial Clearance  End Clearance
Model Minimum Maximum Minimum Maximum
T-50 0.005 0.015 0.006 019
[0.1270] [0.3810] [0.1524]  [0.4826)
T-590 0.008 _— 0.003 0.011
[0.2032] [0.0762] [0.2794]
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. If end clearance exceeds limits shown ahove, remove tur-
hocharger from enging and replace with a new or rebuilt
unit. :

Check Alternator/Generator And Cranking Motor
Brushes And Commutaters (E Check)

Failure of an alternator/generator or cranking motor may
cause unit dewntime and nearly always results in expensive
replagement.

. Clean dirty commutators with No. 00 sandpaper, never with
emery cloth.

. Replace worn brushes. If brushes wear rapidly, check brush
spring tension (1, Fig. 5-43) or high mica on the commu-
tator, Check generator manufacturer's specifications for
spring tension data. Check out-put and action of an am-
meter indicator after brush replacement.

. Shorts and incorrect polarization {on generatoers) can be
detected at the ammeter. Incorrect polarization is indi-
cated by minus reading when generator is turned. Take unit
to an electric scrvice station for immediate correction.

Steam Clean Engine (E Check)

There are many reasans why extericr of engine should be
kept clean. Dirt from the outside will find its way into fuel
and lubricating oil filter cases and into rocker housings
when covers are removed unless dirt is removed first,

Steam is the most satisfactory method of cleaning a dirty
engine or piece of eguipment. If sicam is not available,
use mineral spirits or some ather solvent to wash the en-
gine.

All electrical camponents and wiring should be protected
from the full foree of the steam jet.

Tighten Mounting Bolts And Nuts (E Check)

Mounting bolts will occasionally work inose and cause sup-
ports and brackets to wear rapidiy. Tighten all mounting
bolts or nuts and replace any broken or lost bolts or cap-
SCrews.

Check Engine Blow-By (E Check)

Engine blow-by, or escape of combustion gases past pis-
tons and liners, is usually caused by worn ar stuck piston
rings, worn cylinder |iners or warn pistons.

Blow-by can be detected by running engine and observing
gas escape from lubricating oil filler hole with cap or
breather open or removed. There is always some vapar or
gas escape at this point due to heated oil and piston
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Fig. 5-43. Checking generalor brush spring tension V41926

Fig. 5-44. Checking crankshaft end clearance V41924

movement, but distinct puffs indicate blow-by. Experience
and comparison with other units operating at same speed
are needed to make a conclusion to extent of hlow-by.
Normally, excessive blow-by is accompanied by oil con-
sumption.

Cummins Distributors are equipped to check engines for
blow-by under loaded conditions, with special tools, to de-
termine if blow-by is excessive.

Check Crankshaft End Clearance (E Check)

The crankshaft of a new engine must have end clearance
as listed in Table 5-9. A worn engine must not be operated
with more than worn limit end clearance shown in same
table. If engine is disassembled for repair, install new
thrust rings if wear results in end clearance in excess of
0.022 in. [0.5588 mml. :




The check can be made by attaching an indicator (1, Fig.
5-44) to rest against flywheel/crankshaft while prying (2)
against a crankshaft throw through an inspection hole if
the oil pan is not removed. End clearance must be present
with engine mounted in unit and assembled to transmission
or converter.

Table 5-9: Crankshaft End Clearance — In. [mm]

New New
Minimum Maximum

Operating
Worn Limit

0.006 [0.1524 mm] 0.013 [0.3302 mm] 0.026 [0.6604 mm}]

Check Vibration Damper Alignment (E Check)

Damper hub (1, Fig. 5-45) and inertia member (2) are
stamped with an index mark (3) to permit detection of
movement between the two components.

Inspect damper every “E" check. There should be no rela-
tive rotation between hub and inertia member resulting
from engine operation. '

Change Hydraulic Governor Qil (E Check)

Change oil in the hydraulic governor sump at each "E”
check.

Use the same grade oil as used in engine. See “Lubricat-
ing Oil Specifications,” Page 3-1.

Note: When temperatures are extremely low, it may be
necessary to dilute lubricating oil with enough fuel oil or
other special fluid to insure free flow for satisfactory gov-
ernor action.

Clean Cooling System (Spring And Fall)

The coaling system must be clean to do its work properly.

Scale in the system siows down heat absorption from water
jackets and heat rejection from radiator. Use c¢lean water
that will not clog any of the hundreds of small passages in
radiator or water passages in block. Clean radiator cores,
heater cores, oil cooler and block passages that have be-
come clogged with scale and sediment by chemical clean-
ing, neutralizing and flushing.

Chemical Cleaning

The best way te insure an efficient cooling system is to
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Fig. 5-45. Vibration damper alignment marks V40147

prevent formation of rust and scale by using a Cummins
Corrosion Resistor, but if they have collected, the system
must be chemically cleaned. Use a good cooling system
cleaner such as sodium bisulphate or oxalic acid followed
by neutralizer and flushing.

Pressure Flushing

Flush radiator and block when anti-freeze is added or re-
moved, or before installing a Corrosion Resistor on a used
engine.

When pressure flushing radiator, open upper and lower
hose connections and screw radiator cap on tight. Remove
thermostats from housing and flush block with water, Use
hose connections on hoth upper and lower connections to
make the operation easier. Attach flushing gun nozzle to
lower hose connection and let water run until radiator is
full. When full, apply air pressure gradually to aveid dam-
age to the core. Shut off air and allow radiator to refill,
then apply air pressure. Repeat until water coming from
radiator is clean,

Sediment and dirt settle into pockets in block as well as
radiator core. Remove thermostats from housing and flush
block with water. Partially restrict lower opening until block
fills. Apply air pressure and force water from lower open-
ing. Repeat process until stream of water coming from
block is clean.

Check Preheater (Spring And Fall)

. Inspect wiring; remave Y in. pipe plug from manifald near

glow plug and check flame while a helper performs pre-
heating operation. See Page 2-3.

. If no flame is observed, remove and replace with new or

tested parts.
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Check Power Take-OHf
Clutch Adjustment {(As Required)

1f clutch does neot pull, heats or operating lever jumps out,
clutch must be adjusted. To adjust clutch, remove hand
hole plate in housing and turn clutch until adjusting lock-
pin can be reached.

Disengage adjusting lockpin and turn adjusting yoke or
ring to right, or clockwise, until operating lever requires a
distinct’ pressure to engage. A new clutch generally re-
quires several adjustments until friction surfaces are worn
in.

Clean Injector Inlet Screens (As Required)

On external fuel line engines, each fuel inlet connection
has a fine mesh screen {1, Fig. 5-46) at the large end.

To clean: Remove the strainer screen; wash in solvent and
dry with compressed air. Reassemble as removed.

Clean And Calibrate Injectors (As Required)

Clean and calibrate injectors as required to prevent re-
striction of fuel delivery to combustion chambers. Because
of the special tools required for calibration, most owners
and fleets find 1t more economical to let a Cummins Dis-
tributor do the cleaning and calibration operations,

Normally, it is necessary ta clean and calibrate injectors
when there is an indication of low power, excessive smoke
and when adjustment does not bring engine performarce
back to normal.

To clean and calibrate injectors, refer to Bulletin No.
983536.

Fig. 5-46. Clean injector inlet screens V40602
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F—Maintenance Checks

After engine has had four "E” checks, it should have an
"F" check or major inspection to determine whether it may
be operated for another service period, or whether it should
be overhauled. Qil consumption, ofl pressure at idling, di-
lution and other signe of wear should be analyzed as part
of the inspection.

Since major inspection requires partial disassembly of en-
gine, it should be done only in a well-equipped shop by
mechanies thoroughly familiar with worn replacement limits
and with disassembly and assembly procedures. This in-
formation is available in all Cummins Shop Manuals which
can be purchased from any Cumming Distributor,

Inspect following items at this period:
Main and Connecting Rod Bearing Shells
Crankshaft Journals

Camshaft Lobes

Cylinder Heads (Grind Valves)

Cylinder Liners

Pistons and Rings

Fuel Pump (Calibrate)

Injectors (Clean and Calibrate)

Qil Cooler (Clean)

Turbacharger Bearing Clearances

Air Compressor

Alternator/Generator and Cranking Motor
Intake and Exhaust System {Clean and Correct Leaks)

Parts which are worn beyond worn reptacement limits at
this inspection should be replaced with new or rebuilt parts
or units.

Engine Rebuild

If, during major inspection, it is determined crankshaft
journals or any other engine parts are worn beyond worn
replacement limits, engine should be removed and com-
pletely rebuilt.

After an engine has heen rebuilt it is essentially a new en-
gine and should be treated as such. By treating rebuilt en-
gine like a new engine and by following preventive main-
tenance schedule, the same dependable service can be
expected from engine that it gave during its first service
period,

Maintenance QOperations Summary Sheet

Information should be collected from each maintenance
check sheet and congolidated on a single summary sheet
such as shown on the next page. Each engine thus has an
established history and cost records can be computed
quickly. A review of summary sheet will then tell you which
operations can be reduced or increased o make mainte-
nance program more effective, resulting in more efficiency
from engine at lower cosl. A potential failure caught before
it happens provides savings io engine owner and a ready-
for-service unit for operator.
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Parts

Genuine Cummins service parts are of the same high qual-
ity as those used on the original engine so your engine will
continue 10 give good service after any repair or main-

tenance.

These parts are available only from authorized Cummins
Distributors and Dealers, and we urge you to make full use

of their parts stocking facilities.

Service

Trained servicemen, special tools and equipment {where
required) and an active interest in each customer will make
you immediately aware that service is the by-word of the

Cummins Distributar and Dealer Organization.

Location

The Cummins Distributor and Dealer Organization reaches
to the '"far corners” of the world and points in between.
Each Distributor or Dealer is a respected businessman
from the locality which he serves; this is an important rea-
son why Cummins Service has gained such an outstanding
reputation. For assistance in selecting new engine power,
parts and service; see your nearest Cummins Distributor or

Dealer,

The Cummins trademark whether in gold and black, marine
blue and black, white and black, lighted or unlighted is a

sign of quality parts and service availability.




Cummins Engine Company, Inc.
Columbus, Indiana, U.S.A. 47201

Cummins Diesel International, Ltd.
Bowater House, Knightsbridge, Lendon, England
Cable: INTCUM‘LON

Overseas Factories:

Cummins Engine Company, Ltd.
Shotts, Lanarkshire, Scotland
Cable: CUMSCOT SHOTTS

Cummins Engine Company, Ltd.
Yarm Roead, Darlington, County Durham, England
Cable: CUMDAR DARLINGTON

Cummins Diesel Australia
Ringwaood, Victoria
Cable: CUMAUS

Bulletin No. 983596-A 3/67 Printed in W.5.A.




