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Uperation and Minniwenance Mangal
H and N4 Series Diesel Engines

Foreword

This manual is applicable to all 4- and B-cylinder H and NH
Series Cummins Diesels currently being produced by
Cummins Engine Company, Inc., and subsidiaries. It
contains instructions for operators that will enable them to
gel the best service from their engines. Before operating the
engine, become familiar with the procedures described.

The engine madels covered can be identified as to design,
breathing (it no fewter “T"" or "S5", engine is naturally
aspirated}, cubic-inch displacement, application and
maximum rated horsepower by the following code:

Example: NT-855C335

N = 4valve head

T = Turbocharged

.855 = Cubic-inch dispiacernent

C = Off-Highway Application
335 = Maximum Rated Horsepower

Refer 1o Tables 1, 2, 3, 4, 5 and 6 for all H and NH Series
Engine Specifications,

The maintenance section is Tor men who are responsible for
the upkeep and availability of the engine on the job. The
maintenance program is simple, realistic, easy to control
and a profitable one to practice.

This is an operation and maintenance manual; repair
operations should be performed by specially trained
personnel, Trained personnel are available at all Cummins ™
Distributor and Dealer ocations,

Full repair Shop Manuals may be purchased from a
Cummins Distributor at a nominal cost,

Cummins Engine Company, Inc.
Columbus, Indiana, U.S.A.
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Engine Specifications

NHC-4 Engine Model

a
NH-135 Engine Model

Tabte T: Cumimins Four-Cylinder Naturally Aspirated and Turbocharged H and NH Series Engines

Engine Bore & Stroke Drispl, Valves Max. HP Engine

Model In. [mm] Cu. In. [cc] Cylinder @ RPM Breathing

HRC-4 51/8x6 (130,175x152.4001 495 (8111.64] 2 115 @ 1800 Naturally Aspirated

NHC-4, N495P130 5 1/8x6 [130.175%152,400] 495 [8111.64] 4 130 ® 2000 Naturally Aspirated
*NH-135 51/2x6 [138.700x152.400] 570 [9340.68] 4 135 @ 2100 Naturally Aspirated
* NH-160 5 1/2x6 [139.700x152.400] 570 (9340.68] 4 160 @ 2100 Naturally Aspirated

NT-165 51/8x6 [130,175x152.400} 405 [8111.64) 4 165 @ 2000 Turbocharged

1. Horsepower ratings (stated in U. 5. values) established at 29.92 In./Hg [759.968 mm/Hgl barometric pressure {sea
level), 60 deg £ [15.5 deg C] air intake temperature, dry air. Derate naturally aspirated engines 2% for each 1000 ft
{304.800 m)] above sea level and 1% for each 10 deg F (5.56 deg C]| rise in air termperature.

® Availa, .e from Shotts, Scotiand Factory Only,

@ 2. Turbocharged engines are derated 4% for each 1,000 ft [304.800 m] aftitude above 12,000 ft {3657.600 m] .
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H-6 Engine Model

HRF-6 Engine Model

Tabie 2: Cumimins Six-Cylinder Naturally Aspirated and Supercharged H Series Engines

Engine Bore & Stroke Displ. Valves Max. HP Engine

Model " In. [mm] Cu. In. [ce] Cylinder @ RPM Breathing

H-135, HG72C135 4 7/8x6 [123.825x152.400] G72 {11014.08] 2 135 @ 1800 Naturatly Aspirated
H-6, HG72B160 4 7/8x6 [123.825x152.400] G672 [11014.08] 2 160 @ 1800 Naturally Aspirated
*HU-170 4 7/8x6 [123.825x152.400] 672 {11014.08] 4 170 @ 1800 Naturally Aspirated
HR-6, H743P175 51/8x6 (130,175x152.400) 743 (12177.77] 2 175 @ 1800 Naturally Aspirated
HAF-6, H743B190 51/8x6 {130.175x 152,400} 743 [12177.77] 2 190 @ 2000 Naturally Aspirated
HS-6.HG72B210 4 7/8x6 [123.8256x152.400] 672 [1i014.08] 2 210 @ 1800 Supercharged
HRE-6. H7438240 51/8x6 [130.175%152.400] 743 [12177.77] 2 240 @ 1800 Supercharged

1.

Ratings established at 28.92 in./Hg [759.968 minm/Hg] barometric prassure (sea level), 50 deg F [15.5 deg G} air intake

temperature, dry air,

Derate naturally aspirated and supercharged engines 3% for each 1000 ft [304.800 i) above sea level and 1% for each

10 deg F [5.56 deg C] rise in &ir temperature.

Availatile from Shotts, Scotland Factory Only.

@
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NH-180 Engine Model NH-220 Engine Model

NH-250 Engine Model NHRS-6 Engine Model

Table 3: Cummins Six-Cylinder Naturally Aspirated and Supercharged NH Series Engines

Engine Bore & Stroke Displ. Valves Max. Hp Engine
Madel in. [mmn] Cu. In. [cc] Cylinder @ RPM Breathing
NH-180 4 7/8x6 [123.825x152.400] 672 [11014.08} 4 180 @ 2100 Naturaily Aspirated
NHE-180 51/8x8 [130.175x152.400] 743 [12177.77] 4 180 @ 1950 Naturally Aspirated
NHE-195 5 1/8x6 [130.176x152.400]) 743 (12177.77] 4 195 @ 1950 MNaturally Aspirated
NH-220, N743B220 51/8x6 [130.175x152,400] 743 (12177.77] 4 220 @ 2100 Maturally Aspirated
NHE-225, N8558225 51/2x8 [139.700x152.400] 855 [14012.45] 4 225 @ 1950 Naturally Aspirated
NH-230, N855B230 51/2x5 [139.700%152.400] 855 [14012.45]) 4 230 @ 2100 MNaturally Aspirated
NH230-D
NH-250, N855B250 5 1/2x5 [139.700x152.400] 855 [14012.45] 4 250 @ 2100 Naturally Aspirated
NHS-6, N743B290 5 1/Bx6 [130.175x152.400] 743 [12177.77] 4 290 @ 2100 Supercharged
NHRS-6, N7438320 5 1/8x6 [130.179x152.400] 743 [12177.77] 4 320 @ 2100 Supercharged
: 1. Ratings established at 28.92 In /Hg [759.968 mm/Hgl barometric pressure (sea level}, 50 deg F [15.5 deg C] air intake
T temperature, dry air.

2 Derate 3% for each 1000 ft [304.800 m] above sea level and 1% for each 10 deg F [5.56 deg C] rise in air temperature.
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Table 4: Cummins Six-Cylindet Turbocharged NH Series Engines

* Awailable from Shotts, Scotiand Factory Only.

Engine Bore & Stroke Displ. Max. HP Begin Derate
Model In. [mm] Cu. In. [ec] @ RPM @ Altitude
NTE-235, NT743B235 5 1/8x6 [130.175x152.400] 743 [12177.77] 235 @ 2100 14,500
NT-6 51/8x6 [130.175x152,400] 743 {12177.77] 250 @ 2100 12,000
NTO-6, NT7438262 5 1/8x%6 [130.175x152.400) 743 [12177.77] 262 @ 2100 12,000
NT-270 51/2x6 [139.700x152.400) 855 [14012.45) 270 @ 2100 12.000
NT-280, NT855B280 5 1/2x6 [139.700x152.400] 855 [14012.45) 280 ® 2100 12,000
NT-300 5 1/2x6 [139,700x152.400] 855 [14012.45] 300 ® 2100 12,000
NRT-6 5 1/8x6 [130.175x152.400] 743 [12177.77] 300 @ 2100 12,000
NT-310 51/2x6 {139.700x192 400) 855 [14012.45) 310@ 2100 12,000
NATO-6, NT743B335 51/8x6 [130.175x152.400} 743 [12177.77] 335 @ 2100 5,000
NT-335, NT855B335 5 1/2x6 [139.700x 152,400] 855 [14012.45) 335 @ 2100 7,500 (T-590), 12,000 {T-50)
NT-380, NT855B380 5 1/2¢6 [139.700x152.400] 855 {14012.45] 330 @ 2300 8,000
* NT-400 5 1/2x6 {139.700x152.400] 855 [14012.45] 400 @ 2300 2,000

Turbocharged engines are derated 4% for each 1,000 ft [304.800 m] altitude abowve listing in table.

@
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Tahte 5 Cummins H and NH Harizontal Engines

Eagine
NModel

Bore & Stroke
In. [mm}

Displ.
Cu. In. [cc]

Engine
Breathing

HHR-8
HHRF-6
NHH-180
NHHE-180
NHHE-195
NHH-220
NHHRS-6,
NHHT-6
NHHTO-G
NHHRT-6
NHHRTO-6

5 1/8x6 [130.175x152.400]
51/8x5 [130,175x152.400]
4 7/8x6 [123.825x 152.400]
5 1/8x6 [130.175x152.400]
5 1/8x6 [130.175%152.400]
5 1/8x6 [130.175x152.400]
5 1/8x6 {130.175%152.400]
5 1/8x6 [130.175%152.400]
5 1/8x6 [130.175x152.400)
5 1/8x6 [130.175x 152400}
__51/8x6 [130.175x152.400]

743 {12177.77]
743 [12177.77]
672 (11014.08]
743 [12177.77]
743 (12177.77)
743 (12177.77}
743 [12177.77]
743 [12177.77]
743 (12177.77]
743 (12177.77)
743 [12177.77]

Valves Max. HP
Cylinder @ RPimv

2 175 @ 1800
2 190 @ 2000
4 180 @ 2100
4 180 @ 1950
4 195 @ 1950
4 220 ® 2100
4 320@ 2100
4 250 @ 2100
4 262 @ 2100
4 300 @ 2100
4 335 @ 2100

Natwwrally Aspirated
Nawraily Aspirated
Naiturally Aspirated
MNaturally Aspiratcd
Naturally Aspirated
MNaturally Aspirated
Supercharged
Turbocharged
Turbocharged
Turbocharged
Turbocharged

See previous Tables 2, 3 and 4 for engine derating specifications, which are the same as corresponding “vertical” angine

madels.
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NHCT-270 Engine Model

NTC-335 Engine Madel

Tahle 6 Cummins Custom-Rated Diescls

Engine Bore & Stroke Displ. Max. HP Engine Begin Derate
Modet In. [rmm] Cu. In. [ccl @ RPM Breathing @ Altitude *
NHC-250 5 1/2x6 [139.700x152,400] 855 [14012,45] 225@ 2100 Naturally Aspirated Sea Level
NHC-250 S 1/2x6 {139.700x152.400] 855 [14012,45) 250 @ 2100 Naturally Aspirated Sez Level
NHCT-270 51/2x6 {139.700x 1524001 855 [14012,45] 240@ 2100 Turbocharged 12.000
NHCT-270 5 1/2x6 {139.700x152.400] 855 {14012.45] 255@ 2100 Turbocharged 12,000
NHCT-270 51/2x6 [139.700x152.400] 855 [14012.45] 270 @ 2100 Turbocharged 12,000
*PNHCT-270-CT 5 1/2x6 [139.700x1562.400] 855 [14012.45] 240 @ 2100  Turbocharged 12,000
NTC-335 51/2x6 1138.700x152.400] 855 [14012.45] 260 @ 2100  Turbocharged 12,000
NTC-335 51/2x6 {139.700x152.400] 855 (14012.45] 2B0 @ 2100 Turbocharged 11,000 {T-590), 12,000 (T-50)
NTC-335 5 1/2x6 [132.700x 152,400 855 [14012.45] 300@ 2100  Turbocharged 10,000 (T-530), 12.000 (T-50)
NTC-235 51/2x6 [139.700% 152,400] 855 [14012.45] 320 @ 2100 Turbocharged 8.500 (T-590}, 12,000 {T-5(})
TC-335 5 1/2x6 [139.700x152,100] 855 {14012,45] 335@ 2100 -Turbocharged 7,500 (T-580), 12,000 (T-50}
-350 5 1/2x6 1138.700x152,400] 855 [14012,45] 350 @ 2100 Turbocharged 13,000 {T-50)

*With T-50 Turbo except as noted.
**Custom worque,
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Operating Principles

The most satisfactory service can be expected from a
Cummins Diesel Enging when the cperation procedures are
based upon a clear understanding of the engine working
principles, Each part of the engine affects the operation of
every other working part and of the engine as a whole.
Cummins Diesel Engines treated in this manual are
four-stroke-cycle, high-speed, fulldiesel engines.
Horsepower ratings and other engine specifications for each
model are tabulated on preceding pages.

The Cummins Diesel Engine

Cummins Diesel Cycle

Diesel engines differ from other internal combustion
engines in a number of ways. Compression ratios are higher
than in spark-ignited engines. The charge taken into the
combustion chamber through the intake consists of air
only—with no fuel mixture. Injectors receive low pressure
fuel from the fuel pump and deliver it into the individual
cambustion chambers at the right time in equal quantities
and proper condition to burn. Ignition of fuel is caused by
the heat of the compressad air in the combustian chamber,

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

Intake Stroke

During the intake stroke, the piston travels downward, the
intake valve is open, and the exhaust valve is closed. Some
engines have dual intake and exhaust valves as indicated an
preceding pages,

The downstroke of the piston permits air from outside to
enter the cylinder through the open intake valve port. On
engines where used, the supercharger or turbocharger
increasas air pressure in the engine intake manifold and
forces it into the cylinder,

The intake charge consists of air only with no fuel mixture.

Compression Strake

At the end of the intake stroke, the intake valve closes and
the piston starts upward on the compression stroke, The
exhaust valve remains closed.

At the end of the compression stroke, the air in the
combustion chamber has been forced by the piston to
occupy a space about one-fifteenth as great in volume as it
occupied at the beginning of the stroke. Thus, we say the

compression ratio is 15:1 etc.

Compressing the air into a small space causes the
temperature of that air to rise. Near the end of the
compression stroke, the pressure of the air above the piston
is approximately 500 to 600 psi [35.1500 to 42.1800 kg/sq
cm] and the temperature of that air is approximately 1000
deg F [537.7 deg C].

During the last part of the compression stroke and the early
part of the power stroke, a small metered charge of fuel is
injected intc the combustion chamber.

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

Power Stroke

During the power stroke, the piston travels downward and
both intake and exhaust valves are closed.

By the time the piston reaches the end of the compression
stroke, the burning fuel causes a further increase in the
pressure above the piston. As more fuel is added and burns,
the gases get hatter and expand mare to push the piston
downward and add impetus to crankshaft rotation.

Exhaust Stroke

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

Burned .gases are forced out of the combustion chamber
through the open exhaust valve ports by the upward travel
of the piston.

Proper engine operation depends upan twa things—first,
compression for ignition; and second, that fuel be measured
and injected into the cylinder in the proper quantities and
at the proper time,
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Fuel System

The PT fuel system is used exclusively on Cumrnins Diesels.
The identifying letters, "PT'', are an abbreviation for

“pressure-time”’.

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

1. A fuel pump to draw fuel from the supply tank and deliver
it to individual injectors for each cylinder.

2. A means of controlling pressure of the fuel being delivered
by the fuel pump to the injectors so individual cylinders
will receive the right amount of fuel for the power required
of the engine.

el passages of the proper size and type so fuel will be
distributed to all injectors and cylinders with equal pressure

(%) 7 iTYPE €] FUEL PUMP (5) INIECTOR RETURN

{(3) sHut-vows vaLv () From 1aNK
. @ FUEL CONNECTOR (D FueL FuuveR

(D miecror

Flg, 1-1, FWC 13. Fuel flow diagram—PT {type G) pump and
cylindrical injectors

under ail speed and load conditions.

. Injectors to receive low-pressure fuel from the fuel pump

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

The PT fuel system consists of the fuel pump, supply and
drain lines and passages, and injectors, Fig. 1-1. There are
two types of PT fuel systems. The first type, commonly
called PT (type G}, is shown in Fig. 1-2. The second type,
catled PT {type R}, is shown in Fig. 1-3.

The designations PT (type G} and PT (type R) stand for
“"Governor-Controlled’” and "'Pressure-Regulated”
respectively. Hereafter, these designations will be used to
describe both the fuel system and the fuel pump,

Fue! Pump

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

PT {type G} Fuel Pump

The PT (type G) fuel pump can be identified by the
absence of the return ling at the top of the fuel pump. The
pump assembly is made up of three main units:

. The gear pump, which draws fuel from the supply tank and

forces it through the pump filter screen to the governar,

. The governer, which controls the flow of fuel froam the gear

purmp, as well as maximum and idle engine speeds.

. The throttle, which provides a manual contrel of fuel flow

to the injectars under all conditions in the operating range.
The location of fuel pump components is indicated in Figs.
1-2and 1-3,

PT {type R} Fuel Pump

The PT (type R) luel pump can be identified easily by the
presence of a fuel return line from the top of the fuel pump
housing to the supply tank. The pump assernbly is made up
ot four main units:

. The gear pump, which draws fuel from the supply tank,

forcing it through the pump filter screen into the pressure
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1 TACHOMETER SHAFT

2 FILTER SCREEN

3 FUEL TO INJECTORS

4 SHUT-DOWN VALVE

5 GEAR PUMP

6 CHECK VALVE ELBOW

7 FUEL FROM TANK -

8 PULSATION DAMPER

9 THROTTLE SHAFT

10 IDLE ADJUSTING SCREW

1 HIGH SPEED SPRING

12 IDLE SPRING

13 GEAR PUMP PRESSURE

14 FUEL MANIFOLD PRESSURE
15 IDLE PRESSURE

16 GOVERNOR PLUNGER

17 GOVERNOR WEIGHTS

18 TORQUE SPRING i
19 GOVERNOR ASSIST PLUNGER '
20 GOVERNOR ASSIST SPRING
21 MAIN SHAFT

bl 20 19 18 17 16 15 14 13 12 n
Fig. 1-2, FWC 31. PT (type G} fuel pump and fuel flow i

{0) GOVERNDR WEIGHTS (3) GEAR PUMP (D) GOVERNOR WEIGHTS (3 SHUT-DOWN VALVE
(2) MAIN SHAFT (¥ PULSATIDN DAMPER (2} GOVERNOR PLUNGER () TO INIECTORS

() PRESSURE REGULATOR {0 IDLE SPEED SCREW (3 PRESSURE REGULATOR () I0LE

(@ TACHOMETER CONRECTION W IDLE SPRINGS () GEAR PUMP (@ FULL

(T FILTER SCREEN () MAXIMUM SPEED SPRING (DPULSATION DAMPER (=) FILTER SCREEN

(G SHUT-DOWN VALVE () THROTTLE SHAFE (L FROM TANK ' (@ THROTILE SHAFT

Fig. 1-3, FWC 4, PT (type A) fuel pump and fuel flow




regulator valve.

2. A pressure regulator, which limits the pressure of the fuel
to the injectors.

3. The throttle, which provides a manual control of fuel flow
to the injectors under all conditions in the operating range.

4, The governor assembly, which controls the flow of fuel at
idle and to maximum governed speed.

Gear Pump And Pulsation Damper

The gear pump and pulsation damper located at the rear of
the fuel pump perform the same function on both PT {type
G} and PT (type R) fuel pumps,

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

and:

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

.)Wn in Fig. 1-2,

2. In the PT (type R) fuel pump, to the pressure regulator
assermnbly as shown in Fig, 1-3,

Prassure Regulator

Used in the PT (type R) and in the torque modification
device of PT {type G} “High-torque engine” fuel pump;
functions as a by-pass valve to regulate fuel pressure to the
injectors. By-passed fuel flows back to the suction side of
the gear pump. See Fig. 1-3.

Throttle

In both fuel pumps, the throttle provides a means for the
cperator to manually control engine speed above idle as
required by varying operating conditions of speed and load.

In the PT (type G) fuel pump, fuel flows through the
governor to the throitle shaft. At idle speed, fuel flows
through the idle port in the governor barrel, past the
thraottie shaft. To operate above idle speed, fuel flows
through the main governor barrel port to the throttling hofe
in the shaft,

tn the PT {type R) fuel pump. fuel flows past the pressure
egulator to the thrattle shaft. Under idling conditions, fuel
.sses aground the shaft to the idle port in the governor
arrel. For operation above idle speed, fuel passes through
the throttling hole in the shaft and enters the governor
barre! through the main fuel port.

Operation and Maintenance Manual
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Governors

Idling and High-Speed Mechanical Governor: The
mechanical governor, sometimes called “automotive
governor’”, 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 idiing with the throttle control in idle position;
second, it cuts off fuel to the injectors above maximum
rated rpm. The idle springs in the governor spring pack
pasition the governor plunger so the idle fuel port is opened
enough to permit passage of fuel to maintain engine idle
speed.

During operation between idle and maximum speeds, fuel
flows through the governor to the injectors, This fuel is
controlled by the throttle and limited by the size of the idle
spring plunger counterbare on PT (type G} fuel pumps and
pressure regulator of PT {type R) fuel pumps. When the
enging reaches governed speed, the governor weights move
the governor plunger, and fuel passages to the injectors are
shut off. At the same time another passage opens and
dumps the fuel back into the main pump body. In this
manner engine speed is controtled and limited by the
governor regardless of throttle position. Fuel leaving the
governor flows through the shut-down valve, inlet supply
lines and on into the injectors,

PT (type G) Variahle-Speed Governors

There are two mechanical variable-speed governcrs used
with the PT (type G} fuel pump. The *“Mechanical
Variable-Speed (MVS)’" governor which is mounted directly
on top the fuel pump or remotely near the fuel pump; and
the "‘Special Variable-Speed (SVS)'' governor which is a
special spring pack assembly at the lower rear of the fuel
pump. See Fig’s. 1-4 and 1-5.

(DCOYERNDA WEKHTS
(DEOVERNOR ASSIST PLUNGER
) SHINS

(D GOVERNDA ASSIST SPAING
© MK SHAFT

@ FILTER SCREENS

D SHUT-DOWN VALVE

(D) MAXINUM SPEED SCREW
() I0LE SPEED SCREW

@ GEAR PUMP

() PULSATION DAMPER

{S) FWROTTLE SHAFT

&) FOLE ADJUSTING SCRIW
S0LE SPRING

G GOVIRNOR PLUNCER

D ELAE PUMF PRESSUAE

(@ FUEL MAXIFOLD PRESSURE
@HOLE PRESSEAE

Fig. 1-4, FWC 5. PT (type G} fuasl pump with MVS governar




(ir EOVERNOR WEHHTS
DHAAM SHARY

(D TACKONETER CONNFCYIGH
GHFILTER SCREEA

(D) SHYT-DONN ¥ALYE

{0 CEan Puur

3 PULSATRIN DAMPER

(O THRETTIE SHAFT

S STIEENER SHUR

G@IHLE SMED ADMISTING SCREW

& matEUN SPEED ARJUSTING
scREw

@) DLE SPRING
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Fig. 1-5, FWC 10. PT (type G) fuel pump with §V5 governor

Mechanical Variable-Speed (MVS) Governor

This governor supplements the standard -automotive
gaverngr to meet the requirements of machinery an which
the engine must operate at a constant speed, but where
extremely ciDse reguiation is not necessary.

Adjustment for different rpm can be made by means of a
lever cantrol or adjusting screw. At full-rated speed, this
gavernor has a speed droop between full-load and no-load
of approximately eight percent. A cross section of this
governar is shown in Fig. 1-4.

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

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

The MVS gavernor assembly mounts atan the fuel pump,
and the fued solenoid is mounted 10 the governos housing.
See Fig. 1-4. The governor may also be remote mounted.

Fuel from the fuel pump body enters the variable speed
governor housing and flows 10 the governor barre! and
phunger. Fuel flows past plunger ta the shut-down valve and
on into the injectlor according 10 governor lever pasition, as
determined by the operator,

The variable-speed governor cannol produce engine specds
in excess of the automotive governor seiting. The governor
can praduce idle speeds helow the automotive pump idle
speed setting, but should not be adjusted below e
automotive fuel pump speed setting when operaling as a
combination automotive and variable-speed governor.
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Special Variable-Speed (SV3) Governor

The SVS governor provides much of the same operational
features of the MVS governor but is limited in application.
An overspeed stop should be used with SVS governors in
unattended applications and in attended installations a
positive shut-down throttle arrangement should be used if
na other overspeed stop is used,

Marine applications require the automotive throtile of the
fuel pump to be locked open during operation and engine
speed control s maintained through the SVS governor
lever. Also, only PT {type B, C or D) injectors shouid he
used in maring engines equipped with SVS governed fuel
pump.

Power take-off applications use the $VS governor lever 1o
change governed speed of the engine from full rated speed
1o an intermediate power take-off speed. During operation
as an autamaotive unit, the SVS governor is in high-speed
position., See operation instructions for further
information.

Hyadraulic governor applications not having variabie speed
setting provisions use the SVS governor to bring engine
speed down from rated speed for warm-up at or slightly
above 1000 RPM,

PT (type R} Mechanical Variable-Speed Gavernor

On some applications this governor replaced the standard
automotive governor to meet the requirements of
machinery on which the 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
governar is shawn in Fig. 1-6,

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

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

PT (type R) Torque Converter Governor

A PT (type R fuel pump is usually supplied when a torgue
converter is used 1o connect the engine with its driven unit.
An auxiliary yovernor may De driven ofl the torgque
converter ouput shaft to exercise control over the egngine
governor and o limit converter output shaft speed. The
enging governor and the converter governor must be
adjusted w0 work together.
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Fig. 1-6, FWC 7. PT (type R) fuel pump with MVS governor

The PT torque-converter governor consists of two
rnechanical variable-speed governors in series—ane driven by
the endine and the other by the converter. Fig. 1-7.

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

SCrews.

Fig. 1-7, FWC 8. PT (1ype &) tuel purmp with torgue converter
governor
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The converler-driven governar works on the sarme principle
as the standard engine governor except it cannol cut off
fuel to the idle jet in the engine-driven governor. This
insures that i1 the converter tailshaft overspeeds it will not

stop the engine,

Hydraulic Governor

Hydraulic governors are wused on  stationary  power
applications where it is desirable to maintain a constant
speed with varying loads.

The Woodward SG hydraulic governor uses lubricating oif,
under pressure, as an energy medium. [t is supplied from a
sump on the governor drive housing or from the engine oil
gallery, For oil viscosity, see Page 3-2.

The governor acts through oil pressure to increase fuel
delivery. An opposing spring in the governor control linkage
acts to decrease Tuel delivery. See Fig's. 1-8 and 1-9.

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

Assume that a certain amount of load is applied to the
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Fig. 1-8, FWC 1A, Hydraulic governor with load off, speed
increased position
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Fig. 19, FWC 1B. Hydraulic governor with load on, speed
decreased position
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egngina. The speed will drop, the flyballs will be forced
inward and wiil fower the piloi valve plunger. This will
admit oil pressure underneath the power piston, which will
rise. The movement of the power pistan is fransmitted (o
the lerminal shafi by ithe terminal lever. Rotatien of the
terminal shaft causes the fuel setting on the engine to be
increased.

bnjuctors

The injector provides a means of introducing fuel into each
combustion chamber, 1t combines the acts of metering,
timing and injection. Two types of injectors—flanged and
cylindrical—are found in H-NH Series Engines.

Ftanged Injector

Fuel is supplied to and drained from flanged injectors
through externai fuel lines and connections, From the inlet
connection, fuel flows down the inlet passage of the
injector, around the injector plunger between the body and
cup, up the drain passage 10 the drain connections and iines
where it returns to the supply tank.

As the plungar rises, the metering orifice is uncovered and
part of the fuel is metered into the cup, At the same time,
the rest of the fuel flows out of the drain orifice. The
amount of fuel passing through the metering orifice and
into the cup is conirolled by fuel pressure and timing. Fig,
1-10.
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Fig. 1-10, FWC $1A, Flanged PT injectar
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During injection, the plunger is forced downward until the
metering orifice is closed and the fuel in the cup is injected
into the cylinder. While the plunger is seated, all fuel flow
through the injector stops. Fig. 1-11.

Injectors contain an adjustable orifice or selected inside
diameter orifice plug in the infet passage which regulates
fuel flow into the injector.

Cylindrical injector

When cylindrical injectors are used, fuel supply and drain
are accomplished through internal drilled passages in the
cylinder head. Fig. 1-1. A radial groove around each
injector mates with the drilfed passages in the cylinder head
and admits fuel through an adjustable {adjustable by
burnishing to size at test stand} orifice plug in the injector
body. A fine mesh screen at each inlet groove provides final
fuei filtration,

Fuel fiows from a connection atop the fuel pump
shut-down valve through a supply line into the lower drilled

passage in cylinder head at the front of the engine. A
second drilling in the head is aligned with the upper injector
radial groove 10 drain away excess fuet. A fuel drain at the
flywheel end of the engine allows return of the unused fuel
o the fuel tank.

The fuel grooves around the injectors are separated by "0
rings which seal against the cylinder head injector bore.
This forims a leak-proof passage between the injectoars and
the cylinder head injector bore surface.

Functions of the PT {type B) and PT {type D). shown in
Fig’s. 1-12 and 1-13 are identical; however, PT {type D)
design change provides greater parts interchangeability and
thase areas subject to wear are localized in small parts for

U2y s R

c

-
7y
=

. START UP-STROKE METERING

Fig. 1.1, FWC 118. Fuel injection cycle — flangad PT iniector
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easier servicing. Engines with PT (type B) can be changed to
PT {type D} injectors by replacing the complete engine set,

The injector contains a hall check valve, As the injector
plunger moves downward to cover the feed openings, an
impulse pressure wave seats the ball and at the same time
traps a positive amount of fuel in the injector cup for
injection. As the continuing downward plunger movement
injects fuel into the combustion chamber, it also uncovers
the drain opening and the ball rises from its seat. This
allows free flow through the injector and out the drain for
coocling purposes and purging gasas from the cup.

Fud Lines, Connections And Valves
Supply And Drain Lines

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

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

HJECTION ENDS

B BY-PASS BEGINS
METEAING ENDS

‘ PRE-INJECTIO

Fig 1-13, FWC 28, Fuel injection cycle — PT (type D) cylindrical injector
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Connections

Flanged injectors are connected to the supply and drain
manifolds through connections. The inlet cannection
contains a2 fine mesh screen which acts as the final filter
before fuel enters the combustion chamber.

NH engines using cylindrical injectors have fuel connectors
between the heads to bridge the gap between each cylinder
head supply and drain passage. Fig. 1-1..

Shut-Down Valve

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

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

With the electric valve, the manual control knob must be
fully counterciockwise to permit the solenoid to open the
valve when the “switch key™ is turned on. For emergency
operation in case of electrical failure, turn manual knob
clockwise to permit fuel to flow through the vaive.
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Lubricating System

Cummins H and NH Series Engines are pressure Iub_ricated.
The pressure is supplied by a gear-type lubricating ol pump
located on the fuel pump side of the engine.

A by-pass valve is provided in the full-flow oil filter head as
insurance against interruption of oil flow by a dirty or
clogged element.

_Qil is drawn into the pump through an external otl fine
connected to the oil pan sump. A screen in the sump filters

the oil.

0@@00

Fig. 1-48, EWC TR Lubraling oit flow - NT-380 Engine {fuel pump side)

2. 0il flows from the pump through a full-flow filter and back

into 8 pump-to-block connection, The filter may be either
bracket-mounted to the block or mounted directly to the
rear of the pump. External Iine§ are used in the
bracket-mounted arrangement, '

_On 10L engines the fitiered oit then flows from the pump

connection to the oil cooler and from the cooler back to
the ot header through internal dritlings in the gear case. On
EOL engines, oil Hlow from pump-to-cooler-to-oil header is
accomplished by external tines. Fig. 1-14,
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Note: The identifying letters “10L" and “EQL” are

abbreviations for “Internal Oil Line’ and "External Qil
Line",

4, An oil header, drilled the full length of the block on the

fuel pump side, delivers oil to moving parts within the
engine,

5. Qil pipes—or a combination of pipes and passages—carry oil
fram the camshaft to upper rocker housings, and various
drillings through the block, crankshaft, connecting rods and \
rocker levers complete the oil circulating passages.

8. On engines equipped with piston oil cooling, an oil header
driled the tength of the block, on the manifold side, !
supplies oil 1o spray nozzles used for cooling pistons, A .
piston-cooling oil pumg, located on the gear case caver, ar
as an additional section on the standard pump, pumps this ;
oil to the cooler and from the cooler to the header. !

7. Lubricating oil pressure is controited by a regulator tocated )
in the lubricating oil pump, '
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Cooling System

Water is circulated by a centrifugal-type water pump The engine coolant is cooled by a radiator or by heat

mounted on the gear cover end of the engine and driven by exchangers, depending on the type of installation. !n some

belts from the accessory drive. Fig. 1-15, cases, the heat exchanger and oil cooler are built as one
- unit, '

The water circulates around the wet-type cylinder liners, '

through the cylinder head and around the injector sleeves, Where heat exchangers are used, a ‘sea water pump is

The injector sleeves in which the injectors are mounted are moumnted on the engine, L

copper for fast dissipation of heat. Discharge connections
between the heads are provided by a water manifald. The
water manifold houses a single thermostat to contral éngine
operating temperature, -

Fig. 1-15, LWC12. Coolant end hubricating oil flow - NT-380 Engine (exhaust manifold side)
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Air System

The intake air should always be routed through an air
cleaner. The cleaner may be mounted on the engine or
equipment and may be oil bath, paper element or composite
type, depending on engine application. Alr is routed from
the air cleaner directly to the intake air manifold (super-
charger or turbocharger if the engine is a suparcharged or
wrhacharged maodel).

The supercharger and turbocharger force additional air into

the combustion chambers so the engine can burn more fuel

and develop more horsepower than if it were naturaily
aspirated.

The HRS, NHS and NHRS engines have superchargers; the
NT, NTO, NRT, NTC, NHCT and NRTQ engines are
equipped with turbochargers.

Supercharger

A supercharger is a gear-driven air pump which employs
rorors to force air into the engine cylinders. The
supercharger is driven from the engine crankshaft through a
gear train turning at about 1.8 times engine speed. Fig.
1-16.

Turhocharger 'l

The turbocharger consists of a turbine whee! and a
centrifugal blower, or compressor wheel, separately encased
but mounted on and rotating with-a common shaft,

The power ta drive the turbine wﬁeel—which in turn drives
the compressor—is obtained from the energy of the engine
exhaust gases. The rotating speed of the turbine changes as
the energy [evel of the gas changes so the engine is supplied
with enough air to burn the fuel for its load requirement.
Fig. 1-17.

The turbocharger is fubricated aﬁd cooled by engine oil
which is filtered by a separate oil filter.

Neote: On turbocharged engines equipped with water-cooled
exhaust manifolds, never operate the engine with the
manifold “dry”. This will result in overspeeding and
eventual turbocharger failure.

!

The Cummins Air Compressor is driven from the engine by
integral crankshaft and accessory drive or by beit
Lubrication is received from the engine lubrication system,
with the oil carried by internal drillings or external lines.
The cylinder head is cooled by en'gine caolant, Operating
functions are as follows: .

Air Compressor

Air Intake

Air is drawn into the compressor from a separate filter or
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Flg. 1-17, AWE 6. Turbocharger exhaust gas and air flow
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from the engine air syslem after the air cleaner. As the
piston noves down, & partial vacuum occurs above the
piston. The difference in cylinder pressure and atmospheric
pressure forces the inlet valve down fram its seat, alfowing
air 1o flow through the intake port and into the cylinder,
When the piston has reached the bottom of its stroke, the
spring pressure is sufficient to overcome the lesser pressure
differentizl and forces the vaive against its seat. Fig. 1-18.

Coampression

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

Unloading

When pressure in the air tank is at a predetermined leve! air
pressute is applied to top of unloader cap by a compressor
governar. This pressure forces the unloader cap down and
holds the intake valve open during non-pumping cycle,

hen pressure in air tank draps, the unloader cap returns to
1s upper position and intake and compression seguences
begin once again.

7
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Fig. 1-18, AWC 1, Cummins air compressor
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NH Series Dual Diesel

The foltowing paragraphs cover the description, and Page
210 the differences in cperation, of the- NH-220 and
NH-250 engines when either is applied as a Dual Diesel, i.e.,
on road as motive power and at the site as a self-powered
compressor to unicad a tank trailer unit,

This concept was developed primarily for the bulk
transportation of certain dry and liquid cargo to its
destination and unloading the product by the use of
compressed air. Operation as a self-powered air compressor
is accomplished by running the engine on two cyiinders,
while pumping air with the other four, Fuel is shut off to
the rear four pumping cylinders and the air being
“purmped’’ is directed through the exbhaust system and
connected piping to the location desired.

Cummins Dual Diesel Cyele Cperating As Air Compressor

The front two cylinders continue to operate as normal
engme power 35 described on Page 1-1. During the four
piston. strokes of the pumping cylinders, the following
action takes place.

irmake Stroke

[haring the intake stroke, the piston travels downward, the
intake valves are open, and the exhaust valves are closed. |f
the unit is to cperate above a 15 psi pressure head, the
exhaust valves must have springs with a heavier than normal
spring load rate to prevent valve flutter thus obtaining more
positive seating.

Note: Factory built engines to be operated as Dual Diesels
hawe the correct exhaust valve springs.

The downstroke of the piston permits air from outside to
erter the cylinder around the apen intake valves.

Compression Stroke

At the end of the intake stroke, the intake valves close and
the piston starts upward on the compression siroke. The
compression pressure formed in the cylinder helps equalize
pressure on the crankshaft,

Expansion Stroke

During the expansion stroke, (the normal power stroke of
the enging) the piston travels downward and both intake
and exhaust valves are closed. This stroke is so called
because the air compressed during the compression stroke
expnds, As expansion occurs, a downward force is applied

to the piston, providing a8 normallbalance of pressure on afl -
CONNECTiNg rod journals of the crankshaft,

Exhaust Stroke |

During the exhaust stroke, intake valves are closed, the
exhaust valves are open, and the piston is on its upstroke,
The compressed air is forced out of the cylinder around the
open exhaust valve(s} by the upward travel of the piston.
The compressed air is routed to a connection paint by a
butterfly-type valve in the exhaust piping, 50 the air can be
utilized at the desired location rather than escaping through
the exhaust system. )

|
The Fuel System

The MVS {Mechanical Variable-Speed) governor is mounted
directly on top of the fuel pump (dr remately near the fuel
pump) to supplement the standard.automotive governor to
meet the pumping requirements where the engine must
operate at near constant speed, but extremely close
regulation is not necessary, Fig's, 1-4 and 1-19,

Adjustment for engine rpm for pufnping can be made by

means of a lever control or adjusting screw., The lever
control may be automatically positioned by an air cylinder.

Fuel Lines And Valves

Fuel is supplied through lines and d:riﬂings 10 the injectors.

Fig. 1-19, N11952, Fuel ling arrangement ~ NH-250 Dual Dissel
. Engine 1
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A drain lYine returns fuel, which is not injected, to the
supply tank. The supply and drain lines to the pumping
cylinders have fuel shutoff valves which close, during
engine operation as an air compressor, to trap fuel in the
lines for injector lubrication. Fig, 1-20.

Intake System

The Cummins Dual Diesel Engines are naturaltly aspirated;
therefore, the engine air system consists of an air cleaner,
piping and intake air manifold. The air cleaner may be
mounted directly to the engine or located remotely,
depending on design of the equipment in which the engine
is used.

Exhaust System

-~

The exhaust system uses separate exhaust piping (or
possitty connected by a tee joint) for the pumping and
driving cylinders,

Exhaust piping from the pumping cylinders is directed to a

“wye" with one outlet mounted to the vehicle's normal
exhaust outlet and the other to the desired location for the
compressed air take-off. During operation as engine power,
the compressed air take-off is capped. A normally open
air-operated exhaust controt valve s installed in the exhaust
piping between the “‘wye’' and the vehicle exhaust outlet
an the four pumping cylinders; this valve is closed during
the air pumping operation so compressed air cannot escape
through the normal exhaust piping and is discharged
through the product line, Fig, 1-21.

™.
11 d
5
L]
0 5
7 f
“{1) evunen NEAD @;ﬂ;ﬂ_“i; :
(2) euss JOX FUMP

(D) ruit coossoven Tose - - () Mvs qovermon

() FusL surpLY ToBE () FUEL ORAN TUBE

FUEL SUPPLY TUBE

Fig. 120 N11830, Fuef line and vaive plumbing
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Fig. 1-21, N11831, Dual Diesel schematic

Exhaust Control Valve ‘

An exhaust control valve to shui off the exhaust outlet
during the air pumping cycle, to pre}.rent compressed air
escaping into the exhaust system, is mounted in the
pumping cylinders exhaust piping. Durmg operatlon as an
enging, the valve is open and the compressed air line capped
off 1o prevent escape of exhaust gas (except the gas which
goes through the muffler}. Fig, 1-21,

i

3

Four-Way Air Control Valve

A four-way valve is used to direct air; pressure to the air
cylinder controiling the MVS governor lever position [if
used), the valves in the fuel inlet and dutlet lines of the air
pumping cylinders, exhaust piping valve and any safety
device which may be used. When desired, the valve may be
used 10 automatically set the parking brake when the hand
lever is placed in pumping position.

Check Valve .

The check vaive is used to prevent return of the product to
the engine in case of an engine stoppage or slow-down. The
valve is closed only by gravity or reverse flow; therefore, it
must be mounted verucally The valve i is held open during
pumping by velocity of air flow, To prevent bouncing of
the valve during road operation, and corresponding seat and
bearing wear, it should be mounted at the end of the
discharge pipe as shown in Fig. 1-21. The valve is held in
place by a stern inserted in center of the cap; this stem 1s
adjusted to touch-check valve shaft when cap is in place,
The sten is normally made from a threaded red with jam
nuts on each side of cap top. '
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The operator of the engine assumes the 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 the operation. There are comparative-
ly few rules which the operator? must observe to get the
best service from the Cummins Diesel. However, if any of
these rules are broken, a penalty is certain to follow, The
penalty may be in lack of work:accomplished because of
lowered engine efficiency or it may be in down time and
costly repair bills resulting from premature engine failure.

General-All Applications

'
1
v

’

New Engine Break-In

Cummins engines are run-in on dynamometers hefore being
shipped from the factory and are ready 1o be put to work
in applications such as emergency generator sets. {For
marine engine operation and maintenance, consult Cummins
Bulletin No. 983624. In other applications, the engine can
be put to work, but the operator has an opportunity 1o
establish conditions for optimum service life during initial
100 hours or 3000 mi. [4827.900 km] of service by:

1. Operating as much as possible in half to threeqguarter
throttle or load range.

2. Avoiding operation for long periods at engine idle speeds,
or at maximum horsepower levels in excess of five minutes.

3. Developing the habit of waiching engine instruments
closely during operation and letting up on throtte if oil
temperature reaches 250 deg F [121.1 deg C] or coolamt
ternperature exceeds 190 deg F {87.8 deg C) .

4, Operating with a power requirement that allows
aceeleration to governed speed when conditions require
MOore power.

5, Checking ofl level at each 300 mi. [482.790 km] or 10
hours during the break-in period.

Pre-Starting fostructions — First Time
Priming The Fuel System

1. Filt fuel filter with clean fuel oil meeting the specifications
outlined on Page 3-1.

a, With PT {type G} fuef pump, {ill pump through plug next
to tachometer with clean fuel.

b. With PT {type R} fuel pump, remave suction line and wet
gear pump gears with clean fuel.

2. Check fuel tanks. There must be an adeqguate supply of a

—

4.

1

i
good grade, clean, No. 2 diesel fuél’in the tanks, See “"Fuel.
Ot Specifications”, Page 3-1. !
if injector and valve adjustments have been disturbed by
any maintenance work, check to be sure they have heen
properly adjusted before starting the engine,

Priming The Lubricating System

. Fill crankcase to “L"* {low) mark an dipstick. See Page 3-1,

|
Remove pipe plug from side of cylinder biock if bag-type
filter element is used; if paper element is used, remove plug
on side of lubricating oil pump. Fig. 2-1.

Connect a hand- or motordriven priming pump line from
source of clean lubricating oil {see Page 3-1) to oil plug
boss.

Prime until a 30 psi [2.1090 kg/sq.cm] minimum pressure
is abtained,

. Crank engine at ‘east 15 seconds {'with fuel shut-oft valve
to  prevent

closed or disconnected starting), while

R R N I S

Fig. 2-1, N11927. Lubricating system primilnn paint
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maintaining external oil pressure at a minimum of 15 psi
[1.0545 kg/sq cm) .

. Remove oxternal oil supply and replace plug in cylinder

block.

Ce.mtiun: Clean area of any lubricating oil spilled while
priming or filling crankcase.

.Fill erankcase to "M {high) mark on dipstick with oil

meeting speciﬂcations shown on Page 3-2, No change in oil
viscosity or type is needed for new or newly rebuiit engines,

Caution: After engine has run for a few minutes, shut it
down and wait 15 minutes for ol to drain back into pan.
Check engine oil level again; add oil as necessary to bring oil
level 1o “H'* mark on dipstick. The drop in o# level is due
to ahsorption by the oil filter and filling of the oil cooler,

Check il Level

. A dipstick oil gauge is located on the side of the engine.

The dipstick supplied with the engine has an “H" (high]
and L {low} level mark to indicate lubricating ail supply,
The dipstick must be kept with the oil pan, or gngine, with
which it was originally supplied. Cummins oil pans differ in

.apacity with different-type installations and oil pan part

urmbers.

2. Keep oit level as near the high mark as possible {1, Fig. 2.2},

Caution: Never operate the engine with oil level helow the
low-ievet mark {2}, or above the high-level mark {1}).
Check Air Connrections

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

Fig. 2-2,'N12004. Checking engine oil fevel

-

Operation and Maintenance Manual
H and NH Series Diesel Engines
Operating Instructions

Check Engine Coolant Supply

. Remove radiator cap and check engine coolant supply. Add

coolant as needed to completely fill system.

. Make visual check for {eaks,

. There are several recognized methods of protecting engine

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

Check Fuef Supply And Connections

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

Visually check for evidence of external fuel leakage at fuel
connections,

. Tighten fuel manifald fittings, tighten fuel connections to

20/25in-Ib [2.7660/3.4575 kg m] .

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

fuel supply line at front of No. 1 head,

Tighten fuel connector rmounting screws to 34/38 in-lb
[0.3210/0.4370 kg m] .

Starting Tire Engine

Starting requires onfy that clean air and fuel be supplied to
the combustion chamber in proper quantities at the correct
time,

Normal Starting Procedure

If fuel system is eguipped with overspeed stop, push
“Reset” button before attempting 1o start engine.

. Set thrattle for idle speed.

. Disengage driven unit or make sure main disconnect switch

is open.

. Open manuat fuel shut-down valve, if engine is so equipped,

Electric shut-down valves pperate as switch is turned on.

. Pull the compression release {if so equipped).

. Press starter button or turn switch-key 10 “'start’’ position.

Note: A manual over-ride knob provided on the forward
end of the electric shut-down valve allows the valve 1o be
opened in case of electric power tailure. To use, open by
turning fully clockwise; return to run position after repair.

Caution’ To prevent permanent cranking motor damage, do
not crank engine for more than 30 seconds continuously, I
engine does not fire within first 30 seconds, wait one 1o
two minutes before recranking.
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6. After three or four seconds of cranking, close the
compression reiease (if so equipped) and continue to crank
untii the engine fires,

Use The Preheater For Cold-Weather Starting

To aid in starting the engine when the temperature is 50
deg F (10,0 deg C] or below, an intake air preheater is
available. The preheater equipment consists of a
hand-priming pump to pump fuel into the intake manifold,
a glow plug which is electrically heated by the battery and a
switch to turn on the glow plug. The fuel burns in the
intake manifold and heats the intake air. See Fig, 2-3.

Caution: Do not use ether in comunction with the
preheater. .

To use the preheater for cold starting:

1. Set throttle in idle position. Do not accelerate engine
during the starting procedure.

‘ 2. Turn glow plug toggle switch to “"ON'" position. Red
indicatar light must be an.

. After red light has been on tor 20 seconds, start cranking
the engine, As soon as engine begins rotating, operate the
preheater priming pump to maintain 80 to 100 psi [5.6245
to 7.0307 ka/sq cm] fuel pressure. Use.of primer before the
20-second interval will wet glow plug and prevent heating.

Note: On engine equipped with an il pressure safety
switch, the fuel by-pass switch must be in “'start’’ position
befare operating priming pump. Hold the fuel by-pass
switch in “'start™ position until engine ail pressure reaches 7
10 10 psi [0.492 1o 0.7031 kg/sq cml; then, move to “run”
position,

4, |If engine does not start within 30 seconds, stop cranking.
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@ +Hug raa?
@ ruitinny yarst
{3) a1 rm1 warriens

ORI T EIE AT
FONPLIE B0 SET REHRE NERHTON

(© neern i m et
(@) muwwcar pan
(T} sanran wusem L

'@ wareisg

@ (L1 TR

(B} o worsa

Fig. 2-3, N11804. Freheater wiring diagram
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Wait one to two minutes and repeat crar

5. After engine starts, pump primer slow, © keep engine
idling smoothly. In cold weather this may require 4 to 5
minutes or longer. Do not accelerate engine,

B. When the engine has warmed up s0 i1t does not falter
between primer strokes, stop pumping. Close and lock
primer. Turn off glow plug toggle switch, (Red indicator
light will go out.)

Failure To Start

1. If the engine gives no indication of starting during the first
three full strokes of the preheater pump, touch-check the
intake manifold for heat. If there is no heat, check electric
wiring. If wiring is all right, remove 1/8 inch pipe plug from
manifold near glow plug and carefully check for flame
while a helper performs the preceding Steps 2, 3and 4. See
Fig. 2-4.

2. 1f no flame is observed, close glow plug manual switch for
15 seconds and observe glow plug through 1/8-inch pipe
plug hole. The glow plug should be white hot; if not,
cannect it to a 6- or 12-volt (as used) source and check
amperage; it should be 30/32 {minimum).  glow plug is all
right, check manual switch and resistor {if used) and replace
if necessary.

Other Cold-Starting Aids

Ether-Compound Metering Equipment

This consists of a metering chamber for ether compound
capsules and controls to release the starting compound
during cranking.

The metering chamber is installed to release the starting
fluid between the air cleaner and the supercharger or

B e e = NESE R )
Fig. 2-4, N11949, Glow plug inspection hole pfug
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turbocharger on engines so equipped. On naturally
aspirated engines, the metering chamber releases the ether

fluid into air intake manifold. To start engines equipped
with this cold-starting aid:

1. Ciose shut-off cock {1, Fig. 2-5), If properly installed, the
spring will hold it closed.

2. Remove cap and insert capsule {2} of starting ftuid.

3. Push cap (3} down sharply to puncture capsule and tighten
one-fourth turn,

4, Wait 30 seconds before engaging starter.

5. Engage starter and, while engine is being cranked, open the
shut-off valve. .

Caution: Do not open valve before cranking or there will be
one excessively heavy charge instead of the metered
amounts which starting requires.

6. After engine has started and all fluid has drained out of
chamber, close the valve to prevent entry of dusty air into

tha engine.
7. Remowa and discard empty capsule, and reassemble empty
.imer.

Use OF Ether Without Metering Equipment

If the engine is not equipped with a preheater arrangement

cof ether campound metering equipment, two men can use
the following method to start the engine:

1. Spray ether into air cleaner intake while second man cranks
the engme, Fig. 2-6.

? -] = i
. - ey o w:.igs,’ i Sﬁ s E‘s:
Fig. 2-5,MI11B41. Ether compound metering aquipment
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Fig. 2-6, N11807. E£ther spray application

Caution: Never handie ether near an open flame. Never use
it with preheater or flame thrower eguipment. Do not
breathe the fumes. Use of too much ether will cause
excessively high pressures and detonation.

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

the cold engine should start without difficulty.

Engine Warm-Up
Warm Up Engine Before Applying Load

When the engine is started. it takes a while to get the
lubricating oil film re-established hetween shafts and
bearings and between pistons and liners. The most favorable
clearances between moving parts are obtained only after all
engine parts reach normal aperating temperature,

Avoid seizing pistons in liners and running dry shafts in dry
bearings by bringing the engine up 1o operating speed
gradually as it warms up. Allow the engine to run at 800 to
1000 rpm for 4 1o 5 minutes or preferably until water
temperature reaches 140 deg F [60 deg C] before engaging
the load. During the next 10 to 15 minutes, or until water
temperature reaches 160 deg/165 deg F [71,10/73.9 deg
Cl, operate at partial load at approximatety 76% aof
governed rpm,

Engine Speeds

Operate At Reduced RPM For Continuous-Duty Or
Cruising

When operating the engine in a continuous-duty situation
and engine is rated at maximum horsepower and rpsm such
as cruising on a level highway or powering a boat, etc,,
maintain engine rpm &t approximately 85 percent of rated
rpm. See Table 2-1. This will give adequate power as well as
economical fuel consumption.




Engine governors are normally set for reduced rpm, or the
fuel pump at reduced fuel rate, for continuous-duty
operation. |f engine is applied under these conditions
constantly, see later paragraphs,

fdie Speeds

In most applications engine idle speeds are 580 to 620 rpm;
however, the parasitic load may reguire a shightly higher
value to smooth out aperation,

Table 2-1: E£ngine Speeds

Model Rated RPM
Swd. Ratings Full Load
H-6, HU-170 1800
H5-6 1800
HRIC}-4 1800
HR-6,HRS-6 - 1800
HRF-6, NHC-4 2000
NHE-180, 195 1950
NH-180, NH-135 2100
NH-160 2100
NHR-195 2100
NH-220 2100
NHE-225 1950
NH-250, NHC-250 2100
NT-165 2000
NHRS-6, NHS-6 2100
NH-200, NH-180 2100
NH-230 2100
NTOG, NT-6 2100
NT-280, NTC-280 ’ 2100
NT-310, NHCT-270 2100
NRTO-6, NRT-8 2100
nNT-338, NTC-336 2100
NT-380, NT-400 2300
NHCT-270HT 2100

Gaverned Speeds

ARt Cummins engines are equipped with governors to
prevent speeds in excess of maximum or predeternined
lower speed rating, except when pushed by load downhitl
armotored by power generator, etc,

The governor has two functions: First, it provides the exact
amount of fuel needed for idling when the throttle is in
idiing position. Second, it averrides the throttle and shuts
off fuel i engine rpm exceeds the maximum rated speed,
Speeds listed in Table 2-1 are for engines rated at maximum
rpm and fuel rate; many engines, such as generator sets, are
set a1 other values dug 10 equipment being powered or
loads applied to equipment and engine,
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Instrument Panels
Operate By The Instruments

It makes no difference whether an engine is in a truck, in a
boat ar on some other type of operation; the operator must
use the panel board instruments, Fig. 2-7. The instruments
show at all times how to get the most sstisfactory service
from any engine.

Use The Tachometer

Rated engine speed is the rpm attained at full load,
Governed engine speed is the highest rpm a properly
adjusted governar will allow the engine to turn, no load.
Governed engine speed must never be exceeded on
down-grades or any other condition in which the load
drives the engine,

OCperate at partial throttle in continuous-duty situations to
give reguired torgque with the tachometer showing rpm
appraximately 15 percent below governed speed.

Qil Temperature Gauge Indicates Best O perating Range

The ail temperature gauge normally should read between
180 deg F [B2.2 deg C] and 225 deg F {115.6 deg C] for
best Jubrication. Under full-load conditions, a tamperature
of 265 deg F [129.4 deg C} -for a short period is not ta be
considered cause for alarm,

Caution: Any sudden increase in gil temperature which is
not caused by load inerease is a warning of possible
mechanical failure and should be investigated at once.

During warm-up period, apply load gradually until oil
temperature reaches 140 deg F [60 deg C] . While oil is cold
it does not da a goed job of lubricating. Continuous

Fig. 2-7, N11808. Instrumaent panel
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operation with il temperatures much below 140 deg F [60
deg C] increases likelihood of crankcase dilution and acids
in the lubricating oil which guickly accelerate engine wear.

Water Temperature

A water temperature of 165 deg to 195 deg F [73.9 deg to
90.6 deg C] is the best assurance that cylinder liners are
heated to the proper temperature to support good
combustion and that working parts of the engine have
expanded evenly to the most favorable oil clearances. See
“"Engine Warm-Up"".

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

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

Keep thermostats in the engine summer and winter, avoid
tong periods of idling, and take necessary steps to keep
water temperatures up to a minimum of 165 deg F [73.9
deg Ci. |f necessary in cotd weather, use radiator shutters

. or cover a part of the radiator to prevent overcooling.
{Refer 10 “Cold-Weather Operatian™,)

Overheating problems require mechanical correction, 1t
may be caused by loose water pump belts, a clogged cooling
system o heat exchanger, or insufficient radiator capacity.
Repart cases of overheating to the maintenance department
far correction; 200 deg F {93.3 deg C] maximum engine
coolent temperature should not be exceeded.

0it Pressure Gauge

The ¢! pressure gauge indicates any drop in lubricating oil
supply or mechanical malfunction in the lubricating oil
system. The operator should note loss of oil pressure
immediately and shut down the engine before the bearings

are ruined.
Normal Operating Pressures are:

Atlde. _ - . . . ... 5/20 psi [0.352/1.7575 ka/sq cm])
At Rated Speed . ., . 30/70psi [2.1092/4.921 ka/sq cm]

Note: Individual engines may vary from above normal
pressures. Observe and record pressures when engine is new
10 serve 35 a guide for indication of progressive engine
condifior. [High oil pressure during start-up is not cause for
alarm}

£ ngine Exhaust

The -engine exhaust is a good indicator of engine operation
and:performance. A smoky exhaust may be due to a poor
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grade of fuel, dirty air cleaner, overfueling, or poor
mechanical conditions.

If engine exhaust is smoky, corrective action should be
taken,

Maximum Horsepower Requirements

Maximurn horsepower is atiained only at rated engine rpm.
Whenever engine rpm is pulled down by overload,
horsepower is lost and continues to be lost as long as the
engine continues to lose rpm. When full horsepower is
needed, aperate the engine as near the rated rpm as
possible. This rule applies to all applications (except
High-Torque Engines).

One rulé sums up all rules for proper operation to give the
power needed and best performance from the equipment:
Always operate so power requirement will allow the engine
to accelerate to, or maintain, gaverned rpm when advancing
to full throttle.

When more power is required, bring engine speed near the
.governor. This will produce the additional horsepower
needed.

High-Aftitude Operation

Engines lose horsepower when operated at high altitude
because the air is too thin to burn as much fuel as at sea
level, This toss is about 3 percent for each 1000 ft [304.800
m] altitude above sea level for a naturally sspirated engine.
{Turbocharged engines are rated at higher altitudes than
naturally aspirated engines. See Engine Specification Tables
at front of this manual.} An engine will have a smoky -~
exhaust at high altitude unless a lower gear is used 50 the
engine will not demand full-fuel from the fuel system.
Smoke wastes fuel, burns valves and exhaust manifolds, and
“tarbons up'’ piston rings and injector spray holes. Shift
gears as needed to avoid smoking.

Engine Shut-Down

Let The Engine |dle A Few Minutes Before Shutting It
Down

It is important to idle an engine 3 to 5 minutes before
shutting it down to allow lubricating oil and water to carry
heat away from the combustion chamber, bearings, shafts,
etc. This is especially important with turbocharged engines.

The turbocharger contains bearings and seals that are
subject to the high heat of combustion exhaust gases. While-
the engine is running, this heat is carried away hv oil
circulation, but if the engine is stopped suddenly, the
turbocharger temperature may rise as much as 100 deg F
[46.6 deg C}. The results of extreme heat may be seized
bearings or loose oil seals,
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Do Not {dle Engine For Excessively Long Periods

Long periods of idling are not good for an engine because
operating temperatures drop so iow 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 fugl
will wash lubricating oil off cylinder walls and dilute
crankcase oil so all moving parts of the engine wilt sufier
from poar lubrication,

If the engine is nat being used, shut it down.

Turn Switch Key Ta “0ff” Position Ta Shut Dawn The
Engine ' -

The engine can be shut down completely by turning off the
switch key an installations equipped with an electric
shut-down vatve, ar by puliing out the manual shut-down
lever. Turning off the switch key which contrals the electric
shut-down vaive always stops the engine unless over-ride
buttan an shut-down valve has been locked in open
position. if manual over-ride on electric shut-down valve is
being wsed, tuen button full counterclockwise to stop
enging. Refer to “Normal Starting Procedure”, Page 2.2,
Ive cannot be reopened by switch key until after engine
125 to complete stop.

Caution: Never leave switch key or over-ride button in
valye-open ar run position when engine is not running. With
overhead tanks this would 3llow fuel to drain into
cytinders, causing hydraulic lock.

Do Nat Use The Compressian Belease Lever To Stop The
Engine

Some H-NH  Series Engines are eguipped  with a
compression release lever. Pulling this lever lifis the intake
ur exhaust {depending on engine model} valve push tubes
and opens the valves. The push tubes are pulled from their
suckels and extensive wear on the balis and sockers will
result from wsing the comprossion release to stop the
LINe,

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

Stop Engine lmmediately {f Any Parts Fail

Practically ai} fatlures give some warning 1o the operator
belore the parts fail and ruin the engine, Many engines are
saved because alert operators heed warning signs {sudden
drop in oil pressure, unusual noises, etc.) and immediately
shut down the engine. A delay of ten seconds after a
be failure causes g knock may resylt in a ruined
Cri aft or allow a block to be ruined by a broken
connucting rod. .

i, For
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Never try 1o make the next rip or another load after the
engine indicates that something is wrong. [t does not pay!

Cold-Weather Protection

cold-weather operation, use of permaneni-type
ethylene glycol-base antifreeze with rust inhibitor additives
is recommended, See Page 3-4.

2. To completely drain cylinder block and head, open petocock
or remove drain plug on manifold side of cylinder block at
rear of engine, Fig. 2-8. If an air compressor ar other
“'water-cooled’” accessory is used, open petcock on unit, Fig
29,

Fig, 2-8, N10001. Engine drain paints

Fig. 2-9, M11827. Air compressar drain point
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Operator’s Daily Report

Mske A Daily Report Of Engine Operation To The
Maintenance Department

The engine must be maintained in top mechanical condition
it the operator is to get the most satisfaction from its use.

Engine adjustments, etc., are the work of the maintenance
department. However, the maintenance department needs
daily running reports from the operator ta make necessary
adjustments in the time alotted between runs and to make
provisions for more extensive maintenance work as the
reports indicate the necessity. .

Comparison and intelligent interpretation of the daily
report along with a practical follow-up action witl eliminate
practically all road failures and emergency repairs,

Report to the maintenance department any of the
following conditions:

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

.nusual engine noise.

5. Excessive smoke.
6. Excessive use of coolant, fuel or lubricating oil.

7. Any fuel or lubricating oil leaks,
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Automotive Applications

L #y ,. -~
-Ni'd‘m Typicel automative installations

Engle bresk-n, before swrting and general operational
protedure follows that previously described. Additional
items, 2pplying 10 automotree applications only, follow.

Apply Load Gradually

Always engage the load m a gear fow enough to prevent
slipping clutch and zacing engine above 800 rpm. Shift up
as the engine Teaches rated speed. Da not skip gears,Shock
loads take thetr woll of tires and transmissions as well as

beinghard on the engine. Apply load gradually,

Opewte At Reduced RP# For Cruising

When operating a truck on a level highway, or cruising, ho!d
engise TpTR a1 approsdmately 90 percent (80 percent for
Cugmny Torgee £ngines) of governed rom. See Table 2-2,
Thi w8 give sdequate power for cruising and economical

fush: malieage.

Mo eperations wild fall s this speed range. The engine will
be opesating in the easy-shift range and will not be working

hand.

Many wucks are geared for higher maximum road speeds
thawschedules require, so deivers can cruise in high gear and
atpduped engine rpm, This is good practice as long as the
ergne pulls its load atpartial throttle.

Table 2-2: Automotive Engine Speeds

Engine Rated Cruising
Mode] RPM RPM

Al 1950 1800-1900
All 2000 1850-1950
All (except CT) 2100 1900-2000
NHCT-270-CT 2100 1600-2000
NT-380 2300 1950-2100

Use The Tachometer

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

Never over-ride the governor or allow engine to exceed the
governed rating while out of gear, operating at partial load,
or driving downhill.

Shift To A Lower Gear When The Load Pulls Dawn Engine
RPM

The practice of shifting gears—next to safety observance—is
a most important phase of good engine operation,

The shift point differs from unit to unit depending upon
engine rated speed, torque peak point, and transmission or
gear splits available; therefore, it is not always possible to
state exactly at which speed to shift uniess all the variable
facts are known. A good rule is ""shift down at the same
engine speed the tachometer indicated immediately after
you shifted up™.

As one example, run up 1o the governor {enginc rated
speed) in fourth gear, then shift to fifth gear. The engine
speed falls to 1700 rpin, which indicates the ratio
difference between these two gears. Likewise, when pulling

-up a hill in fifth gear, shift to fourth when the engine speed

pulls down to 1700 rpm., The engine will increase 10
governed speed in fourth, and the increased horscpower
acting through the lower ratio of fourth gear will allow the
engine to pull the grade.

If you are an a steep grade, you would need to start your
dawn-shift before the engine actually -pulls down to shifting
speed, because the truck will lose speed while you are
shifting.

Failure to shift down at the right time, or a delayed
down-shift, will result in the engine failing to reach full
power, and rmake another down-shift necessary.




When approaching a hill, open the throttle smoothly to
start the up-grade at full power, then shift down as soonas
the engine has dropped to shifting speed. Do not wait until
the engine is betow shifting speed. Less gear shifts will be
required and average road speed will be higher if this is
done smoothly.

Power Take-0ff Applications With SVS Goverpor PT (Type
G) Fuel Pump

1. The SVS governor fever is used to change governed speed of
the engine from automotive rated speed 10 an intermediate

power take-off speed,

2. The engine will not idle if the SVS lever is in power take-off
speed position and the automotive throttle is in idle
position, Operate as follows:

a. For PTO operation, bring engine to idle speed.
b. Set automotive throttle 600 to 800 rpm above idle.

¢. Hold automotive throttfe in above position and shift SVS
governar lever to low speed or power take-off position.

d. Slowly close automotive throttle until speed of power

take-off engagement is reached; then engage power take-off.

e. Open automotive throttle to full open and control unit
with SVS governor lever,

3. To return t0 automotive throttle control:

a. Use auvtomative throttle and decrease engine speed until
power take-off can be disengaged.

b. Disengage power take-off and shift SVS governor lever to
high-speed position.

¢. Return automotive throttle to idle position and resume
cperation of unit as an automotive vehicle.

Caution: Never return aufomotive throttle to idle position
while SVS governar fever is in low speed or power take-off
positien, or engine will faif to idle properly.

4, The SYS governor should not be used with power take-off
speeds lower than 1100 rpm, because these applications use
the MVS governor, described in Section 1,

Downhill Operation

The Cummins Diesel is effective as a brake on downhill
grades, but care must be exercised not to overspeed the
engine going downhill. The governor has no control over
engine speed when it is being pushed by the loaded vehicle,

.Iever drn off the switch key while going downhill, With
he engine still in gear, fuel pressure will build up against
the shut-down valve and may prevent it from opening when

—_
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the switch key is turned on.

Use Brake As Needed To Prevent Excessive Engine $peeds
Use a combination of brake and gears to keep the vehicle
under control at all times, and to keep engine speed below
rated governed rom.

Refer to Tables 1 through 5 for most Automotive Engine
Specifications,

Dual Diese! Operation

Engine Operation On The Road

. The four-way vaive must be positioned in “"UP”, or in full

engine run position. Some valves may be mounted so ""UP"
is not run position,

. When parking brake is in run position, air pressure is

allowed to pass through the valve, thereby releasing parking
brake and activating governor air cylinder. This action
locates MVS governor lever in a position which gives the
automotive governor complete control of engine rpm.

. On derated engines, operation as an air compressor may

require a higher rpm than engine high idle. In this
application the MVS governor will control both engine high
idle and compressor operating speed.

Engine Operating As Air Compressor

The wunit should first be operated as a full-rated diesel
engine until water and oil are at operating temperatures.

. With unit on delivery site, apply the parking brake.

. Floor-board accelerator, pull hand throttle out and lock at

high-idle.

. Connect product hose to customer’s pipe and trailer outlet.

. Close product valves. Fully open assist and blow-down

valves.

. Remove dust cap and connect air supply hose. Fig. 2-10,

Note: Handle cap carefully to prevent damage to stem {if 50
equipped) which seats valve during on the road operation,

. Place cab dash control in “"DOWN"" {Campressor) position;

engine is now operating as compressor, Fig, 2-11, If air
from blow-down valve contains smoke after one minute of
cperation, check fuel line valves to compressor cylinders to
make sure they are operating correctly.

. Close blow-down valve. If air pressure is lower than normal,

check the exhaust control valve in the exhaust piping; it
may not be closed completely. Also, check for leaks an the

Lo ]




Fig. 2-11, N11833. Dash cantrol in down position ~

trailer air system.

. Proceed with normal unloading procedure according to the

type of trailer.

JAIMPORTANT  —  after 60 minutes of aperation as

compressor, return to full diesel engine operation by:

. Closing product valve. ,
. Placing cab dash control in “UP" (Engine) position.

. Operate at high idle as a full diesel for 3 minutes, then

return to compresser operation to complete unloading,

Cautions

. Never attempt to install air outlet dust cap when engine is

operating as compressor.

Operaticn and Maintenance Manual 2N
H and NH Series Diesel Engines
Operating Instructions

2. Be sure dust cap is removed and trailer hose is connected
before operating engine as a compressor.

3. Never move dash control to down pasition while in transit;
this automatically applies all brakes,

4, Prolonged pumping of air against a dead head can cause
engine coolant temperatures to rise above recommended
maximum of 200 deg F [93.3 deg C].

11. When converting back to full engine operation, it is normal

for engine to “hesitate’” for a few seconds before regaining
power on afl cylinders.

Adjustment Of Pumping Pressure And Temperature Check

Air flow (CFM) is primarily a function of engine speed
(RPM} although the volume is affected by the pressure
head, The pressure head or pumping pressure is regulated
by hand control valves on product-carrying vessel. Since
maximum pressure aflowable at any particular engine speed
is determined by maximum fuel rate of two engine driving
cylinders, it is very important that the MVS governor be set
so no overfueling can result, To accomplish this, the
following procedures are required:

1. Determine maximum pressure required; in maost cases this
must be obtained from the customer. An allowance of 2 psi
[0.1406 kafsq cml , to provide for line losses, must be made
between customer’s gauge on vessel and pressure at
pumping cylinders discharge. For example, customer
requires 15 psi [1.0945 kg/sq cm] at tank, engine must
actually work against a 17 psi [1.1851 kg/sgq em] head.

2. Once pressure is determined, refer to Fig. 2-12 {NH-220}
and Fig. 2-13 (NH-260) for maximum engine speed
required. For example, to abtain a 17 psi [1.1957 kg/sq
cm] pressure head, NH-220 can be set at 2100 RPM, which
gives a flow of 234 CFM. For the NH-250, 2 maximum
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Fig. 2-12, N11837, Air flow — NH-220 Engina




i MR FLOW! - SCFM (70°F, 2932 IN. MG

PRESSURE HEAD ~ PSI
Fig. 2-13, NT1838, Air flow — NH-250 Engina

pumping speed of 2050 RPM can be used to obtain about
268 CFM, If less flow is desired than maximum obtainable
at any particular pressure as determined by maximum fuel
rate, engine speed may be adjusted to obtain this flow.
Greater pressures are allowed with reduced engine speeds
up to a maximum of 30 psi [2.1090 kgfsg cm] .

. To set MVS governor:

. Place Pressure Adapter Toal shown in Fig. 2-14 on
discharge pipe and connect a pressure gauge and
temperature thermocouple as shown in Fig. 2-15.

Note: The Pressure Adapter Tool is not available from
Cummins at this time. {t can be made from a three-inch
pipe, two 1/8-inch pipe couplings and a flat, sliding
adjustable cap. Fig. 2-14.

b. Start engine and operate as if pumping.

Fig, 2-14, N11835, Pressure adapter tool
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Fig. 2-15, N11834, Prassure adapter tocl {with gauges)
mountad to vehicle

. Adjust MVS governor far engine speed and adapter tool for

pressure head, It may take several adjustments of each to
balance system to desired values.

. Check discharge temperature to be certain it is within an

acceptable range. Fig's. 2-16 (NH-220) and 2-17 {NH-250}
show temperature values for various.pressures and enqgine
speeds. Hf values obtained are excessive, fuel inlet valve is
not properly seated and is allowing some fuel to be burned.

. Stop engine, remove adapter tocl and replace cap on air

discharge line after settings are accomplished.

Trouble Shooting

The following trouble shooting checks pertain only to Dual
Diese! Engines. For other engine trouble shooting checks,
refer to Page 4-1,

DISCNAREE TEMPERATURE °F

MPERATUAE

“t . .
Fig. 2-16, N11839. Air dischargs temperature — NH-220 Engine
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Fig. 2-17, N11840, Air discharge temperature — NH-250 Engine

Engine Fails To Return To Full Engine Operation

. Check fuel inlet valve-to-compressor cylinders if low on

power.

. Check fuel outlet valve if exhaust is smoky or engine speed

fails to stabifize at idle.
Compressor Pump-Up Time Exceeds 4 Minutes
Note: This limit will vary due to trailer design, type of load,

etc, Therefore, past experience with same equipment
should be used as a guide line.

. Exhaust control valve not adjusted to close completely.
_ Exhaust controf valve held open by carbon deposits.

. Bracket holding exhaust contral valve air cylinder flexing,

causing valve to stay partially open,

. Pressure relief valve incorrectly adjusted. This valve must be

sat while engine is pumping compressed air, not statically
because the pressure fluctuations can cause some
popping-off during compressor operations.

. Exhaust system leaks,
. Trailer leaks.

. Engine RF’M slow.

Check-Valve Burned Or Excessive Temperature In Pumping
Lines

.Inlet fuel wvalve leakage causing some combustion in

pumping cylinders.

Note: During initial installation and at other times as
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necessary use the pressure adapter tool to measure pumping
temperature and pressure,

2. During operation as a diesel; check-valve cap may not be

instailed

Check-Valve Worn Excessively

1. Due to flutter or bouncing during non-pumping operations.

The hold-down spring or stem screw may require replacing.

Product Contaminated

1. Fuel, oil or water leaking into the pumping cylinders.

{njector Plungers Scored Or Sticking

1. Injectors not receiving proper lubrication. If fuel drain valve

leaks, it will bleed off the lubricating fuel.
Caution: Do not exceed one hour pumping time before

lubricating injectors for three minutes under full diesel
engine operation.

Engine Deceterates Slowly Under Full Diesel Operation

1. Fuel drain valve may be stuck shut or not fully open.

Product Difficult To Pump Off With All Adjustments
Correct

1. Light granular products are more difficult to move than

powdery items,

2. Long horizontal distances make pumping operations mare

difficult.
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Generator Set Applications

N11529. Typical generator sat

in addition to the general operating instructions, perform
the following.

Before starting: Refer to the applicable Generator Set
Manual, Cummins GS/GC Generator Sets, Bulletin No.

983600-B.
. Open main power discannect switch fram load line.
. Check elactrical connections,

. Lubricate generator end bearng as stated on generator.

Check Hydraulic Governoe

Refer 10 applicable Governor Manual, Cummins GS/GC
Generator Sets, Woodward-SG, PSG, EG-B2C, EG-3C and
2301 manuals,

. Many engines used in stationary power applications are
equipped with hydraulic-qoverned fuel pumps. This
gavernor uses lubricating oil as an energy medium. For
governar oil viscosity . see Page 3-2.

. Qil level in governor sump must be at full mark on dipstick.
Fig. 2-18.

.tarting Procedure

Refer to ““Starting The Engine” in Section 2,

e vt et

1 e e (54 ; i i L
Fig, 2-1B, N11B826. Checking hydraulic governor oil level

Operation

1. Bring engine to rated operating rpm as circumstances
dictate. On standby- power units, this may be done
immediately, However, greater engine life will be obtained,
particularly for prime power units, if engine speed is kept
below 1000 RPM until engine temperature reaches 140 deg
F [60 deg C].

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

2. Engage discannect switch and adjust toad bank,

Generator Set —~ Paralle! Qperation

In many cases where electric power is required, it may he
advaniagecus to instalt two or more smaller generator scts
instead of one single set of higher rating, Table 2-3. This
condition also exists when it becomes necessary 10 increase
the capacity of the existing plant by adding genarator sels.
When two or iore generators are connected and pperated
together in such a way that they deliver electric cnergy to
the system, they are said to be operating in parallel, Parallal
nperation is considered successful when the generators
deliver energy to the external systern without delivering
energy to each other.

To be suitable for parailel operation, the generating
equipment selected must meet the following requirements:

1. The generator voltage and frequency ratings must be the




Operation ar,

H and NH Sc tef\lance .Manuai 217
. Engines
Operating Ins:
Table 2-3; Standard Generator Set Application Specifications "?:. every two
1800 RPM 60-Cycle 1500 RPM 2 ".may be
£ngine Model Standby Prime Power Standby 2 ‘_Q_}!O”S
5 )
NHC-4 GS-60KW GC-50KW GS-BOKW b =
NHC-4 GS-75KW GC-BOKW GS-60KW ©
HR-6 G5-100KW GC-75KW GS-8BKwW 'L:l
NH-220 GS-125KW GC-100KW GS-100KW
NT-270 GS-150KW GC-126KW GS-126KW
NT-310 GS-175KW GC-150KW GS-190KW WY
NT-335 GS-200KW GC-175KW GS-165KW GC-150KW
NT-400 GS-230KW GC-200KW GS-180KwW GC-170KW

same for all se1s.

. These generators should have approximately the same
waveform. Similar waveshapes are readily obtainable if
machines are of similar types.

. The generators should have similar voltage regulation
characteristics,

. The driving engines should have the same speed regulation
characteristics. The governors should be adjusted to give the
same speed droop when applying or removing the load.

Conrnections

_When two oOr more power units are 1o be operated in
parallel, they must be tied together electrically and
connected to the load system. This interconnection is
referred to as “‘the bus”’.

. The connecting cables, or bus, must be instafled between
the corresponding line terminals of each power unit. Thus
L-1 on one unit will be connected to L-1 on the second
unit, L-2 10 L-2 and L-3 to L-3, etc. On 3-phase, 4-wire
units, the L-0 terminals will also be connected together.

Caution: Both sets must he connegted to a common
ground. This is most readily achieved hy running a No. 12
or targer wire from the grounding terminal on the housing
of one set to the yrounding terminal on the other set. This
wire should be protected from mechanical damage. 1t need
not be insulated,

. The generator must be connected so the output voltage of
both sets will be the same.

. Power units which are suitable for parallel operation will be

equipped with necessary cCross-current compensation
equipment 10 assure proper paratiel operation.

Initial Operation
Generator Test

Before pperaling power units in parallel, each generator and

Py

2.

4.

regulator should be checked by starting and operating each
unit individally.

. Check engine, battery, generator and connecting cables in

accordance with the operating procedure for single-unit
operatian gutlined in the technical manual far the set in
use.

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

. Check operation of the voltage regulators of each of the

sets as described in the 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 notl exceed the rating of a single set. When a |
dummy load is not available, the use of the end item as a

foad is permissable. Loads which vary, such as tracking

antennas, 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 regudator controb. Load the set with as much stcady
state load as is available, up to the rated capacity of the
machine.

. Determine the frequency at which the set is operating

under load.

Shut down first machine and repeat steps 1 and 2 above on
second machine. :

. In accordance with the applicable governor manual, adjust

the governor droop characteristic of the second machine so
the set will be operating at the same frequency as the first
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machine when loaded with the same load,

Preliminary Tests

Before operating two sets in paallel for the first time, two
preliminary efectrical tests should be made.

Phase Rotation Test

Only generators connecied together with the proper phase
rotation (phase sequence) can be operated in parallel.

1. Connect units to the bus as directed in “Connections”,
preceding.

2. Start both units, leaving main switch or contactor on bath
sets open. See Fig. 2-19.

3. Adjust voltage on both sets 1o rated value by means of the
automatic voltage regulator rheostat.

4. Adjust hoth sets to the same frequency {no-load).

5. Close main switch on one set and turn on synchronizing
tamp switch on the other machine.

he phase sequence on both generators is the same, both
synchronizing lights wili light and go dark simultanequsiy.
If the machines do not have the same phase sequence, at no
time will both lamps be dark simultaneously; instead, the
lamps in the different legs will darken successively. In the
latter case, the phase rotation of the machines can be
matched by interchanging any two cables at the ane-load
terminal panel,

Caution: Never work on load or bus lines uniess both sets
are shut down,

READ BLACK SCALES FOR
LOW VOLTAGE - READ RED g
SCALES FOR HICH YGLTAGE ©
RATING D

Fig. 2-19, N1182S5. Typical generator set control panel

oy

. Some circufating current  will
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Cross-Current Compensation

When two generators are operated in paraliel, supplying a
load whose power factor is other than unity, each generator
must supply its proper share of reactive {wattless) KVAL If
one generator carries more than its share of wattless
current, overheating of the generator may take place. The
voltage regulator functions to hold the voltage constant. In
addition, when sets are operated in parallel, the voltage
regufators 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 regutators.

Polarity Test

Proper functioning of the cross-current compensating
equipment depends on the connections to the current
transformers being made correctly. If the polarity of the
transformer secondaries is incorrect, the compensation will
aggravate current unbalance instead of restoring the proper
division. :

To determine if the connections are correct:

. Start both machines as directed in “Preliminary Tests”

above, Ciose the parallel operation (cross-current
compensator) switches on both sets and adjust voltage and
frequency.

. Adjust speed of either set so synchronizing lights blink

slower and slowar (ahout once every two secands], When
both lights are dark, ¢lose the circuit breaker,

flow between the two
machines as indicated on the ammeters, [ it dees not or if
it is very great, turn the voltage regulator rheostat on either
set t0 cause about 10 percent of rated current to flow
between the sets.

. Turn off the paraliel operation (cross-current compensating

switch) on one set. H the current rises, the circuit is
connected correctly. If the current falls, the leads 10 the
current transformer secondaries must be reversed on that
set,

. Repeat operation on second machine,

Adjustmaent

. After the proper polarity of the compensation circuit has

been established, the amount of compensation should be
adjusted. For single, non-parallel operation, the valtage
regulator can be adjusted for a negligible voltage drop. As
S0on as compensation is connected in the regutator circuit,
a drop in the AC vollage, held by the voltage regulator, is
introduced when a lagging power factor load is applied or
increased during operation. Depending upen how much
resistance is used across the current transformers, the AC




—_

&

o

(@

~

voltage will drop from 2 to b percent when the load varies
from zero to rated load. It should be noted that voltage
drop due to compensation will only occur when the 1oad
has a lagging power factor: on unity power factor {pure
resistance) loads, this compensation drop is negfigible.

. Increasing the compensating resistance will increase the

compensating effect toward equalizing the division of
current between 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, parailel
operation 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 ane machine when the loal is anything from 20
percent 1o 100 percent of rated load, .-

The compensating resistor {of resistors} is set at the factory
for {oad and power factor conditions normally encountered
in the field, This setting will usually provide satisfactory
parallel operation and will eliminate cross currents. The
voltage drop during paralfel operation will be negligible. It
is recommended that the setting of the compensating
resistor not be changed unless the load conditions are so
abnormal that the compensation is inadequate. Once set
and found satisfactory, the resistor setting should be left
unchanged.

Synchronizing

Onge the preliminary tests have been performed and
adjustments made, the 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 alternators are to be paralleled, 1t is, however,
necessary to synchronize each time the generators are to be
paralleled.

. Make sure bath main switches (breakers or contactors) are

open.

. Start both sets and adjust to frequency, without load, by

adjusting governor controis. {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.

. Thraw both crosscurrent compensation (parallel operation)

switches to the "ON" position.
Close the breaker on one of the sets,

Tum on the synchronizing lamp switch on the other set.
The synchronizing lamps will flash an and off rapidly at a
frequency depending on the difference in speeds of the two
Units,

Adjust the speed of the unit whose breaker is open urntil the

—_—
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lamps flash on and off slowly ({about once every two
seconds). After making a speed adjustment it may be
necessary 1o wait a few seconds until lamp fluctuations
slow down.

. When the lamps are dark, close the main breaker of the set.

. Open the synchronizing lamp switch,

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

Load Division

After units are operating in parallel, load'should be divided
proportionately to generator ratings. In case of addition of
2 set 1 one already carrying a load, it is necessary to shift
part of the load to the second generator. In case of two
units of the same size, each should carry half of the toad.
QOn AC generators, load can be shifted from one generator
to another only by speed control, not by manipulating the
voltage regulator rheostat. Such manipulation will only
change the power factor of the generator and hence current
output of the machines, causing undesirable cross current.

. Increase the load on the machine with the lesser amaunt of

total foad by incressing gavernor throttle control, This
increase wifl be indicated on the wattmeter,

. When two loads are correct.as.indicated by the wattmeters,

check frequency as indicated on either sets” frequency
meter, If frequency is too high, it will be necessary to

_re-adjust both the governor controls to feed less fuel to the

machines. Conversely, if the combined speed is too low,
opening the governor controls on both machines will
increase the frequency. When raising or lowering the
frequency, care must be taken to re-adjust toad division so
wattmeter readings are equal {or proportional to set size if
sels are not the same size).

Eliminating Wattless Current

After the KW load has been proportionally divided, the
reactive [(wattiess) Iload should also be divided
proportionally. Asswming that both generators have the
same rating, hboth generators should show same load
amperes. This indicates cross currents and should be
eliminated by adjustment of voltage regulator rheostats on
the sets.

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

first clockwise, then counterciockwise. One movement or
the other should resull in decreasing ammeter readings.
Adpust until both ammeters are at tie lowest point at which
they both read the same wvalue on similar sets. On
different-sized sets, the proportional load division describad
previousty will have 10 be considered.




2. After adjustment, it may be found that the output voltage
is too high or too low. If too low, turn the voltage regulator
rheostat 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, ii the volilage is too
high, turn down one of the rheastats and balance with the
other.

Adjustments

Once the proper load distribution between the units is
established, little or no adjustment of the foad 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
characteristics of the units. The proportional division of the
wattless load will be maintained by the cross-current
compensation feature of the voltage regulators.

Remaoving A Generator Fram The Line -

To remove a generator operating in parallel, reduce the load
carried by that machine by manipulating the speed control
untit the KW indication on the wattmeter is very small,
han open the main switch or contactors on that machine.

urning the speed control in the decrease speed direction
will decrease the load carried by that generator.
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Marine Applications

For complete operation and maintenance instructions
covering Cummins H-NH Series Marine Dieset Engines, refer
to Bulletin No, 983624,
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Industrial Engine Applications

Operation

1. Observe torque converter temperature gauge {operating
range is 180 to 230 deg F [82.2 to 107.1 deg C]).
Temperature shoutd not be allowed to exceed 250 deg F

[121.1deg Cl.
E’ﬁﬁﬂ i -'i 2. Observe torque converter oil pressure gauge, Operate with
= 1 : pressure as specified by converter manufacturer listed on

converter specification plate.

Hydraulic Governor Applications With SVS Governot PT
(Fype G} Fuel Pump

1. The SVS governor is used in combination with hydraulic
governors in industrial installations to bring engine speed
down from rated, where ‘it is normally maintained by the
hydraulic governar, for engine warm-up.

2. Idle speed or warm-up should be set at 1000 rpm or above

. . . with the SV v R

£ngine break-in, prestarting checks and operation follow e SVS governor Q
“*General Qperating Instructions’’ and  inciude the \

additional specific instructions listed befow.

Prestarting Checks

1, Check torque converter {if used) oil level; maintain oil level
as near as possible to "H'" (high-level} mark on dipstick, Filt
corwerter with grade and weight of oii listed on torque
converter specification plate.

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

Table 2-4: Converter and Industrial Power Units

Max. HP @ RPM

Engine (Sea Level, Converter Unit Power Unit
Model 60 deg F [15.69]) Max. HP Cont, HP Cont, HP
NHC-4 130 @ 2000 96 84 93 @ 1800
HRF-6 190 @ 2000 : 140 123 142 @ 2000
NH-220 220@ 2100 162 143 152 @ 1800
NH-250 250 @ 2100 184 164 174 @ 1800
NT-280 280@ 2100 214 183 193 @ 1800
NHRS-6 320@ 2100 236 206 217 @ 1800
NT-335 335 @ 2100 256 218 234 @ 1800
NT-380 380 @ 2300 290 245 262 @ 2000
1. Converter output horsepower is based on 10% correction for accessories and 85% converter efficiency at 500 ft [152.4 m) e

. and 85deg F [29.4deg C].
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Table 2-5: Construction Application

60 deg. F

[15.6 deg. C] Dozers, Excavators,
Engine Sea Level Off-Highway Serapers, Road Tractors, JAIr
Madels HP @ RPM Trucks Compactors Graders Shovels Compressor
NHC-4 130 @ 2000 120 @ 2000 120 @ 2000 120 @ 200C 120 @ 2000
H-6 & H-135 160 @ 1800 148 @ 1800 148 @ 1800 148 @ 1800 148 ® 1800
HR-6 175@ 1800 162 @ 1800 162 @ 1800 162 @ 1800 - 162 @ 1800
HRF-6 190 @ 2000 176 @ 2000 176 @ 2000 176 @ 2000
HS-6 210 @ 1800 178 @ 1800 194 @ 1800
HRS-6 240 @ 1800 222® 2100
NH-220 T220@ 2100 204 @ 2100 204 @ 2100 204 @ 2100 204 @ 2100 204 ® 2100 )
NHS-6 290 @ 2100 268 @ 2100 246 @ 2100 268 @ 2100
NHRS-6 320@ 2100 296 @ 2100 272@ 2100 206 @ 2100
NH-250 250 @ 2100 231 @ 2100 231 @ 2100 231 @ 2100 231 @ 2100 231 @ 2100
NT-310 310@ 2100 310®@ 2100 L3100 @ 2100
NT-335 335 @ 2100 335@ 2100 335@ 2100
NT-380 380 @ 2300 380 @ 2300

1. All ratings shown in equipment colurnns are for ratings of 1500 ft {457.2 m] altitude and 90 deg F [32.2deg C].
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Fuel, Lubricant, Coalant and Torque Specifications

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 life and satisfactory per-

formance.

Fuel Oil Specifications

Cummins Diesel Engines have been developed to take advantage of the high
energy content and generally lower cost of No. 2 Diesel Fuels. Experience has
shown that a Cummins Diesel Engine will also operate satisfactorily on No. 1
fuels or other fuels within the following specifications.

Recommended Fuel Qil Properties:

Viscosity
{ASTM D-445)

Cetane Number
(ASTM D-613}
Sulfur Content

{ASTM D-129 or 1552)

Water and Sediment
(ASTM D-1796)

Carbon Residue

{Ransbottorn ASTM D-524 or D-189)

Flash Point
[(ASTM D-93)

Gravity
(ASTM D-287}

Pour Point
{ASTM D-97}

Active Sulfur Copper Strip
Corrosion (ASTIM D-130}

Ash
[ASTM D-482)

Distitlation
{(ASTM D-86)

Centistrokes 14 two 58, or Saybolt
Universal: 34 to 42,

40 minimuin except in cold weather or in
service with prolonged idle, a higher cetane
number is desirable.

Not to exceed 1% by weight.

Not to exceed 0.1% by weight.

Not to exceed 0.25% by weight on 10%
residue.

At least 125 deg. for legal temperawre if
higher than 125 deg. F.

30 o 42 degrees AP.1, at GO deg, F (Q.B15
to 0.875 Sp. Gr.).

10 deg. F below lowest temperature
expected,

Not 10 exeeed No. 2 rating after 3 hours at
122 deg. F,

Mot to exceed 0.02% by weight,

The distillation curve should be smooth and
continuous. At least 90% of the fuel shouid
evaporaic at less than 675 deg, F. All of the
fuel should evaporate at less than 725 deg.
F.

T
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Lubricating Qil Specifications

Cummins Engine Company, tnc., recommends that owners of Cummins Diesels
give special consideration 1o use of heavy-duty oils developed for use in digsel
engines. Under normat conditions, the oil used should meet or exceed the
requirements of U.S. Military Specifications Mil-L-2104-A. Under adverse
] conditions such as continuous high-power applications, the use of high-sulfur
fuels, or light-load operation during cold weather, consideration should be given

to the use of Supplement 1 or Mil-L-2104-B oiis. The responsibility for meeting

these specifications, the quality of the product and its performance must

\ necessarily rest with ofl supplier, Cummins Engine Company, In¢., does not

h recommend any specific brand of lubricating oil. Many brands which meet
- 1T

SAE-30

(32.2°¢) specifications following are listed in the “Lubricating Oils for Industrial
- . Engines” booklet published by The Internal Combustion Engine institute
90 {Room 151B; 210 North Wells Street; Chicago, Hlinois 0606.

Mii-L-2104-A and/or British Detense Spec, DEF-2101-B

Recommended oils for Cummins Engines operating under normal highway

service and where the sulfur content of the fuel is less than 0.5%. MIL-L-2104-4A

J = has been dropped as a Military Specification, but oils that meet its requirements

= are available for commercial service.
o

! Supplement 1 (S1)

These oils have been developed for use with high-sulfur fuels and are
recommended where the sutfur content of the diesel fuel normally exceeds 0.5%. (

Mil-L-2104-B

(-1.1°C] |
¢ 30

¥ o

;{_5'7 ¢) This is the current Military Specification {or lubricating oiis. These ails meet or

20 exceed the Supplement 1 requirements for high-temperature operation and also
provide protection against rust and sludge from low temperature operation.
They may be used in Cummins Engines.

{~17.8°C) Series 3 (Mil-L-45199)

These are its developed to avercome high-temperature ring sticking and piston
carbon and lacquer. They are not required in Cummins Engines except in very
unusual high-load operating conditions, These oils should not be used in
applications where exhaust valve deposits have been encountered.

Viscosity Recommendations

Except in extreme climates most engine operation will be in the range of -10
deg. £ [-23deg. Cl to 120 deq. F [49 deg. Cl, il viscosity shoutd be as follows:

SAE 10-W-temperatures consistently between — 10 deg. F [-23 deg. €] and 30
deg. F [-1.1 deg. C).

[

SAE 20—temperatures consistently between 20 deg. F [-6.7 deg. C] and 90 deg. l
F [32.2 deg. Cl.

SAE 30—temperatures above 90 deg. F [32,2 deg. CJ.

Where temperatures are not above 0 deg, F [-17.8 deg. C}, SAE 9W oils meeting
the requirements of Mil-L-10295 may be used. However, in heavily loaded
applications 11 may be necessary 10 use one grade heavier oif to maintain
minimum recommended oil pressures of engine being gperated.

Oil which is best far general operation is also best for the “'break-in"* period. No
¢hange in oil viscosity or type is needed for new or newly rebuilt engines. Do not e

. mix brands or grades of oil in the engine. Chaose carefully the best oil available
and continue to use that brand consistent with abave conditions and engine
wear,

R
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Grease Specificaﬁons

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

'High-Temperature Performance

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

Low-Temperature Properties

Torgue, GCM ASTM D 1478
Start at O deg, F 15,000 max.
Run at O deg. F 5,000 max.

Rust Protection and Water Resistance

Rust test ASTM D 1743  Pass

y Water resistance, % . ASTM D 1264 20 max.
Stability j
Oil separation, % *FTM 321 5 max. 5

30 Hours @ 212 deg, F
Penetration
i

Worked ASTMD 217 250-300 ﬁ
Bomb Test, PS| Drop
100 hours 10 max.
500 hours . 25 max. L}
Copper Corrosian *FTM 5309 Pass h
Dirt Count, Particles/cc *FTM 3005 I
25 Micron + 5,000 max.
75 Micron + 1,000 max.
125 Micron + MNone
Rubber Swell *FTM 3603 10 max._

*Federal Test Method Standard No. 791a.

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

Water should be clean and free of any corrosive chemicals such as chlorides,
suiphates and acids. 1t should be kept shightly alkaling with pH value in range of
8.3 1o 9.5, Any water which is suitable for drinking can be treated as described
in the following paragraphs for use in an engine.

Install and/or maintain the Cummins Corrosion Resistor on the engine. The
resistor by-passes a small amount of coolant from the system via a filtering and
treating element which must be replaced periodically. 1n addition, a sacrificial
Jnetal plate arrests pitting of metals in the system by electro-chemical action.
The resistar is available from any Cummins Distributor or Oealer

In Summer (No Anti-freeze)

. Use the corrosion resistor with chromate element(s), Part No. 132732. Do not
use element 168481 {PAF) with plain water,

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

. H no corrosion resistor is used, add 1/2 oz, [14.1747 g} chromate compound in
the system for every U.S, gal [3.785 lit] of water or until the coolant mixiure
meets requirements indicated in Section 5 under ““Check Engine Coolant”,

In Winter (Using Anti-freeze)

. Select an anti-freeze known 10 be satisfactory for use with 1the chromate element
of the corrosion resistor and continue (o use the 132732 resistor element or;

. If you are not sure the anti-freeze is compatible with the chromate resistar
element 132732:

. Use anti-freeze, in percentage to prevent freezing, with a PAF {168481) element
in the corrosian resistor.

. Use only anti-freeze, with compounded inhibitors, in proper percentage and
follow anti-freeze supplier’s recommendation Lo prevent corrosion,

. Check corrasion control by draining a sample of coalant from the system as
described under "Check Engine Coalant™.

. If there has been a loss of carrosion control, change anti-freeze,

Caution: Never use solubie oil in the cooling system when a Corrosion Resistor is
being used.

k'
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Capscrew Markings And Torque

Usage Much Used Much Used Used at Times Used at Times
Capscrew Diameter and To 1/2—69,000 To 3/4—120,000 To 5/8—140,000 150,000
Minimum Tensile Strength psi Te 3/4—-64,000 To 1-115,000 To 3/4—133,000

To 1-55,000
Quality of Materiat Indeterminate Minimum Commercial Medium Commercial Best Commercial
SAE Grade Number Tor2 5 Gor7 8
Capscrew Head Markings
Manufacturer's marks may vary, .

These are all SAE Grade 5 5

(3ine). a;
R C 2 3
vl v

Capscrew Body Size Torque Torque Torque Torgue
{Inches) — {Thread) Ft-Lb  [kg m] Ft-Lb  [kg m] Ft-Lb  [kgm] Ft-tb [kgm]
1/4-20 5 [0.6915] g [1.1064] 10 [1.3830] 12 [1.6996]
-28 6 [0.8298] 10 [1.3830) 14 [1.9362}
%. 5/16—18 ] 11 [1.5213] 17 {2.3511) 19 [2.6277] 24 {3.3192}
. =24 13 [1.7979) 19 [2.6277] 27 [3.7341]
3/8-186 18 [2.4894] 31 [4.2873] 34 {4.7022] 44 (6.0852]
-24 20 [2.7660] 35 (4.8405] 49 {6.7767]
7/16-14 28 {3.8132] 49 (6.7767] 56 [7.6065] 70 [9.6810]
-20 30 £4.1490] 55 [7.6065] 78 {10.7874]
1/2-13 39 {5.3937] 75 [10.3725) 85 [11.7554] 105 (14.5215]
—-20 a4 [5.6703) 85 [11.75b6]) 120 [16,5960]
9/16-12 51 [7.0533] 10 [15.2130] 120 [16.5960] 155 [21.4365)
-18 55 [7.6065) 120 [ 16.5960] 170 [232.5110]
5/8—11 83 [11.4789} 150 [20.7450] 167 {23.0961] 210 [29.0430]
-8 95 {13.1385] 170 [23.5110]) 240 [33.1920}
34-10 105 {14.5215]) 270 {37.3410} 280 [38.7240] 375 [51.8625]
-16 115 [15.9045] 205 (40,7985} 420 [58.0860!
7/8-9 160 122.1280] 395 154.6285] 440 [60.8520] 605 {83.6715]
14 175 [24.2025] 435 [60.1605] 675 193.3525])
1-8 235 [32.5005]) 590 (81.5970] 660 [91.2780] 910 (125.8530]
—14 250 [34.5750] 660 [91.2780] 990 (136.9170]
Notes:

1. Always use the tarque values listed above when specific torque values are not available,

2. Do not use above values in place of those specified in other sections of this manual; special attention should be observed
when using SAE Grade 6, 7 and 8 capscrews,

3. The above is based on use of clean, dry threads.
4, Reduce torque by 10% when'engine oil is used as a lubricant.
5. Reduce torque by 20% if new plaied capscrews are used.

.
(@b 6. Capscrews threaded into aluminum may require reductions in torque of 30% or moré, unless inserts are used.
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Trouble Shooting

Uperation and: Maintenance Manual 4.1
H and NH Series Diesel Engines
Trouble Shooting

Trauble shooting is an organized study of the problem and
a planned method of procedure for investigation and
correction of the difficulty. The chart on the following
page includes some of the problems that an operator may
encounter 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 troubleshooting chart, find
the complaint at top of chart; then follow down that
column until you come 10 a black dot. Refer to left of dot

for the possible cause.

Think Before Acting

%‘tudy the problem thoroughly. Ask these questians:
1. What were the warning signs preceding the trouble?
2. What previous repair and mainienance work has been done?
3. Has similar trouble occurred before?

4. If the engine still runs, is it safe to continue running it ta

make further checks?

Do Easiest Things First

Most troubles are simple and easily corrected; examples are
“low-power”” complaints caused by loose throttle linkage or
dirty fuel filters, “excessive lube oil consumption’ caused
by leaking gaskets or connections, ete.

Always check the easiest and obvious things first; following
this simple rule will save time and trouble,

Doutile-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
another, For instance, excessive fuel consumption may not
be due ta an incarrectly adjusted fuel puimp, but instead to

a clogged air cleaner or possibly a restricted exhaust passage-

causing excessive back pressurc. Too often, engines are
ompletely disassembled in searach of the cause of a certain
omplaint and alf evidence is destroyed during disassernbly
operations, Check again 10 be sure an easy solution to the

problem has not been overlooked,

Find And Correct Basic Cause Of Trouble

After a mechanical failure has been corrected, be sure to
locate and correct the cause of the trouble so the same
failure will not be repeated. A complaint of “'sticking
injector plungers” is corrected by replacing the faulty
injectors, but something caused the plungers Lo stick, The
cause may be improper injector adjusiment, or more often,
water in the fuel.




CUMMINS ENGINES

TROUBLE
SHOOTING

CAUSES

AlR
SYSTEM

Restricted Air Intake

High Exhaust Back Pressure

Thin Air In Hot Weather or High Alt,

ESe

Air Leaks Between Cleaner & Engine

FUEL
SYSTEM

Qut of Fuel or Fuel Shut-Otf Closed

Poor Quahty Fuel

3L

Air Leaks In Suction Lines

Restricted Fuel Lines: Stuck Drain Valve

External or internal Fuel Leaks

Ptugged lmeclor Spray Moies

& @

LU

Broken Fuel Pump Drive Shaft

Scored Gear Pump or Worn Gears

Loose Injector tnlet or Orain Connection

Wrong thjector Cups

e (8 @ [e#e

Cracked Injector Body or Cup

Mutiiated Mrjecter Cup "0 Ring

Throttle Linkage

Incarrectty Assembled Idle Springs

Governor Weights Assembled Incarrectly

High-Speed Governor Set Too Low

wWater i Fuel

LI

LUBRICATING
SYSTEM

External and internal Qil Leaks

Dhrty Lube Oil Strainer

Faulty Cylinder Til Control

Clogged Qil Drillings

0il Suction Lmne Restriction

Fautty Qit Pressure Regulator

Crankease Low or Qui of Oil

Wrang Grade Oil for Weather Conditions

Qi Level Too High

COOLING
SYSTEM

Insyificient Coolant

Woarn Water Pump

Faulty Thermostats

Damaged Water Hose

Loose Fan Belts

Radiatar Shutters Stuck Open

Clogged Water Passages

internai Water Leaks

Clogged Oil Cooler

Radiator Care Openings Dirty

Air in Cooling System

Exterior Water Leaks

Insufiscient Cootant Capacity

S0 s®s o (ossese

OPERATION
AND
MAINTENANCE
PRACTICES

Doty Filters and ScCreens

Long Idie Periods

Engine Overloaded

Lube Qil Needs Changing

“Engine Esterior Caked with Dirt

MECHANICAL
ADJUSTMENTS

R
REPAIR

Gashel Blow-by or Leakage

Faulty vibration Damper

Unbatanced or Loose Flywheel

Valve Leakage

Broken or Worn Piston Rings

Incorrect Bearing Clearances

Excessive Crankshaft End Clearance

Main Bearing Bore Dut of Alignment

-

Engine Due far Overhaul

Damaged Main or Rod Bearings

Broken Tooth !n Gear Train

Excessive Gear Bach Lash

Misalignment Engine to Driven Unit

Leose Mounting Bolts

Incorrect Yalve and Injection Timing

Worn or Scared Liners or Pistons

Injectors Need Adiustment

LICICS

| (8! |9 (08060 0s
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H and NH Series Diesel Engines
Maintenance Qperations

Maintenance is the key to lower operating costs. A diesel
engine — like any other engine — requires regularly
scheduled mainienance to keep it running efficiently. Mast
diesel engines are purchased and used for the sake of
revenue. Any failure or loss of efficiency reduces revenue; it
also requires additional funds for repair.

Investigate any successful operation where engines are used
and you will find a good, regularly scheduled, maintenance
pragram in effect.

Maintenance Schedule

Preventive maintenance performed on schedule is the
easiest, as well as the least expensive, type of maintenance.
It permits the maintenance department 1o do work in the
shop on schedufe, rather than on the job under poor
waorking conditions and at inconvenient Nours.

Accessories must have a place in the maintenance schedule
the same as the basic engine, Tfor an accessory fatlure may

% .put the entire engine gut of operation,

A Good Maintenance Schedule Oepends On Engine
Application

Actual operating environment of the engine must govern
the establishment of the maintenance schedule, Some
engines operate under rather clean conditions, some under
moderately dusty conditions and others under severely
dusty or dirty conditions, each type of operation must be
analyzed as the maintenance schedule is established. A look
at the suggested check sheet, on the opposite page,
indicates some checks may have to be performed mare
often under heavy dust of other special conditions, The
schedule is also dependent upon the amouni of work being
done which can best be determined by the amount of fuel
haing burned. A recard of gailons of fuet used is the best
yardstick 0 be used in establishing an accurate reqular
mainienance schedule,

Hours of operation may be used for the same purpose: in o
doing you should determine the amount of fuel used per
hour during narmal operation. For example, if the average
fuel comsumption of an NH engine is five to six gal [22.710
it or 4,596 UK. gat]l per hour, the "B* Check would be
made every 1600 to 1850 gal [6056,000 it or 1332.272
U.K. gal 1o 7002.250 Iit or 1539.4495 U.K. gall of fuel or
approximately every 250 hours of operation,

[ Miles traveled atso should be set up on the basis of miles per
aallon of fuel ysed; after this is established, miles traveled

\ cord can he used in setting up the maintenance schedule.
‘or example, if the average fuel consumption of an NH
Engine is six mi {9.694 k] per gallon, the "8 Check

would be made every 8000 mi, [12.872.000 km]. The
figure 8000 would then be inserted for the "B Check,
48,000 for the "'C". Check, etc.

Extending The Maintenance Schedule

Any change in the estabiished inaintenance schedule should
be preceded by a complete re-analysis of the operation. A
lubricating oil analysis should be the major factor used in
establishing the original maintenance schedule; it should be
studied before making any change in or extending the
schedufe pericds. In extremely dirty and under severe
operating conditions, the schedufed maintenance period
may even need reducing. Again, the operation should be
re-analyzed and a lubricating oil analysis should be made.
Extending or reducing the schedule period should be done
only after a complete study; basically, it should be the same
as used in establishing the original maintenance schedule
periad. Lubricating oil analysis is described on Page 3-2.

Using The Suggested Schedule Check Sheet

The maintenance schedule check sheet is designed as a
guide until you have adequate experience to establish a
schedule 10 ineet your specific operation.

A detailed fist of component checks is provided through
several check periods; also a suggested schedule basis is
given for gallons of fuel used, hours of operation and miles
driven,

Your maintenance schedule should be established using the
check sheet as a guide; the resuft will be an excellent
maintenance pragram to fit your specific operation.

The check sheet shown can be reproduced by any printer so
you can have forms made up for your use. The person
making cach check can then indicaie directly on the sheet
that he has completed the operation. When a complete
column {under A, B, C, etc) of checks is indicated, the
enging will be ready for additional service until the next




ENGINE SERIAL NO.

EQUIPMENT RO,
MECHANIC

Ma.tenance Schedule

MILEAGE, HOURS, GALLONS

CHECK PERFORMED

DATE

TIME SPENT

CHECK SHEET

PARTS ORDER NO.

See Table 5-1, Page 5-3, For Suggested Maintenance Intervals

Check (¥1 In Biank Space, Under Appropriate

{nterval, Each Operation As Performed A

AC

Full Instructions Begin On Page 54

57

5-24

5-30

5-32

Check Operator's Report

Chack Leaks And Correct

Check Engine O Level

Check Canverter Gil Level

Lubricate PTQO Bearing

| -Nec
Drain Fual Tanks; Clean Breather

Check/Refill Coolant Level

Fill Fuel Tanks

Draln Ajr Tanks

Check Oil Bath Air Cleanar Qil Level

Clean Pra-Cleanar And Dust Pan

Changa Engine OH

Check/Change Hydraulic Governor Oil

Change Engine And Turbo. Qil Filters {Fuil-Flow)}

Change By-Pass Qil Filter

Record Ol Pressure

Lubricate Electrical Equipment

Change Fuel] Flilter; Check Fuel Restriction

Drain Sedimant {Raplaceabla-Element Filter)

Check Air Piping

Chaeck Air Cleaner Restriction Gauge

Cilean/Change Dry-Type/Compaosite Cleaner Element

Repiace Cartridge-Type Cleaner Element

Change Qil Bath Cieaner Oil; Clean Tray Screen

Clean/Change Air Cornpressgr Breather Eflement

Clean/Change Crankcasa Breather Element

Clean Radjator Core (Extarnally)

Check Throttle Linkage

Check Fual Pump Seals

Check Engine Coalant/Change Resistor Element

Check/Adjust Drive Belt Tension

Stearn Clean Engine

1. The AC Check indicates those maintenance checks which should be performed at a more

Clean Fuel Pump Screen And Magnet

Adjust Injectors And Valves

Check Fuel Manifold Pressure

Clean Complete-Oi] Bath Air Cleaner

Lubricate Water Pump And Fan Hub

Check Supercharger/Turbocharger For Leaks

Check Alrernator/Generator/Cranking Motor

Check Vibration Damper Alighment

Clean And Calibrate Injectors

Clean injector 1nlet Screens

inspect/Install Rebuilt Unlts As Neceassary

Check Fuel Pump Calibration

Ciean And Check Turbocharger

inspect Bearings

Rebulld Cylinder Heads

Aeplace Cylinder Liner Seals

Raplace FPiston Rings

Replace Vibration Oamper

Raplace Front And Rear Crankshatt Seals

oil change period by 50% {8,000 te 12,000, etc.).

Inspect Cylinder Liners

frequent interval when the engine operates under adverse conditions.

Inspect Pistons

2. This schedule is based on the use of a full-flow oll filter only. |f a by-pass filter is used, extend

Inspect Crankshatt Journals

Ciean Qil Cooler

Full Instructions For The Following Begin On Page 5-33.

Change Canverter Oii And Filtar

See Manufacturar's Recommendations

Notes:

Check Fan And Drive Pulley Mounting

Spring And Fall

Clean Cooling System

Spring And Fall

Check Hose; Replace As Necassary

Spring And Fafl

Clean Elactrical Connections

Spring And Fall

Check Thermal Contrals Fall
Check Cold-Starting Aid Eall
Check Engine Blow-By As Required
Tighten Manitold/Turbo, Mtg. Capscraws As Required
Tighten Mty. Bolts And Nuts As Required
Check And Adjust Clutch As Required

Check Crankshaft End Clearance

At Clutch Adjustment

S e il T,
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check is due.

Maintenance Operations Summary Sheet

The maintenance operations summary sheet (at the end of
this section} is designed 10 be used to summarize scheduled
maintenance checks for a specific engine, by unit or engine
serial number. The summary sneet records operation or
check performed, fuel used, mechanic, fabor costs, paris
used, etc. A complete record of this type is essential to
perform a thoroughly efficient cost record of the operation.

Maintenance — Standby Service Engines
For units in standby service, or when hours of operation

fall far below those listed, adjust the maintenance schedule
accordingly as follows and with due consideration:

. Manthly, perform “A’" Checks,
2. Every 3 manths, perform “"B*" Checks.
3. Every 6 months, perform “'C"* Checks.

4. Yearly, perfarm ‘D' Checks.

@

Uetatione and Mainsteny 55
H and NH Series Diesel

Maintenance Operations

uat

Lubricating oil stand
infrequently or are in st ‘\
oxidize and require cha
Laboratory testing is the
or fuel is oxidizing unde
oil be checked regular
possible to schedule oil ¢
being contaminated due w un ..

54
’
v

Units in standby service should be started once each week
in locations where ambient temperature remains below 70
deg F [21.1 deg C] and contains a high percentage of
humidity. Start engine, bring unit up to normal- operating
termperature and run for approximately thirty minutes,
Check electrical equipment for corrosion on alt refays and
switch terminals. Check contrals for leaks and proper
operation.

On units in locations where ambient temperature is
normally above 70 deg F {21.7 deg C}, perform starting
procedure as above once every two weeks.

The above procedures are only recommendations
therefore, the operator must take into consideration the
environment of his particular unit installation.,

. Tabie 5-1: Suggested Base Maintenance Intervals:

INTERVAL A AC B C D E
HOURS OPERATION Daily See 250 1,600 4,800 8.060
MILES OPERATION Daily Notes 8,000 48,000 144,000 240,000
U.S. GALLONS FUEL USED

Naturally

Aspirated Datiy See 1,600 9,600 28,800 48,000

Supercharged &

Turbocharged Caily Notes 1,850 11,200 33,600 56,000
CALENDAR Caily 3 Months 1 Year 3 Years 5 Years
Notess 1.  “AC" intervals apply to engines operating under adverse conditions only.

2. if a Cummins Fleetguard by-pass filter is used, the oil change and filter change periods may be extended by

50 % (8,000 1o 12 008 miles, etc.).

3 Maintenance periods should be established on the operating basis fitting operating conditions, or whichever
interval occurs first {500 hours if it occurs before 3 months, etc.). Under normal conditions the calendar interval

Page 5-8.

basis is only used when operation is less than 3000 miles or 100 hours per month.

The safest and-most econaomical method for determining the oil change period i;-by lubricating ail anatysis, See .
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‘A’ Maintenance Checks

Check Operator's Report {A Check)

Check Operator’s daily or trip reports, and investigate and
carrect reported cases of;

. Low, high or change in lubricating il pressure,

—_

AN

. Low power,

3. Abnormal water or oil temperature.

4, Unusual engine noiseé.

5. Excessive smoke,

6. Excessive use of coolant, fuel or oil,

7. Obsarve all  instruments and gauges (with coolant

temperatures in operating rangel with engine running at
. most applicable speed; take any corrective action required,

Check Leaks And Correct {A Check)

L ubrizating Qil

Check for evidence of external oil leakage, Tighten
capscrews, fittings, connections or replace gaskets as

necessary to correct, Check oil dipstick and filler tube caps.
See that they are tightened securely. Fig, B-1,

Fuei 0il
1. Check for evidence of fuel leakage.
a. Check fuel pump and filter.

b. Check fuel suction line and connections at fuel tank, fuel
fitterand fuel pump.

c. Check fuel inlet line and connections at fuel pump
shut-down valve,

d. Check all fuel supply and drain lines, connections and
fittimgs on cylinder heads.

e. Check fuel lines between engine and fuel tank(s).

2. If there are indications of air leaks on suction side of fuel
pump, check for air leaks by placing ST-998 Sight Gauge
{1, Fig. 52) in the line between fuel filterls) and pump.
Bubbles over 1/2 in, {1270 mm] long or “milky"”
appearance indicates an air leak. Find and correct.

Coolant

Check for evidence of external coolant leakage. Tighten
capscrews, hose clamps, fittings and connections, or replace
gaskets or hose as necessary to correct,

Air Connections

Visually check air system connections for leaks or damage
while making other visual checks,

Fig. 5-2, N11917. Checking air leaks with 5T-998 Sight Gauge
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The diesel engine requires hundreds of gallons of air for
every gallon of fuel that tt burns. For the engine to operate
efficiently, it must breathe freely; intake and exhaust

systems must not be restricted.

Valves and piston rings must seal properly against
compression and combustion pressures.

The amount of fuel that can be burned and power
developed is as dependent upon air as fuel, if there is too
little air 1o burn all the fuel, the excess fuel causes a smoky
exhaust—high exhaust temperatures and a loss of
horsepower,

Wasted fuel is not the only loss caused by incomplete
combustion, The excess fuel washes lubricating oil off
cylinder walls, resulting in seized pistons and bearing
fallures, Carboned injector cup spray holes and stuck piston
rings are other troubles which result from insufficient air,
Dirty air cleaner elements, leaky wvalves, worn rings,
damaged silencers and air piping that s too small or with
sharp bends are common causes of air restriction.

When engines operate under extremely dusty conditions,
adjust the maintenance intervals to those in the “AC’’
column of check sheet on Page 5-2,

ngine it Level (A Check)

1. Check oil level with dipstick oil gauge located on the
enging. For accurate readings, oil fevel should not be
checked for approximately 15 minutes after engine
shut-down. Keep dipstick with the oil pan with which it
was originally shipped. Keep oil leve! as near "H'" {high)
mark as possible,

Caution: Never operate the engine with oil level below the
“L"" {low) mark or above the “H"" (high) mark.

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

LUBRICATING QOIL PERFORMS FOUR FUNCTIONS IN
AN ENGINE:

. Reduces friction (heat and wear) by providing a film
between bearing suffaces,

—

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

3. Cools pistons, liners and bearings and absorbs heat from the

engine.- This heat is then dissipated by radiation from the
i pan and by an oil cooler. |t is important that air be free to
& ow around the oil pan.

Y@

4. Completes the seal of rings to pistons and cylinder walls,

ey

—
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THERE ARE TWO BROAD CLASSES OF LUBRICATION
FAILURES:

. Those caused by running an engine without or low on oil,

resulting 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.

Check Converter Oil Level (A Check)

Different models of vehicles may vary in the manner in
which oil level check is made—it may be made with a
dipstick, a level plug or a petcock. Qil level should be
maintained at full. If .needed, add ol according to oil
specifications on nameplate,

. Cold Check

The cold check {engine not running) insures that there is
sufficient oil in the system to start the engine— especially if
equipment 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 at 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
Torgmatic transmission, the oil level check is made at the
transmission.

Lubricate Power Take-0ff Aod Cluteh Throw-Qut Bearing
{A Check)

Power Take-Off

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

Manuat Spring-Loaded tnput Disconnect Clutch

Approximately once a week, lubricate the release hearings
with twp “‘shots’ from a grease gun using grease described
above., Two grease fittings are usually provided atop the
clutch housing.

Check Coolant Level {A Check)

Keep coaling system filled to operating level. Check coolant
level daily or at each fuel fill point. Investigate for causes of
coolant loss. Recheck the level after engine reaches normal
operating temperature. At operating temperature the
thermoastat is open and water is free to circulate to all parts

i
il i
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of the system and fiI.! all air pockets. Requirements of a
good coolant are described on Page 3-4.

Many operators have been shocked to find water in
crankcase 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 corrosion, as it is commonly
called, is likely to occur in any heating or cooling system.
Caorrosion 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 ¢an be controlled by a properly
maintained corrosion resistor.

Aeration refers to air bubbles which may be drawn into
radiator core tubes, then into water pump and engine. The
worst effect of aeration is loss of water pump prime due to
an accuruiatian of air resulting in complete flow stoppage.
Entrained air promotes accelerated internal corrosion.
Entrained air in coolant wiil increase the temperature

differential from combustion gases to water due to

reduction in heat transfer,

An open {non-bafflad) radiator top tank is often the cause
f air entering the system, Due to high velocity of coolant
tering top tank, the surface becomes very agitated and
tends to draw air into core tubes along with coolant, It is
very difficult on many units to completely fill cooling
system at initial fill; this is due to trapping of air in pockets
in engine or other parts of the system, The system should
be bfed of air or refilled after a short period of operation to
purge air from the coolant. The system should be purged of
air by opening vent valve atop thermostat housing.
Continue to add coalant until no air is expelled from vent.

Fill Conling System {A Check)

Keep cooling system completely filled. Check coalant levet
daily before starting engine. Recheck after engine cools. Do
not check coolant on a hot engine unkess no pressure valve

15 in the system, except in an emergency.

Check pressure valve at each “E’* Check to prevent coolant
loss through overflow. Investigate any excessive loss of
coolant.

Clean Fuel Tank Breather(s) And Drain Sediment From
Tanks (A Check)

1. Clean tamk breather(s) in ¢leaning sclvent and dry- with
compressed air,

‘osenl fuel tank drain cock{s) or plug(s) and drain
approxirmately 1 pint of fue! from each tank. Close drain
cock{s) ar plug(s).

Operation and Maintenance Manual
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Fill Fuef Tanks (A Check)

Always filter or strain fuel before or while putting it in
tank. See ""Fuel Qi Specifications’, Page 3-1.

In cold weather, water which accumulates in the fuel
systern will sometimes freeze and block the suppty of fuel.
This condition can be prevented by adding one quart of
denatured alcohol to each 50 gal. {189.250 lit or 41.6335
U.K. gal.] of fuel ail.

This not only keeps the water from freezing, but allows it
to go into solution with the alcoho! and fuel oil so it can
pass through the fuel system and be "burped” without
doing any damage.

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

Fuel filter elements are designed to trap dirt and sediment
that has entered the fuel system. A filter that has been
allowed to become dirty and clogged from over-use will be
more of a handicap than help to an engine. It will restrict
the flow of fuel, thus reducing harsepower output.

Excessive amounts of water in the fuel will cause rusting
and corrgsion in the injectors as well as to fuel pump shafts,
bearings and other parts. In some sections it is difficult to
purchase fuel which does not contain some water. Normal
condensation, either in the storage tank or in the fuel 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 frem the lowest point in the fuel system
hefore starting the engtne each day.

Drain plugs are igcated in the bortom of some fuel filter
cases, and in the sump of the fuel supply tank. Nore
condensation of water vapor occurs in a partially filled fuel
tank than in a full one. Therefore, fuel supply tanks should
be kept as nearly full as passible hy {illing at the end of the
work day. 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 {which is not heated
by returning fuel) tends to increase condensation. 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 rapidiy than the temperature of the fuel.
Again this tends to increase condensation.

Drain Air Tank{s) {A Check)

Open drain cock(s} and drain ali moisture and sediment

dependent on local humidity. - - -

from air tank{s). Quantity of condensation will be Q
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‘AC’ Maintenance Checks

The maintenance checks listed under the “AC"" column of
the check sheet are thaose which must be.performgd at more
frequent intervals when the engine is operating undgr
adverse conditions. The frequency qf. the unteryars is
dependent upon actual operating conditions and will vary
with the intensity of dust, dirt or adverse weather
conditions, Applications normally considered to be dusty
are dry cement haulers, construction, mining, etc.

I the above conditions apply to engines being maintained
we suggest you work with your local Cummins Distributor
in establishing a maintenance schedule for your particutar
operation. The two items listed on this page may have to be
performed at each shift or sooner.

Detailed instructions for performing the remaining “AC™
Checks are described as a part of the “B" Maintenance
Checks, since this is the interval at which these checks are
performed under normal working conditions.

@cmck 0il Bath Cleaner Qil Level (AC Check)

Perform at A Check under adverse conditions

Daily. check oil level, Fig. 5-3, in oil bath air cleaner to be
sure oil level-in oil. cup is at indicated mark. To remove oil
cup, loosen wing nuts. During wet weather and in wi_nter
months, excessive moisture in air ¢leaner oil sometimes
causes cleaner to become flooded and results in oil pull-over
or plugging of the bottom air cleaner screen, Add or change
oil as necessary. This is especially important if oil bath
cleaner is the onty cleaner on the engine,

Sl

Fig. 53, V11920, Checking olf level in air claaner

Some oil bath air cleaners have a rubber seal at the junction
of the cleaner body and oil pan. This seal must not leak,
since the entrance of dirt at this point can wear an engine
out in a short time.

Inspect the seal ring carefully at each service period and
replace seal as necessary.

Clean Pre-Cleaner And Dust Pan (Less Ejection Vaive) (AC
Check) i

Perform at A Check or sconer under adverse conditions

On engines working under extremely dirty conditions an air
pre-cleaner may be used. Clean pre-cleaner jar and dry-type
air cleaner dust pans daily or more often as necessary
depending on operating conditions.
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‘B’ Maintenance Checks

At esach “B“ Maintenance Check, perform all “A" and

“AC" Checks in addition 10 the following.

Change Engine Qil {B Check}
Perform at AC Check under extremely dusty conditions

Kind of oil used (Mil-L-2104A, Supplement 1,
Mil-L-21048, etc)), efficiency of fiftering system and
condition of engine must be considered in determining
when to change oil,

Recent tests, using Cummins Fleetguard full-flow paper
element filter in combination with a Fleetguard by-pass
filter, Supplement 1 oils, and using oil analysis with filter
restriction measurement, indicate that a naturaily aspirated
on-highway truck may have the oil change period extended
as much as 50% under closely controlied conditions, This
indicates the economy that can be obtained through a good

.1aintenan ce program.

—

It is suggested that oil change periods be set up on scheduie
indicated in Table 92, and then extended, or in unusuat
cases reduced, based upon the type of oil used and other
items as described in the above paragraph,

Factors to he checked and lmits for oil analysis are listed
below. Oil change at "B Check”, as shown in maintenance
chart on Page 5-2, is for average conditions and closely
follows that indicated as “Full-Flow Paper Element Only"”
in Table b-2.

. Bring engine to operating temperature and remove drain

plug from bottom of ¢l pan and drain oil in suitable
container. '

. Instalt drain plug in oil pan and torque to GO/70 fi-Ib

[8.2980/9.6810 kg m] .

. Fill crankcase to ""H™ (high-level) mark on dipstick,

. Start engine and visually check for ail leaks,

Note: 1% is important to visually check for oil leaks after
every oil andfor filter change.

. Shut down engine; aflow 15 minutes for oil to drain back

into pan; recheck oil level with dipstick. Add oil, as
required, to bring oil level to “"H" mark an dipstick,

.ubricating Oil Analysis

The meost satisfactory method for determining when to
change {ubricating oil is by oil analysis using laboratory

Table 5-2: Suggested {nitial Gil And Filter Change Periods

Filtering Gallons Mileage Hours
Arrangement Fuel Consumed Driven Operated
Full-Flow Paper

Element Only 1600 8,000 260
Full-Flow Paper

& By-Pass 2400 12,000 375

tests. Fig, b4, After several test periods a time interval
for the oil change can be established; however, a new
series of tests should be run if filters, cil brands or grades are
changed.

In the beginning, tests should be made each 100 gai of
fuel consumed {after the first 400 gat), or 20 hours {after
the first 100 hours) until the analysis indicates the firsi
oil change is necessary.

Analysis Test For Lubricating Ol
Check oil properties in the following list during analysis.

These methods are fully described in the American Society
for Testing Materiafs Handboaok.

Oil Property Test Number
Viscosity at 100 deg F and 200 deg F ASTM-D445
Sediment ASTM-DBA3
Water ASTM-DG5
Acid and Base Number ASTM-D664

Fig. 5-4, N11945, Lubricating oll analysis tast
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Genera! Limits For Oil Change

1. Minimum Viscosity {dilution limit): Minus one SAE grade
from oil being tested or point egual to a minimum
containing five per cent by volume of fuel oil.

2. Maximum \l/iscosity: Pfus one SAE grade from oil being
tested, or ten percent increase at 210 deg F [98.9 deg C] or
25 percent increase at 100 deg F [37.8 deg C)..

3. Sediment Content: Normal pentane insoluble 1.0 to 1.5
percent, Benzine insoluble 0.75 to 1.0 percent.

4. Acid Number: Total number 3.5 maximum,
5. Water Content: 0.2 percent maximum,

B. Additive Reduction: 25 percent maximum,

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

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

Check Hydraulic Governor (il Level (B Check)

If the engine has a hydraulic governor, use clean lubricating
oil of the same grade as used in the engine in the gavernor
SUmp,

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

Change oil in the hydraulic governor sump at each "B’
Check.

Use the same grade of ol as used in the engine. See
" Lubricating Ol Specifications”, Page 3-2,

Note: When temperature is extremely low, it may be
necessary to dilute the lubricating oil with enough fuel oil
or other special fluid to insure free flow for satisfactory
governor action.

Change Engine Full-Flow Filter Element (B Check)

Perform at AC Check under extremely dusty conditions

1. Remove drain plug from filter case and allow oil to drain,

{
(e% Loosen and completely unscrew center capscrew, remove

filter case assemnbly (with element) from filter head. See
Fig's 5,56 and 5-7.
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Fig. 5.5, N11958. Typical remote-mounted lubricating ail filter i
(center bolt) E‘

1_; B A gmy e cd e -—n—-nq—_h.'.'}:'\"?_\. -
‘g R IR 0 i oy e T Wy L -

_i f;i” '-é‘nmm-m‘_'r;-;"-{%:---- = .,‘.",-:‘ ‘-“:it‘-'ﬁm- L
;.i R T X .
L

[ | e
SETE T R
| = ——

. st
-~ s i AT
R TR PRI

Fig, 5:6, N11927. Horizontal lubricating oil filter {center bolt}
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3. Withdraw filter elerment and inspect.

a. |nspect for metal particles,

Caution: If the above tests indicate presence of any bearing
metaf particles, or if found in filters, the source should be
determined before a failure results.

b. Inspect outside wrapper of element for wrinkles and ;_Jl_eats
for waviness or bunching. Presence of these conditions
indicates that oil contains moisture,

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

d. if clement is clogged the change period should be
shortened. Qil pressure drop reading across filter is the best
way to determine change periods, Pressure drop from inlet
to outlet side of filter should not exceed 10 psi [027030
kg/sq cm] with 140 deg F [60 deg C] ail and engine at
high-idle speed.

e. Discard element after inspection.
4. Remave seal ring from filter head and discard,

5 Clean fitter case thoroughly. Handle case and/or store in
.1anner to prevent gut-of round condition,

6. Check to make sure element end seals are in place and
install new element over spring support assembly,

7. Position new seal ring on filter head; instali new element in
fitter case and fill with clean lubricating oil. Pasition to
filter head and tighten center capscrew to 25/35 ft-lb
[ 3.4575{4.8405 kg m] . Tighten clamp-type filter capscrews
securety.

Caution: Never attempt to fit new seal ring to filter can, or
seal may become digtorted or damaged.

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

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

Note: Atways allow oil 10 drain back 1o oit pan befare
checking level. This will require 15 minutes,
Change Turhacharger Qil Filter (B Check)

The throw-away type turbocharger oil filter is used in
conjunction with all turbochargers except the T-50 model.

Change filter at each oil change or install a pressure gauge in
the filter outiet line; change filter element when gauge
indicates a 15 psi [1.0545 kg/sq cml lower pressure than
0il pressure on inlet side.

.fo change element:

1. Unscrewelement and discard, Fig. 5-8.
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Fig. 5-8, N11928. Removing turbocharger ail filter

2. Clean filter head with solvent that is not harmful to
aluminum.

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

4. Coat gasket and fill
lubricating ofl,

new element with clean engine

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

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,
Element threads and filter paper are of special design.

7. Reconnect oil supply and discharge lincs, if previously
removed.

Caution: Make sure oil supply line to filter is connected at

opening marked “in’”. Reversing connections will lead to
turbocharger failure.

Change By-Pass Filter Element {B Check)
Perform at AC Check under extremely dusty conditions
To change Cummins Fleetguard by-pass filter elements:

1. Remove drain plug (5, Fig. 59} from bottom of housing
and drain oil.

2. Remove clamping ring capscrew (1) and lift off cover.

3. Unscrew upper support hold-down assembly (3); lift out
efement (4) and hold-down assembly. Discard element.

4. Ctean housing and hold-down assembly in solvent,

1o




Fig. 59, V41908, Lubricating oil by.pass filter

5. Inspect hold-down assembly spring and seal. Replace if
damaged.

8. Inspect drain plug and connectians. Replace if damaged.

On the Cummins Fleetquard by-pass fitter, check orifice
% plug {6} inside oil cutlet connection or standpipe; blow out
with air jet 1o make sure orifice is open and clean.

8. Check filter cover O ring {7}. Replace if darmaged or
deteriorated.

9, Install new element in housing.

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

11. Position "0’ ring seal on housing flangea.

12, Instafl cover and clamping ring; tighten capscrews until
clamping lugs came together.

13. Add enough extra oil to crankcase to fill case and efement.

Caution: Never use a2 by-pass filter in place of a full-flow
filter.

Record Oil Pressure (B Check)
Perform at AC Check under adverse conditions

: Start the engine and operate at 800 to 1000 rpm until the
‘ oil temperature gauge reads 140 deg F {60 deg C|. Reduce
* engine speed to idle and record the oil pressure, A
. comparison of pressure at idling speed with previous
(ku readings will give an indication of _progressive wear of
AN lubricating oil pump, bearings, shafts, etc. These readings
are maore accurate and reliable when taken immediately

after an oil change,
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Lubricate Alternator Or Generator (B Check)

Perform at AC Check under adverse conditions

Lubricate alternator or generator by adding five or six
drops of SAE 20 lubricating oil to oil cup (Fig. 5-10) or by
turning down grease cup a maximum of one turn,

Caution: Avoid over-lubrication which is harmful to
insulation,

H no cups are present, unit contains seated bearings and
requires no lubrication.

When a generator or alternator filter is used, clean filter
screen at each lubrication period. Remaove filter screen and
wash in an approved cleaning solvent; blow dry with
compressed air and reassemble.

Lubricate Cranking Metor (B Check)

Perform at AC Check under adverse conditions

Electric

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

Air

Air cranking motor may be equipped with grease fittings,
felt wicks with outer -grease cups or air line lubricators.
Follow manufacturer's recemmendation far procedure,
interval and lubricant specification.

Change Fuel Filter Element (B Check)

Perform at AC Check under adverse conditions

Change the single 5 3/4-inch long (throw-away) fuel filter

Fig. 5-10, N11851, Lubricating the genarator




after 2000 gal [7570.000 lit or 1665,340 UK, gal] of fuel
consumption, Change the single 7 1/2-inch  long
(throw-away fuel filter) after 3000 gal [11,355.000 Jit or
2498.010 U.K. gal] of fuel consumption and the stack disc
{replacement element} after 4000 gal {19,140.000 lit or
3330.068 U.K. gal] fuel consumption.

When double elements of the standard or extended life
{throw-away) fuel filters are used, the capacity is
approximately doubled,

Note: Capacities [isted above are under normal working
conditions and with proper storage of fuel,
Fd

The most accurate method of determining element change
period is by measurement of fuel restriction as outlined

below.

Check Fuel Restriction

To check restriction, connect ST-434 Vacuum Gauge to the
fuel pump as shown in (2, Fig. %11} using the special
adaptor furnished. If restriction reads 8 to 8.5 inches
vacuum while the 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 inches
‘cuum, the engine will lose power,

Throw-Away Type Filter

. Unscrew combination case and element; discard. Fig. 5-12,

Note: On elements that do not have an integral “O" ring
seal, install new "0’ ring before installing element,

. Fill element with clean fuel.

. Install new case and element; tighten by hand until seal

o) |l
Fig. 5-11, N11917. Checking fuel fiiter restriction with
ST-434 Vacuum Gauge
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Fig. 5-12, N11929, Remaving throw-away type fuel filter

touches filter head. Tighten an additionsl ane-half to
three-fourths turn,

Caution: Mechanical tightening will distort or crack filter
head.

Replaceable Element

1. Remove drain plug from bottam of filter case and drain

cantents,

2. Loosen nut at top of fuel filter. Take out dirty element,

clean filter case and install a new element. Fig. 5-13,

3. Fill filter case with clean fuel to aid in faster pick-up of
fuel. Install a new gasket in filter head and assemble case

e
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and element. Tighten center bolt to 20/25 ftlb
[2.7660/3.4575 kg m] with a torgue wrench.

4. Check fittings in filter head for leaks. Fittings should be
tightened to 30/40 ft-1b [4.1490/5.5320 kg m] .

Drain Sediment Fram Fuel Filter (B Check)
Perform.at AC Check under adverse conditions

1. Loosen drain cock, if used, at bottom of fuel filter case and
drain out any accumulated water and sediment. Tighten

drain cock.

7. Unscrew throw-away type element without drain cock;
gump water and sediment. Fill element with clean fuel and

replace.

Check Air Piping {B Check}

Perform at AC Check under adverse conditions

Check air intake piping from air cleaner to intake manifold,
Check for logse clamps or connections, cracks, punctures,
or tears in hose or tbing, collapsing hose, or other damage,

Tighten clamps, Fig. 514, or replace parts as necessary 1o
= insure an air-tight air intake system. Make sure all air goes

through the air cleaner.

Check Inlet Air Restriction Gauge (B Check)

Perform at AC Check under adverse conditions

The best method for determining dry-type air cleaner
maintenance periods is through air restriction checks.
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Check Air Inlet Restriction At Engine

When a restriction gauge is not part of the system, check as
faliows:

. On naturally aspirated engines, attach vacuum gauge or

water manometer in middle of intake manifold or on air
intake piping. When [ocated in air intake piping, adapter
must ke perpendicular to air flow and not mare than G in.
{1524 mm] from air intake manifold connection.

. 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,

. Idle engine until normal operating temperature is reached,

. Operate engine at rated speed and take reading 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 at intake manifaold.

I air restriction exceeds limits above (step 2 or 4):

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

. Remove excessive bends or other saurce of restriction in air

piping.

Check Air Iniet Restriction At Air Cleaner

A mechanical restriction gauge is available to indicate
excessive air restriction, This gauge can be mounted in air
cleaner outlet or on wvehicle instrument panel. The
restriction indicatar signals when to change cartridges. The
red flag (1, Fig. 5-15} in window gradually rises as cartridge

Fig. 514, N11908. Tightening air intake piping clamp

Fig. 5-15, CGS520. Air inlet restriction gauge
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ioads with dirt. Do not change cartridge until flag reaches
top and locks in position. When locked, fiag will remain up
after engine is shut down. Change cartridge when flag locks
at top. After changing cartridge, reset indicator by pushing
re-set button (2). Push button all the way in firmly; then
release. |f button sticks, repeat pushing sfowly.

Note: Never remove felt washer from gauge; it is necessary
1o absorb moisture.

Vacuumn switches are available which actuate a warning
light on the instrurnent panel when air restriction becomes
excessive, Items required for installation are;

1. Electric source {1, Fig. 5-16).

2. Air piping with fitting for switch {2},

3. Vacuum switch (3),

4, Red indicatar tight {4).
Note: Air restriction checks should not be used to
determine maintenance pericds for oil-bath air cleaners.
Before dirt build-up reaches 1/2 in. [12.700 mm]

maximum height, perform maintenance as described under
“Change Air Cleaner Qil ",

Clean Air Cleaner Elemenis (B Check)

Perform at AC Check under adverse conditions
Ory Type

The paper element in a dry-type air cleaner, Fig, 5-17, may
be cleaned several times by using an air jet to blow off dirt
or by washing with non-sudsing household detergent and
warm water, preferably 120/140 deg F [48.9/60.0 deg C] .
then drying with compressed air, approximately 40 psi

Operation and Maintenance Manual
H and NH Series Diesel Engines
Maintenance Operations

Fig. 5-17, N11003. Alr cleaner — dry type

(2.8124 ka/sq cm] . Do not hold air jet too close to paper
element or damage to element may result.

Elements that have been cleaned several times will finally
clog and air flow to engine will be restricted. After cleaning,
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
breaks appear or if air restriction is still excessive after
etement has been cleaned. To change element:

. Loosen wing nut {1, Fig. 5-17} securing bottom cover (2} to

cleaner housing (3). Remove cover,

. Pull etement {8) down from center balt (4).

. Remove gasket {5) from outlet end {7) of housing.

When installing the element, make sure it seats on the
gasket at the air cleaner outlet end.

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

Cyclopac And Donaclone Types

The Cyclopac and Donaclone air cleaners combine a
centrifugal cleaning stage with a paper filter element, Fig's.
5-18 and 5-19,

On the Cyclopac model, dirty air enters through an opening
in the side of the cleaner body, where it immediately travels
thraugh a ring of vanes around the outside of the element.
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Fig. 519, V11004. Air cleaner — Donaclone type
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These vanes impart a cyclonic twist to the air, thereby
throwing dust and dirt particles outward and down into the
dust cup. The air then passes through the element (from the
outside} and on into the engine,

On the Donaclone model, dirty air enters through an
opening in the top or side of the cleaner body, where it
enters plastic tubes. These tubes contain vanes which
impart a cyclonic twist to the air, thereby throwing dust
and dirt particles outward and down into the dust cup. The
air then travels up through the aluminum tubes inside the
plastic tubes, through the filter element {from the inside)
and on into the engine,

Before disassembly, wipe dirt from cover and upper portion
of air cleaner, To clean compasite-type:

. Loosen clamps and remove cover {1, Fig. 5-19).

. Unscrew wing bolt holding inner cover and element (3, Fig.

5-18) (4, Fig. 5-19} in position; remove element carefully so
loose dirt will not fali into chamber (2, Fig. 5-18) {3, Fig.
5-19}.

. Remove dust cup (1, Fig. 5-18) {2, Fig. 5-19) and clean,

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

or soft hammer,

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

Caution: Air pressure should not be more than 100 psi
[7.0310 kg/sq cm] to avoid rupturing element. Do not
concentrate air pressure in one spot,

. Wash element with non-sudsing household detergent and

warm water {120/140 deg F [48.8/60.0 deg C]}. Dry with
compressed air (40 psi [2.8120 kg/sq cm] ).

. Remove retainer clamp. Separate upper and lower bodies;

remove Q" ring.

. Hold element up to light and inspect tubes {Donaclone

type} for dust deposits. Remove dust with stiff fiber brush.

. Inspect gaskets and 0" rings; discard if worn or mutilated.

. Inspect element after cleaning to be sure no holes are

present.

. Position upper body with gasket on lower body; secure

with retainer clamp.
Install element and inner cover in position.

Be sure gasket washer (4, Fig. 5-18) is in place under
wingnut before tigh tening.

. Install cover.

Install dust cup.




Replace Cartridge-Type Air Cleaner Element (B Check}

Perform at AC Check under adverse conditions
Twao-Stage

Disassembly

1. Loosen wingnuts (4, Fig. 5-20) on air cleaner housing (3},
Loosen "' bolt clamp securing pre-cleaner to aspirator
tubing., Remove pre-cleaner panal{1}.

2. To remove dirty Pamic cartridge (2}, insert fingers in
cartridge opening using a “bowling-ball grip”. Loosen all
four corners of cartridge, one at a time, by puiling straight

out.

with larger cartridge, it may be necessary to break seal
along edges of cartridge. After seal has been broken, pull
the cartridge straight out and skightly up so cartridge will
clear sealing frame and edges of air cleaner housing.

Cleaning And |nspection

1. Clean pre<leaner openings of all soot, ail film and any
ther abjects that may have become lodged in openings.
emove any dust or dirt that may be in lower partion of
re-cleaner and aspirator tubing. Inspect inside . of air

cleaner housing to be sure it is free of all foreign material,

2. Inspect dirty cartridge for scot or il If there is soot inside
Parmic tubes, check for leaks in engine exhaust system,
exhaust '"blow back” into air intake and exhaust from
other equipment, If cartridge appears “oily’’, check for
furmes escapingd from crankcase breather. Excessive oil mist
shortens life of any dry-type cartridge. Trouble-shaoting
hefore new cartridge is placed in the air cleaner can
appreciably lengthen cartridge life.

3.1t is not recommended to clean and reuse cartridge.

Fig. 5-20, N21017. Cartridge-type air cleaner — two stage

4,
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Considerable laboratory testing shows that shaking,
washing, rapping or blowing out with compressed air can
cause cracks or ruptures in paper filter cartridges, which
would permit wear-causing dirt particles to enter engine. |f
a failure occurs, there is no way of discovering it until
cartridge is changed again,

Repeated tests have also shown that fine particles that
penetrate deep into pores of filter paper cannot be remaved
by any method of cleaning, When returned to service, life
expectancy {even if no failure occurs) of a paper cartridge
will be only a fraction of ariginal service life.

Inspect flexible hose or tubing and clamps to be sure all
fittings are air tight,

Assembly

. Ingpect new filter cartridge for shipping damage before

installing.

. To install a new cartridge, hofd cartridge (2, Fig. 5-20) in

same manner as when removing from housing (3}, Insert
clean cartridge into housing; avoid hitting cartridge tubcs
against sealing flange on edges of air cleaner housing.

. The cleaner requires no separate gaskets for seals; therefore,

care must be taken when inserting cartridge to insure a
proper seat within air cleaner housing. Firmiy press all
edges and corners of cartridge with fingers to effect a
positive air seal against sealing flange of housing. Under no
circumstances should cartridge be -pounded or pressed in
center to effect a seal.

. Replace pre-cleaner panel (1) and tighten wingnuts {4).

Assemble aspirator tube to pre-cleaner panel and tighten
U bolt.

Care should be taken to keep leaves, rags or side curiains
from obstructing cleaner face, Obstructing air intake can

result in reverse exhaust flow through bleed line and
damage to cartridge.

Single Stage

Disassembliy

. Leosen wingnuts (3, Fig. 5-21) on air ¢cleaner housing and

remove moisture eliminator (1) and rain guard, if used.

. To remove dirty Pamic cartridge (2), insert fingers in

cartridge opening using a “bowling-batl grip”’. Loocsen all
four corners of cartridge, one at a time, by pulling straight
out, With farger cartridge, it may be necessary to break seal
along edges of cartridge. After seal has been broken, pull
the cartridge straight out and slightly up so cartridge will
clear sealing frame and edges of air cleaner housing,

|
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Fig. 5-21, V11009, Cartridge-tyhe air cleanar — single stage

Cleaning And Iinspection

Wash moisture eliminator in an approved solvent and dry
tharoughly.

2. Wipe out air cleaner housing with a clean cloth,

. Inspect housing and moisture eliminator for dents, split

seams and holes; repair or replace as necessary.

. tnspect haose, tubing and clamps for damage; reptace if

defective.

Assembly

. Inspect new filter cartridge for shipping or handling damage

hefore installing.

. To install a new cartridge, hold cartridge {2, Fig. 5-21) in

same manner as when removing from housing {4). Insert
clean cartridge into housing; avoid hitting cartridge tubes
against sealing flange on edges of air cleaner housing,

. The cleaner requires no separate gaskets for seals; therefore,

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
circumstances should cartridge be pounded or pressed in
center to effect a szal.

. Position moisture eliminatot (1} to air cleaner housing (4}

and secure wingnuts (3).

Upetation and Roactonge Mool e d
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Change Qil Bath Air Cleaner Oil And Clean Tray Screen (B
Check)

Perform at AC Check under adverse conditions

Air Cleaner Qil

Before dirt build-up reaches 1/2 in, [12,700 mm] , remove
oil cup fram cleaner. Discard oil and wash cup in cleaning
solvent or fuel oil.

Note: During wet weather and in winter months, many oil
bath air cleaners are neglected because visible dust and
dirt-laden air is not encountered. However, changing of oil
bath air cleaner oil is equally as important as during dusty
weather since the air cleaner infet may not be equipped
with an adequate rain shield or may be located in a wheel
or air stream which carries excessive moisture into the
cleaner,

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

Caution: Never use crankecase drainings.

Clean Tray Screen

Immerse tray screen (1, Fig. 5-22) in kerosene or cleaning
solvent.

Slosh screen up and down several times, Dry thoroughly
with comprassed air, and reassemiile to air cleaner,

Note: i tray screen is extremely dirty or coated with
varnish, it may be necessary to singe the screen with a
Hame, Be careful not ta melt tin plate on screen,

Fig. 5-22, M11002. Ramoving air eleaner tray screen
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Clean Or Change Air Compressor Breather Element (B
Check)

,

Perform at AC Check under adverse conditions

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

When used, service breathers regularly as follows.

Bendix-Westinghouse Mesh

Remove the breather and disassemble completely; wash all
parts in solvent. Dry with compressed air, reassemble and
install on compressor. Oil the mesh element.very lightly
with SAE 20 oil to aid in capturing dirt particles,

Bendix-Westinghouse Sponge

Remove the breather from the air compressor. Fig. 5-23.
Disassemble the breather, wash all metal parts in solvent
and blow dry with compressed air. Wash the element in
solvent using a squeezing action; remove all solvent from
element. Dip in clean engine oil and squeeze excess oil from

.eieme'nt.

Bendix-Westinghouse (il Bath

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

Every other service period, unscrew the wingnut on top and
remove the filter element. Wash in solvent, dry and
reassemnble to cover,

Fig. 5:23, N11904, Bendix-Westinghousa air compressor
breather — sponge @lement

Upuration and Maintenance Manual
H and NH Series Diesel Engines
Maintenance Operations

Fig. 5-24, N11937, Cummins air compressor breather —
paper elemeant

Cummins Compressor Paper

A light-weight, self-contained air cleaner with “paper
element” was formerly optional on Cummins air compressor,
Clean the element at each "B’ Maintenance Check, Remove
wingnut securing front cover to body. Lift off front cover
and element. Inspect paper element before cleaning by
reverse flow of compressed air; discard if damaged or
unsuitable for cleaning, Fig. 5-24.

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 cover
and assemble over center bolt; secure with wingnut,

Note: At any time the three-prong unloader hat is used, it
will set up air pulsations across the compressor intake
which can destroy the paper element. Pipe intake air for
Curmmming compressors from engine air manifold when the
three-prong unloader hat is applied; current factory - installed
compressors are 50 equipped, This same pracedure-may be
used for any Cummins Compressor in the field. See your
nearest distributor.

Clean Crankcase 8reather (B Check)
Perform at AC Check under adverse conditions

Qil Bath

lmnerse breather in kerasene or cleaning scilvent, Wash
thoroughly and dry with compressed air, Fill breather oil,
cup to level indicated with oil of the same grade used in the
engine, Fig. 2-25.

Screen Element
Clean elerrient by Washing in clean solvent and drying with

compressed air, Clean breather housing with dry cloth. Fig,
5-26,

_aeady

J R TN T T

ity

.

A

v G -




Fo ., ol -l rorm

Fig. 5-25, N11935. Crankcase breather — ail bath type

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.

Change Crankcase Breather Paper Element (B Check)
Perform at AC Check under adverse conditions

Dry-type crankcase breathers containing a chemically
treated paper element aré used on naturally aspirated
engines. Install new etement—Do Not Attempt To Clean.
Do Not Use On Engines With Pressurized Systems. Fig.
B-27.

P

Flg. 526, N11248, Crankcase breather — screen element type
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Flg. 5-27, N11933. Crankcase breather — paper element type

Clean (Externally) Radiator Core (B Cheek)
Perform at AC Check under adverse conditions

Blow out all insects, dust, dirt and debris {leaves, bits of
paper, etc.} that may be on front of radiator or lodged
between radiator core fins and tubes.

Check Throttle Linkage (B Check)

Check throttle linkage and make sure it is in good operating
condition, Check throttle travel to make sure linkage
operates throttle from stop to full throttle and that degree
of travel is within specifications for application.

Check Fuel Pump Seals {B Check)

Throttle stop screws and governcr idle screw plug are
“saaled”’ after final pump setting. Seals should be regulariy
checked to prevent, or catch immediately, unauthorized
fuel pump settings.

Check Engine Coolant And Corrosion Resistor Element (B
Check)

Coolant

Periodic tests of engine coolant should be made to insure
that the frequency of corrosion resistor servicing or
concentration of chromate is adequate to control corrosion
for specific condition of operation. In cases where
“make-up” water must be added frequently, we suggest
that a supply of water be treated and added as necessary.

When using plain water in a coaling system with a corrosian
resistor {with chromate-type element} or when treating
with chromate compounds, the concentration of effective
inhibitor dissolved in coolant can be measured by the color
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comparison method, Cummins Coolant Checking Kit
§T7-993 is available from Cwnmins Distributors for this

check, Fig. 528,

Mast commercially available antifreezes contain a coloring
dye that renders the color comparison methad ineffective.
When colored antifreszes are present in the coolant,
effective control of corrosion can be determined by
inspecting coolant for accumulation of reddish-brown or
black, finely granulated dirt. A small amount of corrosion
produces significant quantities of these corrosion products;
therefore, if corrosion resistor servicing is adjusted at the
first indication of increased acoumulation of these
products, actual corrasion will be limited to a negligible
amount.

Examine sump of corrosion resistor for these “'dirt”
materials at time of servicing or check them in a small
sample of coolant drained from bottorn of radiator aiter
allowing coolant to settle.

Ceriain anti-freeze compounds are chemically incompatible
with the regular corrosion resistor element containing

chromate. This is evidenced by the formation of a green

scum in the radiator fitler opening.

In such cases, use the PAF corrosion resistor element,
which contains no chromate. The anti-freeze contains its

.wn inhibiting compound.

Caution: Do not use PAF 2lement with plain water coolant,
unless you are able 1o add chromaia compound.

Note: We do not recommend the addition of chromate
compound to anti-freeze  coolant.  Recommended
anti-freeze compounds contain adequate inhibitors when
used as recommended. .

pH Value Test

1. Separate tubes marked “pH™" are furnished in the tost kit

Fig, 5-28, N11946. ST-993 Coolant Checking Kit

N
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Select a tube and fill to mark with coolant to be checked.

.Add eight drops of pH Reagent to tube and mix

thoroughly,

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

. Compare color of test sample with color standards on either

side. Preferred range 1s 8.3 t0 9.5.

.Wash out test tubes after each test and keep reagent

container caps in place,

Chromate Concentration Test

.Draw samnple of coolant and pour into tube marked

"chromate"’,

. Insert sample into comparator hole marked ““chromate’.

Compare color of test sample with color standards on either
side. Preferred range is 100 to 150 grains per gal {3,785 lit
or 0.83267 U.K. gafl or 1700 to 2500 parts per million
{ppm}.

. Wash out test tubes after each test..

Adjusting Coolant Ta Spectifications

If ahove tests indicate coolant is outside specifications,
make an adjustient immediately 1o prevent corrosion.

If Cummins Carrosion Resistor is used, change element,
Fig. 529, and run engine four to six hours: then, check
coolant again; in extreme cases it may be necessary IG
change element a second time, However, the latter
condition may be dus to larger coolant system than
corrosion resistor was designed to treat; note reference on
resistor label,

I chromate compounds are used, add enough compound ta
bring concentration o proper level. Normal usage is 1/2 oz,
{218.75 grains] chromate for each 1 gal [3.785 lit or
0.832G67 UK. gal] of cootant,

Table 5-3; Compmison Units—Chromate Congentration

Ounces Per Gallon Parts Per Million Grains Per Gallon

0,16 850 50
0.32 1700 100
0.50 2550 150

Chackt/Change Coriasion Resistor (B Check)

Change corrosion resistor element, Fig. 5-29, at each "B"
Check unless facilities are available for testing, See "Check
Engine Coolant”. Change element when concentration

Q.
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Fig. 5-29, N1190%, Changing corrosion resistor element

drops below 100 grains per gal [3.785 lit or 0.83267 U.K,
gal] .

Caution: Make sure corrosion resistor, bracket and mount-
ing point on engine are free from paint to form a good
ground. !f located off engine, run ground wire from
FESISIOr MOounting capscrews te enging.

Selection of element to be used should be based upon

"Coolant Specifications”, Secticn 3.
MNote: Whenever a cooling system is changed from one

element formula to the other, the system must be drained
and ftushed.

Change Element

. Close shut-off valves on inlet and drain lines. Unscrew drain

plug at bottom of housing.

. Remave cover capscrews and cover, Fig, 529,

Remave plate securing element(s}; lift element{s} from
housing and discard. Remave plate below element(s},

. Lift gpring Trom housing.

Polish plates. If less than half ol inetal plates can be
exposed by polishing, install new plates.

. Repslace spring and lower plate.

. Remove new element(s} from transparent bag: instalf

clernent{s) in housing.

. Replace upper plate, gasket and cover,

Replace dran plug and open shut-off valves in inlet and
cirain lines.
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Check And Adjust Belt Tension {8 Check)

The service life of belts used to drive fans, water pumps and
generators/altornators can be greatly extended by proper
instatlation, adjustinent and maintenance practices. Neglect
or improper procedures often lead to problems of cooling
or bearing failures, as well as short belt life. Following are
the most important rules to be observed to extend belt life.

Belt tension adjustments are often neglected because of
difficult accessibility. One general rule is applicable to all
such operations: All driven assemblies must be secured in
operating position before reading or judging belt tension.

Water Pump Belts

. Eccentric water pump adjustiment.,

. Loosen water pump ¢lamp ring to allow pump body ta

turn.

. Loosen pump body by puliing up on belts, A sharp jerk

may be required, Some coolant will be fost,

. Insert bar in water punwy body slots and rotate pump bacy

counterclockwise to tighten belts.

Caution: Do not adjust to Tl tension,

. Snug clamp ring capscrew farthest from belts, on exhaust

side, 1o five ft-ib [0.6915 kg m].

. Snug two capscrews above and below the first one to five

f-Ib [0.6915 kg m] .

. Snug clamp ring capscrew an belt side, then two remaining

capscrews, to five ft-lby [0.6915 kg m}.

. Finish tightening by alternating from side te side in five

ft-lb [0.G915 kg m] increments to a final torgue of 12-15
fr-lb [1.6596/2.0745 kg ] .

. Check the belt teasion with applicable Beh Tension Gauge.

Fig, 5-30, Correct ension is 90-110 pounds as indicated on
this gauge, T gauge is-not available, apply pressure of the
index finger at center of the fongest span of belt, Deflection
should be one belt thickness por foot of pulley center
distance. FFiy. 5-31. See Table 5.4,

MNote: Usc ST-968 Gauge Tor belts which are 3/8 1o 1/2 inch
in width, Use ST-1138 Gauge for belts which are 11/15 1o
P inch in widtih,

Notice that final belt tension was not obtained by the
adjustmant alone. The water pump body was pulied straight
by srugging the capscrews in the arder described, thus
increasing balt tension to final value.

. Adijustabie {split) pulley water pumps,

. Remove the capscrews which juin the two halves of the

pulley.
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e. Adjust until the ST-968 Belt Tension Gauge reads 90-95
pounds, or until the belt will deflect 3/4 1o 1 in. when
pressure of index finger is applied.

t. Turn the outer half in enough to align the capscrew holes,

g. Start the capscrews and tighten alternately and evenly,
Final tension is: :

5/16-18 - 10-12 it-1b-[1.3830/1.6596 kg m] +
3/8-16 - 17 - 19 ft-lb {2.3511/2.6277 kg m]

a

i 1

a1

h. Bar the engine over one or two revolutions to seat the beit,

. Check the beit tension, It should be 90-110 pounds on the
5T-868 or ST-1138 Gauge, or should deflect to index
finger pressure one belt thickness per ft, [0.3048 mi of
span, pulley center 10 center.

B g a3 oy o

Fig. 5-30, 811955, Checking belt tension with ST-9568 Gauge

Fan Drive Beits

Tahle 5-4; Belt Tension — in. [mm]} .
Most current fans are mounted on  adjustable hub

Deflection Per Ft [0.3048 m] assemblies, supported in suitable brackets. An adjusting
screw is provided which raises or fowers the shaft 1o adjust

w7 S VAR e i SIAAS IR et ey T, s G e G SR

Belt Width of Span
e % the belt tension,
/2 [12.700] 13/32 (10,318] .
‘1/‘16 [17.462 13/32 {10.318] 1. Loosen the iarge locking nut on the fan hub shaft, The fan
34 [19.050] 7116 [11.112] hub will fall out of line when this is done, o
718 [22.225] 172 [12.700} o . _ I
1 [25.400] 9/16  (14.287 2, Turn the adjusting screw down to increase belt tension. %
. Caution: Do not adjust to full tension with the adjusting ?
b. The outer half of the pulley is screwed anto the hub serew. g
extension of the inner half. Some pulleys are provided with . b2
flats, and some witht lugs, for barring. 3. Tighten the locknut until the fan hub is straight. As this is j
done, belt tension will increase. Snug the nut to maintain H
d. Bar the engine over to roll the belt outward on the pulley as hub in a square attitude.
the outer half is turned in. i

4. Check belt tension with applicable gauge. The gauge shauid
read 90-110 pounds. If a gauge is not available, the belt
should be checked with pressure of index finger at the center )
of the langest span. Deflection should be one thickness ¢
per foot of pulley center distance. .

ot

5.Secure the {ocknut. Tighten to 400/500 filb
[65.3200/69.1500 kgfsq cm]: then back nut off 1/2 turn.

b ake ey

6. Back out adjusting screw one-half turn to prevent breakage.

t

Apaw en

Generator/Alternator Belts

These belts are much easier to adjust since the
generator/alternator is mounted on a swinging bracket.

e

Belt tension should be 80-100 pounds as measured with the Q
applicable gauge. When no gauge is available, index finger
Fig. 5-31, N11471. Checking belt tension manually pressure should not deflect belt more than 3/4 in,
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Water Pump Belt Installation

The eccentric body water pump does not provide encugh
range of adjustiment to aliow the drive belts to be installed
without rolling them on.

Howecver, they can be installed without damage if a few
simple rules are followed:

. Be sure the water pump body is turned to its closest point

to the drive pulley.

. Place the new belt over the water pump pulley and engage

the belt in the top of the drive pulley sheave,

. Place a shop rag under the belt, and pull it.into the sheave

while barring the engine. -

. Transfer the belt to the inner pulley sheave, using the shop

rag to guide it. Always replace multiple belts in complete
sets.

. Roll the water pump body counterclackwise to adjust belt

tension, Adjust tension with applicable gauge; correct
tension is 90-110 pounds as indicated on this gauge.
If gauge is not available, apply pressure of the index finger
at center of the longest span of belt. Deflection should be
one belt thickness per foot of puliey center distance.

All new belts require re-adjustment after a short period of
operation, Operate the engine twenty minutes to one-half
hour, then re-adjust,

Summary
Belt tension should be checked visually each time the unit
is serviced, or at oil change periods on industrial and

construction units,

Attention given to these important belt drives will be repaid
in reduced repair costs and extended engine life.
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‘C’ Maintenance Checks

At gach "C’ Maintenance Check, first perform all "A™,
“AC” and B Checks i addition to thos following.

Steam Clean Engine (C Check)

There are many reasons why exterior of engine should be
kept clean. Dirt from the outside will find its way into fue)
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 ¢leaning a dirty
engine or piece of equipment, If steam is not available, use
mineral spirits or some other solvent to wash the engine.

All electrical campanents and wiring should be protected
from the full force of the steam jet,

fean Fuel Pump Screen And Magnet (€ Check)

.7T Fue! Pump

Remove and clean fuel pump filter screen at each "C”
Check. To clean filter screen:

1. Logsen and remove cap {1, Fig, 5-32) and "0 ring {2}
spring {3). Lift out filter screen assembly (4).

2. Ramove top screen retainer {5) from filter screen assembly.

Mate: Some filter screens do not contain a magnet, If not,
magnet can be obtained from any Cumming distributor.
Magnetic action will remove any ferrous metal particles that

may enter fuel system.

3. Clean screen and magnet in cleaning solvent and dry with

a

0

M b

comnpressed air.

. Replace screen retainer and install filter screen assembly in
fuel pump with hole down, Replace spring on top of filter
screen assembly .

. Replace cap and Q" ring; tighten to 20/25 ft-b
[2.7660/3.4575 kg m] .

PT (type G) Fuel Pump With MVS Governor

. Remove filter cap {1, Fig. 5-33) and dynaseal (2) from
governor housing.

. Remove "'0O" ring retainer {3}, "O" ring {4), screen () and
spring (6} from fifter cap.

. Lsing a screwdriver or wire hook, remove bottom screen
and magnet assembly {7} from fuel pump housing. Bemove
screen retainer,

. Clean paris as described above.

. Install screen retainer and place bhottom screen assembly in
fuel pump housing with removable end up.

. Instatl spring, large coil first, in filter cap; install upper
screen, closed end first, in cap and snug against spring.

. Install new 0" ring on 0" ring retainer; insert in filter

Fig. 5-32, N11850Q. Fue) pump filter assembly —
PT {type Gj fuel pump

Fig. 5-33, N11940. Fuel pump filter assembly — PT {type G)
fusl pump with MVS governar
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cap, "0 ring first.

8. Install filter cap and dynaseal in gavernor housing; tighten
cap to 20/25 ftlb [2.7660/3.4575 kg m] with torque
wrench and screwdriver adapter.

Adjust Injectors And Valves (C Check)

It is essential that injectors and valves be in correct

adjustment at all times for the engine to operate properly.

One controls engine breathing;, the other controls fuel
" delivery to the cylinders,

Adjust valves and injectors at "C' Checks or soaner. Final
operating adjustments must be made using correct values
for the actual temperature of the engine. Check engine
nameplate for hot and cold setting.

Torque injector hold-down capscrew in alternate steps
before adjusting injectors.

4 7/8 in. and 5 1/8 in. Bore Engines: Torgue standard
hold-down capscrews to 10/12 ft-Ib [1.3830/1.6596 kg m]
and Nylock capscrews to 12/14 frlb [1.6596/1.9362 kg
m] . Start tightening on capscrew opposite inlet and drain

cORRECtion.

5 1/2 in. Bore Engine: Torgue standard hald-down
( capscrews with lockwasher to 10712 ft-lb [1.3830/1.6596

kg m] and Nylock capscrew 10 7/8 {t-ib [0.9681/1.1064 kg
m}.

Not !t injector plunger is stamped letter “A™ or "B after
class mark or if PT {type D) injector is used, torque Nylock
capscrews to 11/12 f1-ib]1.6213/1.6596 kg m] .

Timing Mark Alignment

1. If used, pull compression release lever back and block in

®

Fig. 534, N11936. Valve set marks
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open position; this allows the crankshaft to be rotated
without working against compression.

2. Bar engine in direction of rotation until a valve sat mark {1,
Fig. 5-34) aligns with the bass {2) on the gear case cover.
Example: 1-6 VS, This location is marked with a notch in
the drive pulley. {On horizontal engines, the valve set marks
are on the vibration damper flange.)

Note: ST.-747 Barring Tool can be used to bar engine in
direction of rotation.

3. Check the valve rocker lever position on the two cylinders
aligned. On ane cylinder of the pair, both rocker fevers will
be free and valves closad.

4. Loosen the injector rocker lever adjusting nut on all
cylinders, This will aid in distinguishing between cylinders
adjusted and not adjusted.

5. Adjust injector plunger first, then crossheads and valves to
clearances indicated in the following paragraphs.

6. For firing order see Table 5-5.

7. Continue to bar engine to next “'VS' marks and adjust each
cylinder in firing order,

MNote: Only one cylinder is aligned at each mark, Two
complete revolutions of the crankshaft are required to
adjust all cylinders.

Injector Plunger Adjustment

The injectar plungers of all engines must be adjusted with
an inch-pound torgque wrench to a definite torque setting.
Snap-On Model TQ 128 or eguivalent torque wrench and a
screwdriver adapter can be used for this adjustment. See
Fig. 5-3b.

1. Turn adjusting screw down until plunger contacts.cup and
advance an additional 15 degrees to squeeze oil from cup.

Table 5.8: zogine Fiving Order

No. of Righthand Lefthand
Cylinders Rotation Rotation

4 1-2-4-3 1-3-4-2

6 1-5-3-6-24 1-4-2-6-3-5

MNote: Number one cylinder on H/NH engines is at the
gear case end of the engine,

Tabie B8 injector Plunger Adjustment

Torque — Inch Pounds

Qil Temperature Qil Temperature
{70 deg. F [21.1 deq. C}) {140 deq. F [60 deg. C})

48 60

e



Fig. 5-35, N11941, Ad|usting injectar plungers

. Logsen adjusting screw one turn; then, using a torque

wrench calibrated in inch-pounds and a screwdriver adapter,
tighten the adjusting screw to values shown in Table 5-6 for
cold setting and tighten the locknut,

.nsshead Adjustments

NH Series Engines have four-valve heads. Crossheads are
used to operate two valves with one rocker lever. The
crosshead adjustment is provided to assure equal operation
of each pair of valves and prevent strain from misalignment,

The crosshead adjustment changes as a result of valve seat
wear in operation. This is evidenced by reduced rocker
lever-to-crosshead clearance. Therefore, always adjust
crossheads when rocker lever clearance is found tight. Make
sure crossheads are adjusted before adjusting rocker levers,

. Loosen valve crosshead adjusting screw locknut and back

aff screw one turn,

. Use iight finger pressure at rocker lever contact surface to

hold crosshead in contact with valve stemn (without
adjusting screw).

. Turn down crosshead adjusting screw until it touches valve

stem. See Fig. 536,

. With new crossheads and guides, advance screw an

additional one-third of one hex {20 deg) to straighten stem

. in guide and compensate for slack in threads. With worn

0.

crossheads and guides, it may be necessary to advance screw
as imuch as 30 deg to straighten stem in guide.

Hold adijusting screw in this position and tighten locknut to
25/30 ftdb [3.4575/4,1490 kg m] torque.

.‘leck clearance hetween crosshead and valve spring

retainer with wire gauge. There must be a minimum of ,020
in. [0.5080 mm] clearance at this point,

—_
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Fig. 5-36, N11462, Adjusting crossheads

Valve Adjustment

The same engine position used in adjusting injectars is used
for setting intake and exhaust valves,

. While adjusting valves, make sure that the compression

release, on those engines so equipped, i$ in running
position.

. Loosen locknut and back off the adjusting screw, [nsert

feeler gauge between rocker lever and top of the valve stem
or crosshead. Turn the screw down until the lever just
touches the gauge and lock the adjusting screw in this
position with the locknut. Fig. 5-37. Tighten locknut to
30/40 ft Ib [4.1490/5,5320 kg m] torque. When using
ST-669 torgque to 25/35 t Ib [3.4575/4.8405 kg m].

Always make final valve adjustment to correct value for
actual engine temperature after injectors are adjusted. See
Table 5-7.
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Fig. 5-35, N11941, Adjusting injector plungers

2. Loosen adjusting screw one turn; then, using a torque

wrench calibrated in inch-pounds and a screwdriver adapter,
tighten the adjusting screw to values shown in Table 5-6 for
cold setting and tighten the locknut.

. Crosshead Adjustments

[4)

NH Series Engines have fourwvalve heads. Crossheads are
used to operate twgo valves with one rocker lever. The
crosshead adjustment is provided to assure equal operation
of each pair of valves and prevent strain from misalignment.

The crosshead adjustment changes as a result of valve seat
wear in operation, This is evidenced by reduced rocker
lever-to-crosshead clearance. Therefore, always adjust
crossheads when rocker lever clearance is found tight. Make
sure crossheads are adjusted hefore adjusting rocker levers.

_Loosen valve crosshead adjusting screw focknut and back

off screw one turn,

. Use light finger pressure at rocker lever contact surface to

hold crosshead in contact with valve stem (without

adjusting screw}.

. Turn down crosshead adjusting screw until it touches valve

stem. See Fig. 5-36.

_With new crossheads and guides, advance screw an

additional ane-third of one hex {20 deg} to straighten stem
in guide and compensate for slack in threads. With worn
crossheads and guides, it may be necessary to advance screw
as much as 30 deg to straighten §tern in guide.

Hold adjusting screw in this pasition and tighten locknut to
26/30 ft-lb [3.4575/4.1490 kg m] torque.

. Check clearance between crosshecad and wvalve spring

retatner with wire gauge. There must be a minimum of .020
in, [0.5080 mm] clearance at this point,

Uperation and Maintenance Manual
H and NH Serigs Diesel Engines
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Fig. 5-36, N11462. Adjusting crossheads

Valve Adjustment

The same engine position used in adjusting injectors is used
for setting intake and exhaust valves,

. While adjusting valves, make sure that the compression

release, on those engines so equipped, is in running
position,

. Loosen focknut and back off the adjusting screw. Insert

feeler gauge between rocker lever and top of the valve stem
or crosshead. Turn the screw down until the lever just
touches the gauge and lock the adjusting screw in this
pasition with the locknut. Fig. 5-37. Tighten locknut to
30/40 ft Ib {4.1490/5.5320 kg m] torque. When using
ST-669 torque to 25/35 ft 1b [3.4575/4.8405 kg m].

. Always make final valve adjustment to correct value for

actual engine temperature after injectors are adjusted. See
Table 5-7.

Fig. 5-37, N11842, Adjusting valves
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Table 5-7: Valve Clearance — In, [mm)] : ...IL _I_,L JO/ \

Intake Valves Exhaust Valves

Oil Temperature Qil Temperature

70 deg F 140 deg F 70deg F 140 deg F
{21.1degC) [60.0degC] [21.1degC] [60.0 deg C]

0.016 0.014 0.029 0.027
[0.4064). [0.3556] f0.7366] [0.6858]

Governed Engine Speed

Assurance of correct governed speed is necessary before any
other. fuel pump checks are attempted. Use an accurate
tachometer or revolution counter. Use of a dynamometer
makes determining rated speed easy. If no dynamometer
can be used, take a reading of the no-load maximum. Allow . . 45 1 ki
10% above the rated speed as a maximurn goverr\ed SDEEC’. Fig. 5-38, N11491. Checking fual manifold pressure with 5T-435
Example: 2100 rpm rated, 2310 rpm maximum.

There may be some variation in maximum governed speed
from various causes: B. Always make the above checks on a hot engine,

1. Ajr compressor pumping. ) .
Compression Release Adjustment

2. Generatarfalternator carrying high charging rate.

) A properly adjusted compression release provides a
7 @’Any auxiliary load such as power-steering pump, clearance between the compression release shaft and valve
air-conditioning compressor, ete. push tube flanges when the compression release lever is in
the stop (engine running) position. Adjustment of the
4. Variations in governor characteristics make small compression release as applied to exhaust valves is the same
differences in maximum governed speed between different as the adjustments formerly used with intake wvalves.
engines. Such variations are of small importance in most However, adjustment is mare critical on the exhaust valves
applications, because the valves operate at higher temperatures,
Check Fuel Manifold Pressure {C Check) Adjustment Procedure
1. Check maximum fuel manifold pressure with $T-435. Fig. 1, Loosen the compression release lever on the compression
5-38. Remove 1/8 in. pipe plug from side of fuel shut-off release shaft.
valve on top of fuel pump. Connect the gauge line in pipe
plug hole, 2.Set compression release lever with stop pin midway

) ] ) between the |ever stops.
2. Remove linkage from the throttle lever. This will allow

throttle to be operated by hand. 3. Turn the compression release shaft clockwise with a screw
. ) driver (slot in shaft) until it contacts the exhaust valve push
3. Start the engine. Run long enough to purge air from the tube flange.
pump. Loosen the gauge end of pressure line and bleed air
from line. 4. Tighten "the compression release lever to the compression
shaft with the clamping capscrew. The stop pin and lever
4. Watch gauge closely and snap throttle fully open. The gauge stops remain in position described in Step 2.
hand will hit a maximum value, then immediately drop
back as the governor takes control. 5. Move lever to running position stop against pin {lever

_ ) ) . toward the exhaust side of the engine),
5. Compare the maximum value with previous readings taken

to determine if fuel readings are satisfactory. Normally this 6. Move lever in opposite direction to compression refeased
check is only taken if there is a suspected loss of power, position stap against pin,
umﬂio“: On turbocharged engines, aneroids (if used) must 7. Repeat Steps 5 and 6 while cranking the engine. During
' bir disconnected to reach maximum fuel pressure during the Step 5 there should be no contact between shaft and push

shart acceleration period. tubes.
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Note: Some equipment manufacturers supply their own
compression release levers, The adjustment procedure
remains the same. In some cases, air or hydraulic actuating
mechanisms are also supplied. These should be checked for
proper opesation; be especially sure that they allow return
to full running position.

Clean Complete Oif Bath Air Cleaner (€ Check)

Steam

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

Solvent-bath cleaning requifes a 55-gallor] drum and &
source of air pressure. Any good commercial solvent may
be used.

1. Steam clean exterior of cleaner.

2. Remowe air cleaner oif cup.,

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

5. Introduce air into unit at 3/5 psi {0.2109/0.3516 kg/sq
¢m] and leave in washer 10 to 20 minutes,

6. Remove cleaner from solvent and steam clean thoroughly
to remove all traces of solvent.

7. Dry thoroughly with compressed air,

Cautinn: Failure to remove solvent may cause engine to
averspeed until all solvent is sucked from cleaner.

B, If air cleaner is to be stored, dip in lubricating oil to prevent
rusting of screens,

Note: If screens cannot be thoroughfy cleaned by either
method, or if body is pierced or otherwise damaged, replace
with new air cleaner,

Lubritate Water Pump And Fan Hub {C Check)
1. If water pump and fan hub contain grease fittings or plugs
1, Fig. 539} through which grease may be applied, give

ane "shot” {approx. 1 tablespoon) each “C’" Check,

2. Completely disassemble, clean and inspect at each third
“C' Check,

. ! water pump or fan hub has no provisions for greasing,
disassemble, clean and inspect each second *'C** Check.

4. Pack bearings and fill water pump and fan hub bearing

Operation and Maintensnce Manual -
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Fig. 5-39, N11932. Fan hub lubricating point

cavities 1/2 to 2/3 full of grease meeting specifications
shown on Page 3-3.

Check For Dil Leaks At Supercharger Or Turbacharger (C
Check)

Supercharger

Remove supercharger outlet connection and visually check
ends of the rotors and case for evidence of oil leakage from
supercharger seals, Rotors will always show some oil from
the vapor tube which is connected to a rocker hausing
cover,

Only the appearance of "‘wet" oil at the ends of the rators
and excessive oil consumption should be cause for changing
supercharger seals,

Check supercharger lutricating oil lines and connections for
leaks and correct as needed.,

Turbacharger

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

Cheel Ahternator/Generator And Cranking Motoer Brushes
And Commutators (C Check)

Failure of an alternator/generator or cranking motor may
cause unit downtime and nearly always resufts in expensive
replacement.

1. Inspect terminals for corrosion and laose connections, Fig.
5-40, and wiring for frayed insulation. Check mounting
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bolts for tightness and check belt for alignment, proper
tension and wear,

2. Slip rings and brushes can be inspected through alternator
end frame assembly, If slip rings are dirty, they should be
cleaned with 400-grain or finer polishing cloth. Never use
emery cloth to clean slip rings. Hold polishing cloth against

( slip rings with alternator in operation and blow away all
dust after cleaning operation,

3. Check alternator bearings for wear. Shaft will be excessively
loose if bearings are worn.

4 |f brushes are worn close to the holder, the alternator must
e removed and sent to manufacturer's rebuild station,

Theck Vibration Damper Alignment (C Check)

Damper hub (1, Fig. 5-41} and inertia member (2) are
stamped with an index mark (3) to permit detection of
movemeant between the two components,

Inspect damper every “C” Check, There should be no
relative rotation between hub and inertia member resulting
from engine operatian.

Uperstion and Maiotenance Manual
H and NH Series Diesel Engines
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‘D’ Maintenance Checks

At each "D’ Maintenance Check, perform all A", “AC",
"B and "'C" Checks in addition to those following.

Clean And Calibrate Injectors (D Check)

Clean and calibrate injectors regularty to prevent restriction
of fuel delivery to combustion chambers. Because of the
special tools required for calibration, most owners and
fleets find it more economical ta let a Cummins Distributor
do the cleaning and calibration operations,

To clezin and calibrate injectars, refer to Bulletin No.
983636 or 9835632,

Clean fnjector inlet Screens {D Check)

On external-fuel line engines, each fuel inlet connection has
fine mesh screen at the large end. This screen is the last
‘rotection against dirt entering the injector,

To clean: Remove the strainer screen; wash in solvent and
dry with compressed air, Reassemble as removed. Fig. 542,

On internal-fuel line (drilled -passages in cylinder heads)
engines, the iniet passage has a fine mesh screen in the
injector. This screen is the last protection against dirt
antering the injector. To clean: remove injector, remove
screen, wash in solvent and dry with compressed air,
Reassembie as removed.

Fig. 5.42, N11954. Injector inlet screan

Inspect/install Rebuilt Units As Necessary (D Check)

At this time the following assemblies should be rebuiltin a
well-equipped shop by mechanics thoroughly familiar with
worn replacement limits and disassembly and assembly
procedures:

Water Pump

Fan Hub

Lubricating Oil Pump
Air Compressor
Injectors

Fuel Pump

Inspect each rebuilt unit before installing it on the engine.
Be sure all units are clean and that ali capscrews, nuts and
bolts are tight. Install units on engine in any convenient
sequence; refer to Cummins Shop Manual, Bulletin No,
983646, for correct assembly procedures.

Check Fuel Pump Calibration (D Check)

Check fuel pump calibration on engine as required. See
your nearest Cummins Distributor or Dealer for values,

Clean Turbocharger Compressar Wheel And Diffuser (D
Check)

Keep the compressor wheel and diffuser clean for best
turbocharger performance, Any buildup of dirt on the
compressor wheel will choke off air flow and cause rotor

+ imbalance.

At every "D Check, clean the compressor wheel and
diffuser as follows:

. Remove intake piping, air cleaner piping and suppaort

bracket (if used) from turbocharger.

. Loosen and remove capscrews, lockwashers and plain

washers from the plate, Remove the front plate to expose
compressor wheel and diffuser.

Note: On T-50 turbocharger loosen and remove V-clamp
between housings. Pull T-50 compressor housing.

. Use a good carbon-remaving solvent and a brush with nylon
or hog bristles to clean the compressor wheel and diffuser.

Never use a solvent that may attack aluminum and result in

an imbalanced compressor wheel,

. If the unit is very dirty when the front plate or compressor

housing is removed, remove the turbocharger from the
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engine.

_Immerse compressor wheel end of turbocharger in cleaning
fluid to the diffuser plate face; aliow to sdoak, Do not rest
weight of turbocharger on compressor wheel or on end of
shaft.

o

6. Dry the unit thoroughly with compressed air, Reassemble
front plate to turbocharger.

Note: On the T-50 turbocharger install carmpressor housing
and V-clamp. Tighten V-clamp capscrew to 32/38 in-lb
{0.3680/0.4140 kg m] ; do not overtighten,

Check Turbocharger Bearing Clearance (D Check)

Check bearing clearances every "D Check. This can be
done, without removing the turbocharger from the engine,
by using a dial indicator to indicate end-play of the rotor
shaft and a feeler gauge to indicate radial clearance. Fig.
5-43,

Checking Pracedure

Remove exhaust and intake piping from the turbocharger
to0 expase ends of rator assembly.

. Remove ane capscrew from the front plate {compressor
wheel end) and replace a long capscrew. Attach an indicator
1o the long capscrew and register indicator point on the end
of rotor shaft, Push the shaft from end-tc-end, making note
of total indicator reading. Move indicator point to the end
of the shaft and check end-play of rotor assembly, See
Table 5-8 for limits,

3. Check radial clearance on compressor wheet only. Note that
limits in Table 5-8 are minumurn figures.

4, 11 end clearance exceeds limits shown in Table 5-8, remove
turbocharger from enging and replace with a now or rebuift
unit.

Operation and Maimenance Manuai
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Fig. 5-43, N11956.
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Checking T-50 Turbocharger bearing clearance

Table 5-8: Turbocharger Bearing Clearances — {n. [mm]

Turbocharger Radial Clearance End Clearance-
Model Min, Max. Min. Max,
T-50 0,005 0.033 0.006 0.019
(0.1270] [0.8382) {0.1524] [0.4826]
T-350 0.009 0.003 0.008
[0.2246) {0,.0762] [0.2032]}
T-506 0,008 0.003 G.010
[0.2022] {0.0762] [0.2540]
7590 0.008 0.003 0.011
{0.2032] {0.0762] [0.2794]
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‘E’ Maintenanf:e Checks

At each "E" Maintenance Check, perform all "A", "AC",
"B”, "C" and "D" Checks in addition to those following.

The “E*" Maintenance Check is often referred to as a chassis
overhaul, where engine is not removed from the unit but
some assemblies are rebuilt. In addition, a major inspection
should be performed to determine whether engine may be
operated for another service period, or whether it should be
completely averhauled. Qil consumption, no oil pressure at
idling, dilution and other signs of wear should be analyzed
as part of the inspection.

Since major inspection requires partial disassembly of the
engine, it should be dane only in a well-equipped shop by
mechanics thoroughly familiar with worn replacement
limits and disassembly and assembly procedures, This
information is available in all Cummins Shop Manuals
which can be purchased from any Cummins Distributor,

At this period, perform all previous checks and:

Inspect Bearings

Rebuild Cylinder Head

Replace Cylinder Liner Seals

Replace Piston Rings

Replace Front And Rear Crankshaft Seals
Replace Vibration Damper

tnspect Cylinder Liners

Inspect Pistons

Inspect Crankshaft Jaurnals

Clean Oil Cooler

Parts which are worn beyond worn replacement [imits at
this inspection should bhe replaced with new or rebuilt parts
Qr units,

I'f, during major inspection, it is determinad that crankshaft
tournals or any other engine parts are worn beyond worn
replacement  limits, engine should be removed and
cormpletely rebuilt.
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Oiher Maintenance Checks

There are some maintenance checks which may or may not
fall exactly into suggested maintenance schedule due to
miles or hours gperation but are performed once or twice
each year,

Change Converter Gil, Filter, And. Clean Screens (See
Manufacturer’s Instructions}

Change Converter 0il

Oil should be changed every spring and fall in the hydraulic
systern, or more often, 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 discotoration or strong odor,

Where possible follow converter manufacturer

recommendations.

h ! Check Fan And Drive Pulley Mounting (Spring And Fall)

Check fan to be sure it is securely mounted; tighten
capscrews as necessary, Check fan for wobble or bent
blades. .

Check fan hub and crankshaft drive pulley to be sure they
are sacurely mounted. Check fan hub pulley for looseness
or wobble; if necessary, remove fan and hub and tighten the
shaft nut, Tighten the fan bracket capscrews.

Clean Cyoting System (Spring And Fait)

The cooling system must be clean to do its work properly.
Scale in the system slows down heat absorption from water
jackets and heat rejection from radiator. Use clean 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 cooter and block passages that have
become clogged with scale and sediment by chemical
cleaning, neutralizing and flushing.

Chemical Cleaning

The best way to insure an efficient cooling system is to
prevent formation of rust and scale by using a Cummins
Corrasion Resistor, but if they have callected, the system
must be chemically cleaned. Use a good cooling system
cleaner such as sodium bisulphate ar oxalic acid followed
by neutralizer and flushing,

Pressure Flushing

Flush radiator and block when anti-freeze is added or
removed, or hefare installing a Corrosion Resistor on a used
engine.

When pressure flushing radiator, open upper and lower hose
cannections and screw radiator cap on tight. Use hose
connections on both 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 avoid damage to
the core. Shut off air and allow radiator to refill; then apply
air pressure, Repeat until water coming fram radiator is
clean,

Sediment and dirt settle into pockets in block as well as
radiator core. Remove thermostats from hausing and flush
block with water. Partially restrict lower opening until
block fills. Apply air pressure and force water from lower
opening. Repeat process until stream of water coming from
block is clean.

Check Hose (Spring And Fall)

fnspect by-pass filter and cooling system hose and hose
connections for leaks and/or deterioration. Particles of
deteriorated hose can be carried through cooling system or
tubricating system and restrict or clog small passages,
especially radiator core, and lubricating oil cooler, and slow
or partially stop circulation. Replace as necessary.

Clean Electric Cm;nectiuns (Spring And Fall)

Hard starting is often traceable to loose or corroded battery
connections. A |oose connection will overwork alternator
and regulator and sharten their tives,

1. 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 3/8 in.
[9.5250 imml} abave separator plates,

2. Remove corrosion from around terminals; then coat with
petroleum jelly or a non-corrosive inhibitor,

3. Keep connections clean and tight. Prevent wires and lugs
from. touching cach other or any metal except screw
terminals to which they are attached.

4, Replace hwroken or worn wires and their terminais,

B.Have Dbattery tested periodically. Follow Dbattery




manufacturer's instructions for maintenance,

Check Shutterstats And Thermatic Fans (Fal!)

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

Check Tharmostats And Seals (Fafl}

Remove thermostats from thermostat housings and check
for proper opening and closing temperature.

Most Cummins Engines are equipped with either medium
170/185 deg F [76.7/85.0 deg C] or low 160/175deg F
[71.1/79.4 deg C] and in a few cases high-range 180/195
deg F [82.2/90.6 deg C] thermostats, depending on engine
application.

Check Cold-Starting Aid (Fall)

emove 1/8-inch pipe plug from manifold, near glow plug,
and check operation of preheater as described on Page 2-3.

Lheck Engive Blow-By {(As Required)

Engine blowby, or escape of combustion gases past pistons
and liners, is usually caused by worn or stuck piston rings,
worn cylinder liners or warn pistons.

Operation and Maintenance Manoad
H and NH Series Dicsel Engines
Maintenance Operations

Blow-by can be detected by running the engine and
observing the gas escape from the lubricating oil filler hole
with cap or breather open or removed, There is always
SOME vapor or gas escape at this point due to heated oil and
piston movement, but distinct pufls indicate blow-by.
Experience and comparison with other units operaiing at
the same speed are needed to make a conclusion as to the
extent of blow-by. Normally, excessive blow-by is
accompanied by oil consumption.

Cummins Distributors are equipped to check engines for
blow-by under loaded conditions, with special taols, to
determine if blow-by is excessive, Fig. b-44.

Fig. 5-44, N11489. Checking blow-by under fnad

Table 5-9; Thermal Controd Settings

Setting With

160 deg/175 deg F

Setting With

170 deg/185 deg F

Setting With

180 deg/ 195 deg F

Control (71.1 deg/79.4 deg C} [76.7 deq/85.0 deg Cl [82.2 deg/90.6 deg C]

Used Thermaostat Thermostat Thermostat
Open Close Cpen Close Open Close

Thermatic Fan 185 deg F 177 deg F 190 deg F 182 deg F Not Used
[85.0deg C] [80.6degCl [87.8 deg C] [83.3deg C)

Shutterstat 180 deg F 172 deg F 185deg F 177 deg F 195 deg F 187 deg F
[82.2degC] [77.8 deg C] [85.0 deg C} [80.6 deg C] [20.6 deg C} [86.1 deg C]

Modulating Fan 185deg F 190 deg F Nat Used

Lockup 185.0 deg C] (87 8Bdeg Cl

Modulating 175deg F 185deg F 165 deg F

Shutters Open [79.4 deg C] [85.0 deg C] [90.6 deg C]
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Tietten Maailnld Nits Gr Dupserevs {As Reguired)

Check exhaust, intake and water manifolds mounting
harcdware for tightness; correct deficiencies as required.

Tighten Turbochorger Mousting Buts {(As Required)

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

5-45.

Tighten Mgunting Bolts Aed Nuts {As Requirad)

Mounting botts will occasianally work loase and cause the
supports and brackels to wear rapidly. Tighten all mounting
holts or nuts and replace any broken or lost boits or
CaSCrews.

Check Pewer Take-OH Clutch Adiustimant {As Resuired)

If clutch does not pull, heats or operating lever jurnps out,
clutch must be adjusted. To adjust clutch, remove hand
hole plate in housing and turn clutch until adjusting lockpin
can be reached.

Disengage adjusting lockpin and twrn adjusting yoke or ring’
to right, ar clockwise, until operating lever requires a
distinct pressure to engage. A new clutch generally requires
several adjustments until friction surfaces are worn in,

Check Crankshaft End Clearance (At Clutch Adjustment)

The crankshaft of a new or newly rebuilt engine must have
end clearance as listed for that model in Table 5-10, A worn
engine must not be operated with more than the worn limit

Fig. 545 N11953. Tightening T-50 Turbocharger mounting nuts

Operation and Mainlenance Manual 635
H and NH Serics Dicsal Engines
Maintenance Operations

end clearance shown in the same table. If engine is
disassembled for repair, instafl new thrust rings if wear
results in end clearance in excess of 0.022 in. [0.5588
mm]j .

The check can be made by attaching an indicator to rest
against the flywheel/crankshaft while prying against a
crankshaft throw through an inspection plate {Fig: 5-46) if
the oil pan-is nat removed. End clearance must be present
with engine mounted in the wunit and assembled to
transmission or converter,

Table 5-10: Crankshaft End Clearance — In. {mm]

New New
Minimum Maximum

Operating
Worn Limit

0.007 [0.1778] 0.017 [0.4318] 0.035 [0.8890]

T

Sy )
Fig. 5-46, N11957. Checking crankshaft end clearance




Parts

Genuine Cummins service parts are of the same higl—‘

quality as those used on the original engine so your engine

will continue to 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 Distributor 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

reason why Cummins Service has gained such an out-

standing reputation. For assistance in selecting new en-
gine 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.
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rﬂex

Air Cleaner Element—Cartridge-Type (Singte Stage) .
A Cleaner Element—Cartridge-Type {Two-Stage)

Air Cleaner Element Cieaning {Cyclapac And Donaclone}
Air Cleaner Eternent Cleaning {Dry Type)

Air 'Cleaner Cleaning {(Qil Bath Type}

Air Cieaner Qit Changing ..

Air Cleane: Tray Screen Cleaning A

Air Compressor Breather Element Cleanmg/Changmg
Air Connections

Afv Inlet Restriction At Aur Cleaner

Air Inlet Restriction At Engine

Air Piping

Air System

Air Tank Draining

Alternator Brushes And Commutotors

Alternator Lu brication

Apply Load Gradually

Automotive Applications

Beit Tension—Checking And Adjusting
‘ Braking To Prevent Excessive Engine Speed
By-Pass Qit Filter Changing

Clutch Throw-Out Bearing Lubrication
nid-Starting Ald Checking
td-Starting Aids
\ﬂ ‘mgcu}d ‘Weather Protection .
Cumpression Release Adjustment |
Compression Stroke
Converter Screen Cleanrng
Cooplant Leaks .
Cootant Level
Caulant Specifications
Caoling System
Cooling System Cieanmg
Cooling System Filling B
Corrosion Resistor Element Changmg
Crankcase Breather Cleaning .
Cranking Motor Brushes And Commu tatars
Cranking Motor Lubrication
Crankshalt End Ciearance
Crosshead Adjustment
Cruising Operation

Dirgi! Cytle

Downhill Oneration

Orive Puliey Mounting

Dual Diessl .

Dual Diesel Operation

Dual Dieset Trouble Shooung

Electric Cannection Cleaning
Engine Blow-By

Engine Break-In

Eagine Sxhaust

£ nyine Coolant

-\ngimz ORChanging

,Agine Shut-Down

L ngine Speeds |

.5-16
.5-16
.5-14
. .5-14
. 528
617
.57
.5-18
22 5-4
.B-13
b3
213
.1-13
. 58
.5-28
511

. 28

.5-21
.2-10
.5-10

. 55
. .5-34
T.2-3
. 27
527
.5-33
.5-33
. 54
. 55
. 34
1412
,5-33
. 56
.5-19

5-18, 5-19

.6-28
511
.5-35
.5-26
.29

141
210
5.33
115
.20
212

.5-33
.5-34
. 24
L. 28
.2:2,5-19
. 58
. 2-6
. 24

Engine Steam Clearl-ing
Exhaust Stroke

Fan Pulley Maunting

Fuel Filter Changing (Replaceable Element Type}
Fuel Fitter Changing (Thraw-Away Type)
Fuel Filter Element Changing

Fuel Filter Sediment Draining

Fuel Lines, Connections And Valves

Fuel Manifold Pressure

Fuel 011 Leaks

Fuel Oil Specifications

Fuet Pump .

Fuel Pump Calubrauon .

Fuel Pump Screen And Magnet Cleanlng
Fuel Pump Seals

Fuel Restriction .
Fuel Supply Lines And Connecnons

Fuel System .

Fuel System Priming

Fuel Tank Breather Cleaning

Fuel Tank Filling ..

Fuel Tank Sediment Draining

Generator Brushes And Commutators
Generator Lubrication

Generator Set Applications
Generator Set—Parallel Operation
Governed E ngine Speed

Governars .

Grease Specaflcatnons

High-Altitude Operation

Hose Checking

Hydraulic Governos

Hydraulic Governor Ol Changlng
Hydraulic Governor Oil Checking

ldling The Engine

Industrial Engine Appiucauons
Injector Inlet Screen Cleaning
Injector Plunger Adjustment
Injectars

Injectors— Cleanmg And Callbratrng
Instrument Panels

intake Stroke

Lubricating Gil Analysis
Lubricating Qil Leaks
Lubricating Qil Specifications
Lubricating System .
Lubricating System Priming

Maintenance Check Sheet

Maintenance [ntervals
Maintenance—Standby Service Eng:nes
Maintenance Summary Sheet .
Manifold Nut Or Capscrew Tightening
Marine Applicatians

.5-24
b1

.5-33
.§5-12
.5-12
.5-11
.5-13

1-9

.5-27
. 54
. 341

1-2

.5-30
.5-24
.5-19
512
. 2-2/

1-2

. 56
. 96
. 56

.5-28
511
.2-14
.2-14
.5-27

1-4
3-3

.27
.2-20
.5-30

5-25
17

.5-30
. 25

1-1

. 58

c

5-4
3-2

110
.21

. 52
. 53
. 53
.5-36
.5-35
.2-19




Cummins Engine Company, inc.
Columbus, Indiana, U.S.A. 47201

Cummins Engine Company, Ltd.
Coombe House, St. George's Square
New Malden, England '
Cable: INTCUMLON MALDEN

Overseas Factories:

Cummins Engine Company, Lid.
Shotts, Lanarkshire, Scotland
Cable: CUMSCOT SHOTTS

Cummins Engine Company, Ltd.
Yarm Road, Darfington, County Durham, England
Cable: CUMDAR DARLINGTON

:mmins Diesel Australia
.1gwood, Victorid
wable: CUMAUS : .
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