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© This ménual providés instructions fortroubieshooting and repairing the NT 855 engine in the chassis. 'Component

and assembly rebuild procedures are provided in the NT 855 Engine Shop Manual. Refer to page 2 in the

Intraduction for instructions on how to use this manual.

The manual is organized 1o guide a service technician through the logical steps of ldentlfymg and- correctlng
problems related to the engine. )

This manual does not cover vehicle or eqmpment problems. Consult the vehncle or equment manufacturer for
repair procedures.

The repair procedures used in thIS manual are recommended by Cummins Engine Company, Inc. Some service
procedures require the use of special service tools. Use the correct tools as described. '

The information, specifications, and recommended repair procedures in this publlcatlon are based on the infor-
mation in effect at the time this manual was printed. Cummins Engine Company, inc. reserves the nght to make
changes at any time without notice.

Reporting of errors, omissions, and recommendations for’ |mprovmg thIS publlcatlon by the user is encouraged
Please send all suggsestions and comments to: .

CUMMINS ENGINE COMPANY INC
Box 3005 .
Columbus Indiana 47202 3005

ATTENTION: NT 855 Product Service & Support.
Mail-Code - 80206
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About the Manual Section |.- Introduction

About the Manual Col

A -

This NT 855 Troubleshooting and Repair Manual is intended 10 aid in determining-the cause ot engine-related .
problems and to provide recommended repair procedures. The manual is divided into sections. Some sections

contain reference numbers and procedure numbers. The reference numbers provide general information, spec-
ifications, diagrams, and service tools, where applicable. The procedure numbers descrlbe specific repair pro-
cedures and are referred to in the Troubleshooting Logic Charts. .

How to Use the Manual

The manual is organized to provide an easy flow from problem identification to probiem correction. A list of
troubleshooting symptoms containing the most common engine problems is on page 2 in the Troubleshootmg
Section. Complete the following steps to locate and correct the problem:

(STEP 1.) Locate the symptom on the list.
Heference is made to the page number where the"TroubIeshootmg Logic. Chart" is found

(STEP 2) The left column of the "Troubleshooting Logic Chart” indicates a probable cause, starting at the
top with the simple and easiest to repair, and continuing downward to the most difficult.

The right column provides a brief description of the corrective action W|th a procedurs number
reference for the repair procedure.

(STEP 3.) Locate the probable cause in the left column, and then turn to the procedure referenced in the right
column.
The repair procedures are listed by system (coolmg, lubricating oil, combustron air, compressed ‘
air, fuel, electrical, and base engine components).

(STEP 4)) The Troubleshooting Logic Charts are based on the following' assumptions:
1. The engine has been installed according to the manufacturer’s specifications.
2. The easiest repairs are done first.

3. "Generic” solutions 1o cover problems with the most commeon applications and OEM’s (Original
Equipment Manufacturer). .
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Generic Symbols

The following symbaols have been used in this manual to help commumcate the intent of the mstructlons When
one of the symbols appears, it conveys the meaning deﬁned below: .

WARNING - Serious personal injury or extensive property damage can result if the warning
instructions are not followed.

CAUTION - Minor personal injury can result or a part, an assembly, orthe engme can be damaged
if the cautlon instructions are not followed.

Indicates a REMOVAL or DISASSEMBLY step.
Indicates an INSTALLATION or ASSEMBLY step.
INSPECTION is required.

CLEAN the part or assembly.

PERFORM a mechanical or time MEASUR_EMENT.

s -nom LTI FL S

LUBRICATE the part or assembly.

Indicates that a WRENCH or TOOL SIZE will be gi\qen.
TIGHTEN to a specific torque. ' ' U e d
PERFORM an electrical MEASUREMENT.

Refer to another location in this manual or another publication for additional information.

§ TO KW Lx @]@%6@ > b
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NT 855

Simbolos Usados En Este Manual

Los simbolos siguientes son usados en este manual para clarificar el proceso de las instrucciones. Cuando
aparece uno de estos simbolos, su significado se especifica en la parte inferior.

9 TOKIFIOH® &S > b

ADVERTENCIA - Serios danos personales o dafio a la propiedad puede resultar si las instruc-
ciones de Advertencia no se consideran. .

PRECAUCION - Dahos menores pueden resultar o de piezas del conjunto o el motor puede
averiarse si las instrucciones de Precaucion no se siguen. .

Indica un paso de REMOCION o DESM.ONTAJE;,

Indica un paso de INSTALACION ¢ MONTAJE.

Se requiere INSPECCION, - .

LIMPIESE la pieza o el montaje.

EJECUTESE una MEDICION mecanica o del tiempo.

LUBRIQUESE la pieza o el montaje.

Indica que se dara una LLAVE DE TUEFI_CAS o el TAMANO DE HERRAMIENTA.
APRIETESE hasta un par torsor especifico.

EJECUTESE una MEDICION electrica.

Para informacion adicional refierase a otro emplazamiento de este manual ¢ a otra publicacion
anterior.
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Symbole

in diesem Handbuch werden die folgendean Symbole verwendet, die wesentliche Funktionen hervorheben Die

- Symbole haben folgende Bedeutung:

- WARNUNG - Wird die Warnung nicht beachtet, dann besteht erhéhte Unfall- und
Beschadigungsgefahr. .

VORSICHT - Werden die Vorsichtsmassnahmen nicht beachtet, dann besteht Unfal- und
Beschadigungsgefahr.

AUSBAU bzw. ZERLEGEN.
EINBAU bzw. ZUSAMMENBAU.
INSPEKTION erforderlich.

Teil oder Baugruppe REINIGEN.

DIMENSION - oder ZEITMESSUNG.

Teil oder Baugruppe OLEN.

WERKZEUGGROSSE wird angegeben.
- ANZUG auf vorgeschriebenes Drehmoment erforderiich.
Elektrische MESSUNG DURCHFUHREN.

Weitere informationen an anderer Stelle bzw, in anderen HandbiOchern.

9 ®OEEHON®GE > B
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Symbdles Utilises Dans Ce Manuel

Les symboles suivants sont utmses dans ce manuel pour aider a commumquer le but des instructions. Quand Fun
de ces symboles apparalt il evoque le sens defini ci-dessous: .

A

D .

@@eafezﬁﬁ@

;n",‘

AVERTISSEMENT De graves lésions corporelles ou des dommages materiels considerables
peuvent survenir si les instructions données sous les rubrlques "Avertissement” ne sont pas

.SUIVIGS

-ATTENTION - De petites lesions corporelles peuvent survenir, ou bien une piece, un ensembie

ou le moteur peuvent étre endommages si les instructions données sous les rubriques " Attention”
ne sont pas suivies.

séourité p
indique une opération de DEPOSE.

Indique une operation de MONTAGE.

L’ INSPECTION est nacessaire.

NETTOYER la piece ou |'ensemble.

\

EFFECTUER une MESURE mécanique ou.de temps.

' GRAISSER la piece ou I'ensemble.

Indique qu’une DIMENSION DE CLE ou D’OUTIL sera donnée.
SERRER a un couple -spéciﬁque.
EFFECTUER une MESURE electrique.

Se reporter a un autre endroit dans ce manuel ou & une autre publication pour obtenir des
informations plus complétes.
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Nustrations

The illustrations used in the "Repair Sections”: of this
manual are intended to give an example of aproblemand ~ °

to show what to look for and where the problem can be
found. Some of the illustrations are "generic” and might
not look exactly like the engine or parts used in your
application. The illustrations may contain symbols to in-
dicate an action required and an acceptable or not ac-
ceptabie condition.

The illustrations are intended to show repair or replace-

ment procedures with the engineg "in-chassis.” The illus- -

tration can differ from your application, but the procedure
given will be the same.

T

lllustrations
Page 7
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Definition of Terms

The followingis a list of guidelines.for each procedure in the " Repair Sections” of the Troubleshooting and Repair :. !
-Manual. The procedure will be given first, followed by a definition of the step or steps involved. o -

_ Check Examine a. component or system for damage, excessive wear, accuracy, safety, or performance
\Inspec't Examme a componem or dlmensmn io make sure it meets the required speCIflcatlons
Test - Check or compare the performance of a cornponent or system to established specifications. : :

Adjust - Complete the necessary steps to set or adjust the component, assemblles or system in the reqmred
setting or position.

‘Visually Inspect - Look for any obvious damage or problem

Remaove - Take off a component or assembly.

Clean - Remove dirt, grease, or other contamination. : S AN
Disassemble - Take apart the.component or assembly. .
Repair - Restore a component ‘or assembly to a servicedble condition within the established specuflcations

NOTE: Only the easiest and simplest repairs will be made to a component or assembly If a component or assembly
must be rebuilt, it must be replaced with a new or Cummins Diesel ReCon®, lnc replacement or be rebuiit at
a Cummins authorized repair |ocation.

Replace - Install a new, correctly rebuilt, or Cummms Diesel ReCon®, Inc. component or assembly in place of the
one which is removed. .

Install - Piace a component or assembly in the éorrect position.
Star Pattern Torque Sequence - '
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General R'épair Instructions .

The NT-855 engine incorporates the latest diesel technology, yet 1t is designed to be repalred usmg normal repalr
practlces performed -to quality standards. ) o

A Warnmg Cummins Engine Company, tnc.. does not recommend/authorize any modifications or fepairs

to engines or components except for those detailed in Cummins Service Information. In particular,
unauthorized repair to safety-related components can cause personal injury. Below is a partial listing of
components classified as safety-related:

Air Compressor

Air Controls

Air Shutoft Assembhes

Balance Weights

Cooling Fan

Fan Hub Assembly

Fan Mounting Bracket(s)

Fan Mounting Capscrews
"~ Fan Hub Spindle ° A
. Flywheel . ' . . o .. ' B -

Flywheel Crankshaft Adapter : :

Flywheel Mounting Capscrews

Fuel Shutoff Assemblies

Fuel Supply Tubes

Lifting Brackets

Throttle Controls

Turbocharger Compressor Casing

Turbocharger Oil Drain Line(s)

Turbocharger Oii Suppiy Line(s)

Turbacharger Turbine Casing

Vibration Damper Mounting Capscrews

*  Follow All Safety Instructions Noted in the Procedures.

- Follow the manufacturer's recommendations for cleaning solvents and other substances used during the
repair of the engine. Always use good safety practices with tools and equipment,

e Provide A Clean Environment and Follow the Clean'ing Instructions Specified in the Procedures

- The engine and its components must be kept clean during any repair. Contamination of the engine and
components will cause premature wear.. ’

e Perform the Inspections Specified in the Procedures.
* Replace ali Components or Assemblies Which are Damaged or Worn Beyond the Spemﬂcatlons
* Use Genuine Cummins New or ReCon® Service Parts and Assemblies

- The assembly instructions have been written to use again as many components and assemblies as
possible. When it is necessary to replace a component or assembly, the procedure is based on the use .
of new Cummins or Cummins ReCon® components. All of the repair services described in this manual
are available from all Cummins Distributors and most Dealer locations.

* Follow The Specified Disassembly and Assembly Procedures to Avoid Damage to the Components.

Complete rebuild instructions are available in the NT 855 Engina Shop Manuai, which can be ordered or purchased
from a Cummins authorized repair location. Refer to page 1 in the Additional Service Literature Section for orderlng
instructions.
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General Cleaning Instructions

Solvent and Acid Cleaning

“ Several solvent and acid- -type cleaners can be used to clean the engine parts. Cummins Engine Company,
Inc. does not recommend any specific cleaners. Always follow the cleaner manufacturer’s instructions.

ExperrenCe has shown that the best results can be obtained using a cleaner that can be heated to 90 to
95 degrees Celsius [180 to 200 degrees Fahrenheit]. A cleaning tank that provides a constant mixing and
filtering of the cleaning solution will give the best results.

. Remove all the gaskst material, O-rings, and the deposits of sludge, carbon, etc., with a wire brush or
scraper before putting the parts in a cleaning tank. Be careful not to damage any gasket surfaces. When
possible, steam clean the parts before puttmg them in the cleaning tank.

A Warning: The use of acid can be extremely dangerous to personnel and can damage the machinery.
Always provide a tank of strong soda water as a neutralizing agent.

. Rinse all of the parts in hot water after cleaning. Dry completely with compressed air. Blow the rinse water from
all of the capscrew holes and the oil drillings. -

If the parts are not to be used immediately after cleaning, dip them in a suitable rustproofing compound. The
rustproofing compound must be removed from the parts before instaliation on the englne

Steam Cleaning

“ Steam cleaning can be used to remove all types of dirt that can contaminate the cleanmg tank. It is a good
way to clean the oil drillings.

Warning: Wear protective clothing to prevent personal injury from the hlgh pressure and extreme heat.
Do not steam clean the following parts: ’ )
1. Electrical Components
2. Wiring
Injectors
Fuel Pump
Beits and Hoses .

o0 s W

. Bearings

Glass Bead Cleaning

“ Glass bead cleaning can be used on many engine components to remove carbon deposits. The cleaning
process is controlled by the size of the glass beads, the operating pressure, and the cleaning time.

Caution: Do not use glass bead cleaning on aluminum piston skirts or ring grooves. Small particles of
glass will embed in the aluminum and result in premature wear. Valves, turbocharger shafts, eic., can also
be damaged. Follow the cleaning directions listed in the procedures.

Follow the equipment manufacturer’s cleamng instructions.. The followmg guidelines can be used to adapt to
_ the manufacturer’s instructions:

1. Bead size: Use U.S. size No. 70 for p|ston domes.
Use U.S. size No. 80 for general purpose cleaning.
2, Operating Pressure: Use 620 kPa [90 psi] for general purpose cleaning.

3. Steam clean or wash the parts with solvent to remove all of the foreign material and glass beads after
cleaning. Rinse with hot water. Dry with compressed air.

4. Do not contaminate the wash tanks with glass beads.
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Engine ldentification

The modet hame provides the following engine data: .
N T C 400 N T C C 400
[ . ) " - = Maximum Rated Horsepower
= Maximum Rated Horsepower = California Certitied
= Custom Rated = Gustom Rated
= Turbocharged — = Turbochargsed
-—— = Four Valve Head —— = Four Valve Head

Engine Dataplate

The engine dataplate shows specific information about
your engine. The engine serial humber (1) and the Con-
trol Parts List (CPL} (2) provide mformatlon for ordering
parts and service needs.

Always record the serial number (1) of the engine, the
CPL (Controi Parts List) number (2), and the engine model
number (3) on all orders for parts. This information is
important for fuel pump calibration and correct identifi-
cation of parts.

NOTE: The engine dataplate must not be changed unless
approved by Cummins Engine Company, Inc.

Fuel Pump Dataplate (Nameplate)

FUEL PUMP NAMEPLATE The fuel pump dataplate is located on the top of the fuel
Fuel Revision pump. It provides information for fuel pump calibration.
CPL Code Serial No.

0749 4219-A 840508
3043327 3052282

/'
Service Pump Productlon
Part No. Part No.

topiga ' _ |
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Engine Specifications
General Engine Data

[ [0 ET =] L0y = L UL PR 179 kw (240 BHP) to 354 kw (475 BHP}
Engine Speed@ Maximum QCutput

Standard Rating (BPM) .....ooeeiisierireetirsere s ises e ers e et e aasaaa e e s et ar e h e e e 2100

Formula Rating (RPM). ... ..o et en e m s rrs e e raa v s bt n st et hrane s et an e e e e e e e s s raan s e e s 1800
Bore and SHrOKE ..o oo oo e 140 mm [5.57in.] X 152 mm [6.0 in.]
DISPIAaCEMENT . o.oiiiie e e e e s 14.0 litres [B55 cu. in.]
COmMPression Ratil ..ot i er e rr e cra et d L et e e e r e 13.5:1 t0 17.2:1
Firing Ordar. ... oot s se s e erereaneretaere e e aeraanne TR, 1-5-3-6-2-4
Engine Weight (With Standard Accessories)

DY WEIGNE e v ettt eveet e eas e ese et ren e e eaennens 1126 Kg {2480 Ib.] to 1221 kg {2690 Ib.]

Wet Weight ... 1180 kg [2600 Ib.] to 1276 kg [2810 Ib.]

Air Induction System
Maximum allowable turbocharged intake restriction ..o 64 cm H,0O [25 in. H,0]
Maximum allowable naturally aspirated and Fleet 270 intake restriction................... 51 cm H,0 [20 in. H,0]

Lubrication System
Qil pressure at idle (minimum allowable) ... 70 kPa [10 psi] minimum
At N0 10ad GOVErNEd SPEEA .. .. ooriei it 240-310 kPa (35-45 psi]
Qil capacity of standard engine: '
BYPASS FIHEE ..o cvevevee oo eseeteneeeeetsrasenvennrasenss e csssmsrssssnssrarassssmrasnssrenoneenes 2.8 litres [0.75 U.S. gal.)
FUN FIOW TG 1.eeeeeee oo see et nane ettt 3.5 litres [0.93 U.S. gal]
Oil pan capacity (Ngh-10W) ... e 34-26 litres [9-7 U.S. gal.]
Total system capacity including filters............ooooo i, 42 litres [11.0 U.S. gal.)
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Engine Specifications (Cont’d.)

Cooling System

Coolant capacity (ENGINE ONIY) .........oi it e e e e et ee s ee vt reeen 21 litres [22 U.S. quarts]
Standard modulating thermostat range _ -
Conventional AfterCOIING ... e e 82-93°C-{180-200°F]
OPLIMIZOA GHEICOONNG ...v. e veeerereeeeeeereeseeeereevieseesevseeeenessesesssees e, et - 71-91°C [175-195°F]
Maximum coolant cylinder block pressure (pressure cap removed).........cooviveeeveievvvenseeeenannens 275 kPa [40 psi]
Maximum allowable top tank temperature ........c..oe.oovcvivveeeeennnen, S efreeeeet et 100°C [212°F)
~ Minimum recommended top tank temperature....... B .......... et 70°C [158°F]
Minimum recommeanded PresSsuUre CaP . ....oeecrier et rrni e s e ST SO UPOUT 50 kPa [7 psi]

Exhaust System

Maximum allowable back pressure impased by piping and silencear .......oeeieiieiiiiien, ~ 75 mm Hg [3_ in. Hgl
Exhaust pipe size (normally acceptable inside dlameter except NTC 475).................._.._ ........... 127 mm [Sin.] .

NTC 475, .o e e [T e 152 mm [6 in.] j
Fuel System _ o ' N ~
Maxifnum allowable restriction to pump: ‘ i i o

VIR CIEAN BT« veeo e eeeee st eeeeee et ereeee s e sea s reee e eeeeemn, rerverecnn 100 mm Hg [4 in. Hg]

With dirty filter................c............. e B S i 200 mm Hg [8 in. Hg]

Maximum allowable fuel return line FESLICHON ..o 63 mm Hg [2.5 in. Hg|

Maximum allowable fuel return line restriction .
With check valves andfor overhead tanks..........c.cc..ocee. ...... . 165 mm Hg (6.5 in. Hgl

Electrical System

Battery Size . Ambient Temperatures
’ -18°C (0°F) ’ 0°C (32°F)
Cold Reserve Cold ~ Reserve
Cranking Capacity *. Cranking ~ Capacity
Amperes Amperss Amperes’ Amperes
12 Voit 1800 - 540 1280 480
24 Volt ** . 900 320 . 640 240

* The number of plates within a given battery snze determme reserve capacity. Reserve capamty determines the
length of time sustained cranking can occur. ,

** Per battery (two 12-volt batteries in series) CCA ratings are based on -18°C [0°F].

Maximum allowable resistance of starting circuit _
With 12-volt starter -Ohms.......cocccvviieeeecnen, USRS TIORRORR VU rerereeninneenann 0.00075
With 24-volt starter - Ohms.............. P e S 0.002 ]
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Engine Diagrams
Tﬁe following drawings contain information about engine components, filter locations, drain points, and access
locations for instrumentation and engine controls.

The information and configuration of components shown’in these drawings are of a general nature. Some
component locations will vary depending on applications and installations.

Conventional Aftercooling

Aftercooler Compressor Air - Fuel inlet Fitting
Blowby Discharge 7/8-14UNF-2A TH'D AEC Control and
/ Intake Manifold

Pressure

Tachameter Drive
7/8-18 NS TH'D Fuel Return to Tank

— —— _ — 3/4-16 UNF-2A TH'D
. [ “ 1L [l
Fi_f) WM __ L
Fuel Pump
(S Vacuum
o o ) ’;\l
I - — M——' o = Qil Rifle
Air Compressor . = = Pressure
- STt
Rail Pressure . Starter
= Y .
Lube Qil Pump HH ' . .
|
I
Lube Pump Discharge ‘
(BC 1l & BC IV Qil L7
Filter In) Qil Temperature
Fuel Pump Fuel Filter
Turbocharger Water Temperature Water Qutlet
Corrosion Resistor
Low Oil Pressure -
Bypass Filter .
Restriction Alarm ; I g:L: IT:Z out
Device 8-32 UNC-2B Ir u ; ®
TH'D 0.40 (10) Min Depth | j
Water Pump Qutlet l — | — o Water Pump
Pressure (Alternate = T ‘ j inlet Pressure
Locations) Oq_j o {Alternate Location)
o of ==y & C ' |
Dipstick - = 634;—595 | 1/2 NPTF Heater
——— Return & Optional
! \ pliona
= 1 s ). Shutter Control
(2 Holes)
/J - Qil Temperature
Bypass Qil — (Alternate Location)
Filter "“—"ﬂ

e Full Flow Water Inlet Qil Cooler
Qil Drain Oil Filter
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Optimized Aftercooling =~ -~ - .- " ©

[T . '
c o
'

Compressor Air  AFC con'trol and Rail-Pressure .

Discharge Iintake Manifold
. Pressure S
" Blowby L Aﬂ_grcoo,ler C
©) B .
B / Fuel Return to' Tank "' -
) . 3/4-16'UNF-2A- TH'D
VE
W, "Fuel Inlet Fitting
Tachometer Drive . 7/8-14UNF-2A TH'D .
7/8-18 NS TH'D TH % - ,-J A /
a o - ."'|-| Tl T ——— A= i Fuel Pump o
’ ., Vacuum - -
Air Compressor U | l E . .
— . N
7t ' = : Oil Rifle
) % = Pressurg
. g ‘ . _ . :
Lube Oil Pump . ' =—) a\ ol "
Lube Pump Discharge ;
©(BC IIT & BC iV 0il co T O T
Filter In) . ) o L
| R PO . * Starter
Fuel Pump Oil Temperature Fuet Filter -
. 172 NPTF Heater Water Temperature and . ' . /
Return All Other Temperature
W Sensors
Qil Filter-Out ‘
Pressure
. . Engine Water
Turbocharget- Inlet (1.25 Dia.)

Engine Water
Outlet (1.00 Dia.)

Heater Supply

Corrosion Resistor

Water Pump Qutlet .
. Pressure (Alternate
Locations)
Water Pump
Infet Pressure
(Alternate Location)
/ " il Temperature
/.l - (Alternate Location)
Dipstick ™~ e Qil Cooler ,
. Low Qil Pressure Fuil Flow ’

" Bypass Filter
Restriction Alarm.
Device 8-32 UNC-2B

Gil Filter

Bypass Oil
Filter .

-0il Drain TH'D 0.40 (10) Min Depth




Procedures and Techhiques

Section T - Troubleshooting r
age 1

NT 855

: Section T - Troubleshooting -
. " Procedures and Techniques

A thorough analysis of the customer’s complaint is the key to successful troubleshooting. The more information
known about a complaint, the faster and easier the problem can be solved.

The "Troubleshooting Symptoms Charts” beginning on page 3 are organized so that a problem can be located
and corrected by doing the easiest and most logical things first. Complete all steps in the sequence shown from
top to bottom.

It is not possible to include all the solutions to problems that can occur; however, these charts should stimulate
a thought process that will lead to the cause and correction of the problem.

Foliow these basic troubleshooting steps:

* Get all the facts concerning the complaint.
* Analyze the problem thoroughly.
+ Relate the symptoms to the basic engine systems and components,
+ Consider any recent maintenance or repair action that may relate to the probiem'.
« Double-check before beginning any disassembly. '

_« Solve the problem by using the logic charts and doing the easiest things first.
» Use Compuchek® where applicable to diagnose a prol:i!em. )
» Determine the cause of the problem and make a thorough repair.

» After repairs have been made, operate the engine to make sure the cause of the problém has been
corrected. : -
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Page
No.
1. Air Compressor Operates With Excessive NOISe.................coiiieicciieviinins SR SO eerrereenns Levenens 31
2. Air Compressor Pumping Excessive Lubricating Oil Into Air System.......c..ocooceviiiciisinnnnn, ceerernen 28
3. Air Compressor Air Pressure Rises SIOWlY ........ccooiiiiinn e e et e aeeeanane B— .26
4. Air Compressor Will Not Maintain Adequate Air Pressure (Not Pumping Continuously) .................. 27
B, Air Compressor Will NOt PUIMD Al PreSlUre. ... e ieee et ie st treta s ee et ae s tsstaeiaeeraeeenrreaaas 29
6. Air Compressor Will Not Stop Pumprng Al e e STUTRTURTR TSN 30
7. Alternator Malfunctioning..........cccoee o veiiiviinee e, PP T SRR e rereenn e B2
8. Connecting Rod Bearing NOISE .........c...oioiiiiiri e e erreeerearen 72
9. Coolant in the Lubricating Oil...,......cccoeiiviveeeiieeceee s OV e e 21
10, Caolant Loss (ExIernal) .o et e a
11, C00laNT LOSS (INTBINALY .. e e s e r e e e e et a et e e e st e e r et e m e nde e e e epatnenen 11
12.  Coolant Loss (OVerflow) ......c.cceeeiveiiiieieie e ve i, vt rr e et aa e ez 8
13.  Coolant Temperature Above Notmal. ..., eeeeveres Crrereseerreinn e EUTURSTRRPY. 03
14.  Coolant Temperature Below NOMME ... et ee ettt re s aaee e st e e ey e s e 6
15. Engine Crankcase Gases (Blowby) - Excessive ........corviiviviiieiienns e eeryataat——a et ratara———aen 63
16. Engine Cranks, But Will Not Start (No Exhaust Smoke) ...................................... drevemraar TR 32
17.  ENnging Decelerates POOrly ... i st ettt e e ts i e rea e e ian e e s rm st taan s b ameeaen - 52
18. Engine Hard to Start, or Will Not Start (Exhaust Smoke Present) .......ccccocceeeeieeedicniien 3o, 34
19. Engine Power Output LOW . e e e e anaann, OO SO 45
20. ENGine NOISE - EXCESSIVE ™ it e e errsirs s s et st et s ees s e e asasrastraaar e e n s aanbe s e reane e reaes 65
21. Engine Runs Rough or MISfII’ES in Operatmg Range (Warm Engrne) .............................. e ... 38
22, Engine Starts But Will Not Keep Running...........c.cccoii e TR 36
23, Engine Surges at High [dle ............c.ooiiiii D e [ - 54
24, - Engine Surges at Low ldle L. i e et et e st a it nn e 42
25. Engine Surges While Operating at Rated RPM and Load...........ccoocoviiiiiiici e eevi e eeean, 53
26.  ENQine VIBration - ExOeSSIVE oot ettt e e r e e e it e et et 64
27.  Engine Wil Not Crank or Cranks SIoWIY . ..ot cee st ee ey e e et e e eeemta s 61
28. Engine Will Not Reach Rated Speed When Loaded ... ittt e v e, 43
29, Engine Will NoOt SRUt O i et ettt e ee et ea e 51
30. Excessive White Smoke at Idle ... ..o e et a e aa b 68
31.  Exhaust Smoke Under LOad - EXCESSIVE ......cciieieeiiiiiiei ittt e eeeeearaaase e e e aeenaens 49
32. Fuel Consumption - EXCESSIVE vcevvvveniieriiiinnenn, O OO UR 60
b T o V- I 1 (oL 1o - T DO R U 12
34.  Fuel in the Lubricating Ol ... e aie e ee e e e aaan e e s e e e s eeaeeeeas 22
35. Idie - Rough .. PPN PORUUPRY |0
36.. Low Power or Excesswe Smoke (Low Turbocharger Boost Pressure) ............................................. 24
37. Lubricating Oil ConSUMPHON - EXGESSIVE ... oo ettt s et e e et vennatass 18
38, Lubricating or Hydraulic Ol in the Coolant ... e e e e e e e s an s 17
39.  Lubricating Oil Pressure-High . ...t cee et e et e e e e e en s e n e e e e 15
40,  Lubricating Ol PressUrE-LOW . .. ... ittt ee e ettt e e e e e r e e et et are s an e m e r s a e raa it ens 13
41.  Lubricating Oil Sludge in the Crankease - EXCeSSIVE ...t e ee et et aareeaians e 20
42.  Lubricating Qil Temperature ADove NOIMEl ... e et e ettt 16
43.  Main Bearing NOISE .....coirn et et e ettt e e e e v e ae s et e e e e e e e e et e e e et et 71
44, Mechanical Variabie Timing Will Not Swrtch to Advanced or Retarded Tlmlng Mode........ccoovereeieee 66
45, Piston NOISE ..o e e 73
46. Surge in Top Gear - Road Speed Governor Not Set Correctly ..........ccccciciiciieiicen v 55
47.  Throttle Response Slow (Engine Dies Going Downhill) ...............ccooveeiiivireiie e iie e eeeeemeerras e eee 59,
48." Turbocharger Leaks (Enging Oil OF FUBI ............oeiieiieiiiietireiteiie e st e e ee e e seea e s v assssenes 25
49, TUIDOCHAIGET NOISE . it i it et arernaceniarasaaanastastsas s et e mmnerersasoesmn s s se e s mmrassssbsns s eenfareaeannn 23
50. Variable Speed (V8) Governor Surge - Engine Under Load.............ccoceeeeeesieeinnnnaines e e r ey 56
51. Variable Speed (VS) Governor (Fuel LeakKage at)........cccoeeiieiiiiioeiviiiie e cer e ve v veseeeemei e aeeeenseeren 57
52. Variable Speed (VS) Governor Speed Not Set CorraClY . ...ttt e eeseen e e vrersmaans 58
53. White Smoke - General INFOrMALION ...........ccei it veiet e eeeees e fa s rre e rene e e e e e s eaaees v 67

- Troubleshooting Symptoms

*Refer to "General Engine Noise Diagnostic Procedures” on page 70 for appropriate diagnostic procedures.




Section T - Troubleshooting
NT 855

SYMPTOM: COOLANT TEMPERATURE ABOVE NORMAL

Cause

Correction

Low Coolant Level

Add coolant. Refer to
Procedure 1-07.

OK
]

Radiator Fins Damaged or
Obstructed with Debris

Inspect radiator fins. Refer to
Procedure 1-16.

OK
3

Collapsed or Restricted Radiator
Hose

Inspect hoses. Refer to
Procedure 1-13.

Check beit tension and tighten if _
necessary. Refer to Procedures 1-20
and 1-19, '

OK
| |
Loose Fan Drive or Water
Pump Belt
OK
|}

Incorrect Oil Level

Add or drain engine oil. Refer to
Procedures 2-10 and 2-09. Check
dipstick calibration. Refer to
Procedure 2-14.

OK
!

Cooling Fan Shroud Damaged or
Missing

OK
: |

inspect shroud. Repair, repiace, or
install, Refer to Procedure 1-18.

Incarrect or Malfunctioning Radiator
Cap )

OK
]

Check the radiator pressure cap.
Refer to Procedure 1-15.

Temperature Gauge Malfunctioning

Test the gauge. Repair or replace if
necessary. Refer to Procedure 1-14.

OK
3 (CONTINUED)

Troubteshooting Symptoms
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Section T - Troubleshooting

SYMPTOM: COOLANT TEMPERATURE ABOVE NORMAL (CONTINUED)

Cause

Coarrection

Radiator Shutters Are Not Opening
Completely or Cold Weather Radiator
Cover Closed

OK
:

Inspect the shutters. Repair or replace if
necessary. Open radiator cover. Refer
to Procedure 1-17,

ON-OFF Fan Clutch or Viscous Fan
Drive Malfunctioning '

Check fan drive. Refer to Procedures .
1-21 and 1-25. :

oK
3

Install Compuchek?®, if Available

Perform cooling system test. Refer to

*Compuchek® Operation Manual,” -~
Bulletin No. 3377550.

Check aftercooler screen. Refer to -
Procedure 1-42,

0K
3
Aftercooler Filter Scréen Plugged.
(BC IV Only)
OK
L |

Air in the Cooling System

Check for air in the cooling system.
Refer to Procedure 1-11.

OK
.

Overconcentration of Antifreeze and/
or Supplemental Coolant Additives

Check concentration. Refer to
Procedure 1-09.

OK
2

Incorrect or Malfunctioning
Thermostat

Check thermostat. For BC lll refer to
Procedures 1-29 and 1-31. For BC IV
refer to Procedures 1-33 and 1-34.

OK
8 (CONTINUED)

NT 855
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Page 5

SYMPTOM: COOLANT TEMPERATURE ABOVE NORMAL (CONTINUED)

Cause

Coolant Leakage Between Radiator
Core and Bottom or End Tank Bafile
Seal (BC IV Only)

Correction

oK
4

Check/repair radiator. Refer to
Procedure 1-44.

Radiator Check Valve Leaking or Leak
Between the Top Tank and the
Aucxiliary Tank (BC IV Only)

OK
s

Check for coolant leakage between
radiator auxiliary tank and radiator top
tank. Also, for check valve leakage refer
to Procedure 1-41.

Water Manifold Orifices -
Deteriorated/Missing (BC IV Only)

----------

OK
i N

Check water manifold arifices. Refer
to Procedure 1-43,

Water Pump Malfunctioning

Replace the water pump. Refer to
Procedure 1-28.

OK
|

Engine is Receiving too Much Fue!

OK
|

Check the engine fuel rate. Refer to
Procedute 5-05.

Obstructed or Damaged Radiator
Core (Internal)

Inspect radiator. Clean if necessary,
Refer to Procedure 1-10. ’

OK
]

Obstructed or Damaged
Aftercooler/Qil Cooler

oK
2 3

Inspect aftercooler and oil cooler.
Refer to Procedures 3-16 and 2-20.

Vehicle Cooling System Not Designed
to Operate Continuously in High
Ambient Temperature.

Contact vehicle manufacturer for
optional radiator and fan.
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Page 6 NT 855
SYMPTOM: COOLANT TEMPERATURE BELOW NORMAL . : .
Cause _ Correction ‘
Continuously Operating in Low R AR Refer to Bulletin No. 3387266-R (Cold.
Ambient Temperature . Weather Qperation). :
OK
3
Radiator Shutters Stuck in Open  f--veeanq Inspect the shutters-repair or

replace if necessary. Refer to

Position, or Opening Early Procedure 1-17

oK -~
R

e © " Test the gauge-repair or replace if

Temperature Gauge Malfunctioning necessary. Refer to Procedure 1-14.

OK
4

ON-OFF Fan Clutch Operates ---------- Check on-off fan drive. Refer to
Continuously - Procedure 1-21. :

OK
Viscous Fan Drive Operates KR TSP " Check viscous fan drive. Refer to
Continuously B Procedure 1-25.

oK

’ - - Perform cooling system test. Refer to
Install Compuchek®, If Available  [~=""""" '{ "Compuchek?® gpgrauon Manual,”
Bulletln No. 33775650.

OK
|
Damaged, Missing, or Incorrectly | _________ Check thermostat seal or seat. BC I,
Located Thermostat Seal or Seat - ' refer to Procedure 1-32. BC IV, refer to
(BC ill) or Seat (BC IV) . . Procedures 1-37 and 1-38.
. 1
oK

s (CONTINUED)
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Troubleshooting Symptoms

SYMPTOM: COOLANT TEMPERATURE BELOW NORMAL (CONTINUED)

Cause

Incorrect or Malfunctioning
Thermostat

OK
8

Correction

Check thermostat-replace if necessary.
BC lll, refer to Procedures 1-29 and 1-31.
BC IV, refer to Procedures 1-33 and 1-34.

Radiator Check Valve Leaking or Leak
Between the Top Tank and the
Auxiliary Tank (BC IV Only)

Check for coolant leakage between
radiator auxiliary tank and radiator top
tank. Also, for check valve leakage refer to
Procedure 1-41.

Page 7
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_ SYMPTOM: LOSS OF ENGINE COOLANT (OVERFLOW)

Cause

Correction

Radiator Overfilled

OK

Drain coolant to specified level.
Refer to Procedure 1-06.

Dirt, Scale, or Sludge in the Cooling

Clean cooling system Refer to
Procedure 1-10. - - .

Check line for restrictions and
obstructions. Refer to
Procedure 1-13.

System

OK

8
Restricted or Obstructed Coolant Fill
Line

OK

1 8

Coolant Frozen Due to incorrect
Antifreeze Concentration

Check coolant antifreeze
concentration. Refer 10
Procedure 1-05.

OK
]

Air Induced into-the"Cooli-ng System
From Defective Fan or Shutter Control
Valves

' Check fan and/or shutter control.
Refer to Procedure 1-11.

oK

Engine Overheating

Refer to ”Coolant Temperature
Above Normal”. Symptom Chart
on page 3.

OK
! |

Combustion Gases or Intake
Manifold Pressure Entering the
Cooling System

Check the cylinder head, head gasket,

cylinder liner, and aftercooler for leaks.

Refer to Procedure 1-11.

1

f

NT 855
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Troubleshooting Symptoms

SYMPTOM: LOSS OF ENGINE COOLANT (EXTERNAL LEAKAGE)

Cause

Correction

Incorrect or Malfunctioning Radiator

Cap

-----------

Check the radiator pressure cap.
Refer to Procedure 1-15.

oK
|

Hose Clamps Loose -

Inspect hose clamps. Tighten to
5 N*m [40 in-Ibs] torque.

- 0K
[ ]

Leaking Hoses

OK

Inspect hoses. Replace if necessary.
Refer to Procedure 1-13.

Cool_ant Draincocks Leaking

Check, tighten, or replace if
necessary.

0K
)

Coolant Expansion Plugs, Pipe Plugs,
or Fittings Leaking

" 0K
s

Inspect coolant plués. Tighten or
replace if necessary. Refer to
Procedure 7-43.

Radiator Core Leaking

OK
s

inspect radiator. Refer to
Procedure 1-12. .o

Gaskets Leaking or installed
Incorrectly’

----------

oK
|

" Inspect gasket sealing surfaces, and
install new gaskets. o

Air Compressor or Cylinder Head

. Gasket Leaking

Check gaskets. Replace if necessary.
Refer to Procedure 1-11.

0K
s (CONTINUED)

Page 9
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Page 10 : ' NT 855
SYMPTOM: LOSS OF ENGINE COOLANT (EXTERNAL LEAKAGE) (CONTINUED) .
Cause _ Correction

i me i Anlyy Feeemeeend Inspect aftercooler, Replace if

Aftercooler Leaking (BC IV Only) necessary. Refer to Procedure 1-12.
oK
: 3

I . P R —— Inspect lubricating oil cooler. Refer

Lubricating Oil Cooler Leaking to Procedure 1_125:'

0K
R Replace the water pump. Refer to
Water Pump Seal Leaking J Procedure 1-28.
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- SYMPTOM: LOSS OF ENGINE COOLA'NT (INTERNAL LEAKAGE)

Cause

Air Compressor Cylinder Head
Cracked, Porous, or Gasket Leaking

OK
N

Correction

Isolate air compressor and test for
air in cooling system. Refer to
Procedure 1-11.

Aftercooler Leaking

Isolate aftercooler core and test
for air in cooling system. Refer to
Procedure 1-11.

OK
1

Lubricating Oil Cooler Leaking

OK
n

Inspéct lubricating oil cooler. Refer
to Procedure 2-21.

Cylinder Head Gasket Leaking

Check for coolant leaks. Refer to
Procedure 1-48.

oK

Cylinder Head Cracked/Porous or
Cylinder Head Gasket Leaking

oK
.

Test for air or combustion gases in
cooling system. Refer to
Procedure 1-11.

Injector Sleeves incorrectly Seated
or Damaged

Test for air or combustion gases in
cooling system. Refer to
Procedure 1-11.

OK
|

Cylinder Liner Cracked/Porous or
Crevice Seals Leaking

OK
.

Check for cylinder liner and
crevice seal damage. Refer to
Procedure 1-48.

Cylinder Block Cracked or Porous

Check cylinder block. Refer ta
Procedure 1-48.

Troubleshooting Symptoms
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SYMPTOM: FUEL IN COOLANT . : .

Cause , Correction

Replace the fuel heater. Refer to the
equipment manufacturer’s
recommendations.

" Fuel Heater Malfunctioning

oK
L 2

Pressurize the cooling system and
inspect the injector sleeves. Refer to

Cylinder Head Injector ~~ |eennennns :
’ Procedures 1-12 and 7-12.

Sleeve Leaking

QK
! |

. . N Pressurize the cooling system and
Cracked Cylinder Head inspect the cylinder head. Refer to
Procedures 1-12 and 7-12.
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Troubleshooting Symptoms

. Cause

. SYMPTOM: LOW LUBRICATING OIL PRESSURE

Correction

Incorrect Oil Level

Check for oil leaks. Add or drain engine
oil. Refer to Procedures 2-09 and 2-10.
Check dipstick calibration. Refer to
Procedure 2-14,

0K
:

Oil Pressure Gauge Malfunctioning

----------

oK

Check oil pressure gauge. Refer to
Procedure 2-07.

Oil Diluted With Fuel

----------

OK

Refer to "Fuel in the Lubricating Oil”
Symptom Chart on page 22.

incorrect Qil Specifications

OK
? |

Change oil and check oil specifications.

Refer to "NT Operation and Mainte-
nance Manual,” Bulletin No. 3810238,

Oil Temperature Above Normal
(120°C [250°F]) -

OK
|

Refer to "Lubricating Qil Temperature
Above Normal” Symptom Chart on
page 16.

Install Compuchek?, If Available

0K
1 8

Perform lubricating system test. Refer
to “Compuchek® Operation Manual,”
Bulletin No. 3377550.

Oil Transter or Suction
Tube Broken

oK
|

Remove and inspect oil pan. Refer to
Procedure 2-16.

Main Oil Pressure Regulator .
Malfunctioning

K
o‘ (CONTINUED)

Inspect main oil pressure regulator
assembly. Refer to Procedure 2-22.

Page 13
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SYMPTOM: LOW LUBRICATING OIL PRESSURE (CONTINUED) .

Cause

Orifice Restricted or Plugged

DFC Lubricating Qil Pun‘fp Signal"

Correction

-OK
K.

Clean the signal line orifice. Retfer to
Procedures 2-23 and 2-24.

High Qil Pressure Relief Valve
Malfunctioning

"

OK
4

lnspéct high oil pressure relief valve
assembly. Refer to Procedure 2-27.

Qil Cooler Plugged

0K
|

‘Inspect oil cooler. Refer to
Procedure 2-19.

Internal Engine Damage

OK
S

Analyze the lubricating oil. Refer 1o

Procedure 2-05. Inspect the full flow oil -

filter. Refer to Procedure 2-05.

Lubricating. Oil Pump
Malfunctioning

Inspect lubricating oil pump. Refer to
Procedure 2-25.

NT 855
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Troubleshooting Symptoms

SYMPTOM: HIGH LUBRICATING OIL PRESSURE

Cause

Correction

Qil Pressure Gauge Malfunctioning.

Check oil pressure gauge. Refer to
Procedure 2-07.

oK
]

Oil Temperature Too Low

Check oil cooler bypass valve
operation. Refer to Procedure 2-17.

OK

incorrect Oil Specifications

Change the oil and check oil
specifications. Refer to “NT
Operation and Maintenance Manual,”
Bulletin No. 3810238.

OK
]

Wrong Oil Pressure Gauge
Location

OK
|

Check gauge location. Refer to
Procedure 2-07.

Install Compuchek®, If Available

oK
s

Perform lubricating system test. Refer
to "Compuchek® Operation Manual "
Bulletin No. 3377550.

Main Qil Pressure Regulator
Malfunctioning

Check main oil pressure regulator
assembly. Refer to Procedure 2-22.

Page 15
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SYMPTOM: LUBRICATING OIL TEMPERATURE ABOVE NORMAL

Cause

Correction

incorrect Qil Level

oK
]

Add or drain engine oil. Refer to
Procedures 2-09 and 2-10. Check.
dipstick calibration. Refer to
Procedure 2-14.

(Above 100°C [212°F])

High Engine Coolant Temperature

OK
3

Check coolant level and thermostat

operation. Refer to Procedures 1-07,
1-29, 1-31, 1-33, and 1-34.

Qil Temperature Gauge
Malfunctioning.

OK
]

Check gauge. Flefef to
Procedure 2-07. -

Oil Cooler Bypass Valve
Malfunctioning

OK
2

Check the oil cooler bypass valve. -

Refer to Procedure 2-17.

Vehicle Qverloaded

Reduce vehicle load or use lower
gear. .
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Troubleshooting Symptoms

SYMPTOM: LUBRICATING OR HYDRAULIC OIL iN THE COOLANT

Cause

Correction

Lubricating Oil Cooler
Malfunctioning

oK
? )

Inspect oil cooler. Refer to
Procedure 2-20.

Hydraulic Oil Cooler
Malfunctioning

oK

Inspect hydraulic oil cooler. Refer to
manufacturer’s specifications.

Cylinder Head Gasket Leakage

OK

Replace cylinder head gasket. Refer
to Procedure 7-11.

Cylinder Head Cracked or Porous

OK
]

Inspect cylinder head. Refer to
Procedure 7-12.

Cylinder Block Cracked or Porous

Inspect cylinder block. Refer to
Procedure 1-12,
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SYMPTOM: EXCESSIVE LUBRICATING OIL CONSUMPTION

Cause

Correction

External Oil Leaks

OK
2

Tighten capscreﬁs, pipe plugs, and
fittings. Refer to " Specifications,”
Section 10.

Blowby Restriction Causing
External Oil Leaks

OK

Check crankcase breather and tube.
Refer to Procedure 2-12. Repair oil
leaks. Refer to Procedure 2-086.

Incorrect Dipstick Calibration

OK
s

Check dipstick calibration and guide
tube. Refer to Procedures 2-13 and
2-14.

Incorrect Oil Specifications

oK
!}

Change oil and check oil speclflcatlons
Refer to "NT Operation and .
Maintenance Manual,”

Bulletin No. 3810238.

Oil Contaminated with Fuel

OK
- 8

Refer to "Fuel in the Lubricating Oil”

Symptom Chart on page 22.

Extended Oil Change Intervals

OK
3

Check and revise oil change intervals.
Refer to "NT Operation and
Maintenance Manual,”

Bulletin No. 3810238.

High Oil Temperature
{Above 120°C [250°F])

OK
!

Check engine oil and coolant levels.
Refer to Procedures 2-10 and 1-07.

Air Compressor Pumping Oil

OK
s {(CONTINUED)

Check air compressor operation.
Refer to Procedure 4-09.
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Troubleshooting Symptoms

SYMPTOM: EXCESSIVE LUBRICATING- OIL CONSUMPTION (CONTINUED)

(fause

Correction

Turbocharger Seal Malfunctioning

OK
|

Check turbocharger for oil leaks.
Refer to Procedure 3-05.

Intake Valve Guides Leaking

OK
!

Check blowby.* Refer to Procedure 8-01.

Check valve guides. Refer to
"NT Engine Shop Manual,”
Bulletin No. 3379076.

Piston Rings Not Seatéd Properly
After Engine Rebuild '

oK

Check blowhy.* Refer to Procedure 8-01. Refer to
"NT Operation and Maintenance Manual,” Bulletin
No. 3810238, for break-in procedures. Inspect and
raplace piston rings. Refer to Procedure 7-22.

Piston Rings Worn or Broken

OK
) |

Check blowby.* Refer to Procedure 8-01.

Inspect and replace piston rings if necessary.

Refer to Procedure 7-22. Check air intake
system for leaks. Refer to Procedure 3-10.

Piston Ring Grooves Worn

oK
n

Check blowby.* Refer to Procedure
8-01. Inspect and replace pistons if
necessary. Refer to Procedure 7-22,

Cylinder Liners Scored or
Damaged

Check blowby.* Refer to Procedure
8-01. Inspect and replace liners if
necessary. Refer to Procedure 7-24.

Page 19

* Also refer to "Excessive Crankcase Gases (Blowby)” Symptom Chart on page 63 for other possible causes of

excessive blowby.
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Section T - Troubleshooting

CRANKCASE

SYMPTOM: EXCESSIVE LUBRICATING OIL SLUDGE IN THE ENGINE

Cause

Correction

Incorrect Lubricating Oil
Specifications

Check lubricating oil specifications.
Refer to "NT Operation and
Maintenance Manual,”

Bulletin No. 3810238.

OK
]

Incorrect Fuel Grade

OK
l ! o =L

Check fuel oil specifications. Refer to
Reference 5-02.

Oil Filter{s) Dirty

0K
1

Replace oil filter(s). Refer to
Procedure 2-11. . .

Incorrect Ol Drain Interval

OK
L

Check oil drain interval. Refer
to "NT Operation and <
Maintenance Manual,”

Bulletin No. 3810238.

Engine Coolant Temperature Too
Low (Below 60°C [140°F])

OK
|

Check coolant thermostat operation.
Refer to Procedures 1-29, 1-31, 1-33,
and 1-34.

Internal Coolant Leaks

Pressure test the cooling system.
Refer to Procedure 1-12.

NT 855




Section T - Troubleshooting
NT 855

Troubleshooting Symptoms

SYMPTOM: COOLANT IN THE LUBRICATING OIiL

Cause

Correction

Lubricating Oil Cooler
Malfunctioning

OK
! 3

Inspect oil cooler. Refer to
Procedure 2-20.

Cylinder Head Gasket Leaking

OK
3

Replace the cylinder head gasket.
Refer to Procedure 7-10.

Cylinder Liner Cracked/Porous or
Crevice Seals Leaking

0K
3

Check for cylinder liner or
crevice seal damage. Refer to
Procedure 1-12.

Cylinder Block Cracked or Porous

Check cylinder block. Refer to
Procedure 1-48.
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SYMPTOM: FUEL IN THE LUBRICATING OIL

Cause

Caused by erg Periods of Engine
idling

Low Oil and Coolant Temperatures --..

Correction

OK

Turn off engine rather than idle for long

periods. If long idle necessary,-raise

idle speed. Refer to Procedure 5-05. -

Top Injector O-Ring Damaged

OK

Check the injectors. Replace
O-rings if necessary. Refer to
Procedure 5-06.

Injector Pluriger Damaged

OK
! 3

Remove the injector. Refer to
Procedure 5-06. Check the barrel to
plunger leakage. Refer to "Injectors PT
Rebuild Manual,” Bulletin No. 3379071.

Injector Adapter Wall Damaged
Behind Balance Orifice '

+
-

QK
]

Check the injectors. Refer to
Procedure 5-14.

Injector Cup Damaged

OK
1 -

Check the |n|ector cups. Flefer to
"Injectors PT Rebuild Manual "
Bulletin No. 3379071. '

Fuel Pump Main Shaft Seals
Damaged

oK
'.

Replace the fuel pump. Refer to
Procedure 5-07.

Cylinder Head Cracked or Porous

Replace the cylinder head Refer to

Procedure 7-12.




Section T - Troubleshooting Troubleshooting Symptoms

NT 855
SYMPTOM: TURBOCHARGER NOISE
Cause ‘ Correction
.......... Check for correct turbocharger
Incorrect Turbocharger Installed installed. Refer to Procedure 3-07.
OK
|
.......... Check for 1oose or damaged piping.
Intake or Exhaust Air Leaks Refer to Procedure 3-10.
oK
B
. . _ (O IR Check intake air restriction. Refer to
Excessive Intake Air Restriction Procedure 3-08.
OK
F )
Excessive Exhaust Restriction @ F--=------ Check exhaust restriction. Refer to
Procedure 3-09.
OK
|
__________ Check compressor impeller and turbine
I:‘!rbuor‘l:)?:;g\?vrhgglmDp;:ﬁ?;J Impelter wheel for damage. Refer to
Procedure 3-11.
oK
| |
' I SERR Check axial and radial clearance.
Turbocharger Bearing Damage Refer to Procedure 3-12.
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-Section T - Troubleshooting

SYMPTOM: LOW POWER OFI EXCESSIVE SMOKE (LOW TUHBOCHAFIGER

BOOST PRESSURE)

Cause

Correction

Install Compuchek®, If Available’

OK
:

Perform low power test. Refer to
?Compuchek® Operation Manual i
Bulletin No. 3377550. :

Incorrect Turbocharger Installed

OK
3

Check for correct turbocharger .
installed. Refer to Procedure 3-07.

Dirty Air Filter Element

OK
B

b

Check air filter element. Refer to
Procedure 3-08.

Intake or Exhaust Air Leaks

oK
N

Check for loose or damaged air
piping. Refer to Procedure 3-10.

Excessive Intake Air Restriction

OK
3

Check intake air restriction. Refer to
Procedure 3-08.

Excessive Exhaust Restriction

‘ OK
b | |

Check exhaust restriction. Refef to
Procedure 3-09.

Turbocharger Bearing Damage
M

OK
h

Check axial and radial clearance.
Refer to Procedure 3-12.

Fuel System Malfunctioning

Refer to "Exhaust Smoke Excessive
Under Load” Symptom Chart on
page 49. .




Section T - Troubleshooting
NT 855

Troubleshooting Symptoms

SYMPTOM: TURBOCHARGER LEAKS (ENGINE OIL OR FUEL)

Cause

Correction

Turbocharger Turbine Seal Leak

OK

Check turbine seal for leaks. Refer to -
Procedure 3-05.

Excessive Engine Crankcase
Gases {Blowby)

Check engine crankcase gases
{(blowby). Refer to Procedure 8-01,
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Section T - Trgubleshooting

_SYMPTOM: AIR COMPRESSOR AIR PRESSURE RISES SLOWLY

Cause

Correction

@

Air System Leaks

oK
! ]

Check for air compressor gasket leaks.
-Refer to Procedure 4-06. Refer to the
manufacturer’s instructions for other air
system leaks.

Excessive Carbon Buildup in the Air
Discharge Line

OK
L

inspect the discharge line. Refer to
Procedure 4-05. '

Air System Component is
Malfunctioning

OK
|

Check operation of check valves,
alcohol evaporators, air driers, etc.
Refer to the manufacturer’s
instructions.

Air Compressor Unloader Valve
Assembly Malfunctionhing

0K
|

Check unloader valve operation,
Refer to Procedure 4-10.

Air Compressor Intake or Exhaust
Valve Air Leaks

Inspect the intake and exhaust valve
assemblies. Refer to Procedure 4-05,

NT 855




Section T - Troubleshooting
NT 855

Troubleshooting Symptoms

SYMPTOM: AIR COMPRESSOR WILL NOT MAINTAIN ADEQUATE AIR PRESSURE
(NOT PUMPING CONTINUOUSLY) '

Cause

Correction

Excessive Air System Leaks

QK
|

Check air systein plumbing. Refer to
the manufacturer’s specifications.

Air Governor is Malfunctioning or
Not Set Correctly

Refer to the manufacturer’'s
specifications.
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SecttonT Troubleshooting

SYMPTOM:. EXCESSIVE AMOUNT OF 0IL PASSING THROUGH AIR COMPRESSOR

Cause

Air Compressor Cylinder Bore or

Piston Rings are Worn or Damaged .

Correctlon

Check air compressor discharge port
Refer to Procedure 4.-09. ‘

NT 855




Section T - Troubleshooting
NT 855

Troubleshooting Symptoms

. : SYMPTOM: AIR COMPRESSOR WILL NOT PUMP AIR PRESSURE

Cause

The Air Governor is Malfunctioning
or Not Set Correctly ' '

OK
:

Air Compressor Unloader Valve
Assembly is Malfunctioning

Correction

Check air governor operation. Refer
to Procedure 4-08.

Check the unloader valve operation. -
Refer to Procedure 4-10.
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Sectlon T - Troubleshooting

‘SYMPTOM: AIR COMPRESSOR WILL NOT STOP PUMPING AIR -

Causé

Correction

Air Systerﬁ Leaks

OK
|

Check air compressor for gasket leaks. :
Refer to Procedure 4-06. Refer to the -
manufacturer’s instructions for other air
system leaks.

Receiving Correct Signal from the Air
Governor

Air Compressor Unloader Valve is not .

OK

Check the air governor operatmn
Refer to Procedure 4-07.

Air Compréssor Unloader Valve
Assembly Leaks

OK
N

Check the unloader valve operation.
Refer to Procedure 4-10.

Wrong Air Compressor Unloader
Valve Spring being Used

Check.the unloader valve spring
specifications and application.
Refer to Reference 4-02,

NT 855




Section T - Troubleshooting Troubleshooting Symptoms

NT 855 Page 31
. SYMPTOM: EXCESSIVE AIR COMPRESSOR NOISE
Cause ' ‘ Correction
; i imad beoooo... Check the air comp;essor timing marks
The Air Compressor s not Timed to the accessory drive shaft. Refer to
Carrectly
- Procedure 4-12.
OK
: i
Excessive Carbon Buildup in the Air  F-----..- Check the air compressor for carbon
Compressor buildup. Refer to Procedure 4-05.
OK
|
O SR NI Replace the air compressor. Refer to
Internal Air Compressor Dan-fage Procedure 4-12.




!

‘Troubleshootmg Symptoms
Page 32

Section T - Troubleshooting

SYMPTOM ENGINE CRANKS, BUT WILL NOT START
(NO SMOKE FROM EXHAUST)

Cause

Correction

No Fuel In Tank

. 0K

Add fuel. Refer to Reference 5-02.

Shutoff Vaive Closed

0K
8

Use manual override. Repair
electrics. Refer to Procedure 5-10.

No Fuel To Injectors

Loosen fuel rail line between fuel pump
and cylinder head while cranking
engine. Refer to Procedure 5-11.:

OK
[

Fuel Connections Loose on Suction
Side of Fuel Pump,

Tighten all fuel filter fittings and con-
nections from fuel tank to fuel pump.
Refer to Procedure 5- 12

Replace fuel filter. Inspect fuel hose
for restriction. Refer to Procedures 5-08
and 5-15.

oK

|
Fuel Filter Plugged or Suction Line
Restricted

OK

:

Na Fuel'in Pump

Prliné fuel pump. Refer to
Procedure 5-11.

Check intake and exhaust system for
restrictions. Refer to Procedures 3-08
and 3-09.

OK
|
intake or' Exhaust System
Restricted
oK
|

Fuel Pump Not Turning

OK
3 (CONTINUED)

Check tachometer shaft for rotation
while cranking. Replace pump if
necessary. Refer to Procedure 5-11.

......




Section T - Troubleshooting
NT 855

Troubleshooting Sympioms

SYMPTOM: ENGINE CRANKS, BUT WILL NOT START
(NO SMOKE FROM EXHAUST) (CONTINUED)

Cause

Gear Pump Shaft Broken

Correction

Check rotation and suction of gear

pump while cranking. Replace. Refer to

Procedure 5-11.

----------

Adjust AFC "no-air” screw. Refer to
Procedure 5-05.

OK
: |
AFC "No-Air” Screw Adjusted All the
Way In :
S 0K
|
Gear Pump Check Valve
Stuck Open
OK
| §

Replace check valve. Refer to
Procedure 5-08,

Gear Pump Worn

OK
|

Replace fuel pump. Refer to
Procedure 5-07.

Camshaft Broken

----------

Check rocker lever movement while
rotating the engine. Refer to
Procedure 7-04.
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Section T - Troubleshooting

SYMPTOM: ENGINE HARD TO START OR WILL NOT START
(EXHAUST SMOKE PRESENT)

Cause

Correction

Engine Cranking Speed Low
(Below 150 RPM)

Check engine cranking RPM. Refer to

Reference 6-02.

OK
1 3

Engine Driven Units Engaged -

Disengage engine driven units.

Refer to "NT Operation and
Maintenance Manual,"”
Bulletin No. 3810238.

oK
!

Cold Start Aid Needed or Not
Working Correctly

----------

OK
3

Refer to "Cold Climate Service,”

Bulletin No. 3379009.

Fuel Filter Plugged

OK
! 3

Replace fuel filter. Refer to
Procedure 5-08.

Air In The Fuel System

oK
|

Check for air in fuel, tighten fue
connections, tighten filter, check tank
stand pipe, check road speed governor.

Refer to Procedure 5-12.

Fuel Suction Line Restricted

OK
1

Inspect fuel lines. Refer to
Procedure 5-15.

Intake Air System Restricted

oK R
3 (CONTINUED)

Check intake air restriction. Refer to

Procedure 3-08.




Section T - Troubleshooting
NT 855

Troubleshooting Symptoms

SYMPTOM: ENGINE HARD TO START OR WILL NOT START
(EXHAUST SMOKE PRESENT) (CONTINUED)

Cause

Fuel Contaminated

Correction

OK
3

Verify by operating engine from a-
temporary supply tank.

AFC "No-Air" Screw Adjusted
Wrang

Adjust AFC "no-air” screw. Refer to
Procedure 5-05.
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Section T - Troubleshooting

Cause

SYMPTOM: ENGINE STARTS BUT WILL NOT KEEP RUNNING

Correction

Air in the lFuel System

0K
a

Check for air in fuel, tighten fuel
connections, tighten filter, check tank
stand pipe, check road speed governor,
Refer to Procedure 5-12.

Engine Driven Units Engaged

OK
.

Disengage engine driven units.
Refer to "NT Operation and
Maintenance Manual,” Bulletin No.
3810238,

Fuel Filter Plugged or Fuel Waxing
Due to Cold Weather '

oK
|

Replace fuel filter. Refer to Procedure
5-08. Refer to "Cold Climate Service,”
Bulletin No. 3379009.

Fuel Suction Line Restricted

OK
s

Inspect fuel lines. Refer to
Procedure 5-15.

Fuel Contaminated

Verify by operating engine from a
temporary supply tank.

Adjust engine idle speed. Refer to
Procedure 5-05.

Adjust AFC "no-air” screw. Refer to
Procedure 5-05.

Restricted

0K
2
ldle Speed Low Fo-emmm=- ]
oK
2
AFC "No-Air" Screw Adjusted TEERETEE .
Wrong
OK
1
Intake or Exhaust System = [F-------- -

oK
3 (CONTINUED)

Check intake and exhaust restriction.
Refer to Procedures 3-08 and 3-09.




Section T - Troubleshooting Troubleshooting Symptoms

NT 855 Page 37
. SYMPTOM: ENGINE STARTS BUT WILL NOT KEEP RUNNING (CONTINUED)
' Cause Correction
. s ctad Wrong  Fe-ee--eed Adjust engine brake. Refer to
Engine Brake Adjusted Wrong Procedurs 7-05.
0K
)
Remove injectors and clean cups. Refer
Injector Cup Spray Holes Plugged oo to Procedure 5-06. Injector test
required. Refer to "Injectors PT Rebuild
Manual,” Bulletin No. 3379071.
OK
?
. S A J Check injection timing adjustment
Injection Timing Set Wrong [ procedure. Refer to Procedures 7-17
: and 7-18,

R




Troubleshooting Symptoms

Section.T - Troubleshooting

Page 338
SYMPTOM: WAFIM ENGINE RUNS ROUGH OFI MISFIRES
| s IN OPERATING RANGE '
- Cause Correction
Check for air in fuel, tighten fuel’
Air In Fuel e mmm e 1 connections, tighten filter, check tank
' stand pipe, check road speed governor,
Refer to Procedure 5-12.
oK
! |

Engine Brake Adjusted Wrong

oK
: 3

Adjust engine brake. Refer to
Procedure 7-05.

Fuel Contaminated

OK
3

Verify by aperating engine froma - '

temporary supply tank.

Install Compuchek®, if Available

OK
? )

Check the Compuchek® fault codes.

Valve or Injector Adjusted Wrong

OK
\ ' ! §

Check valve and injector settings.
Refer to Procedure 7-04,

Rocker Laver Broken, Push Rods
Bent, or Valves Damaged

OK
]

lnspéct paris. Refer to Procedures
7-08 and 7-09.

injectors Defective

QK
% (CONTINUED)

Locate defective injector. Refer to

Procedure 5-13. Check on test stand.




Section T - Troubleshooting Troubleshooting Symptoms

t, NT 855 Page 39
|
| SYMPTOM: WARM ENGINE RUNS ROUGH OR MISFIRES
| IN OPERATING RANGE (CONTINUED)
; Cause | Correction

Camshaft Damaged oo E%%i‘gucr:";f;‘é“- Refer to

OK
! |
* Injection Timing Set Wron g b 1  Adjust injection timing. Refer to

Procedures 7-17 and 7-18.

* Compuchek® does not test for this cause.




Troubleshooting Symptoms _ - Section T - Troubleshooting
Page 40 - . NT 855

'SYMPTOM: ROUGH:IDLE

" Cause Correction
. . i . J Perform cylinder performance test,
install Compuchek®, if Available oo Refer to "Compuchek® Operation
Manual,” Bulletin No. 3377550.
QK ' . : <o 7 . *
[ .
- , I Check and adjust low idle speed.

Engine Idie Speed Low 1 - Refer to Procedure 5-05.

1 |

T ] Check for air in fuel, tighten lines,
Air In Fuel : TTTTTTTT tittings, and filter. Refer to
Procedure 5-12.

"

OK
' §
Engine Brake Adjusted Wrong i : ,ﬁ‘fg‘;ﬁ:,ﬁ',’g’i?“_ﬁ;"ake‘ Refer to
. OK-
| |
Injector Adjustment Wrong . [ om=em-- y g:r::;cdi‘:tri:?%zsettings. Refer to
. - 0K
{ l ,

e Remove, check calibration, and check
: for piugged cups. Refer to
Procedure 5-06.

Injectors Defective

OK
]

. Remove, check calibration, and
Fuel Pump Defective =~ 777777 1 check for leaks. Refer to
' Procedure 5-07.

oK
3
 nection Timing Wrong o] Gheckangine tining fetr o

- OK -
8 (CONTINUED)

* Compuchek® does not.test for this cause.




Section. T - Troubleshooting - Troubleshooting Symptoms

NT 855 ‘ Page 41
' | SYMPTOM: ROUGH IDLE (CONTINUED)
Cause : ' ‘ Correction
. \ . AR Check engine moumnis. Refer to
Engine Mounts Defective ? Procedure 9-04 or manufacturer’s
specifications. )

oK

! 3
Valves Damaged or Worn ~ [-=="==--1 Check for leaking valves. Refer to

Procedure 7-11.

* Compuchek® does not test for this cause.




Troubleshooting Symptoms | Section T - Troubleshooting
Page 42 NT 855

SYMPTOM: ENGINE SURGES AT LOW IDLE - ' .

Cause ' Correction

.| Check for air in fuel, tighten fuel

Air In Fuel System GREEAD 1 connections, tighten filter, check tank
stand pipe, check road speed governor.
Refer to Procedure 5-12.

OK
: |
. U R . Check and adjust low idle screw.
Engine Idle Speed Set Low Refer to Procedure 5-05.
oK
! §

__________ Adjust automotive idle speed,
Automotive and VS Governor Idle Adjust VS idle speed. Refer to

Speed Set Too Close Procedure 5-05.

oK
 §

[P Check lines and tank vents, Refer to

Fuel Drain Line Restriction Procedura 5-15.

oK
S Set to proper throttle leakage, or
Tw.:':rgl ‘idLl: a,;‘:,%: Set Wrong or . replace fuel pump. Retfer to

Procedure 5-07.




Section T - Troubleshooting
NT 855

Troubleshooting Symptoms

SYMPTOM: ENGINE WILL NOT REACH.RATED SPEED WHEN LOADED

Cause

Excessive Load for Engine
Horsepower Rating '

Correction

OK
3

Heduce vehicle load or use lower
gear.

Tachometer Has a Malfunction .

OK
!

Check with hand or digital
tachometer. Refer to Procedure 5-05.

Throttle Linkage Adjustment
Wrong

OK
s

Check for full throttle travel. Refer to
Procedure 5-07.

Install Compuchek?®, if Available

OK
]

Perform low power test. Refer to
"Compuchek® Operation Manual,”
Bulletin No. 3377550.

Fuel Suction Line Restricted

oK
]

Check fuel inlet restriction. Refer to
Procedure 5-15.

AFC Operation Has a Malfunction

Check air leaks. Refer to
Procedure 5-12.

CK
3
No Air Pressure to Road Speed
Governor
OK

4

Check for air supply to road speed
governor.

VS Governor Not Set Correctly

oK
8 {CONTINUED

Set VS Governor. Refer to
Procedure 5-05.
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Troubleshooting Symptoms Section T - Troubleshooting

Page 44 , NT 855
SYMPTOM ENGINE WILL NOT REACH RATED SPEED WHEN LOADED . it (.
(CONTINVED) .
Cause Correction
Fuel Pump Calibration Wrong Feom-meee ng“;?‘t’g g:':::gaﬁp:c;fo‘;“ test stand.
OK
|
Check fuel pressure before and after
Fuel Control Devices Causing Fuel  |--------1 the accessories installed between fuel
Restriction . - | pump and cylinder head. Refer'to

Procedure 5-05.




Section T - Troubleshooting Troubleshooting Symptoms
NT 855 . Page 45

,. ' , SYMPTOM: LOW POWER

Cause Correction

Excessive Léad for Engine @ fpe-eerece-- Reduce vehicle load.
Horsepower Rating

OK
'k

Derate engine above 3600 meters
[12,000 feet]. Refer to
Reference 5-02.

Low Power Due to Altitude

OK
: |
Fuel Suction Line or Fuel Filter }--------- Check fuel inlet restriction. Refer to
Restricted Proced,ure 5-15.
OK
|
. . NN S Check dipstick calibration and oil pan
Lubricating Qil Level Too High capacity. Refer to Procedure 2-14 and
’ Reference 2-03.
® =
! ]
. _| Check throttle linkage adjustment for
Tw':.':,:“e Linkage Adjustment S 1 full opening of throttle lever. Refer to
9 ‘ Procedure 5-07.
OK
2

Check intake and exhaust systems for

Intake or Exhaust System = |--------4 AR _
Restricted ) ;t:‘s‘:réc_:(t;gns. Refer to Procedures 3-08

oK
N

Perform low power test. Refer to
"Compuchek® Operation Manual,”
Bulletin No. 3377550.

Install Compuchek®, if Available

0K
|
. . Check for air in fuel, tighten fuel
t Air in Fuel - Spongy Throttle is ~ |--------1 connections, tighten filter, check tank
Symptom stand pipe, check road speed governor.

Refer to Procedure 5-12.

oK

. . s (CONTINUED)

T If used, Cémpuchek@ has alreédy testéd for this cause.




Troubleshooting Symptoms : _ Section T - Troubleshooting

Page 46 ‘ - NT 855
' SYMPTOM: LOW POWER (CONTINUED) .
Cause ; - Correction
Fuel Drain Line Fiestricteq or Fuel - f----nna-d Check throttle response. Refer to
. Tank Vents Plugged o Procedure 5-18. .
oK -
B
i - Verify by operating eﬁglne from a temporary
Fuel Quality Poor T Ealaiiiaiieiety tank that contains good tuel and refer to “Fuel '
‘ .o - . | Oil Specifications” tn "NT Operation and N
Mainienance Manual,” Bulletin No. 3810238.
oK ‘ o
!

: | ; . | Use 6utside air to turbocharger in warh
?A'ggdgtggfc“i: J:‘;?:%erature . weather. Refer to "Cold Climate -
, Service;” Bulletin No. 3379009.

oK
3
Low Intake Alr Temperature - (Bélow [-------1 ﬂzeatw;?kﬁéiérﬁtﬁ": ggl?jeélri‘r::?ein cold

] o . " -
0°C [32°F)) S Service,” Bulletin No. 3379009.

0K
!

. ) - Fill tanks, turn off fuel heater, maximum
High Fuel Temperatures - (Above | [----- Shals fuel temperature 70°C [158°F]. Refer
70°C [158°F]) . "to ”Fuel for Cummins Engines,”

‘ Bulletin No. 3378001.
0K S ; '
' .
+ Air or E'xhausf’Leakg Between' ° f-----:-- Check for air or exhaust leaks.. Refer

-Turbocharger and Engine 1 ~ to Procedure 3-10.

OK
)

. R Check AFC air tube and drain lines for
T AFC Plunger Not Fully Open U restriction or leakage. Check for-hole in-AFC -
‘ a . - ' bellows. Refer to Procedure 5-12. Replace fuel
pump. Refer to Procedure 5-07.

0K
| |
t VS Governor Not Adjusted . |-e-nncee- Adjust VS governor. Refer to

‘ Correctly - o . - Procedure 5-05.

Y

oK
'8 (CONTINUED)

1 If used, Compuchek® has aiready tested for this cause. :- - R o :




Section T - Troubleshooting
NT 855

Troubleshooting Symptoms

SYMPTOM: LOW POWER (CONTINUED)

Cause

Fuel Rate Low, Fuel Pressure
Low, and Turbocharger Pressure
Low

Correction

OK
|

Raise fuel rate (pressure). Refer to
Procedure 5-05.

Fuel Rate High, Fuel Pressure
High, and Turbocharger Pressure
High

OK
| |

Lower fuel rate (pressure). Refer to
Procedure 5-05.

Fuel Rate OK, Fuel Pressure
Ic-lji'gh, and Turbocharger Pressure

oK
2

Remove and calibrate injectors. Refer
to Procedure 5-06.

Fuel Rate Low, Fuel Pressure
High, and Turbocharger Pressure
OK or Low

Remove and calibrate injectors. Refer
to Procedure 5-06.

OK
2 3

Fuel Rate Low, Fuel Pressure OK, and
Turbocharger Pressure High, Air Tempera-
ture (a) Between 10° and 38°C [50°¢ and
100°F], (b) Below 10°C [50°F]

(a) Replace turbocharger. Refer to
Procedure 3-13. {b) Continue
operation. :

OK

Fuel Rate Low, Fuel Pressure OK,
and Turbocharger Pressure Low

Remove and calibrate injectors. Refer
to Procedure 5-06.

OK
! §

Fuel Rate OK, Fuel Pressure OK,
and Turbocharger Pressure Low

Check intake air restriction or replace
turbocharger. Refer to Procedures 3-08
and 3-13.

OK
:

Fuel Rate OK, Fuel Pressure Low,
and Turbocharger Pressure OK

Engine OK. Check external engine
load. Refer to manufacturer’s
specifications.

oK
% (CONTINUED)
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. Section T - Troubleshooting :
NT 855 -

SYMPTOM: LOW POWER (CONTINUED)

Cause

Correction

Fuel Rate OK, Fuel Pressure
High, and Turbocharger .
Pressure QK '

Check for restrictions {valves) in
fuel pressure lines. Refer to
Reference 5-02.

OK
3

Engine Brake Adjusted Wrong

.. Adjust engine brake. Refer to
Procedure 7-05.

ETY

Check valve and injector adjustment.
Refer to Procedure 7-04.. -

OK
- B
t Valves or Injectors Adjusted
Wrong
oK
x §

Injectors' Carboned

. Remove and calibrate lnjectors Refer -

to Procedure 5-06.

OK

Injectors Not Seated -

Tighten holddown capscrews. Refer
to Procedure 5-06..

oK
',

1 Injector(s) Stuck

----------

" Check rocker lever, iniéctor- link action.

Replace if necessary. Refer to
Procedures 5-06 and 5-13.

. OK
3

t Fuel Pump Governor Adjusted
Wraong

Calibrate fuel pump. Refer to
-Procedure 5-07. - )

T If used, Compuchek® has already tested for t!j‘nis‘ cause.




Section T - Troubleshooting _ Troubleshooting Symptoms

NT 855

. '~ SYMPTOM: EXHAUST SMOKE EXCESSIVE UNDER LOAD

Cause . . Correction

) Perform low power test, then cylinder
Install Compuchek®, if Available = [~~""""""1 performance test. Refer to

*"Compuchek® Operation Manual,”
Bulletin No. 3377550.

OK
3

---------- Check intake air restriction. Refer to

intake Air System Restricted Procedure 3-08.

OK
|

--------- -1 inspect turbocharger. Refer to

Turbocharger Wheel Rubbing Procedure 3-13

OK
|

Intake Air Leaks Between Turbo-  p---------  Check for air leaks. Refer to
charger and Cylinder Head Procedure 3-10.

® o

]

---------- Check fuel specifications. Refer to

* Fuel Specifications Wrong Reference 5.0

OK
| 3
R N N R Inspect fuel return system for loops,
Fuel Drain Line Restricted crimps, clamped points. Refer to
Procedure 5-15,
OK
| |
injector Loose and Valve Adjusted  fp-------- . Adjust valves and injectors. Refer to
Wrong Procedure 7-04.
OK
1

Check fuel pressure and fuel rate.
Engine is Receiving too Much Fuel [~"""""""1 Re;e:laceupur‘:up.sazfer to uel ra

Procedure 5-05.

' oK
. s (CONTINUED)

* Compuchek® does not test for this cause.
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Section T - Troubleshooting

SYMPTOM: EXHAUST SMOKE EXCESSIVE UNDER LOAD (CONTINUED)

Cause

Correction

* Turbocharger Turbine Seal
Leakagse

OK
|

Check turbocharger seal. Refer to
Procedure 3-05.

injector Cups Damaged

OK

Hold down injector at idle. Observe
change in smoke level. Replace injector.
Refer to Procedures 5-13 and 5-06.

* Piston Rings Not Sealing (Blue
Smoke)

Check pistons and rmgs Refer to
Procedure 7-22,

* Compuchek® does not test for this'cause.




Section T.- Troubléshooting
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Troubleshooting Symptoms

. SYMPTOM: ENGINE WILL NOT 'SHUT OFF

Cause

Fuel Pump Manual Override Open

Correction

OK
a

Check to make sure manual override
screw is out to maximum travel. '
Refer to Procedure 5-10.

Fuel Pump Shutoff Valve Disc
Stuck ' L

OK

Check opening and closing of
electrics. Refer to Procedure 5-10.

Fuel Tank Vents Plugged *

OK
!

Remove, clean, replace. Refer to
Procedure 5-15.

Fuel Drain Line Restricted

OK
! 4

Check lines from head to tank.
Refer to Procedure 5-15.

Engine Running on Fumes Drawn
into Air Intake -

OK
3

Locate and isolate the source of
fumes.

Overhead Fuel Tank Check Valve Not
Opening {(Normally Off-Highway
Vehicles)

OK .
! 5

Valve must open at 2 kPa [0.3 psi].
Incorrectly plumbed. Refer to -
Reference 5-02.

Injector Check Balls Not Seating or
Missing

----------

Check injectors on tester. Refer to
Procedure 5-06. :
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SYMPTOM; POOR DECELERATION

Cause

"Correction

Throttle Return Spring or Linkage
Binding ‘ ‘

OK
|

Check for free movement and
adjust if necessary. Refer to
Procedure 5-08.

Fuel Drain Lines Restricted

oK
|

Check for loops, restricted fittings.
Refer to Procedure 5-15.

Fuel Tank Vents Plugged

Remove and clean. Replace as
necessary. Refer to Procedure 5-15.

Valve must open at 2 kpa [0.3 psi].
Incorrectly plumbed. Refer to
Reference 5-02.

0] 4
i |
Overhead Fuel Tank Check Valve
Not Opening
oK
!

Install Compuchek®, If Available

oK
:

Perform cylinder performance test.
Refer to “Compuchek® Operation
Manual,” Bulletin No. 3377550.

Throttle Leakage Excessive

OK
|

Remove pump. Calibrate on test
stand. Refer to Procedure 5-07.

Injector Check Ball Not Seating or
Missing

Remove injector{s), replace. Refer to
Procedure 5-06.
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SYMPTOM: ENGINE SURGES UNDER LOAD AT RATED SPEED —_
WIDE OPEN THROTTLE

Cause Correction

Fuel Pump Assembled or Adjusted  }--------4 Replace fuel pump. Refer to
Wrong Procedure 5-07.
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NT 855

~ Cause

o ‘SYMPTOM: ENGINE SURGES AT HIGH IDLE -0’7

[

Alr I.eak in Fuel Lmes

'
".‘ . st

- Correction = =+ -7 7 - ¢ emeems

P
TR .«

. OK. .

Check for-air in fuel, tighten fuel.. ..
connections, tighten filter, check tank
stand pipe, check road speed governor. .| - b

Wrong

Fuel Pump Assembled or Adjusted

Refer to Procedure 5-12.

Replace fuel pump Refer’ to
Procedure 5:07. . . -
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SYMPTOM SURGE IN TOP GEAR — ROAD SPEED GOVEFINOR

NOT SET CORRECTLY
Cause Correction
Check for air in fuel, tighten fuel
Air In Fuel A ity connections, tighten filter, check tank
stand pipe, check road speed governor,
Refer to Procedure 5-12.
OK
! |
Road Speed Too Low or Too Highin }--------- Adjust speed screw in road speed
Top Gear governor. Refer to Procedure 5-05.
OK
|
Fuel Pump Not Callbrated ---------- Replace fuel pump. Refer to
Correctly Procedure 5-07.
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SYMPTOM VARIABLE SPEED (VS) GOVERNOR SURGE —
ENGINE UNDER LOAD - )
Cause Correétion
_ E Check’ for air in fuel, tlghten fuel
Air in Fuel .o o R Iy connections, tlghten filter, check tank . .
n - : stand pipe, check road speed governor.
. . Refer to Procedure 5-12.
OK
: |

Speed Settirlgs Are Not Correct

0K
N !

Adjust external idle and high speed . .
screws. Refer to Procedure 5-05. .- -

ldle Spring Is Not Required -

"OK
1 8

Check the-fuel pump code.
Remove VS idle spring. Refer to
Procedure 5-05.

Governor Springs Are Not Correct

Check the fuel pump code.
Replace the fuel pump. Refer to
Procedure 5-07,

NT 855
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Troubleshooting Symptoms

SYMPTOM: FUEL LEAKAGE AT VARIABLE SPEED (VS) GOVERNOR"

Cause

- Correction

Damaged O-Ring Seals on VS
Throttle Shaft

----------

OK
n

Remove VS spring pack housing cover.
Replace O-ring seals. Refer to
Procedure 5-09.

Copger Washers on VS Speed Adjust-
ing Screws Are Damaged or Missing

Remove the jam nuts and lock nuts, and
install new copper washers. Refer to -
Procedure 5-09.
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SYMPTOM: VARIABLE SPEED GOVERNOR SPEED IS NOT.SET CORRECTLY

- Cause Correction
: ' ; o B Make sure the lower lever linkage opens
hg::z;gﬁg&ow;};vg)ngmme Lever Is the throttle wide open. Refer to
. Procedure 5-07,
oK
l.
Variable Speed Governor Linkage is f--------4 Adjust the throttle linkage. Refer to
Not Fully Open or is Set to ldle Procedure 5-07.
oK
Low Speed ScrewisOutof  F--am-eaeg Loosen lock nut and -adjust the rear
Adjustment : screw. Refer to Procedure 5-05.
OK
|
: serow le Out af 0 Leeoooo. - | Loosen lock nut and adjust the high
‘ 2:?35#1‘;?1‘: Screw Is Out of L speed (top) screw. Refer to
]| _ Procedure 5-05. -
OK
! |

......... d Remove fuel pump and change the

High Speed Spring Is Wrong spring. Refer to Procedure 5-07.

OK
[ 1

Remove fuel pump. Refer to Procedure
5-07. Inspect the screw adjustment.
Refer to Procedure 5-05.

Lever Screw Does Not Letthe @ fF-veu----4
Throttle Lever Plunger Move

NT 855
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: ' SYMPTOM: THROTTLE RESPONSE SLOW
(ENGINE DIES GOING DOWNHILL)
Cause ' Correction
: AU A Release throttle pressure on

Fuel qup Governor Oveljspeedlng downgrades.

oK

1

. T IR Check for free movement. Adjust if

Throttle l_.mkage Binding necessary. Refer to Procedure 5-07.

OK

|

.......... Hemdve pump. Calibrate on test

Throttle Leakage Too Low stand. Refer to Procedure 5-07.

oK

|

.......... Remove pump. Calibrate on test
| AFC or ASA Delay | stand. Refer to Procedure 5-07.

oK , :

' V —
Refer to "Low Power” Chart = |F---==--=1 Refer to page 83 in Section 5.
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SYMPTOM: EXCESSIVE FUEL CONSUMPTION -

Cause

Correction -

Operatof Technique Wg‘ong

Refer to Check Llst on page 85 in

Sectlon 5.

oK
|

Vehicle I'factors

Refer to Check List on page 86 in
Section 5.

OK
e

Engine or Fuel System Fault

Refer to Check List on page 87 in .

Section 5.

NT 855
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. - SYMPTOM: ENGINE WILL NOT CRANK OR CRANKS SLOWLY
Cause : : - Correction
External or Internal Conditions I B i t
Affecting Engine Crankshaft ?or;:::il';:.ngme for ease of crankshaft
Rotation
oK
|
Battery Connections-Broken, Loose, [---- m---- Check battery connection. Refer to
or Corroded Procedure 6-05.
oK
! 3
: S Check electrolyte level and specific
Battery Charge Low gravity. Reter to Procedure 6-04.

OK
| }
Starting Circuit Component  ~ f----=---1 Check starting circuit components.
Malfunctioning Refer to Procedure 6-06.
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SYMPTOM AMMETEHNOLTMETER INDICATES ALTERNATOR IS NOT
CHARGING, OR CHARGING AT A'LOW RATE

.Cqu'se

Corre_etion :

1 R T

Gauge Defective

Connect voltmeter to battery terminal
to check. Refer to Procedure 6-08.

OK
|

Alternator Belt Loose

Check belt tension. Referto ~ *
Procedure 6-07.

I

oK

B |

Engine Idle Speed Too ‘,Lov'v

Check engme idle speed Refer to
Procedure 5-05.

. OK
| |

Alternator Malfunctionin§

Check alternator output. Refer to ~ *

Procedure 6-08.

-

.o 0K

System Electrlcally "Open" (Blown -
Fuses, Broken eres, Loose
Connections, Etc.) -

Check connections, fuses, and wiring.
Refer to manufacturer s wiring
diagrams.

NT 855
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Troubleshooting Symptoms

Cause

Restricted Crankcase Breather Vent
Tube

SYMPTOM: EXCESSIVE CRANKCASE GASES (BLOWBY)

Correction

OK
|

Check breather tube restriction.
Refer to Procedure 2-12.

Turbocharger Seals Leaking

OK

Check turbocharger seals. Refer to
Procedures 3-05 and 3-06.

Air Compressof Malfunctioning

oK
1 4

Check air compressor. Refer to
Procedure 4-07.

Cylinder Head Valve Guides
Excessively Worn

OK
L

Replace cylinder head. Refer to
Procedure 7-11. '

Piston Rings Broken or Worn

Check piston rings and cylinder
liners. Refer to Procedures 7-22
and 7-24. C

Page 63




Troubleshooting Symptoms
Page 64

" Sectlon T - Troubleshooting

~ SYMPTOM: EXCESSIVE ENGINE VIBRATION

- Cause

Correction

" Engine Idie_ Speéd Too Ld&vi

-----------

0K
8

Adjust engine idle speed. Refer to.
Procedure 5-03.

" Fan is Loose, Damaged or Not in.
Balance .

OK
b

Check fan. Refer to Procedure 1-18. : '

Loose or Damaged Engine. Mounts
or Mountlng Brackets- .

OK
a2

Check engine mounting. Refer to
Procedures 7-33 and 9-04 and the
equipment manufacturer’'s

Loose or. Damaged Vlbratlon
Damper '

specifications.

0K
L

- Check vibration dampér. Refer 1o
Procedure 7-29.

e,

Loose or Damaged Flywheel -

£

OK
R

. - ‘Check flywheel Flefer to
’ Procedure 7-39 N

Damaged Driveline Components -

OK
3

Check driveiine components.
Reter to equipment
manufacturer’'s specifications.

Install Compuchek®, If Available

Perform cylinder performance test. -
Refer to “Compuchek® Operation
Manual,” Bulletin No. 3377550.
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SYMPTOM: EXCESSIVE ENGINE NOISE *

. . Cause . " Correction

Fan Belt Malfunctioning (Too Tight, }--------4 Check fan belt. Refer to
Loose, or Not in Alignment) Procedure 1-20.
oK
? |
Fan Blades Damaged -~ [-==-==="" Check fan. Refer to Procedure 1-24.

OK
? |

---------- Check for correct turbocharger. Refer

tall
Incorrect Turbocharger In; alled to Procedure 3-07.

OK

! |
Excessive Valve or Injector | -------- Check valve and injector. adjustment.
Clearance Refer to Procedure 7-04. ~~

o =
‘8

Check push rods and cam followers.

3:mal?;foag?h Rod or T 7F’I_t?lfser to Procedures 7-08, 7-13, and
0K
: e . Check gear backlash and ge.ar teeth.
Excessive Gear Train Backlashor  |F---------
Damaged Gear Teeth _?zf_fr to Procedures 7-28, 7-35, and
oK
|
. : T Refer to "Connecting Rod or Main
r:;georof B:nmeac;g:ig Rod Bearings . Bearing Noise” Symptom Charts on
pages 72 and 71, respectively.
oK
]

.......... Refer to "Piston Noise” Symptom

Piston Rings Broken or Worn Chart on page 73.

. ' *Note: When troubleshooting engine noise problems, make sure the engine accessories {air com-
pressor, fan clutch, or hydraulic pump) are not the cause of the noise. Refer to "General Engine
Noise Diagnostic Procedures” on page 70.
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SYMPTOM: MECHANICAL VARIABLE TIMING (MVT) WILL NOT SWITCH TO
ADVANCED OR RETARDED TIMING MODE

Cause

. Correction

MVT System Malfunctioning

Complete the MVT system operation .

check. Refer to Procedure 7-14,

Ok
|
Air Supply Less Than 620 kPa [90
psi]
. OK
)

Use a dry air supply above 620 kPa
[90 psi]. Refer to Procedure 7-14.

Pressure Release Orifice Piug
Restricted or Missing

0K
]

Inspect the orifice plug. Refer to
Procedure 7-14.

Electrical Wiring Harness
Malfunctioning .

----------

OK
1

Inspect the electrical wiring harness.

Refer to Procedure 7-14.

MVT Pressure Switch
Malfunctioning

OK
.

Inspect the pressure switch. Refer to

Procedure 7-14.

MVT Air Solenoid Matfunctioning

it

oK .
]

Inspéct the air sblenoid. Refer to
Procedure 7-14.

MVT Actuator Seal Leakage

Change the actuator seal. Reter to’
Procedure 7-14,

NT 855
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White Smoke - General Information

White smoke is the resuit of incomplete combustion and is generally associated with engine start-up at low ambient
temperatures. This condition is more predominant on high horsepower fixed injection timing engines because the
fuel and combustion systems are optimized for maximum performance and for reliability and durability under high
load operating conditions.

These engines can have two or three cylinders that misfire or have incomplete combustion when the engine is
started at low ambient temperatures. The fuel that is injected into the cylinders that are misfiring is exhausted into
the atmosphere as unburned hydrocarbons which cool, condense, and appear as white smoke. As the cylinder
temperature and subsequentiy the coolant temperature rise, the misfiring cylinders begin to sustain combustion
which decreases the hydrocarbon level in the exhaust, resuiting in less white smoke being produced.

Since white smoke is a normal characteristic of high horsepower heavy-duty diesel engines during start-up at low
ambient temperatures, it is extremely important to determine if the level of white smoke is significantly higher than
normal for a particuiar engine model before making any attempt to correct a complaint. This can be accomplished
by comparing the level of white smoke from one unit to another which has the same chassis configuration and
engine model. If a significant difference in the level of white smoke between the two units is noted under the same
operating conditions, refer to "Excessive White Smoke at Idle” Symptom Chart on page 68 for corrective action.
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Cause

SYMPTOM: EXCESSIVE WHITE SMOKE-AT IDLE

Correction

MVT System (If Equipped) Not
Switching to Advanced Timing Mode

OK
4

"Check MVT Operation. Refer to
"Mechanical Variable Timing” Symptom
Chart on page 66.

Engine Block Heater Not Operating

oK
1

Check electrical source and witing to

1 block heater. Replace block heater as
required. Refer to manufacturer’s

instructions.

Low Coolant Temperature

OK
! )

Refer to *Coolant Temperature
Below Normal” Symptom Chart on
page 6.

Fuel Quality Poor

OK
8

Verify by operating engine from a
temporary tank that contains good fuel.
Refer to fuel oil speclﬂcatlons,
Reference 5-02.

Raw Fuel in Intake Manifold

oK
]

Check AFC air line and intake
manifold for fuel. Repair as
necessary.

Valve or Injector Adjusted Wrong

oK
1

Check valve and injector settings.
Refer to Procedure 7-04,

Injector Cups Damaged or Cracked

oK
3 (Continued)

Hold down Injector at idie. Observe
change in smoke level. Replace injector.
Refer to Procedures 5-13 and 5-06.
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SYMPTOM: EXCESSIVE WHITE SMOKE AT IDLE (CONTINUED)

Cause Correction
Incorrect Injectors or Injector Cups  f-ees----4 Check for correct parts in engine.
Installed Refer to the Control Parts List.
oK
3
o - —— * Check injection timing. Refer to
Ilnjectlxon Timing S?t Wrong Procedures 7-17 and 7-18.
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General Engine Noise Diagnostic Procedures

NOTE When diagnosing engine_noise problems make sure that noises caused by accessories, such as the arr
compressor and power take-off, are not mistaken for engine noises. Remove the’ accessory drive belts to
eliminate noise caused by these units. Noise will also travel to other metal parts not involved in the problem.
The use of a stethoscope can help (ocate an engine noise. o e

Engine noises heard at the crankshaft speed (engine RPM) are noises retated to the crankshaft rods pistons,
and piston pins. Noises heard at the camshaft .speed (one-haif of the erigine RPM) are related to the valve train.

A hand-held digital tachometer can help to determine if the noise is relatad to components operatmg at the'

crankshaft or camshaft speed. . . , . +

Engine noise can sometimes be isolated by holdmg down the injector plungers one at a time (refer to Procedure
5-13). If the volume of the noise decreases or the nouse disappears, it is related to that particular engine cylinder.

There is not a definite rule or test that will positively determlne the source of a nmse complaint.

Engine driven components and accessories, such as gear-driven fan clutches, hydrauhc pumps, belt-drrven
alternators, air-conditioning compressors, and turbochargers can contribute to engine noise. Use the following
information as a guide to diagnosing engine noise:

Main Bearing Noise (Refer to Troubleshootlng Chart on Page 71) e

The noise caused by a loose main bearing is a loud, dull knock heard when the engine is pulling a load. If all main
bearlngs are loose, a loud clatter will be heard. The knock is heard regularly every other revolution. The noise
is the loudest when the engine is "lugging” or under heavy load. The knock is dulier than a connecting rod noise.
Low oil pressure can also accompany this condition. .

If the bearmg is not loose enough te produce a knock by itself, the bearing can knock if the oil is too thin or if
there is no oil at the bearing. .

An irregular noise can indicate worn crankshaft thrust bearings.

An intermittent, sharp knock indicates excessive crankshaft end clearance. Repeated clutch disengagements can
cause a change in the noiss.

Connecting Rod Bearing Noise (Refer to Troubleshootmg Chart on Page 72)

Connscting rods with excessive clearance knock at all engine speeds and under both idle and load conditions_i‘
When the bearings begin to become lpose, the noise can be confused with piston slap or loose piston pins. The
noise increases in volume with engine speed. Low oil pressure can also accompany this condition.

Piston Noise (Refer to Troubleshooting Chart on Page 73)

It is difficult to tell the difference betwesn piston pin, connecting red, and piston noise. A loose piston pin causes

a loud double knock which is usually heard when the engine is idling. When the injector to this cylinder is held

down, a noticeable change will be heard in the sound of the knocking noise. However, on some engines, the knock.

becomes more noticeable when the vehicle is operated on the road at a steady speed condition.
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SYMPTOM: MAIN BEARING NOISE

Cause

Correction

Insufficient Qil Supply or Low Qil
Pressure

OK

-

Check oil level. Refer 1o Procedure 2-10.
Refer to "Lubricating Qil Pressure Low”
Symptom Chart on page 13.

Thin or Diluted Lubricating Oil

OK
>

Refer to "Oil Specifications” in *NT Operation and
Maintenance Manual,” Bulletin No. 3810238. Refer to
"Caoolant and Fuel in the Lubricating Cil™ Symptom
Charts on pages 21 and 22, respectively.

L oose Flywheel or Torque
Converter

OK

-

Check flywheel mounting capscrews.
Refer to Procedure 7-39. Refer to
equipment manufacturer’s specifications
for torque converter inspection.

Main Bearing Capscrews Loose,
Worn, or Not Tightened Correctly

----------

OK

-

Inspect main bearing caps and |
capscrews. Refer to Procedure 7-20.

Main Bearings Damaged, Worn, or
Wrong Bearings Installed

OK

-

Inspect main bearings. Refer to
Procedure 7-20. Inspect the crankshaft
journals. Refer to "NT Engine Shop
Manual,” Bulletin No. 3379076.

Crankshaft Journals Damaged or
Out-of-Round

__________

Inspect the crankshaft journals. Refer to
"NT Engine Shop Manual,”
Bulletin No. 3379076.
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Séction T'-"Troubleshooting

-’

_ SYMPTOM: CONNECTING ROD BEARING NOISE

Cause

. Correction  *

Insufficient” 0|I Supply or Low Oll
Pressure

Check oil level. Refer to Procedure. 2-10. -

Refer to “Lubricating Oil Pressure Low” -
Symptom Chart on page 13.

OK
2 3

3

Thin or E':}iluted' Lisbricating dil

Refer to ' 0il Specifications” in "NT Operation and.
Maintenance Manual,” Bulletin No. 3810238, Refer to
*Coolant and Fue! in the Lubricating Gil* Symiptom

0K
!

Charts on pages 21 and 22, respectively.

Connecting Flod Capscrews Loose or
Not Tightened Correctly

OK

Inspect the connecting rod
capscrews. Refer to Procedure 7-21.

Connecting Rod Bearings Not
Assembled Correctly, Damaged, Worn,
or Wrong Bearings Instalied

0K

Inspect the connectmg rod beanngs
.Reter to Procedure 7-21. .

Connectlng Rods Bent or
Out-of-Alignment. ’

Remove connecting rods. Refer to

7 Procedure 7-23. Inspect connecting

rods. Refer to "NT Engine Shop
Manual,” Bulletin No. 3379076.

oK
N

Crankshaft Journals Damaged or
Out-of-Round -

* Inspect the crankshaft journals. Refer to -

"NT Engine Shop Manual,”
Bulletin No. 3379076
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_ SYMPTOM: PISTON NOISE

~Cause - B

Contaminated or Poor Quality Fuel

Corréction ~ -

‘0K
|

Verify by operating the engine from a tempo-
rary tank containing good fuel. Refer to “Fuel
Oil Specifications” In "NT Operation and

Carbon Deposits on the Top of the
Piston Contacting the Cylinder Head

Maintenance Manual,” Bulletin No. 3810238.

OK
?

Remove the cylinder head and remove carbon
from the pistons. Refer to Procedure 7-11.
Inspect the piston rings tor damage ar wear.
Refer to Procedure 7-22.

Piston Pin or Bushing Loose, Worn,
or Not Installed Correctly*

----------

oK
[']

Remove pistons and inspect the piston
pin and bushing for damage, wear, and
correct instaltation, Refer to
Procedure 7-22.

Piston Cracked or Broken-

0K
u

Remove and inspect pistons
for cracks or damage. Refer to -
Procedure 7-22. v

Connecting Rod(s) Bent or
Out-of-Alignment

oK
a

Remove the connecting rod(s). Refer to
Procedure 7-23. Refer to "NT Engine
Shop Manual,” Bulletin No, 3379076 -for
inspection procedures

Piston Rings'Worn or Broken

----------

oK
L 4

Remove and inspect the piston rrngs
Refer to Procedure 7-22.

Cylinder Liners Worn or
Out-of-Round

Remove pistons. Refer to
Procedure 7-22. Inspect the cylinder
liners. Refer to Procedure 7-24.

Page 73

*Incorrect fit of the piston pin. Listen for a Ilght tackmg or tapping noise which is mare noticeable with no load on
the engine. The noise can disappear completely when the engine is pulhng aload. Piston pin noise can normally
be noticed during dece!eratlon of the engine.
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Radiator (Horizontal-Flow) - Check ......eeiivirrieeciiiiice e v e nsee s e e - 1-48 90
Radiator (Three-Pass, VErtical-FIOw) - CRECK....... .. uuwumssiciimmsmmssiissssssssisssssssscssssaneressens 147 90
Radiator (Two-Pass, Vertical-Flow) - Check ... irisesnii " 145 89
Radiator Fins - Inspect...........ccovvevinnnnas 1-16 35
Radiator Pressure Cap - CHECK ....cc.cieiveereeces e sssssess s sssesessssssssesssssssenes [ 1-15 34
Shutter, Operation - CheCK. ........eecoereceerrirrmnensranns 1-17 35
Thermostat, (Big Cam I} - RePlace. ...t s s e 1-30 60
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System Troubleshooting and Repair List (Continued)
' Procedure Page
_ No. ~°

Thermostats, (Big Cam V) - Replace ... ST 1-36 71
Thermostat, Seal (Big Cam 1Il) - Replace........cccoccveeine e -1-32 63
Thermostat, (Big Cam Ill) - Test "Thermostat in Chassis” ..........c.cccc.oes v .1 1-29 59
Thermostat, (Big Cam 1ll) - Test "Thermostat Removed” ..o, "3 62 -
Thermostat, Bypass (Big Cam IV) - Check.................iinnnnn e ereeanene e e 134 65
Thermostat Seat, Bypass (Big Cam IV) - Replace............... teebeeere et 1-37 73
Thermostat, Radiator (Big Cam IV) - Check..........c..... SO S i 1-33 64
Thermostat Seat, Radiator (Big Cam IV} - F{eplace....: .................... s e 1-38 75
Thermostat Housing (Big Cam IV) - Replace ..o, 1-35 68
Thermostat Housing Check Valve Assembly (Big Cam IV) - Replace ..o, C 140 78
Thermostat Housing Check Valve O-rings (Big Cam V) -'F{eplace..". ................. ...... . 139 76
Water Pump - Replace.......... o ...... ' 1-28 55
Water Pump Beit - Replace ..o T R ........ e 1-19 T 38

o
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NT-855 .. Page 3

Required Service Tools - (1-00)
Cooling System

Procedure No. Part No. Description
1-09 33008465 DCA4 Coolant Test Kit
(Fleetguard®)
3375208
(Cummins)
1-19 5T7-1293 Belt Tension Gauge
1-20 S5T-1138 Belt Tension Gauge
ST-1274 Belt Tension Gauge
1-25 3377462 Optical Tachometer
3377464 Reflective Tape (in Part No. 3377462 Optical Tachometer)
1-32 8T-1225 Thermostat Seal Mandrel
1-35 3377144 Internal Pipe Wrench
3377387 Internal Pipe Wrench
1-38 3377291 Thermostat Seat Driver

1-40 3377414 Check Valve Driver
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General. Information - (1-01)

The primary function of the cooling system is to remove
s the heat created by the engine and its support.compo-
g il nents. The excess heat energy that is not remaoved by the
; |

!

cooling system is carried away by exhaust gases and
| radiation into the atmosphere.

=
Bl

. = - . The accompanying charts illustrate the coolant flow
Big Cam Il Cocling System : ‘through the engine. For more detail, refer to the Cooclant
| 2> Flow Charts in Reference 1-03.

i

T 1 Thermaostal

Housing

Engine

Cylinder
ol Heads After-

Coalar - cooler
Engine
Block

tE T

Radiator

Big Cam IV Cooling System

"Couling"' Loap

— — s
' Thermostat
T “'Block'’ Loop Mousing
f .

Engine
Cylinder
oil Hesds
Cooler [* Engine

Block ¢

——1 After-
cooler

<> The following publications, available through Cummins
Distributors or Cummins Dealers, provide cooling system
installation recommendations and specifications ap-

proved by Cummins Engine Company, Inc:

» Automotive Installation Recommendations {Cool-
ing System), Bulletin No. 3382413.

» Construction, Mining, L.ogging, and Agriculture In-
stallation Recommendations (Cooling System),
Bulletin No. 3382171. _

« Data Sheets for specific engine models.

» Operation of Diesel Engines in Cold Climates, Bul-
letin No. 3379009.

]
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Traditional Aftercooled Engines (Big Cam Ill) and Optimized Aftercooled
Design Engines (Big Cam [V)

Information on traditional aftercooled and Optimized Aftercooled engines is included in this Cooling System
Section.

It is important to determine which engine design you are working with prior to troubleshooting any cooling system
complaints. The coolant flow, system operation, and troubleshooting procedures differ significantly between the

two engine designs. The Optimized Aftercooled engines (Big Cam IV) can be identified by the small size of the
radiator hose (one-inch inside diameter) and the integral thermaostat housing and coolant filter head assembly.

Traditional Aftercooled Engine Optimized Aftercooled Engine
- (Big Cam V)




Traditional Aftercooled Engine : Cooling System
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Block Heater
Locatio_'n

Aftercooler
Supply

Engine
Draincock '
Oil Cooler

Draincock

Temperature Sensing Cab and Fuel Heater Engine Coolant
Probes in Front Upper Supply Options Out
Water Manifold

Low Qil Pressure
By-Pass Filter 7
Restriction Alar

Py, =)

. { L\ [ =oRl

T Aftercooler
Return

z Cab and Fuel
%‘ Heater Return
2 Options

o
/“‘»."'d:'-’ff ,-- =

~A
' Engine Coolant / .

h:,. In- / '/"/ / (0
— r—LL/r /. m .

Traditional Aftercooled Engine




Cooling System Optimized Altercooled Engine (Big Cam IV)
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Cab and Fuel Heater Temperature Sensing
. . Return Options Probes in Front Upper
A\ Water Manifold
.. )
N
Aftercooler L.‘)?
Draincock e
Cab and Fuel Heater
Supply Options
Engine
Draincock
Qil Cooler
Draincock

To Aftercooler

® N @ ‘
Block Heater 3 L

Location*—% N ’w

= . @ "

N\ Y=

in "(’

Engine Coolant

Out \\\

Optimized Aftercooled Engine (Big Cam IV)
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Cooling System Specifications - (1-02)

Big Cam Ill - Traditional ~ Big Cam IV - Optimized .

Coolant Capacity (Engine- Only) ...................................... 21.01itres [22.0 U.S. Qt]  21.0 litres [22.0 U.S. Qt.]
Standard Modulating Thermostat-Range........................ 82-93°C [180-200°F] 79.4-90.5°C [175-195°F]
Maximum Coolant Pressure (Exclusive of - ‘
Pressure Cap) Closed Thermostat ...........ccoovveeel, 276kPa [40 psi] 276kPa [40 psi]
Maximum Allowable Top Tank Temperature ................... 100°C [212°F] 100°C [212°F]
Minimum Recommended Top Tank Temperature............ - 70°C [158°F} . 70°C [158°F]
Maximum Allowable Deaeration TIM covveoovveeeeessrereeeene 25 minutes 35 minutes
Minimum Allowable Drawdown or 20% of System : ’
Capacity (Whichever is Greater) ..............ocvveveervvvees e 10.4 litres [11 U.S. Q] . 11.5 litres [12 U.S. Qt]
Minimum Allowable Pressure Cap .........cccceeeeevreciverinnne SORPa [7 psi] ' 50kPa [7 psi]
Maximum Allowable Coolant Flow to Accessories........... — 1.3'litres/sec [20 U.S.

, ' Gal/Min]

Minimum Cooling Capability @ Nominal Fuel Rate
* Air to Boil @ 1500 RPM

@ 25 Kmih [15 MPH] Ram Aif vo..eeeeeeeoeeeeeeeeeees e - 40°C [104°F] ' -
e Air to Boil @ 2100 RPM '
@ 25 Km/h [15 MPH] Ram Aif coeeeeoeoroeeeeee e 45°C [113°F] -

Maximum Cooling Differential @ Nominal Fuel Rate

@ 25 Kmth {15 MPH] Ram Air and 50/50 Ethyiene
Glycol Coorant

* Engine Out Coolant to Ambient @ 1900 RF’M ............. ' - . 41.1°C [106°F]
* Engine Out Coolant to Amhient @ 1300 RFM............. = J— 46.0°C [115°F]

* Engine Inlet Coolant to Ambient @ 1900 RPM & _ : '
1300 BPM e een e S = 5.6°C [42°F]
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Table 1:

Table 2.:

Table 3:

Table 4:

Fleetguard® Part No.

DCA4 Spin-on Coolant Filte
WF-2070

WF-2071

WF-2072

WF-2073

WF-2074

WF-2075

WF-2076

DCA4 Liquid
DCAB0L
DCABSOL

DCA4 Powder
DCA95

RESTORE Heavy-Duty Cooling System Cleaner

CcC2610
CCa611
cca2612

Flreetguard® Products For Cummins Engines (A)

cummins Part No.

rs

3318157
3315116
3318201
3315115
3316053
3318318
3318319

3315459

3317428 -

3318320

None
None
None

(A) Recommended for use with all Cummins engines.

Cooling System Specifications

DCA4 Units

- m @ = M

23

4 (1 pint) -
1760 (55 gallons)

20

1 gallon
5 gallons
55 gallons
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DCA4 Maintenance Guide
System Capacity (A) Precharge Filter (B) Service Filter (C)
Litres Gallons .
19-26 5.7 WF-2072 WF-2070
30-38 8-10 WF-2073 WF-2071
42.57 11-15- WF-2074 - WF-2071
61-76 16-20 WEF-2075 WEF-2071
80-114 : 21-30 WF-2076 WF-2072
118-190 . 31-50 (D) WF-2073
194-380 51-100 : (D) WF-2075 (E)
384-570 . 101-150 ‘ (D) WF-2076 (F)
Notes:

a. Consult the vehicle equipment manufacturer's maintenance information for total cooling system capacity.

b. After draining and replacing the coolant, always precharge the codling system to maintain the DCA4
concentration between 1 and 2 units per gallon.

NOTE: When performing service which requires draining the cooling system, discard the coolant. Reusing coolant can
introduce contaminates or overconcentrated chemicals, resulting in premature failure of cooling system com-
ponents.

c¢. Change coolant filters at regular intervals to protect the cooling system. Service filters listed above are
satisfactory for use with maintenance intervals from 16,000 to 40,000 km [10,000 to 25,000 miles] or 250
to 600 hours.

d. To precharge cooling systems iarger than 114 litres [30 U.S. gallons], do the following:
1. Install appropriate service filter(s) listed in the above table based on total cooling system capacity.

2. Subtract the total DCA4 units contained in the service fiiter(s) from the total cooling system capacity
in gallons.

Example: 95 gallon cooling system capacity
-15 units (1) WF-2075 filter » !
80 units

3. The answer represents the additional units required to precharge the cooling system. Four bottles of
Part No. 3318320 DCA4 powder will provide a sufficient amount of DCA4 units (80) to precharge the
cooling system.

4, lnstall_the appropriate service filter at the next and subsequent maintenance intervals.
e. Or (2) WF-2073 or (4) WF-2071.
f. Or (2) WF-2074 or (4) WF-2072.

g. Frequent coolant testing is unnecessary if recommended precharge and service procedures are followed.
Use Fleetguard® Test Kit 3300846S to check the coolant additive concentration when DCA4 is used. Refer
to the instructions on page 11.

4
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Instructions For Using Test Kit Part No. 3300846S To Test For DCA4

—
e I

ﬁF@

!

-
i

S——

. Fill the dropper pipet to the 1.0 ml. mark with coclant to be tested.

. Dispense the 1.0 ml. coolant sample from the dropper pipet into the empty vial.

. Repeat steps 1 and 2 two more times so that the vial contains 3.0 ml. of the coolant sample.
. Add tap water to the vial up to the 10.0 mi. mark. Replace the vial cap and shake.

. Add 2 or 3 drops of red Solution B to the vial and swirl to mix.

. Add 1 drop of orange Solution A to the vial and swirl to mix. Continue this procedure of édding one drop of
Solution A and swirling until the vial solution changes color from red through brown to gray or blue.

7. Record the number of drops of Solution A required to cause the color change, and refer to the table on page
.12 for the maintenance required. If additional additive is required, use DCA4.

Notes:

1. The above instructions are only for use with cooling systems using DCAA4. Follow the original test kit instructions
for cooling systems using DCA.

. 2. Incorrect results will be obtained if the test kit is used to check cooling systems containing a mixture of DCA4

G W =

and any other supplemental coolant additive. }f it is necessary to test coolant containing a mixture of DCA4
and any other supplemental coolant additive, contact Analysts, Inc. (213) 541-5611 for the location of the
nearest Analysts laboratory.

3. Frequent coolant testing is unnecessary if recommended precharge and service procedures are followed.
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Malntaln a nominal of one DCA4 unit per gallon of coolant in your "system. Less than 0.5 (1/2) unit per gallon
indicates an Underconcentrated coolant solution. More than two-units per gallon lndlcates an Overconcentrated

coolant solut:on . | . .

Number of Drops

of Solution A

Necessary to Cause g ) S

Color Change . Coolant Conditions Maintenance Required

0-10Q Drops DANGERQUS initially charge the systemtoa mimmum of one DCA4 unit
(less than 0.4 DCA4 per gallon of coolant.
. units per gallon) _
11-16 Drops BORDERLINE _ Add DCAA4 liquid units to maintain one unit per gallon
. {0.45 10 0.8 DCA4 minimum or change the DCA4 filter.
units per gallon) o SR : o
17-25 Drops ACCEPTABLE None,
{.85 to 1.3 DCA4 ' o
units per gallon} . . T e
26-35 Drops . HIGH ACCEPTABLE None. ‘ C
{1.35to 2.0 DCA4 - ’ _ S
. . - units per gallon) .- ) ; .y
36-55 Drops o OVEHCONCENTRATED  Review maintenance practice. .-

. (2.1 t0 3.3 DCA4
. units"per galon)

- DANGEROUSLY " ..Drain 50% of the coolant and replace with water/antlfreeze

Qver 55 brobs
' OVERCONCENTRATED Retest for correct DCA4 unit concentratlon




Cooling System
NT-855

Cooling System Fiow Charts - (1-03)

Big Cam Il Coolant Flow (Cool'ing Loop)

Water Pump

Oil Cooler .

Water Manifold

Aftercooler Inlet

Aftercooler Outlet

Thermostat ‘3
Bypass : -
To Radiator

Water Pump Inlet

wINOIRLOD A

Cooling System Flow Charts - (1-03)
Page 13
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| Cooling_ System Flow Charts - (1-03)

Big Cam IV Coolant Flow (Block Loop)

Block Water Manifold
Liner Cavity :
Upper Water Manifold .
Cylinder Liner - - |
Water Manifold Return ,
Water Pump

FoRLN=

Cooling System
NT-855
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- Cooling System Flow Charts - (1-03)

Big Cam |V Coolant Flow (Cooling Loop)

CoNamBELN=

Water Pump Outlet
Qil Cooler

Bypass Thermostat
Radiator Thermostat
Enhgine Water Outlet
Engine Water Inlet
Aftercooler Inlet
Aftercooler Outlet
Water Pump Inlet

Cooling System Flow Charts - (1-03)
Page 15
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Radiator Supply Pressure Cap

Lme

b L Top Tank
Vent Line~—._ - | T - '
Thermostat __Bypass
Housing Line
P !
Water Pump ! ™~Fill Line
Engine Block il

Radiator Outlet

System Fill  Vent Line to Auxiliary
- : or Fill Tank

N

"_Aftercooler

Cooling System
NT-855%

Cooling System Venting - (1-04)

The cooling system must be designed to allow a|r to
escape while filling the coolant system.

During engine operation, coolant will continuously flow
through the engine vent line to remove air from the
coolant.

The cooling system vent line on traditional 'engines is
plumbed from a 1/8-inch pipe tapped hole in the front
water manifold to the radiator fill tank or auxiliary tank
above the coolant level.

The cooling system vent line on Optimized Aftercooled
engines is plumbed from a special connection located on
the top of the front water manifold. The line then goes to
the radiator fill tank or auxiliary tank above the coolant
level.
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Cooling System, Maintenance - (1-05): . - B
’ , " Problem
. : W_alter e o o Mineral Cause Limit
. Always use good quality soft water in the coolant mix- - -
ture. Water added to the cooling system must meet the ~ Calcium Deposits on
specifications given in the accompanying Chart. Magnesium | Liners/Heads/ | 300 PPM
(hardness) - Coolers o
. General LI
Chioride Corrosion 100 PPM
General '
Sulfate Corrosion 1QU‘P~PM
Antifreeze

Caution: Antifreeze overconcentration reduces freeze
protection. Do not use more than 68 percent antifreeze
or overheating may result. A mixture of 50 percent an-
tifreeze and 50 percent water is sufficient for freeze
protection to -37°C [-34°F].

Use ethylene glycol antifreeze year-round to provide
freeze point and boil-over protection.

Sealing Additives = -.. . . . :

Do not use sealing additives in the cooling systems.
Using sealing additives will cause the following problems:

* Buildup in coolant low flow areas.
= Clogged coolant filters.
* Plugged radiator.

Soluble Qils

Do not usé soluble oils in the cooling systems. The use
- of soluble oils will: . . B

allow cylinder liner pitting,
corrpde brass and copper,
damage heat transfer surfaces, and

. damage seals and hoses.




'Cooling System, Drain - (1-06)
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Coolant Additives and Filters

Diesel Cooclant Additives (DCA4) (or equivalent) are re-
quired to protect the cooling system from fouling, solder
blooming, and general corrosion. The coolant filter is
required to protect the coolant system from abrasive ma-
terials, debris, and precipitated coolant additives.

Cooling System, Drain - (1-06)

1. Position the vehicle on level ground.

Warning: Wait until the temperature is below 50°C
[120°F] before removing the coolant system pressure
cap. Failure t6 do so can cause personal injury from

- heated coolant spray.

2. Remove the radiator cap after the engine is cool.

3. Drain the cooling system as follows:

¢ Open the radiator draincock.
* Remove the lower radiator hose(s).
= QOpen the aftercooler draincock (Big Cam v only)




Cooling System
NT-855

* Open the engine draincock.
* Open the oil cooler draincock.

Cooling System, Fill - (1-07)
1. Close the radiator draincock.
2. Install the lower radiator hose(s). p%s
3. Tighten the hose clamps to 5 Nem [40 in-|bs] torque.
4. Close the aftercooler draincock (Big Cam IV only). ®

5. Close the engine draincock.
6. Close the oil cooler draincock.

7. Use a mixture of 50 percent ethylene glycol antifreeze
and 50 percent water o fill the cooling system.

NOTE: Use the correct DCA4 initial charge filter to obtain the
correct cooling system protection. Refer to Proce- @
dure 1-09 and Cooling System Specifications, .Ref-
erence 1-02.

Cooling System, Fill - (1-07)
Page 19

3

50%
Antifreeze




Cooling System, Fill - (1-07)
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8. Fill the cooling system with coolant to the bottom of
the fill neck in the radiator fill (or expansion) tank.

NOTE. Some‘ Big Cam IV radiators havetwo fill necks, both
of which must be filled. -

9. Install the radiator or fill cap.

10. Operate the engine until it reaches a, temperature of
80°C [180°F], and check for leaks. -

11. Shut the engine off, and allow jt to cool.,

Warning: Check the coolant level only when the engine
is stopped. Wait until the temperature is below 50°C
[120%F] before removing the pressure cap. Faiture to do
S0 can cause personal injury from heated coolant spray.

Caution:. Do not add cold.coolant to a hot engine. En-
gine castings may be damaged Allow the engine to cool
to below 50°C [120°F] before addlng coolant

12. Remove the radiafor or fill cap, .and check the coolant
level. Add coolant if necessary. . .
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Coolant Filter - Replace (1-08)

1. The correct coolant filter to be used is determined by
the total cooling system capacity and other opera-
tional factors. '

Refer to Cooling Systern Specifications, Reference
1-02, for the correct filter to use.

2. On Big Cam IV engines the coolant filter head'is part
of the thermostat housing. Two spring-loaded check
valves are in the thermostat housing to prevent cool-
ant leakage while changing the filter. (No manual
shutoff valves are provided).

Warning: Wait until the temperature is below 50°C
[120°F] before removing the coolant system pressure
cap and close the shutoff valve(s), if equipped, before
removing the coolant filter. Failure t¢0 do so ¢an cause
personal injury from heated coolant spray.

3. Remove and discard the coolant filter. Clean the
gasket surface on the filter head.

Coolant Filter - Replace (1-08)
Page 21
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Diesel Coolant Additives (DCA4) - (1-09)
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4. Apply a light film of lubricating oil to the coolant filter
b, gasket seallng surface before mstallmg the-coolant
fitter. -

' p?‘:-s 5. Installthe fllter as specnfred bythe fllter manufacturer,

NOTE: Mechanical overtightening may distort the threads or
- damage the fllter head.

coolant system pressure cap

" 7. Operate the engine until the coolant temperature is

above 80°C [180°F], and check for. leaks.

Diesel Coolant Addltlves (DCA4)
- (1-09) .
1. Diesel Coolant Addltwes {or equwalent) are used to

prevent the buildup.of corrosion and scale deposits
in the coollng system

.,l

™ 6. Open the shutoff valve(s) if equipped, and install the
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2. When changing the coolant, the initial DCA4 (orequiv-
" alent) concentration must be between 1 and 2 units
. per 3.8 litres [1 U.S. gallon] of coolant {initial charge).

NOTE:: The cooling system must be élean befora adding
DCAA4 (or equivalent). Refer to Procedure 1-10.

3. lf coolant is added between drain intervais, additional

DCA4 (or equivalent) will be required. Refer to this.

Procedure or see Service Tools, Reference 1-00, for
the correct test kit to check DCA4 concentration.

4. Check the coolant just before changing the. coolant
filter to make sure that the correct maintenance cool-
ant filter is being used.

Caution: Inadequate concentration of the coolant addi-
tive can result in major corrosive damage to cooling
system components. Qverconcentration can cause for-
mation of “gel” that can cause restriction/plugging of
passages and overheating.

5. The DCA4 concentration must not fall below 4 unit
per 3.8 litres {1 .S, gallon} nor exceed 2 units per 3.8
litres [1 U.S. gallon].

6. Use the correct Fleetguard® cootant filter to maintain
the correct DCA4 concentration in the system.

7. Maintain the correct concentration by changing the
maintenance coolant filier at each oil drain interval.

Diesel Coolant Additives {DCA4) - (1-09)

Page 23
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1 Unit DCA4

2 Units DCA4

)

1 Unit DCA4

2+ Units DCA4




Cooling System, Clean - (1-10)
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DCA4

Cooling System
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NOTE: DCA4 is compatible with all permanent-type anti-
freeze except Methoxy Propanol. If Methoxy
Propanol antifreeze is used, reduce the amount of
‘DCA4 by one-third to prevent inhibitor loss due to
precipitation caused by chemical incompatibility.

DCA4 Test Kit-
DCA4 is formulated for use in all Cummins engines.

Use only Coolant Test Kit, Fleetguard® Part No.
330084868, to check the coolant additive concentration

" when DCA4 is used. Refer to the instructions on page 11.

Cooling System, Clean - (1 10)

System Flushmg

Warning: Wait until the température is below 50°C
[120°F] before removing the coolant system pressure
cap. Failure to do so can cause personal injury from
heated coclant spray. :

NOTE The performance of RESTORE is dependent on
time, temperature, and concentration levels. An ex-
tremely scaled or flow restricted system, for exam-
ple, may require higher concentrations of cleaners,
higher temperatures, ot longer cleaning times. RE-
STORE can be safely used up to twi¢e the recom-
mended concentration levels. Extremely scaled or
fouled systems may require more than one cieaning.
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1..Drain the cooling system..Refer to Procedure 1:06. Do~

« not-allow the cooling system to dry out.
2. Do ‘nét remove the coolant filters.

Caution: Fleetguard® RESTORE contains no antifreeze.
Do not allow the cooling system to freeze during the
cleaning operation. ‘ : :

3. Immediately add 3.8 litres [1 U.S. gallon] of
Fleetguard® RESTORE (or eguivalent) for each 38 to
57 'litres [10 to 15 U.S. gallons] of cooling system
capacity, and fill the system with plain water.

4. Turn the heater temperature switch to high to allow
maximum coolant flow through the heater core. The
blower does not have to be on.

5. Qperate the engine at normal operating temperatures
(at least 85°C [185°F]) for 1 to 1 1/2 hours.

6. Shut the engine off, and drain the cooling system.
Refer to Procedure 1-06.

'
PN

7. Fill the cooling system with clean water. Refer to
Procedure 1-07. . - ‘ ‘ :

Cooling System, Clean - (1-10)
Page 25

1%2 Hours




Cooling System - Test For Air Or Combustion Gases (1-11) Cooling System
Page 26 NT-855

8. Operate the engine at high idle for 5 minutes with the
coolant temperature above 85°C [185°F).

9. Shut the engine off, and drain the cooling system.
<> Refer to Procedure 1-06.

NOTE: If the water being drained is still dirty, the system
must be flushed again until the water is clean.

with a fresh mixture of 50 percent low silicate anti-
freeze and 50 percent water. Refer to Procedure 1-07.

< NOTE: Use an initial charge filter to bring the coclant to the
correct DCA4 concentration level, Refer to Proce-
<> dure 1-09 and Cooling System Specifications, Ref-
erence 1-02. . : :

q 10. Install a new coolant filter, and fill the cocling system
b

11. Install the pressure cap. Operate the engine until it
reaches a temperature of 80°C [180°F], and check
for coolant leaks.

Cooling System - Test For Air Or
Combustion Gases (1-11)

Warning: Wait until the temperature is below 50°C
A [120°F] before removing the coolant system pressure

cap. Failure to do so can cause personal injury from
heated coolant spray.

@@ 1. Allow the engine to cool, and remove the radiator cap.
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2. Install a radiator pressure cap which has had the
spring and the pressure relief valve removed to allow
free flow from the overflow tube.

3. Attach a rubber hose to the radiator overflow con-
nection.

4. Put the free end of the hose below the water level in
a container of water.

NOTE: The pressure cap must be tightly sealed in the top
of the radiator fill neck.

5. Qperate the engine at rated RPM until it reaches a
temperature of 80°C [180°F].

6. Check for a continuous fiow of air bubbles from the
hose in the water container.

Nd‘l‘E: The engine must be operated at rated speed and full
load to detect air in the cooling system due to a
defective aftercoacler care.

If no air is found in the system, do the following:

Remove the test equipment.

Check the coolant level and fill if necessary.
Install the radiator pressure cap.

Operate the engine until it reaches a temperature
of 80°C [180°F], and check for coolant leaks.

4 & 9 B

7. A continuous flow of air bubbles indicates the
following:

Defactive fan or shutter air control valve.

Air compressor head or head gasket ieakage.
Aftercooler core leakage.

Cylinder liner protrusion incorrect.

Cracked cylinder liner.

Cylinder head or gasket leakage.

OFYOL>
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Fan And Shutter A|r Control Valve Check

Cautlon The englne can overheat with the tan control
or the shutter air control valve dlsco_nnected Monitor
the engine coolant temperature while performing this
test. The coolant temperature must not exceed 100°C
[212°F]. :

1. Disconnect the vehicle air supply hose to'the fan and
the shutter air control valve. Install a plug-in the air
'supply hose. If .the: vehicle is equipped with an air
control valve for both the fan and the shutters check
only one valve at a time.

2. Repeat the test for air in.thé cooling system'as pre-
viously described. If no air is found in the cooling
system with the air control valve(s) lsotated mstall a
new control valve R

Aiir Compressor Check: -

Caution: The air compressor discharge line must be
disconnected at the compressor to allow the compres-
sor to discharge air to the atmosphere durihg this next
test to prevent the compressor from overheating. Do not
run the engine over 5 minutes with components isolated
from the cooling systeim. Component damage can occur.
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1 Disconnect the cooiant supply and the return Hoses

. from the air compressor. Use a short piece of hose to

‘ . connéct the hoses together to prevent coolant loss
‘ during engine operation.

2. Repeat the test for air in the cooling system as pre-
viously described. If no air is found in the cooling
system with the air compressor isolated, install a new
or rebuilt air compressor.

Aftercooler Core Check Big Cam IV Big Cam Il
1. Disconnect the coolant supply and the return hoses @ ___Aftercooler Aftercooler
from the aftercooler. On Big Cam IV engines, use a 3 .

short section of 1-inch diameter hose to connect the
coolant supply hoses together. On Big Cam Il en-
gines, plug the hoses after removing them from the
aftercooler.

NOTE: The engine must be operated at rated speed and full
locad to detect air in the cooling system due to a
defective aftercooler core.
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‘ : ; : 2. Repeat the test for. air in the cooling system as pre-
;Tf? Camllv R:‘? Camllll, . .viously described. If no air is found in the cooling
| Antercooler |. Altercooler G system with- the -aftercooler-isolated, -install a new
B aftercooler. :
A\ "

Cylinder Head, Head Gasket And.Cylinder.
Liner Check

. If the engine still fails the test for air in the cooling
system with the fan and shutter controis, the air com-
pressor, and the aftercooler isolated from the cooling
@@ system, remove the water pump belt and the water

manifold.

2. Position the vehicle on level ground. Fill the cooling
- systemuntil the coolantis level W|th the cyllnder head
coolant outlet ports ‘

-

Caution: Do not operate the-engine for more than 5
minutes. Engine-damage can occur.

3. Start the engine, and.operate it at high idle. Checkfor
. air bubbles out of the cylinder head coolant outlet
‘ports.
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4. If bubbles are found in one or more of the ports,
remove the corresponding cylinder head or heads.
Inspect the head gasket for leakage. ‘

5. If no indication of leakage is found, pressure check
the cylinder head. Refer to Section 7, Procedure 7-12.

6. If no indication of leakage is found from the cylinder
head, check the cylinder liner protrusion. The pro-
trusion must be 0.08 mm to 0.15 mm [0.003-inch to
'0.006-inch]. Negative protrusion can allow combus-
tion gases to enter the cooling system.

7. Remove the cylinder liner or liners which correspond

tothe cylinder head coolant outlet port where bubbles
are found.

Cooling System - Test For Air Or Combustion Gases (1-11)
Page 31
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P 8. Inspect the liner for cracks or porosity. Refer to Sec-
. tion 7, Procedure 7-24. - -

Cooling System - Pressure Test (1-12)

Warning: Wait until the temperature is below 50°C
[120°F] before removing the coolant system pressure
cap. Failure to do so can cause personal injury from
heated coolant spray.

o 1. Check the coolant level and fill if necessary.
NOTE: If coolant is added, additional DCA4 (or equivalent)

will be required. For the correct test kit to check

% DCA4 concentration,-refer to Procedure 1-09.
G] 2. [f theradiator is équipped with a pressure relief valve,
_ %-3 +install a plug in the overflow tube (1).

"~ -Caution: Do not apply more than 140 kPa [20 psi] air
A pressure to the cooling system. The water pump seal
may be damaged.

ﬁ>§'b 3. Install the pressure tester on the radiator fill neck or
A\E/ surge tank (if equipped), and apply 140 kPa [20 psi]
maximum air pressure.
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4, Inspect for coolant leaks and repair if necessary.

5. Remove the pressure test equipment and the plug
from the pressure relief valve overflow tube (if

" equipped).

6. Install the coclant system pressure cap.

Hoses -~ Check (1-13)

Caution: Do not bend or deform the hoses during in-
spection. This can cause the hoses to crack.

1. Inspect all hoses for cracks or cuts.
2. Inspect all hoses for signs of ballooning or collapsing.

NOTE: Engine overheating or coolant overflow can resuit
from internal deterioration of the coolant hoses. Re-
fer to "Coolant Temperatures Above Normal” or
"Loss of Engine Coolant” in the Troubleshooting
Logic Chart. Particles of deteriorated hose can re-
strict or completely stop the coolant flow.

5
R

A

<>

Hoses - Check (1-13)
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Coolant Temperature Gauge Check
(1-14)

1. Check for a biown fuse

2. Check the wiring from the gauge to the sendmg unit
for a broken connection.

E

in the front upper water manifold.

4. Use atem peratu re gauge of known accuracy to check
_ the existing gauge. - )

5. Replace a faulty gauge. .

Radiator Pressure Cap - Check (1-15)

~—~ 1. Visually inspect the rubber seal of the pressure ¢ap
< - for. damage

2. Visually inspect the radiator fill neck for cracks or
other damage. -

. @ 3 Referto the radlatormanufacturersmstructlons if the

fill neck is damaged.

NOTE: Make sure the correct radiator cap is being used.
Refer to Cooling System Specuflcatlons Heference
1-02.

3. Make sure the temperature sending unit is mounted’
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4. Pressure test the radiator cab.

5. The pressure cap must seal within 14 kPa I2'bs'i} of |
* the value stated on the cap, or it must be replaced.

Radiator Fins - Inspect (1-16)

1. Visually inspect the radiator for plugged radiator fins.

2. Use 550 kPa [80 psi] air pressure to blow the dirt and
debris from the fins. Blow the air in the opposite
direction of the fan air flow.

3. Visually inspect the radiator for bent or broken fins.

NOTE: If the radiator must be replaced due*to bent or
broken fins which can cause the engine to overheat,
refer to the manufacturer'sreplacement procedures.  Z%>

4, Visually inspect the radiator for core and gasket leaks.

Shutter Operation.- Check (1-17)

1. The shutters are fully closed when the vehicle air
pressure reaches approximately 380 kPa [55 psi].
They will remain closed until the coolant temperature
reaches the value stamped on the control.

Radiator Fins - Inspect (1-16)
Page 35
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be accurate in the front upper water manifold. A ther-

('>§- ' 2. Install a master temperature-gauge which is known to
QY mocouple may be used. - - .

3. Restrict the radiator air. flow.” -
4, Operate the engine at rated RPM,

5. When the'coolant temperature reaches the temper-
ature stamped on-the control, check the shutters to
see if they are open. The shutters must be fully open.

®

JEMP,

6. Return the engine to idle, and remove the radiator air
@ restriction. A
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7. When the coolant temperature drops to approximately

- . 6°C [10°F] below the temperature stamped on the

contro!, the shutters will be fully closed.

8. If the shutters do not operate correctly, refer to the
shutter manufacturer’s service manual.

Fan, Shroud, Spacer and Puiley -
Inspect (1-18)

Fan

Warning: Do not rotate the engine by pulling or prying
onthe fan. Do not straighten a bent fan blade or continue
1o use a damaged fan. A bent or damaged fan blade can
fail during operation and cause serious personal injury
or property damage.

NOTE: Replace the original equipment fan with a fan of the
identical part number. Cummins Engine Company,
Inc. must approve any other fan changes. .

Fan, Shroud, Spacer and Pulley - Inspect (1-18)

<>
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Water Pump Belt - Replace’ (1 19)
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1. Visually check the fan for cracks;-loose rivets, and
bent or loose blades. Check the fan to make sure it
is securely mounted. Tightén the capscrews’if nec-
essary. Replace damaged fans. .

Fan Shroud

1. Inspect the fan shroud for the correct fan cledrance.
Refer to the vehicle manufacturer's specifications.

2. Visually inspect the shroud for cracks, air leaks, or
damage. Replace if necessary. Refer to the
manufacturer’s instructions. .

Fan Spacer And Pulley - _
1. Visually inspect the fan hub and the spacer (if used)

for cracks or damage. Replace if necessary. Referto )

Procedures 1-26 and 1-18, respectwely

Water Pump Belt Replace (1 19)
Inspect ' :
1. Visually ‘inspéét the belt for the following:

e Cracks.
* Glazing.
¢ Tears or cuts.
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.2, Visually inspect the pulley alignment. Pulley mis-
alignment must not. exceed 0.5 mm per cm. [1/16-
inch per foot) of distance between the pulley centers.

‘3. Replace the idler pulley or the water pump if they are
not in alignment. Refer to Procedures 1-27 and 1-28,
respectively. @“

Remove
1. Remove the fan drive belts. Refer to Procedure 1-20. @@

Lz )

2. Loosen the idler pulley shaft lock nut.

3. Turn the adjusting screw counterclockwise to re-
. lease tension, and remove the water pump belt.

4. Visually inspect the idler and the water pump pulleys -~
for cracks or broken grooves. Replace if necessary.

Refer to Procedures 1-27 and 1-28, respectively.

Water Pump Belt

- Replace (1-19)

Page 39
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Water Pump Belt - Replace (1-1 9j
Page 40

IBE -0

Cooling System
NT-855

Install =~~~ -
2™ 1. Install a new belt on the pulleys.
R S

2. Turn the adjusting screw to adjust belt tension.

NOTE: Belt tension can increase when the lock nut is tight-
-ened. Do not adjust belt tension to full value with the
adjusting screw.

3. Use Part No. ST-1293 Belt Tension Gauge to mea-
sure the belt tension.

* 200 to 220 N*m [150 to 160 ft-Ibs] (new bel).
® 95 to 165 Nem [70 to 120 ft-lbs] (used belt).

NOTE: Do not use an ST-1274 Belt Tension Gauge on V
ribbed belts because it will not give an accurate
measurement.

4. Tighten the idler pulley shaft lock nut'to 70 Nem [50
ft-Ibs] torque.™ o )

5. Loosen the adjusting screw 1/2-turn to prevent break-
age.

6. Measure the belt tension again. Adjust if necessary.
7. Install the fan drive belts. Refer to Procedure 1-20.

P W

—— e s s .
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Fan Drive Belts - Replace (1-20) -

k Inspect

1. Visually inspect the belts for the following:
¢ Cracks.
+ (Glazing.

¢ Tears or cuts.

alignment must not exceed 0.5 mm per cm [1/16-
inch per foot] of distance between the pulley centers.
inspect, repair, or replace the fan hub or the fan hub
support bracket if pulley misalignment exceeds 0.5

2. Visually inspect the pulley alignment. Pulley mis- |

mm percm [1/16-inch per foot]. Refer to Procedure 1-26.@ '

Remove:

1. Loosen the four capscrews which secure the fan hub
shaft to the bracket.

2. Turn the adjusting screw counterclockwise o re-
lease tension, and remove the belts, @

Fan Drive Belts - Replace (1-20)
Page 41
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3. Visually inspect the pulleys for cracks or broken
grooves. Replace if necessary.

Install - ' T

1. Install new belts on the puliey. When a drive uses two
or more belis, replace the belts as a compiete set.

NOTE: To prevent dam'age, do not roll a belt aver the pulley
or pry it on with a tool.

2: Turn the adjusting screw to increase the belt tension.

NOTE: Belt tension can increase when the capscrews are
tightened. Do not adjust the belt tension to full value
with the adjusting screw.

3. Tighten the four capscrews until the fan hub is in
correct alignment with the fan hub bracket.

NOTE: Do not tighten the capscrews to full torque value.

4, Msasure the belt tension.

’
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5. To measure belt tension with a gauge, use the Belt
Tension Chart to select the correct gauge for the beit
. width. ’

6. Tighten the four capscrews to 110 Nem [80 fi-ibs]
torque,

7. Measure the belt tension again.

B. Loosen the adjusting screw 1/2-turn to prevent
breakage.

On-Off Fan Clutch - Check (1-21)

1. Install a master temperature gauge which is known to
be accurate in the front upper water manifoid. A ther-
mocouple may be used.

®

On-Off Fan Clutch - Check (1-21)

Page 43
BELT TENSION (Pounds)

Belt New Beit “Used Belt
Width Belt Tension Installation Tension
Inches Gauge Min.-Max. Min.-Max.

380 ST-1274 140-150 60-100

440 140-150 G60-100

w2 140-180 60-100

1116 160-170 60-100

3/4 ST-1138 180-170 60-100

78 160-170 €0-100
SoréAb ST-1793 150-160 70-120

8 Rib ST-1293 190-216G 155-165

“Adjust used balts to 1he values in this cofumn. If below minimum,
re-lengian 1o maximura,

NOTE: A belt is consicered used if it has been in oparaticn for al least 10 minutes.
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2. Restrict the radiator air flow. - . .
3. Operat'e'the engine at rated RPM. , .

4. If the vehicle is air-conditioned, make sure the air-
conditioning is turned off to prevent continuous op-
eration of the fan. When the coolant temperature
reaches 93°C [200°F], check for fan engagement.

NOTE Fan noise and air flow increase when the fan clutch
engages.

5. Return the-engiﬁe to-idle, and remove the'radiator air
restriction. )

6. The fan clutch must disengage before the ¢ootant
temperature. drops to 90°C [194°F]. Cummins En-
gine Company, Inc. recommends the fan disengage
at 3°C [6°F] below the temperature stamped on the
fan temperature sensor. -
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Fan Clutch, Air Engaged Type - (1-22) .

1. This type of fan clutch is engaged by air pressure and
is disengaged by spring tension.

2. Air pressure of 620 to 830 kPa [90 to 120 psi] is
required to override the clutch spnng tension fo en-
gage the fan.

3. If the fan does not operate within the temperature
range indicated in Procedure 1-21, the fan clutch and
the controls must be checked. Refer to the fan clutch
manufacturer’s service manual. .

Fan Clutch, Air Disengaged Type -
(1-23)

1. This type of fan clutch is engaged by spring tension
and is disengaged by air pressure.

NOTE: This type of fan clutch requires air pressure for free
rotation. In the event of air pressure loss, the fan will
be engaged.

2. Air pressure of 480 to 830 kPa [70 to 120 psi] is
required to override the clutch spring tension to dis-
engage the fan.

3. If the fan does not operate within the temperature
range indicated in Procedure 1-21, the fan clutch and
the controls must be checked. Refer to the fan clutch
manufacturer's service manual.

<>

Fan Clutch, Air Engaged Type - (1-22)
Page 45

Control
Valve

Thermal Control Setting

Engine
Operating

Range Minimum

Maximum

Thermostat
Control

Fan
Control

e ook =
on  Always
= 1 i 1 + 1 : |°n I
160 170 'IEI!O 190 I 260 I 2'l|.'!I
Coolant Temperature (°F)

Fan Drive Clutch Engagement

Drive
Discs

I l I- 2l

| l-l- wu]w

Drwen
Pressuré piges

Plate

Engaged =

No Air Seals
Pressure

-a=Power t0 Fan

Thermal Control Setting

Engine
Operating
Range Minimum Maximum
Thermostat
Contral
Fan
G
Control Olf Always
On
b4 ¥ t + + t + + L t——t
160 170 180 190 200 210

Coolgnt Temperature (°F)
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On-Off Fan Clutch - Replace (1-24)
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On-Off Fan Clutch - Replace (1-24)
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Remove SR,

@@ 1. Remove.the fan.

NOTE: Do not discard the fan spacers. The spacers provide
the thickness needed to install the fan in the correct
position.

2. Disconnect the signal line.

LI

3. Loosen the capscrews which attach the fan hub to the
bracket. . : : '

‘4. Remove the fan hub adjusting capscrew; and remove
the fan belts.




Cooling System On-Off Fan Clutch - Replace (1-24) .
NT-855, - Page 47

5. Loosen the fan hub.capscrews, and remove the fan %

-hub. <

install

1. Install the fan hub assembly on the fan hub bracket.
" The capscrews must not be tightened.

2. Install the fan drive belts on the fan hub and the Ay

accessory drive pulley. Do not tighten the belts,

3. Install the fan.
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Gl ~ S.nstall the fan hub signal line. Tighten the'fan belts per
[ =)

Procedure 1-20. :

G

Fan Clutch, Viscous-Type -(1-25) 1
Check - ‘ I

1. Use a fan RPM measuring device to check the op- '
eration of the viscous fan hub. A strobe or Part No.
3377462 Cummins Optical Tachometer may be used.

2. Mark a spot on the fan hub pulley and one fan blade
so the measuring device can determine the pulley i
and the fan speed. Reflective tape, Part No. 3377464, )
in Part No. 3377462 Cummins Optical Tachometer,
can be used to mark the fan blade and the pulley.
(Refer to Service Tools Instruction, Bulletin No.
3377544, for more informaticn.)
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3. While the engine is still warm and the vehicie is shut
off, cover the radiator grill. .

. 4. Leave a hole approximately 0.3 m[1 foot] in diameter
in the.cardboard to allow some air flow to the viscous
fan hub. '

5. Start the engine. Idle the engine for 3 to 5 minutes.
Lock the throttle in a "HIGH IDLE” position.

Warning: The fanwill engage when the engine is started.
To avoid personal injury, do not put your hands in the
path of the rotating fan.

Caution: Do not exceed 100°C [212°F] coolant temper-
ature. Coolant temperatures above 100°C [212°F] can
damage the engine.

6. When the coolant temperature reaches 90°C [195°F],
measured fan speed must reach a minimum of 85
percent of the pulley speed.

7. Input speed is the engine RPM times the fan hub ratio.
For example, a 2100 RPM engine times a 1.1:1 fan
hub ratio would give a 2310 RPM input speed (2100
X 1.1 = 2310). Eighty-five (85) percent of the input
speed in the example is 1963 fan RPM (.85 X 2310 =

., 1963).

A
A

Fan Clutch, Viscous-Type - (1-25)
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Fan Clutch, Viscous-Type - (1-25)
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8. While 'the engine is still at*high idle, remove the
radiator grill cover. The fah speed must begin to
decrease after one (1) minute and eventually drop to
a maximum of 50 percent of the input speed.”

. If the viscous fan hub fails this test, have it checked
by an authorized fan hub’ dealer for repair or
replacement.

. If a fan speed measuring device is not available and
the complaint is cverheating, remove the viscous fan
hub bimetal strip and the control pin. This will'cause
the fan hub to operate all the time.

. If the overheating complaint does not occur with the
control pin removed, install the control pin and take
the fan hub to an authorized fan hub dealer for repair
or replacement. . - o

Rermiove .
@ 1. Loosen and remove the capscrews or the hexagon
nuts which hold the viscous fan clutch to the fan hub.

NOTE: Do not discard the fan spacers. The sp'écers provide
~ the thickness.needed to instal! the fan in the correct
position. - ‘ -




Cooling System
NT-855

2. Carefully remove the fan and clutch assembly from
the fan shroud, and put it on a workbench with the pin

. side up. :

3. Remove the capscrews or the hexagon nuts which
hold the fan to the clutch.

NOTE: |f the control pin is removed, the control pin side of
the assembly must be up to prevent fluid loss which
will result in incorrect operation.

; Install

1. Install the fan on the viscous fan clutch. Install the
capscrews or the hexagon nuts which hold the fan to
the clutch.

2. Carefully install the fan and clutch assembly in the fan
shroud.

3. Make sure the correct number of spacers are still on
the fan hub.

4. Tighten the 3/8-inch capscrews or hexagon nuts to 45
Nem [35 ft-lbs] torque.

Fan Ciutch, Viscous-Type - (1-25)
Page 51
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Fan Hub - Replace (1-26)

Inspect .
@@ 1. Remove the fan drive belts. Refer to Procedure 1-20.

<>

2. Inspect the fan hub for the following:
-

; ‘e Freedom of rotation. -
L = Cracks.
_ = Grease seal leakage.

3. Repair or replace the fan hub if the fan hub does not
rotate freely or if there is evidence of cracks or grease
seal breakage. : .

4. Measure the.fan hub end clearance. The end clear-
ance must be 0.08 mm to 0.25 mm [0.003-inch to
0.010-inch].

5. Replace the fan hub if the end clearance is not within
" these specifications. ’

Remove

@ 1. Remove the fan. , _
k NOTE: Do not discard the fan spacers. The spacers provide
"the thickness needed to install the fan in the correct
__ position.

@@ 2. Turn the adjusting screw counterclockwise to re-
lease tension. Remove the adjusting screw, and re-
<2 move the belts. Refer to Procedure 1-20. .
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Fan Hub - Replace (1-26)
3.-Remove the four capscrews and the fan hub..
®

Page 53

H
Install
1. Install the new fan hub and the four capscrews. ng
2. Use your fingers io tighten the capscrews. N

- 3. Install the fan drive belts on the fan hub and the
accessory drive pulley. Do not tighten the belts.

4. Install the fan.

3. Ins _ S
5. Adjust and tighten the fan drive belts. Refer to Procedure*<a)
1-20.

<>
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Idler Pulley Assembly, ‘Water Pump - Replace (1-27)
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Idler Pulley Assembly, Water Pump -
Replace (1-27)
Inspect

1. Remove the water pumr;:.drive belt. Referto Procedure
1-19.

o
=_—
g TRe)

2. Vlsually inspect the idler pulley assembly for the
followmg .

.. » Freedom of rotation. . .-
* Cracked, chipped, or broken pulley grooves

3. Repair or replace the idler pulley assembly if it does
not rotate freély or if damage is found

.\
'
fi

4. If no damage is found, install the water pump belt.
Refer to-Procedurs 1-19. :

Remove
1. Loosen the idler pulley shaft lock nut.

2. Turn the adjusting screw counterclockwise to re-
lease tension, and remove the belt.
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3. Remove the lock nut and the washer from the back
. ,:‘pf.the idler pulley shatft.

" 4. Remove the adjusting screw.

5. Remove the idler pulley from the water pump body.

_Install
1. Install the new idler pulley in the water pump hody.

2. Install the washer and the lock nut on the back’of the
idler pulley shaft,

NOTE: Do not tighten the lock nut until the water pump drive
belt has been installed and adjusted.

3. Install the adjusting screw in the idler pulley shaft.

-4, Install and adjust the water pump belt. Refer to Pro-
cedure 1-19.

NOTE: Belt tension can increase when the lock nut is tight-
ened. Do not adjust belt tension to full vatue with the
adjusting screw.

~ Water Pump - Replace (1-28)

Remove
1. Drain the cooling system. Refer to Procedure 1-06.

Water Pump - Replace {1-28)
Page 55
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2. Remove the water pump belt. Refer to Procedure 1-19,

3. Remove the fan hub and the water pump idler pullsy
assembly. Refer to Procedures 1-26 and 1-27,
respectively.

4. Remove the fan hub support bracket.

5. Remove the air compressor coolant outlet tube (1).

&§. Remove the coolant filter coolant outlet tube if con-
nected to the water pump.

7 Remove the thermostat bypass tube (2).

8. Remove the coolant inlet transfer conneaction from the
water pump (Big Cam Iil).

NOTE: On Big Cam |V series engines, a thermastat housing
is used in place of the coolant inlet transfer con-
nection. ’

9. Remove the thermostat housing from the water pump.
Refer to Procedure 1-35.
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10.-Remove the six mounting capscrews from the water
, pump. e
11, Remove the water pump from the engine.

NOTE: The water pump must be removed 'caref'uily to pre-
vent damage to the impeller.

12. Clean the water pump gasket surface on the cylinder
block.

Install L.

1. Install two 3/8-24 X 3 guide pins in the water pump
mounting capscrew holes.

2. Install a new gasket to the cylinder block, and install
the water pump.

3. Tighten the capscrews to 45 N+m [35 ft-lbs] torque,

4.: Tighten the capscrews in the sequence shown to the
following torgue values:

¢ Tighten to 15 Nem [10 ft-lbs].
= Tighten to 30 Nem [20 ft-ibs].
+ Tighten to 45 Nem [35 ft-bs].

5. Install a new gasket. Install the coolant inlet transfer D
connection (Big Cam [Il) or the thermostat housing ({«3]
(Big Cam 1V only} on the water pump. v

. Tighten the capscrews to 45 Nem [35 ft-Ibs] torque.

- T )

Water Pump - Replace (1-28)
Page 57
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7. Inspect the O-ring on the coolant transfer tube. Re-
) place if necessary.

8. Lubricate the O-ring with lubricating oil, and install the
D-, coolant transfer tube into the water pump.

9. Install the hoss on the coolant transfer tube, and
tighten the clamps.

{%.3 10. Install the air compressor cootant outlet tube,

11. Install the cooiant filter coolant outlet tube (if previ-
ously connected to the water pump).

s 12- Install the fan hub support bracket to the water pump
Q) _
t’%\? housing.

- 13. Tighten the bottom capscrews to 100 Nem [75 ft-1bs]

torque.
14. Tighten the top capscrews to 100 Nem [75 ft-Ibs]
torque.

AR 15. Install the fan hub and-the water pump idler pulley
%\7 assembly. Refer to Procedures 1-26 and 1-27,
respectively.

oS
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16. Fill the engine with coolant. Refer to Procedure 1-07
Start the engine, and check for leaks.

Thermostat (Big Cam Ill) - Test
“Thermostat In Chassis” (1-29)

The engine thermostat and the thermostat seal must
operate correctly for the engine to operate in the most
efficient heat range. Overheating or overcooling will
shorten engine life.

NOTE: Refer to Procedure 1-32 to iﬁspect the thermostat seal,

Warning: Complete this test with the engine coolant
temperature below 50°C [120°F]. Hot steam can cause
serious personal injury.

1. Remove the upper radiator hose from the thermostat
housing.

2. Install a hose of the same size on the thermostat
housing outlet long enough to reach a remote dry
container used to collect coolant.

3. Install and tighten a hose clamp on the housing outlet,
4, Install the end of the hose in a dry container.

<=
=

<<=

A
R

Thermostat (Big Cam IIl) - Test " Thermostat In Chassis” (1-29})
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Page 60

1 Minute

@

@

Cooling. System-
NT-855;

5. Operate:the englne at rated RPM for one (1) minute.

6. Shut'the’ engme off, and measure the amount of
coolant coliected in the container.

7. The amount of coolant collected must not be more
than 100 cc 3.3 fluid ouncas]

. If more thah 100 cc [3.3 fluid-ounces]of coolant is -
~ collected, the thermostat or the thermostat seal is
Ieakmg .

P ‘ .-;,, [P

. Fiemove the thermostat and test operation as de-
scribed in Procedure 1-31. Refer to Procedure 1-30
for thermostat removal and Procedure 1-32 for ther-"
mostat seal inspection.

Thermostat (Blg Cam III) Replace v
- (1-30)

Remove © - ... - f

1. Drain the cooling-system. Refer to Procedure 1-06.

2. Remove the upper-radiator fose and the aftercooler
coolant return hose from- the thermostat housing.

3. Loosen the hose clamps and remcwe the coolant
bypass tube and hose. °

et .r . S
LR - Yo,




Cooling System

NT-855
4. Remove the four thermostat housing mounting
capscrews, and remove the thermostat housing. @@
5. Remove the thermostat from the housing.
6. Inspect the thermostat seal (1) and the housing gas- @@

ket surface (2). Refer to Procedure 1-32.
_ T

<> |

Install .
1. Install the thermaostat in the housing. apy
2. Install a hew gasket on the thermostat housing. ‘%p

3. Install the thermostat housing and four mounting
Capscrews.

4. Tighten the capscrews to 45 Nem [35 ft-Ibs] torque. ®

5. Install the upper radiator hose and the aftercooler
coolant return hose to the thermostat housing. qn

6. Instail the coolant bypass tube and the hose to the Q)
thermostat housing bypass outlet.

7. Tighten all hose clamps to 5 Nem [40 in-lbs] torque.

Thermostat (Big Cam Ill) - Replace (1-30)
Page 61
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12°C [22°F] |

Fill the engine with coolant. Refer to Procedure 1-07.

o= 8.
Start the engine, and check for Ieaks

R

Thermostat (Big Cam lli) - Test
"Thermostat Removed” (1-31)

1. Remove the thermostat. Refer to Procedure 1-30.
2. Visually inspect the thermostat for damage.

3. Suspend the thermostat and a 100°C [212°F] ther-
mometer in a container of water. Do not allow the
thermostat or the thermometer to touch the sides of
the container. .

4. Heat the water.

NOTE: Write down the temperatures at which the thermo-
stat begins to open and when it is fully open.

NOTE: The nominal operating temperature is stamped on
the thermostat.

* The thermostat mus_t' begin to open within 1°C
[2°F] of nominal temperature. ‘

¢ The thermostat must be fully open to at ieast 9.5
mm [0. 375—mch] within 12°C [22°F] of nominal
temperature.

5. Replace the thermostat if it does not operate as
described:

Cooling System
NT-855

i,

-

r———
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Thermostat Seal (Big Cam Ili) -
Replace (1-32)
Inspect .

1. Visually inspect the thermostat seal for cracks, cor-
rosion, gr other damage. Replace if necessary.

Remove

1. Use a punch and a hammer to remove the seal from
the housing.

NQTE: Carefully remave the thermostat seal to avoid dam-
aging the thermostat housing.

2. Clean and inspect the thermostat housing for cracks,
pitting, or other damage.

3. Replace if damage is found.

install

Caution: When installing a new seal, the flat side of
the seal must be toward the mandrel for correct in-
stallation.

1. Use Part No. 8T-1225 Thermostat Seal Mandre! and
a lead hammer to.install the seal.

axs

A

Thermostat Seal (Big Cam 11I) - Replace (1-32)
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- _ Thermostat, Radlator (Big Cam IV)
: , | Check (1-33)
=\ [= : 1. Due to the design of the thermostat and the thermo-
= L= stat housing on Big Cam IV engines, the thermostat

operating temperature must be checked with the ther-
mostat housing assembly installed on the engine.

. [ BYP

2. If the radiator thermostat is not seated correctly or if
the thermostat seal is defective, this can cause ¢ool- »
ant leakage to the radiator which will result in cold

' operating conditions. If the radiator thermostat does
not open correctly, it will not allow correct coolant
flow to the radiator which will result in the engine
overheating.,

' Caution: Touching the hot coolant outlet tube can cause
) A personal injury. -

3. Check the radiator thermostat by starting the engine
and monitoring the temperature of the coolant outiet
tube. Coolant temperature must be below 70°C

{160°F].

4. A contact pyrometer is the recommended method to
monitor the coolant outlet tube temperature. The tube
will warm guickly to block temperature when the ther-
mostat starts to open at 80°C [175°F].

N

Ay 5. Another method is to instail a sight glass in the engine

LS coolant outlet tube. A small thread placed inside the

&) sight glass will move due to the coolant flow when the
thermostat opens.

({7
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6. Instali a master temperature gauge which is known to

. be accurate in the front upper water mamfold A ther-_

mocouple may be used.

7. If the radiator thermostat does not open between
75°C to 80°C [170°F to 180°F], replace the thermo-
stat. Refer to Procedure 1-36.

Thermostat, Bypass (Big Cam IV)
Check (1-34) :

1. Due to the design of the thermostat and the thermo-
stat housing on Big Cam IV enginss, the thermostat
operating temperature must be checked with the ther-
mostat housing assembly installed on the engine.

2. An engine can overheat if the bypass thermostat does
not close correctly. The thermostat is fully open be-
low 60°C [140°F] and is closed above 85°C [185°F].

3. Drain the cooling system. Refer to Procedure 1-06.

Thermostat Bypass (Big Cam 1V) - Check-{1-34)

~
O o|
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4. Install 2 master temperature gauge which is known to
- be accurate in the front upper water manifold. A ther-
moccuple may be vsed.- , .

5. Remove the.radiator_retum (1) (engine coclant inlet)
tube and the aftercooler coolant inlet tube (2} from the
thermostat housing connections. '

E

6: Test the bypass thermostat by connecting the radiator
return (1) (engine-coolant inlet) tube directly to the
aftercooler coolant inlet tube (2).

7. Install a plug (3) in the connection at the thermostat
housing outlet (aftercooler inlet).

8. Connect a shutoff valve to the engine coolant inlet
connection at the thermostat housing.

9. Connect one end of a hose to the shutoff valve, and
place the other end of the hose into a container.




Cooling System Thermostat, Bypass (Big Cam IV) - Check (1-34)
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10. Close the shutoff valve. Fill the system with coolant.
Refer to Procedure 1-07.

<> |

Warning: Hot coolant can cause personal injury.

11. Start the engine. Idle the engine, and open the shutoff

valve. If the bypass thermostat is operating correctly,
coolant will flow from the hose.

‘ 12. There must be coolant flow when.the engine coolant
, temperature is below 75°C [170°F]. If there is cool-
ant flow, go to step No. 15.

13. If there is no coolant flow, disassemble the thermostat
housing. Refer to Procedure 1-36. Inspect the
internal components for the following:

* Broken thermostat spring,
¢ Defactive thermastat.

14. Repair or replace as required, and test again.

Warning: Hot coolant can cause personal injury.

15. Close the shutoff valve. Operate the engine until it
reaches a minimum temperature of 90°C [190°F].

WATER
TEMP
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<~ 16. Carefully open the valve, and check for coolant flow.
2 If there is any continuous coolant flow above 90°C
[190°F], the thermostat is defective or incorrectly .

@ installed in the thermostat housing. Refer to Procedure
1-36.°

Thermostat housmg (Blg Cam IV)
Fleplace (1-33) .

Remove
@, 1. Drain the cooling system. Refer to Procediite 1-06.

2 Loosen the 'engine iniet and outlet coolant hose
@(ﬁ} clamps and remove the hoses.

3.'Loosen the clamp on the thermostat housing to the
@(Q) aftercooler inlet hose. Fternove the hose and the
aftercooler m!et screen ’ :' .




Caoling System Thermostat housing (Big Cam IV) - Replace (1-35)
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" 4. Remove the aftercooler return hose and the engine
-fill hose at the thermostat housing. @Q}

the side cover away from the thermaostat housing. Do
not remove the O-rings on the transfer tube from the
oil cooler to the thermostat housing.

5. Remove the four capscrews on the side cover. Move %

6. Remove the coolant filter. @@

7. Remove the four capscrews that hold the thermostat
housing to the water pump iniet, and take off the
thermostat housing assembly.

Install

1. Install a new gasket, and mount the thermostat hous- t§-
ing on the water pump inlet. Tighten the capscrews \¢a\s;

to 45 Nem [35 ft-Ibs] torque.




Thermostat housing (Big Cam IV) - Replace (1-35)
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2. Install a new gasket, ‘and mount-the four-capscrew
side cover to-the side of the thermostat housing.
Tighten the capscrews to 25 N*m [20 {t-Ibs] torque.

3. Connect the aftercooler return hose and the engine
fill hose. Tighten. the clamps te 5 Nem [40.in-Ibs] -
torque. - - - ‘ C

4]

4. Install the coolant filter screen in the thermostat hous-
ing cover. Slide the hose over the connection, and
'tighter]‘the clamp to 5 Nem [40 in-lbs] torque.

NOTE: Thé coolant filter screen must be installed with the
pointed end of the cone down. '

- 5. Inét_all the engine coofant inlet and outlet hoses on the

connections in the three-capscrew cover. Install the -
clamp; and tighten to 5 Nem [40 in:Ibs] torqué.

.




.Cooling System

NT-855

6. Fill the engine with coolant. Refer to Procedure 1-07
.- Btart the engine, and check for leaks.

Thermostats (Big Cam IV) - Replace

(1-36) | |
Remove
1. Drain the cooling system. Refer to Procedure 1-06.

2. Loosen the engine inlet and outlet coolant hose
clamps, and remove the hoses, .

3. Loosen the clamp on the thermostat housing cover to
the aftarcooler coolant inlet hose. Remove the hose
and the aftercooler inlet screen.

Caution: Hold the thermostat cover down when remov-
ing the capscrews. Personal injury can resuit from the
sudden release of the spring-loaded cover.

4, Remove the front and the rear capscrews first and the
center capscrew last from the top of the thermostat
cover.

5. Remove the thermostats and the springs.

<

A

Thermostats (Big Cam 1V) - Replace (1-36)
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Install

Caution: The thermostats must be positioned in the cor-
rect bores so the thermostats will operate correctly.
Failure to do so may cause engine damage. Refer to Step
No. 1 below to identify the thermostats and the correct
bore location.

1. Instail the covér gasket on the thermostat housing.
Carefully install the thermostats into the correct bores.
kEach thermostat is marked as follows:

*'BYP (Bypass) * RAD (Radiator)
The top of the cover gasket is also marked.

2. Twist the.springs into the two bores in the cover. The
.springs are held in the cover by an interference fit of
the springs in the bores.

3. Position the springs on top -of the thermostats, and
install the cover. Hold down the cover, and tighten the
center capscrew. until the cover.is approximately 6.4

- mm [(0.25-inch] above the housing.

4, Move the cover back and forth until the protruding
bypass seat drops into the bore. Tighten the
capscrows aliernately s¢ the seat correctly enters
into the bore. Tighten the capscrews to 45 Nem {35
ft-lbs] torque. . - . : -

NOTE: The bypass seat must be in the bore before the cover
is tightened. . . '
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5. Install the coolant filter screen in the aftercooler inlet Ay
hose. Slide the hose over the connection, and tlghten >
the clamp to 5 Nem [40 in-Ibs] torque. )/

NOTE: Install the coolant filter screen with the pomted end @
-of the cone down. .

6. Install the engine coolant inlet and outlet hoses to the €1
connections on the three-capscrew cover. Install the
clamps, and tighten to 5 Nem [40 in-lbs] torque. V

7. Fili the engine with coolant. Refer to Procedure 1-07.@

- Start the engine, and check for leaks.

Thermostat Seat, Bypass (Big Cam V)
- Replace (1-37)

Remove
1. Drain the cooling system. Refer to Procedure 1-06. @

Page 73
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Caution: Hold the thermostat cover down when remov-
A ing the capscrews. Personal injury can result from the
sudden release of the spring-loaded cover.

@@ 2. Remove the thermaostat housing cover. Refer to Pro-
cedure 1-36.

@' . 3. The bypass thermostat seat is pressed into the three-
capscrew cover. ’

4. If the seat is defective and must be replaced, remove
@ the seat by pulling it out of the counterbore with a
universal pulier. i

Install |
(>§'b 1. Install the seat by pressing it into the cover until it
AV, contacts the bottom of the counterbore. The seat

0.140-inch] above the surface of the thermostat hous-

‘must protrude 3.18 mm to 3.56 mm [0.125-inch to
ing cover. .

‘qb 2. Install the cover an the thermostat housing. Refer to
Procedure 1-36. ,
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3. Fill the engine with coolant. Refer to Procedure 1-07.@
Start the engine, and check for leaks.

Thermostat Seat, Radiator (Big Cam
IV) - Replace (1-38) '
Remove
1. Drain the cooling system. Refer to Procedure 1-06. <%=

Caution: Hold the thermostat cover down when remov-
ing the capscrews. Personal injury can result from the A
sudden release of the spring-loaded cover.

2. Remove the thermostat housing. Refer to Procedure@@
1-35.

3. Remove the thermostats. Refer to Procedure 1-36. @

4. Remove the thermostat seat with a universal puller. @@

NOTE: New thermostat housings already have the seat
installed.

Page 75
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1.507 in.]
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Install

Dgn 1. If the seat must be replaced, use Part No. 3377291

Qv Thermostat Seat Driver to install the seat. If the tool

. is not available, press the seat in by hand. The top

side of the seat must be 38.18 10 38.28 mm [1.503 to

@ 1.507 inches] from the bottom of the thermostat bore
in the housing.

G, 2- Instafl the thermostats. Refer to Procedure 1-36. -
D%V 3. Instali the thermostat housing. Refer to Procedure 1-35.

<=

@5 4. Fill the engine with coolant. Refer to Procedure 1-07.
Start the engine, and check for leaks.

&>

Thér‘moétat Housing Check Valve = -
O-rings.(Big Cam V) - Replace (1-39)
Remove and install : A

1. There are two check valves.in the thefmostat housing
which prevent the coolant from draining when the
coolant filter is removed.

NOTE: If the check valve assembly requires replacement,
<> refer to Procedure 1-40. .
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2. Drain the cooling system. Refer to Procedure.1-06. <

3. Remove the coolant filter. : @@

Check Valve, Coolant Filter Inlet

1. Use a sharp object to pull the check valve, in the ng
thermostat housing, downward untit a paper clip or
wire can be inserted through the hole in the check
valve.

2. Install the O-ring, and remova the paper clip or wire. ng

Check Valve, Coolant Filter Outlet

1. To reach the other check valve, remove the coolant @
filter head insert.

2. Push the check valve out until a paper clip or wire can a

be inserted through the hole in the check valve. %3
3. Install the O-ring, and remove the paper clip or wire. ar
3

ce {1-39)
Page 77




Thermostat Housing Check Valve Assembly (Big Cam V) - Replace (1-40) ' Cooling System.
Page 78 Ny -855 !

, 4 4. Install the insert into'the thermostat’ housing, and
\j & b)-b tighten to 456 Nem [35 fi-lbs] torque. . -

s ———

‘Jb 5 Install the coolant filter.

@5 6 F|II the engine with“coolant.” Refer to'Procedure 1-07.

T Start the engme and check for Ieaks

Thermostat Housing Check Valve
Assembly (Big Cam V) - Replace
(1-40)

Remove and Install

@ 1. Drain the cooling system. Refer to Procedure 1-06.
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2. Remove the coolant filter and the filter head insert
from the thermostat housing.

Check Valve Assembly, Coolant Filter Outlet

1. Remove the check valve assembly in the insert by
- pushing the check valve cut from the bottom.

2. Use Part.No. 3377414 Check Valve Driver to install
the check valve so the O-ring will not be cut when the
check valve is installed.

3. Press the check valve into the insert until the seat of
the valve is level with the top of the insert.

R

".

@@

dp
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4. Install the-rinsert into the thermostat housing, and
t_ighten to 45 Nem [35 ft-Ibs] torque,

Check Valve Assembly, Coolant Filter Inlet

@@ 1. Remove the thermostat housing (1). Refer to Procedure
1-35. . .

@ 2. Remove the radiator thermostat (2). Refer to Procedure
1-36. :

@ 3. Drive the check valve out from the top of the housing.

4. Use Part No. 3377414 Check.Valve Driver to install
the check valve so the O-ring will not be'cut when the
T check valvg is installed.

. !
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5. Press the check valve 6.4 mm [0.26-inch] below the A
surface of the housing. This will prevent any. inter- (%V

ference with the coolant filter.

6. Install the thermostat in the housing. Refer to Procedure ()
1-36. %g

7. Install the thermostat housing. Refer to Procedure 1-35.

B. Install the coolant filter.

9. Fill the engine with coolant. Refer to Procedure .1-07.@

Start the engine, and check for leaks.

ce (1-40)
Page 81
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Radiator Check Valve Leakage (Big
Cam |V Only) - Check (1 -41) .
A Warning: Complete thls test with the engine coolant

temperature below 50°C [120°F]. Hot steam can cause
serious personal injury.

1. Drain the coolant until the level is below the engine
fill line in the auxiliary tank.

-2. Remove the engine fill and vent lines from the aux-
@ iliary tank, and plug the lines.

3. Install a hose on the auxiliary tank engine fill con- \
nection. Use a-hose long enough to reach a remote !
dry container to collect the coclant.

{;)nnb - 4. Install and tighten a hose clamp on the hose at the |
NV auxiliary tank engine fill connection.

5. Install the end of the hose in a dry container.

6. Operate the engine at rated RPM for one (1) minute.

7. Shut the engine off, and measure the amount of
coolant collected in the container. :

8. The amount of coolant collected must not be more
than 100 cc [3.3 fluid ounces]

1 Minute
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9. If the amount of coclant collected is more than 100 cc
[3.3 fluid ounces), the check valve is defective and
must be replaced. Refer to the radiator
manufacturer's instructions for check valve
‘replacement.

10. If the amount of coolant collected is less than 100 cc

[3.3 fluid cunces], remove the hose from the auxiliary <) .
tank connection and the plugs from the engine fill and \
vent lines.

~ R

11. Install the engine fill and vent hoses on the auxiliary G
tank. Tighten the hose clamp to 5 Nem [40 in-lbs]
torque. J

12. Fill the cooling system with coolant to the bottom of
the fill neck in the radiator fill tank.
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a 13. Install the radiator or fill cap.
%V 14. Operate the engine until it reaches a temperature of

80°C [1BO°F], and check for leaks.

Aftercooler Filter Screen (Big. Cam IV
Only) - Clean (1-42)

@% 1. Drain the cooling system. Refer to Procedure 1-08.

-2. Remove the aftercooler inlet line from the thermostat

@ housing cover;
3. Remove the screen from the thermostat housing
cover. : o ) o

4. Clean the screen with mineral spirits or cleaning
AN solvent. Dry with compressed air.

5. Check for damage, and replace if necessary.

o
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6. Put the screen back in the thermostat housing cover.
- Connect the aftercooler inlet line. Tighten the hose
clamp to 5 Nem [40 in-lbs] torque. :

7. Fill the engine with coolant. Refer to Procedure 1-07.@.

Start the engine, and check for leaks.

Warning: Check the coolant level only when the engine
is stopped. Wait until the temperature is below 50°C
[120°F] before removing the pressure cap. Failure to do
so can cause personal injury from heated coolant spray.

8. Run the engine for several minutes. Check the cool-
ant level again.

Water Manifold Sealing Ring Balance
Orifices (Big Cam IV Only) - Replace
(1-43) :

Remove

NOTE: The water manifold requires sealing rings with a
3/8-inch orifice to prevent engine overheating.

®

A
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@ 1. Drain the cooling system. Refer to Procedure 1-06.

r

2. Remove the air crossover tube and the aftercooler
@ coolant inlet and outlet tubes. T :

3. Remove the water bypass tube and the coolant vent
@ lines from the front water manifold.

all coolant temperature sensing units for the fan, the
shutters, and the temperature gauge from the water
manifold. :

@ 4. Remove the heater hose; and disconnect.or remove




Cooling System
NT-855

5. Remove the capscrews which secure the water man-
ifold to the cylinder head, and remove the manifold.

6. Inspect the water manifold for cracked or broken
mounting flanges.

7. Remove the balance orifices from the cylinder head.
Inspect the counterbores in the cylinder head for
cracks or pitting.

Install

1. Install new balance orifices in the cylinder head
counterbores.

2. Position the water manifold assembly on the cylinder
head. Install the capscrews, and tighten to 45 Nem
[35 ft-lbs] torque.

Water Manifold Sealing Ring Balance Orifices (Big Cam IV Only) - Replatl::e (1-43;
age

R
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Gl 3. Install or connect the heater hose and the coolant
%\? temperature sensing units to the water manifold.

4. Install‘_the wéter-bypass tube and. the coolant vent
hoses to the front water manifold. Tighten the hose
clamps to 5 N*m [40,in-lbs] torque.

5. Install the aftercooler coolant inlet and outlet hoses.
-Tighten the hose clampsto & N*m [40 in-ibs] torque.

8. Install the air crossover tube. Tighten the hose clamps
to 8 Nem [70 in-Ibg] torque.

@ 7. Fill the engine with coolant. Refer to Procedure 1-07.

Start the engine, and check for leaks.
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Radiator Baffle Leakage (Big Cam IV
Only) - Check (1-44)

1. A baffle leak will allow some coolant to bypass the
- radiator core. This will decrease the radiaior’s per-
formance and can cause the engine to overheat.

Radiator (Two-Pass, Vertical-Flow) -
Check (1-45)

1. If the radiator is a vertical-flow model with the baffle
in the bottom tank, a baffle leakage check can be
performed without removing the radiator from the
chassis.

2. Drain the radiator completely. Disconnect the coolant
inlet and outlet hoses from the bottom of the radiator
so that any leakage can be observed and collected.
Use a section of the radiator hose and a funnel to fill
the inlet side of the radiator with water.

3. Fill the radiator to a level of at least 0.6 m [2 feet] but
not higher than the top of the radiator core. Use the
top of the hose to determine the level in the radiator
core,

4. If some fluid appears at the outlet side of the radiator,

put a container under the leakage. If more than 0.5

© litres [1 U.S pint] of fiuid is collected in 60 seconds,
remove and repair the radiator.

Radiator Baffle Leakage (Blg Cam v Only) Check (1-44)
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Radiator (Horizontal- Flow) Check (1-46)
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Radiator (Horlzontal Flow) Check
(1-46)

1. Use the same procedure to measure leakage from a
horizontal-flow radiator. Remove a horizontal-flow ra-
diator from the vehicle, and put it in a vertical position
with the baffle at the bottom.

Radiator (Three-Pass, Vertical- Flow)
Check (1-47)

. If the radiator is a three-pass, vertical-flow version,
only the lower baffle can be checked in-chassis with
this technique. )

2. Fill the radiator from the upper tube until some fluid
appears at the lower connection. This indicates that
the first two sections of the core have been filled.

3. After the initial overflow has drained, flow from the
tube will stop. If it does not, begin the timed mea-
surement of the leakage rate. If more than 1.0 litres
[1 U.8. quart] of fluid is collected in 60 seconds,
.remove and repair the radiator.

4. To check the upper baffle, remove the radiator from
the chassis and turn it upside down. Use the same
technique described above to measure the leakage.
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Head Gasket, Cylinder Liner, Crevice
Seal or Cylinder Block - Inspect For
Coolant Leaks (1-48)

1. Drain the engine lubricating oil. Refer to Section 2,
" Procedure 2-09. o

2. Remove the lubricating oil pan. Refer to Section 2,
Procedure 2-16.

3. Use 140 kPa [20 psi] air pressure to pressurize the
engine cooling system. Refer to Procedure 1-12.

NOTE: Apply the air pressure 15 minutes before inspecting
the cylinder liner, the crevice seal, or the cylinder
block for coolant leaks. Make sure the system is
holding air pressure before beginning the inspection.

4. Inspect the inside and the outside diameters of the
cylinder liners and also the area of the cylinder block
around the crevice seals and the push tube cavity for
coolant leaks.

5. If a leak is found, remove the pressure test equip-
ment. Remove the cylinder head gasket, and inspect
for coolant leaks.

>

Inspect for Coolant Leaks {1-48)
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6. Remove and inspect the-cylinder !iner(é) for cracks,
porosity, or crevice seal damage.

7. Inspect the cylinder block for cracks or porosity in the
crevice seal area. Referto Section 7, Procedure 7-24,
for cylinder liner.-removal and installation procedures.

8.Install a hew gasket and the lubricating oil pan. Refer
to Section 2, Procedure 2-16.

" 9. Fill the engine with clean 15W-40 Iubrlcatlng oil. Refer
10 Sectlon 2, Procedure 2-10.

NOTE: Make sure the oil drain plug is tight.

10. Operate the engine until it reaches a temperature of
80°C [180°F], and check for coolant or lubricating oil
leaks.
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Required Service Tools - (2-00) - |
Lubricating Oil System

Procedure No. Part No. Description '
2-05 3375301 ‘ Tube Cutter
3376579 Tube Cutter . :
2-11 13375049 Qil Filter Wrench '
2-15 ‘ 3376844 Lube Suction O-ring Expander
2-21 3376765 o Lubricating Oil Cooler Pressure Test Kit
3376768 Test Plate
2-22 3375182 Vaive Spring Tester
2-26 3376011 - DFC Pressure Valve Fixture
o227 3376012 Valve Mandrell {(in Part No. 3376011
DFC Pressure Valve Fixture
3376013 Locating Plate (in Part No. 3376011
' DFC Pressure Valve Fixture)
3375182 Valve Spring Tester

3375784 Light Duty Puller Kit
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General Information (2-01)

Cummins Engine Company, Inc. recommends the use of
multi-viscosity {ubricating oil, preferably 15W-40, if am-
bient conditions permit. The oil must meet AP| Classifi-
cation CC/CD for turbocharged engines.

Caution: Limited use of oils, such as 10W or 10W-30,
may aid in starting the engine and provide sufficient oil
flow at ambient temperatures below -5°C [23°F]. How-
ever, the continuous use of low viscosity oils may de-
crease engine life. Refer to the accompanying chart.

General Information (2-01)

Page 3
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DFC Lubncatmg System Operatlon
(2-02) - :

1. The derhand.flow and coolmg (DFC) Iubrlcatrng sYSs-
tem mcorporates

¢ A lubricating oil pump (1) with a pressure sensitive
regulator circuit (2) and a high pressure limit valve

(3)-

* An oil cooler assembly (4) with a temperature con-
trolled bypass valve (5).

Lubricajihg Oil Pump Pressure Regulator

1. The pressure reguiator (1)-senses main oil rifle pres.-
sure (2) to maintain the correct oil pressure and flow.

2. An external signal line {3) sends a signal from the
main oil rifle_through a dampening orifice (4) in the
lubricating ail pump cover to the top of the. pressure
regulator cavity.

3. The regulator plunger (1) is held in the upward or
closed position by spring force (2). The port in the
reguiator cavity that dumps excessive oil into the oil
pan (3} is blocked by the regulator plunger when it is
in the closed position.

4. The pressure regulator remains in the closed position
until the pressure in the main rifle reaches approxi-

mately 275 kPa [40 psi] (345 kPa [50 psi] on industrial

engines).

5. At that point, the oil pressure from the main-oil rifle,
acting against the end of the regulator plunger, over-
comes the force of the regulator plunger spring.

6. The pressure regulator plunger moves downward.

(open), uncovering the dump port in the regulator
cavity. This allows any oil in excess of_the amount
required to maintain 275 kPa [40 psi] (345 kPa [50 psi]
on industrial engiries) to return to the oil pan.
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7. An internal vent drilling (1) in the pressure regulator
cavity allows any oil that has leaked past the plunger
. into the spring cavity to drain back into the oil pan.

8. The regulator plunger remains in the downward or
open position until the main oil rifie pressure drops
below 275 kPa [ 40 psi].(345 kPa [50 psi] on industrial
angines). S

9. At that time, the regulator spring force is high enough
to overcome the oil pressure signal from the main
rifle. The regulator plunger moves upward or closed
once again, blocking off the dump port to the oil pan.

Lubricating Oil Pump High Pressure Limit
Valve

1. The high pressure limit valve (1) is held in the closed
position by spring force (2). The valve remains in the
closed position uniess the oil pressure exceeds 965
kPa [140 psi] in the lubricating il pump.

2. When the oil pressure exceads 965 kPa [140 psi] in

* thelubricating oil pump, forinstance during cold start-
up, the oil pressure in.the pump overcomes the limit
vaive spring force.

This allows the excess oil to return to the oil pan which
prevents possible damage to the lubricating system
components.

DFC Lubricating System - Operation (2-02)
Page &
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ﬁig }D Lubricating 0il Cooler Bypass Valve i
2] 71

,//% AV ALy

- /® 1. Oil flow through the oil cooler is controlled by a tem-
perature sensitive bypass valve (1) in the oil cooler

4% ﬁ support (2). » o
' 2. The bypass valve is either open (retracted) or closed

; o (extended), depending on the oil temperature.
AR

f'i

3. When the oil temperature out of the lubricating oil
pump is below 110°C [230°F], the bypass valve is in
the open (retracted) position (1).

4. .With the bypass valve in the open position, approx-
imately 60 percent of the oit from the lubricating oil
pump bypasses the ceoler through the bypass loop
(2) and goes directly to the oil filter head.

The remaining 40 percent goes through the cooler
core (3), and is cooled before it reaches the cil filter
head.

5. When the cil temperature exceeds 110°C [230°F] out
" of the lubricating oil pump, the bypass valve extends
to close the bypass loop in the cooler assembly.

This forces all of the oil to flow through the cooler core
before reaching the filter head.

6. After the oil is cooled below 107°C [225°F], the by-
pass valve once again retracts to open the bypass
loop; allowing 50 percent of the oil to bypass the
cooler. . ,

®
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Lubricating Oil System Specifications (2-03)
Oil pressure at.idle (minimum zllowable) ettt e ena et eeen e e e near e 70 kPa [10 psi] minimum
At no load governed speed: .
AULOMOtIVE .....oeeeeer s iieeaenas et ettt ettt b e st s e e s ettt b e e et s eteraeneae 240-310 kPa [35-45 psi]
Industrial........cccoorvemninnnnnes, O U UR 310-380 kPa [45-55 psi]
Qil capacity of standard-engine:
Bypass filter..........cccovvisiinimmnnii i) N 2.8 litres [0.75 U.S. gal.]
FUI FIOW BT Lo e e s een e et aee s et e e e b e srae e s sen s e e snaneessens 3.5 litres [0.93 U.S. gal.]
Qil pan capacity (high-low) ................. FET SO PP RUURUSSTR 34-28 litres [9-7.5 U.S. gal.]
Tota! system capacity including fIRErS ...........ccecerieueiiicinreirecieis e 42 litres [11.0 U.S. gal.]
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Lubricating Oil System Flow Diagrams (2-04) .

Big Cam Il and IV Lubrication System . T .
. Qil Pump: - o

To Lubricating Qil Cooler
From_Lubricating Oil Cooler
Piston Cooling Nozzle =
Main Oil Rifle

Cam Bushings

To Overhead

Main Bearing .
Connecting Rod Drilling

Rifle Pressure Signal Line

COBNDO P LN

-t

Big Cam Il and IV Lubrication System

From Qil Pump

Oil Cooler Bypass Valve
Qil Cooler

Full Flow Oil Filter

To Main Rifle

Bypass Oil Filter
Turbocharger Supply
Turbocharger Drain

PN RLND =
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Internal Engine Damage - Check (2-05)
Lubricating Oil Analysis

An analysis of used oil can help diagnose internal engine
damage and determine if it was caused by one of the
following:

Intake air filter malfunction.
Coolant leaks.

Oil diluted with fuel.

Metal particles causing wear.

For additional oil analysis information, refer to Diesel
Engine Qil Quality and Engine OQil Analysis, Bulletin No.
3810232.

NOTE: Do not disassemble an engine for repair based only
on the results of an oil analysis. Inspect the oil filters
also. If the oil filter shows evidence of internal dam-
age, find the source of the problem and repair the
damage. Refer to the appropriate Procedure(s)
based on the following oil filter inspection.

Lubricating Qil Filter Inspection

Caution: Carefully cut the full flow oil filter open. The
filter element spring is under compression and can
cause personal injury.

1. Use Part No. 3376579 or 3375301 Tube Cutter to
open the full flow oil filter.

2. Inspect the filter element for evidence of moisture or
metal particles.

Metal Probable Source
Copper Bearings and Bushings
Chromium Piston Rings
Iron Cylinder Liners
Lead Bearing Overlay Material

Aluminum Piston Wear or Scuffing

Internal Engine Damage - Check (2-05)
Page 9
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Qil Leaks: (External) - Check (2-06)
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Oil Leaks (External) - Check (2-06)

1. Use a steam cleaner or a high pressure washer to
clean the engine.

~ 2. Check the engine crankcase breather element, hose,
and tubse for restriction. Refer to Procedure 2-12,

&=

3. Check for a loose or missing oil dipstick tube, dipstick,
or oil filler cap.

4. Operate the engine until the water temperature
reaches 80°C [180°F]. Inspect the exterior of the
engine for leaking gaskets, seals, O-rings, pipe plugs,
or fittings. :

NOTE: Before replacing any gaskets, check the capscrews
to make sure they are tightened to the correct torque
values. Refer to Section 10 for capscrew torque
specifications. :

<
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Oil Pressure Gauge - Check (2-07) .

. Test
1. Check the following for defects:

a. Electrical wiring broken.
b. Sending unit malfunction (refer to step No. 2}.
¢. Plumbing loose or broken.

2. Use a master gauge of known accuracy to verify the
reading of the suspect gauge.

3. Connect the line from the master gauge to the main
oil rifle on the fusl pump side of the engine.

4. Replace the sending unit if it is defective.

Oil Temperature Gauge - Check (2-08)

Installation

Use Compuchek®, if available, to check the oil tehper-
ature gauge. [f Compuchek®is not available, perform the
following steps: :

1. Drain the oil from the oil pan. Refer to Procedure 2-09.
2. Remove the pipe plug on either side of the oil pan.

Install the oil temperature gauge sending unit. @(ﬂ)
3. Fill the oil pan with clean 15W-40 oil. Refer to Pro- <=
cedure 2-10.
Test
1. Check the following for defects:

} a. Electrical wiring broken. _
b. Sending unit malfunction (refer to step No. 2).




Oil Pan, Drain - (2-09)
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2. Use a master gauge of known accuraby to verify the
reading of the suspect gauge.

3. Replace the sending unitorthe gauge ifitis defective.

4. Drain the.oil from the oil pan, and remove the test
gauge. S - -

<<=> 5. Fill the oil pan with clean 15W-40 oil. Refer to Pro-
cedure 2-10. : L

Oil Pan, Drain - (2-09)

n Warning: Hot oil can cause serious personal injury.

1. Operate the engine until the water temperature

@@ reaches 60°C [140°F]. Shut the engine off. Remove
. the oil drain plug. Drain the oil immediately to make
sure all the oil and suspended contaminates are re-

moved from the engine. -

Oil Pan, Fill - (2-10)
€ap ’

1. Install the oil drain plug, and tighten to 90 Nem [65
ft-lbs] torque.

2. Replace the full flow and the bypass filters before
> putting oil in the engine. Refer to Procedure 2-11.

3. Add the specified amount of clean 15W-4C oil to fill the
<= oil pan. Refer to Reference 2:03 for engine oil ca-

pacity. -
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4. Check the oil level on the dipstick. 1t must be filled to
the "H" (high) mark.

5. Operate the engine until the water temperature

reaches 80°C [180°F], and check for oil leaks.

6. Shut the engine off. Wait 5 to 7 minutes for the oil to
drain back to the oil pan.

7. Check the oil level. Add oil as necessary td bring the
level up to the "H” (high) mark on the dipstick.

Oil Filters (Full Flow And Bypass) -
Replace (2-11)

The external appearance of the full flow (1) and the by-
pass (2) filters is the same. The accompanying picture
identifies the difference between the two filters. .

During normal engine operation, oil circulates through
the full flow filter and into the oil cooler. If the full flow filter
becomes plugged to the point that a 410 kPad [60 psid]
difference exists between the inlet and the outlet pres-
sures, the bypass valve opens in the oil filter head and
routes unfiltered oil to the oil cooler.

s

Oil Filters (Full Flow And Bypass) - Replace (2-11)

Page 13
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Use thé following broceduré to replace the oil filters:

@ 1. Use Part No. 3375049 Qil Filter Wrench to remove the
filters. _ . ’ .

2. Clean the oil filter head surface.

3.Useclean \;egetab!e oilto lubricate the gasket surface
of_ the filters.

4. Fil the filters with ciean 15W-40 oil.,

@Iy 5. Install the filters on the oil filter head. Tighten the
% filters until the gasket contacts the filter head surface.

Cautlon: Mechanical overtightening may distort the
A threads or damage the filter element seal.

6. Use Part No. 3375049 Oil Filter Wrench to tighten the
filters an additional three-fourths to one (3/4 to 1) turn,
or follow the instructions supplied with the filters.

7. Operate the engine, and check for leaks.
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Crankcase Breather and Tube
Replace (2-12) C .
Crankcase Breather - Disassemble

1. Loosen the hose clamp at the breather vent tube.

2. Remove the tube support bracket capscrews and the
brackets.

3. Remove the tubes and the hoses from the engine.

4. Dissassemble the breather as shown (industrial en-
gines only). :

i

Clean

1. Use solvent to clean the wire mesh breather element
and vapor barrier. Dry.it with compressed air.

NOTE: Foam-type breather. elements and vapor barriers
must be,replaced. .

L -

Inspect

1. Inspect the breather element (1), the vapor barrier (2),
the rubber gasket (3), the body (4} and the cover (5)
for cracks or other damage. Replace if necessary.

Crankcase Breather and Tube - Replace (2-13)
Page 15
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Assemble

ng 1. Assemble the breather as shown, using a new or
Qv cleaned breather element qnd vapor b_arrigr.

&Ry 2. Install the vent tube, the hose, the hose clamps, the
(%

brackets, and the capscrews on the engine.

B 3. Tighten the capscrews to 25 Nsm [20 ft-Ibs] torque.

Crankcase Breather Tube - Remove
1. Loosen the hose clamp at the breather vent tube.

2. Remove the tube support bracket capscrews and the
Q) brackets. ‘

@@ 3. Remove the tubes and the hoses from the engine.

Clean )

1. Use solvent to clean'the: inside ‘of the crankcase
- breather tube, and dry with compressed air.

Inspect
1. Use air pressure to blow through the vent tube.
2. Replace the vent tube if it is clogged.

Install
€] 1. Install the vent tube, the hose, the hose clamps, the
D : ,
%p brackets, and the capscrews on the engine.

@ 2. Tighten the capscrews to 25 Nem [20 ft-Ibs] torque.

3. Install the hose on the breather, and tighten the hose
635 clamps to 5 Nem [40 in-lbs] torque.
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Dipstick Tube And Housing - Replace
(2-13) |

Remove .

1. Remove the four capscrews and the housing.

Clean and Inspect
1. Clean the housing gasket surface.
2. Clean the cylinder block gasket surface.

NOTE: Do not cut the gasket mounting surface with the
scraper.

3. Inspect the dipstick guide tube.

NOTE: If the guide tube is cracked, missing or not angled
downward in the oil pan, replace the dipstick tube
housing.

Instalil
1. Install a new gasket and the dipstick tube housing.

2. Install the four capscrews, and tighten to 45 Nem [35
ft-Ibs] torque.

NOTE: Check the dipstick calibration. Refer to Reference
2-03 for engine oil capacity.

Dipstick Tube And Housing - Replace (2-13)
Page 17
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Dipstick - Calibrate (2-14) .
1. Install the dipstick in the dipstick tube houéing.

2. Use ciean 15W-40 oil to fill the il pan to the specified
"LOW" oil level. Refer to Reference 2-03 for engine
oil capacity. - -

3. Remove the dipstick, and scribe a mark across the
dipstick. Mark the "LOW" oil level with an "L".

NOTE: The dipstick will break if the scribe mark is too deep.

NOTE: If a new blank dipstick is being used, cut the dipstick
off approximately 38 mm [1.5 inches] below the
"LOW" oil level mark. T

4. Install the dipstick in the dipstick tube housing.

5. Fill the oil pan to the specified "HIGH" cil level. Refer
to Reference 2-03 for engine oil capacity.

6. Remove the dipstick, and scribe a mark across the
-.dipstick. Mark the "HIGH" oil level with an YH".

NOTE: The dipstick will break if the scribe mark is too deep.
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Oil Transfer Tube - Replace (2-15) .

. Remove _
1. Remove the two capscrews from the flange at the oil
pan and also the two capscrews from the flange atthe
lubricating oil pump.

2. Remove the lubricating oil transfer tube.

3. Remove and discard the O-ring from the oil pan suc-
tion tube and the rectangular sealing ring from the
mounting flange.

Clean and Inspect

1. Clean the lubricating oil transfer tube and the mount-
ing flanges with solvent. '

2. Dry with compressed air.

3. Visually inspect the tube and the flang‘es for cracks,
corrosion, or other damage.

Install

1. Install a new rectangular sealing ring in the lubricating
oil transfer tube flange which attaches to the lubri-
cating oil pump.

2. Use clean 15W-40 oil to lubricate the seal.

3. Install Part No. 3376844 Lube Suction O-ring Ex-

panderinto the end of the lubricating oil transfer tube,

. and push the tube through the flange. Remove the
O-ring expander from the suction tube.
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4. Install a new O-ring on the 6il pan lubricating oil
suction tube, .

5. Use clean vegetable ail to lubricate the O-ring.

6. Loosely assemble the Iubriéating oil transfér tube, the
" flanges, the O-rings, the gaskets, and the molnting
capscrews to the oil pan and the lubricating oil pump.

NOTE: The printed side of the mounting flange gasket on

the oil transfer tube must be toward the flange.

7. Tighten the capscrews in the following sequence: -

e First, fight'en the two capscrews (1) at the oil pan
to 45 Nem [35 ft-lbs] torque.

.» Second, tighten the capscrews (2) at the lubricat-
ing oil pump to 45 Nem [35 ft-Ibs] torque.

~ 8. Fill the engine with clean 15W-40 ocil. Refer to Ref-

erence 2-03 for engine capacity.

9. Operate the -engine until the water temperature
reaches 80°C [180°F], and check for oil leaks.
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Oil Pan - Replace (2-16)
Removg .

1. Drain the lubricating oil. Refer to Procedure 2-09.
2. Remove the capscrews and the lubricating oil transfer

tube.

Clean and Inspect

1. Remove the oil pan mounting capscrews and the oil

pan. ‘

2. Stearn clean the oil pan, and dry it with compressed

air.

3. Remove all gasket material from the cylinder block

and the oil pan surfaces. -

4. Inspect the inside and the outside of the oil pan for
cracks around the suction tube mounting studs.

5. Check for a cracked or broken suction tube mounting

clip.

Install

NOTE: The silicone printed side of the gasket must be

taward the ail parn.

1. Use a contact adhesive to attach a new gasket to the

oil pan.

2. Install the oil pan on the cylinéjer block. Use your
fingers to install and tighten all the mounting

capscrews.

<>

&%

Cil Pan - Replace (2-16)
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3. Use your fingers, to install and ttghten one of the
7/16-inch ‘oil pan mountmg capscrews on each side
of the oil pan, halfway between the front and the rear
of the oil pan.

4. Tighten the four 5/16-inch capééfews in the rear of the
oil pan to 25 Nem.[20 ft-Ibs] torque in the sequence
shown.

5. Tighten the thirty-two (32) 7/16-inch capscrews to 70
Nem [50 ft-Ibs] torque in the sequence shown.

6. Instaill & new O-ring on the oil pan lubricating oil
suction tube and a new rectangular sealing ring in the
lubricating oil transfer tube mounting flange. Refer to
Procedurs 2-15.

7. Use clean vegetable oil to lubricate the O-ring and the
seal.

8. Loosely assemble the lubricating oil transfer tube, the
flanges, the Q-rings, the gaskets, and the mounting
capscrews to the oil pan and the lubricating cil pump.

NOTE: The printed side of the mounting flange gasket on
the oil transfer tube must be toward the flange.

9. Tighten the capscrews in the following sequence:

: * First, tighten the two capsérews at the oil panto 45
@ Nem [35 ft-Ibs] torque.

@ * Second, tighten the capscrews at the lubricating
oil pump to 45 Nem [35 ft-Ibs] torque.
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10. Fill the engine with clean 15W-40 oil. Refer to Ref-
erence 2-03 for engine capacity.

11. Operate the engine until the water temperature
reaches 80°C [1B0°F], and check for oil leaks.

Oil Cooler Bypass Valve - Check (2-17)
Remove

1. Remove the two capscrews and the bypass valve.
Discard the O-ring.

2. Visually inspect the valve for damage.

Check

Caution: The flash point of new lubricating oil is ap-
proximately 220°C [430°F]. Do not allow oil temperature
in the container to exceed 150°C [300°F]. Do not allow
water droplets to enter the container of hot oil. Water
droplets will cause a violent reaction which can cause
personal injury.

1. Suspend the valve and a 115°C [240°F] thermometer
in a container of new lubricating oil. Do not allow the
valve or the thermometer o touch the sides of the
container.

2. Heat the lubricating oil.

Qil Coaler Bypass Valve - Check (2-17) -
' Page 23
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~NOTE: Write down the temperature at which the valve is fully

extended. The valve must be fully extended to at
least 70.36 mm [2.770 inches] when the tempera-
ture reaches 112°C [234°F]. .

| 3. Replace the valve if it does not operate as described.

Install

Caution: Do not install the O-ring on the control valve

and then try to pull the control valve into position with
the capscrews. The sharp corners of the counterbore,
will cut the O-ring.

1, Lubricate the O-ring with vegetable oil, and install it
in the oil-cooler support.

- 2. Install the valve in the oil cooler support, and push it
in position. Tighten the capscrews to 40 Nem [30
ft-lbs] torque

3. Operate the engine until the water. temperature
reaches 80°C [180°F], and check for oil leaks.
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Qil Filter Head - Replace (2-18)

. Remove

~ 1. Drain the cooling system. Refer to Procedure 1-06.

2. Remove the oil filters. Refer to Procedure 2-11.

3. Remove the oil cooler assembly. Refer to Procedure
2-19.

Caution: Excessive clamping pressure can distort or
crack the oil cooler housing.

4. Clamp the oil cooler assembly in the vertical position
with a vise. The jaws of the vise must have copper
plates to prevent damage to the cooler housing.

5. Remove the six filter head capscrews and the filter
head.

8. Remove the O-ring and the gasket. .

NOTE: The compression spring (1) for the pressure sensing
piston is not secured in the bypass oil filter head. Do
not lose the spring during removal of the filter head.

Clean and Inspect

1. Clean the filter head and the cooler housing gasket
surfaces.

2. Use solvent to clean the fiiter head and the cooler
housing. Dry with compressed air.
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3. Visually inspect the filter head and the housing for
cracks or other damage.

Install

1. Install a new oil cooler cover gasket on the cooler
housmg Align the holes in the gasket with the holes
in the housing.

2. Lubf’icate the rectangular sealing ring with vegetable
oil prior to assembly.

3. Install the rectangular seallng ring over the-end of the
cooler core. Make sure the ring fits tightly agalnst the
gasket. .

NOTE: Do not use Iubncatlng oil on the rectangular sealing
ring. The sealing ring will increase in size when in
contact with lubricating oil. Use vegetable oil to lu-
bricate the sealing ring.

4. Install the compression spring on top of the pressure
sensmg piston.

5. Install the bypass filter head overthe end of the cooler
element. Make sure the compressmn spring is lo-
cated in the filter head bore.

%
|
¥
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6.

10.

1.

Move the filter head assembly up and down to make
sure the pressure sensing piston moves freely in the
housing bore.

. Use your hand to press the filter head down over the

end of the oil cooler element until the head contacts
the gasket.

. Hold the filter head in this position, and install the

center capscrew on each side of the filter head. Use
your fingers to tighten the two capscrews. Install the
remaining four capscrews, and tighten all six
capscrews to 45 Nem [35 ft-Ibs] torque.

. Install the oil cooler. Refer to Procedure 2-19.

Fill the cooling system with coolant. Refer to Proce-
dure 1-07.

Operate the engine until the water temperature
reaches 80°C [1B0°F], and check for coolant or oil
leaks. '

Oil Cooler Assembly - Replace (2-19)
Remove

1.

Drain the cooling system. Refer to Procedure 1-06.

2. Remove the turbocharger cil supply tube and the

bypass filter return tube.

ety

<=
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Qil Cooler Assembly - Replace (2-19)
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3. On Big Cam Il engines, remove the capscrew which

holds the water transfer tube to the thermostat hous-
ing. Remove the water transfer tube.

. On Big Cam IV engines, remove the four, capscrews

which hold the water transfer cover to the thermostat
housing. Remove the cover and the water transfer
tube.

. Remove the full flow filter and the bypass filter.

. Remove the wire from the filter plugging alarm (if
. equipped). . .
. Remove the two capscrews which hold the oil.cooler

brace to the cylinder block at the rear of-the cooler.

. Remove one of the capscréws which holds the oil

cooler support to the cylinder block. Install a guide
stud in the hole.

. Remove the remaining five capscrews from the oil

cooler support, and remove the cooler assembly.

RO
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Clean

1. Clean the gasket material from the cocler support and
the cylinder block.

2. After removing the gasket material, use solvent and.
dry with compressed air.

Install

1. Install two guide studs in the oil cooler support mount-
ing holes in the cylinder block.

2. Install a new oil cooler support gasket over the guide
studs.

3. Put the oil cooler assembly over the guide studs, and
push it against the cylinder block.

4. Install the two oil cooler brace capscrews. Do not
tighten at this time. ‘

5. Install four of the support mounting capscrews, and
remove the two guide studs.

6. Install the two remaining capscrews, and tighten all
support capscrews to 45 Nem [35 fi-lbs] torque.

R

Qil Cooler Assembly - Replace (2-19)
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7. Tighten the two cooler brace mounting capscrews to
10 Nem [8 fi-lbs] torque.

8. On Big Cam Ill engines, install new O-rings on the
water transfer tube. Lubricate the O-rings with 15W-
40 oil.

9. Install the wire on the oil filter plugging alarm (if
‘equipped).

10. Install the water transfer tube in the cil cooler support
and the thermostat housing. Tighten the retaining
capscrew 10-25-Nem'[20 ft-Ibs] torque.

11. On Big Cam IV engines, install new O-rings on the
water transfer tube. Lubricate the O-rings with 15W-
40 oail. -

12. Install one end of the water transfer tube in the trans-
fer cover.

13. Install the retaining clip, and tighten to 25 Nem [20
ft-lbs] torque. .

14. Install the other end of the water transfer tube in the
oil cooler. .

15. Install a new gasket, and mount the water transfer
housing to the thermostat -housing. Tighten to 25
Nem [20 ft-Ibs] torque.
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16. Instail the turbocharger oil supply tube and the by-
pass filter return tube. :

. 17. Install the full flow and the bypass filters. Refer to
Procedure 2-11.

NOTE: Fill the filters with clean 15W-40 oil before installing
them. -

18. Fill the  cooling system. Refer to Procedure 1-07.

19. Operate the engine until the water temperature
reaches 80°C [180°F], and check for oil and coolant
leaks.

Oil Cooler Core - Replace (2-20)

Caution: Do not reuse an oil cooler core after an engine
failure since there is no practical method to clean the
cooler core. Metal particles which may have circulated
through the lubricating system may remain in the cooler
core and can cause engine damage. Do not allow dirt or
gasket material to enter the oil passages when cleaning
the oil cooler and the cylinder block surface.

Remove

1. Remove the oil cooler assembly. Refer to Procedure
219 ‘

2. Remove the six capsérews which hold the bypass
filter head to the cooler housing. Remove the bypass
filter head.

Oil Cooler Core - Replace (2-20)
Page 31
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@ 3. Remove the sending unit from the hoUsing

4. Remove the oil cooler bypass and pressure sensing

| @@ © valves. j

- 5."Remove the six capscrews which hold the oil cooler
@(ﬂ housmg to the support.

6. Remove the oit cooler support and the cooler core
@ from the housing. -

) Clean and Inspect -

Caution: Do not attempt to repaira damaged oil cooler
core; it must be replaced - . :

1. Clean the gasket material from the support, the hous-

. \ ing, the cooler core, and the bypass filter head.

2. Clean all the parts with: solvent and dry with com-
pressed air. _ ‘
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3. Visually inspect the support, the housing, and the
bypass filter head for cracks or damage.

. 4. Visually inspect the cooler core for plugged or dam-
aged tubes. Inspect the sealing surfaces for
scratches, dents, or other damage.

5. Refer to Procedure 2-21 for the oil cooler core pres-
: sure test.

Install

1. Put the oil cooler core in an upright position with the
large peortion of the flange down.

2. Install a new gasket over the core. Align the holes in
the gasket with the holes in the core.

3. Assemble the housing over the core. Align the holes
in the housing with the hoies in the core.

’ 4. Lubricate the bypass piston, and install it in the hous-
| ing with the open end on top.

|

l

0Oil Cooler Core - Replace (2-20)
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] 5. Install the bypass valve plunger in the piston.
Dav 6. Install the spring over the plunger into the piston.
G ' : '
&

Caution: The sending unit must be installed before the
pressure sensing piston to prevent damage 'to the pis-
ton. '

G 7. Install the sending unit in the housing. Tighten th
%

capscrew to 15 Nem [120 in-lbs] torque. '

8. Install the bypass filter head gasket over the element.

. g, Lubricate the rectangular sealing ring with vegetable
oil. c o ’ :

NOTE: Do not use lubricating oil on the rectdngular sealing

ring. i

ng 10. Install the sealing ring over the cooler core and against
)/ the gasket.
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11. Lubricate the pressure sensing piston, and install it
over the spring and the plunger. Move the piston up
and down to make sure it moves freely in the bore.

12. Install the compression spring on top of the piston.

13. Install the bypass filter head over the end of the cooler
element.

NOTE: Make sure the compression spring is located in the
fiter head bore.

14. Move the filter head assembly up and down to make
sure the pressure sensing piston moves freely in the
housing bore.

15. Use your hand to press the filter head down over the
end of the oil cooler element untii it contacts the
gasket.

16. Hold the filter head in this position, and install the
capscrews. Tighten the six capscrews to 45 Nem [35
ft-Ibs] torgue.

Qil Cooler Core - Replace (2-20)
Page 35
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17. Install the capscrews through the cooler housing, and
_install the gasket over the capscrews.

18. Tighten the six capscrews to 45 Nem [35 fi-lbs] torque.

19. Install the oil cooler assembly. Refer to Procedure
(>§"b 2419, - .
2\ : <

s

2. 20. Fill the cooling system. Refer to Procedure 1-07.

=, 21. Operate the engina until the water temperature
. reaches 80°C [180°F], and check for coolant or oil

loaks: -

' @ Oil Cooler Core - Pressulje‘ Test (2-21)

1. Remove the oil cooler assembly;. Refer to Procedure

% 2-19. .

: @@ 2. Remove the oil cooler care. Refer to Procedure 2-20.

o=
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3. Install the oil cooler core in Part No. 3376765 Lubri-
cating Oil Cooler Pressure Test Kit.

4. Attach a regulated air pressure line to Part No.
3376768 Test Piate, and apply 415 kPa [60 psi] air
pressure,

5. Install the oil cooler in a tank of water heated to 80°C

[180°F}, and inspect for leaks.
NOTE: If ieaks are found, replace the oil cooler core.

P

6. Remove the oil cooler care from:the water tank.
7. Remove the pressure test equipment.
8. Dry the oil cooler with compressed air.

9. Install the oil cooler core. Refer to Procedure 2-20.

10. Install the oil cooler assembly. Refer to Procedure
2-19.

q
23
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Oil Cooler Core - Pressure Test (2-21)
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Main Oil-Pressure Regulator - Replace
(2-22)

Remove

Warning: Carefully remove the capscrew (1). The pres-
sure regulator spring (3) Is under compression.

1. Remove the capscrew (1), the retainer plug (2), the
spring (3), and the regulator plunger (4) from the
lubricating il pump body.

Inspect

T, Visually inspect the fé'gulator plunger for scratches or
scoring. If scratches are deep encugh to be felt with
a fingernalil, the plunger must be replaced.

2. Visually inspect the spring for damaged or broken
coils.

3. Use Part No. 3375182 Valve Spring Tester to deter-
mine if the spring is defective.

4. Compress the spring to a height of 46.23 mm [1.820
inches]. The force required to compress the spring to
the specified height must be: ’

¢ Minimum 98 Newtons (22 Ibs].
e Maximum 116 Newtons [26 Ibs].

NOTE: If the spring must be replaced, replace it with the
same Spring part number as the one that was
removed.

Install

1. Install new O-rings oh the plunger retainer plug. Lu-
bricate the O-rings with vegetable oil.

2. Install the plunger (4), the spring (3), the retainer plug
{2) and the capscrew (1).

3. Tighten the retainer plug capscrew to 25 Nem [20
fi-Ibs] torque.
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4. Operate the engine until the water temperature
reaches B80°C [180°F]. Check the oil pressure, and .

. check for oil leaks.

Lubricating Oil Pump Signal Line
Orifice - Clean "In Chassis” (2-23)

Remove

Warning: Carefully remove the capscrew (1). The pres-

. _‘_\ N ) g
sure regulator spring Is under compression. s \

1. Remove the main oil pressure regulator plunger. Re- @
fer to Procedure 2-22. \

| 2. Remove the oil pressure signal line.

3. Remave.the 1/8-inch NPTE adapter from the lubri-
} cating oil pump cover.

Clean

1. Use an acetylene torch tip cleaner or equivalent that -
15 1.0 mm [0.040-inch) or less in diameter to clean the N

orifice.

NOTE: The diameter of the orifice is 1.0 mm [0.040-inch]. Do
not attempt to drili out the orifice or use a larger
diameter wire to clean the orifice.

. 2. Use solvent and an air sclvent gun to wash the debris -
from the orifice and the pressure regulator bore in the N
{ubricating oil pump.

g Oil System

Lubricating Qil Pump Signal Line Qrifice - Clean "In Chassis” (2-23)
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Caution: Wear safety goggles when using an air solvent

gun to prevent possible eye iniury:

3. Clean the inside of the signal line and the 1/8-inch
NPTE adapter with solvent and an air solvent gun.

Install

1. Instali the main 0l| pressure regulator ‘Refer to Pro-.

cedure 2-22.

2. Apply pipe sealant to the threads of the 1/8-inch NPTE
adapter, and mstall itin the Iubncatmg onl pump front
cover. - .

3. Install the oil pressure signal line. -

4. Qperate the_ engine until the water temperature
reaches 80°C [180°F], and-check the cil pressurs.

NOTE: If the il pressure problem still exists or occurs again
soon after the above procedure has been completed,
remove the lubricating il pump for disassembly and
a thorough cleaning. .

Lubricating Oil Pump Signal Line
Orifice - Clean "Pump Removed”

(2-24) I

Remove

1. Flemovethe Iubncating oil pump Hefer to Procedure
2-25. - . .

2. Remove the main oul pressure regulator Refer to
. Procedure’2-22. .~ - )
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3. Remove the lubricating oil pump front cover'and the
lubricating oil pump driven gear.

4. Remove the 1/8-inch NPTE adapter from the lubri- @

~ cating oil pump cover.

Clean

1. Clean the gasket material from the lubricating oil
pump body and cover.

2. Use an acetylene torch tip cleaner or equivalent that
is 1.0 mm [0.040-inch] or less in diameter to clean the
orifice.

NOTE: The diameter of the orifice is 1.0 mm [0.040-inch]. Do
not attempt to drill out the orifice or use a larger
diameter wire to clean the orifice.

3. Use solvent and an air solvent gun to clean the signal
line, the 1/8-inch NPTE adapter, the lubricating oil
pump cover, and the body. Hold the driven gear off
of the lubricating oil pump body when cleaning the
gear bore area.

Install

1. Use 15W-40 ail to lubricate the shaft, the gears, and
the bushings. Also, lubricate the area between the
driven gear and the body.

3

Signal Line Orifice - Clean "Pump Removed” (2-24)
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G 2. Install the driven gear on the shaft.
[y

‘ 3. Install a new gasket on the pump body, and instail the
<l D cover.
Ca)e/

' 4. Tap the cover lightly with a rubber hammer to push
"~ the cover over the dowels.

| .
+ 5. Install the capscrews, and tighten to 25 Nem [20 ft-bs]
torque. '

. 6. Rotate the gears to make sure they rotate freely in the

pump.
€] 7. Install the main oil pressure regulator. Refer to Pro-

(»b cedure 2-22 ‘ : '
G\ ee o

)

8. Apply a small amount of pipe sealant to the 1/8-inch
NPTE adapter, and install it in the cover.

| \ .
| 9. Install the lubricating 6il pump. Refer to Procedure
' 2-25. -
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10. Operate the engine until the water temperature

reaches 80°C [180°F]. Check the oil pressure, and
check for oii leaks. :

Lubricating Qil Pump - Replace (2-25)
Remove

1. Remove the demand flow and cooling (DFC) signal
line.

2. Remove the capscrews and the lubricating oil transfer
tube.

3. Remove the five capscrews which hold the lubricating
oil pump 1o the cylinder block.

Caution: Do not pry on the lubricating oil pump mount-
ing flange.

4. Remove the lubricating oil pump from the gear case.
Discard the gasket.

Clean and Inspect

Caution: Do not allow dirtor gasket material to enter the
oll passages. Bearing damage can result.

1. Clean the lubricating oil pump and the cylinder block
gasket surfaces. .

il

Lubricating Qil Pump - Replace (2-25)
Page 43
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2. Use solvent to clean the lubricating oil pump, and dry
with compressed air. < e

NOTE: For cleaning purposes, the cover and the gasket for .
the power steering pump mounting flange must be
remaved.

3. Inspect the gears for freedom of rotation.
4. Inspect the géars for cracked or broken teeth.

o 5. Inspect the bushings for excessive wear or discolor- |
ation due to overheating or seizure to the shafts.

6. Use depth verniers to measure’ the drive'shaft end
clearance in two locations 90 degrees apart.

Drive Shaft End Clearance

. _in
MIN ' 0.002
MAX 0.005
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Install

1. Install the power steering pump mounting flange gaé:
ket and cover. Tighten the capscrews to 25 Nem [20

fi-Ibs] torque.

2. Install a new gasket on the mounting trunion of the

lubricating oil pump.

3. Install the lubricating oil. pump in the
in the cylinder block gear flange.

mounting hole

4. Install the five mounting capscrews. Tighten the
capscrews to 55 Nem [40 ft-lbs] torque.

5. Install the DFC signal line. Tighten the signal line tube

nuts to 15 N*m [120 in-Ibs] torque.

6. Install the lubricating oil transfer tube. Refer to Pro-

cedure 2-15.

7. Operate the engine until the water temperature

reaches 80°C [180°F]. Check the oil
.check for oil leaks.

pressure, and

Lubricating Oil Pump - Replace (2-25)
Page .45
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High Oil Pressure Relief Valve - Check
(2-26) - P -
Check Retainer Plug Depth

1. Remove the lubricating oil pump. Refer to Procedure
2-25. -

2. Remove the lubricating oil purhp cover.

3. Remove all gasket material from the lubricating oil
pump body and cover. | )

4. Measure the installed depth of the retainer plug.

5. If the plug depth is less than 6.48 mm [0.255-inch],
use Part No. 3376011 DFC Pressure Valve Fixture to
install it to the correct depth of 6.48 to 6.98 mm
[0.255- to 0.275-inch].

NOTE: If the plug. depth is within specifications and the
engine oil pressure is out of specifications, check
the high oil pressure relief valve and the main oil
pressure regulator. Refer to Procedures 2-27 and
2-22, respectively.
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6: Install a new gasket and-the lubricating oil pump
cover. Tighten the capscrews to 25 Nem [20 ft-Ibs]
torque. o

7. Install the lubricating oil pump. Refer to Procedure
2-25. :

8. Operate the engine until the water temperature
reaches 80°C [180°F], and check the oil pressure
again. E

«

High Oil Pressure Relief Valve -
Replace (2-27) . .
Remove

1. Remove the lubricating oil pump. Refer to Procedure
2-25.

2. Remove the jubricating oil pump cover.

2

3. Remove all gasket material from the lubricating oil
pump body and cover.

High Qil Pressure Relief Valve - Replace (2-27)

A
<
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Warﬁing: Carefully remove the retainer plug (1). The
pressure relief valve spring (4) is under compression.

4.-Use Part No. 3375784 Light Duty Puller Kit or equiv-
alent to remove the retainer plug (1).

5. Remove the valve disc (2), the washer (3), and the
pressure relief valve spring (4).

inspect . -
1. Inspect the parts for damage.

2. Use Part No. 3375182 Valve’ Sprmg Tester to mea-
- sure the relief valve spring tension.

3. Compress the spring to a height of 29. 0 mm {1.145
inches). o

NOTE: The force required to cbmpréss the spring must be:

» Minimum 260 Newtons [59 Ibs.]
* Maximum 320 Newtons [72 Ibs.]

4. Measuré the relief valve seat depth in‘the lubricating
-0il pump. The maximum depth is 46.73 mm.{1.840
inches].
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instali

"1. Install Part No. 3376013 Lacating Plate (in Part No. 5‘%“
33760li DFC Pressure Valve Fixture) on the lubricat- <]
‘ing oil pump body. Use two 5/16-18 inch UNC x 1-1/4

inch capscrews. Do not tighten the capscrews at this

fime.

Mandrel! (in Part No. 3376011 DFC Pressure Valve
Fixture} through the locating plate into the presstire
limit valve bore in the pump body.

3. Tighten the capscrews, and remave the mandrel. @@

.2. Install the large diameter of Part No. 3376012 Valve A
&P

4. Install the spring (4}, the washer (3), the valve disc (2), <)
and the retainer plug (1) in the bore in the locating D)D‘
plate. V

5. Make sure the prongs on the disc are down (toward
the washer) and that the cup side of the retainer plug
is up (toward the mandrel).

6. Install the smatll end of Part No. 3376012 Valve Man- Gy
drei in the bore in the locating plate. ‘%V

7. Press the mandrel with an arbor press until the large
diameter of the mandrel is against the locating plate.

High Oil Pressure Relief Valve - Replace {2-27)

Page 49




High Qil Pressure Relief Valve - Replace (2-27)
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Gy 8. Install 2 new gasket and the cover to the pump body.
> Tap the cover lightly with a rubber hammer to push
Q) the cover over the dowels. ’

9. Install the capscrews and the w-ashers, and tighten to
25 Nem [20 ft-ibs] torque. '

10. Turn the gears to make sure they rotate freely.

a0 11. Install the lubricating oil pump. Refer to Procedure
SB
B . 25 - -

<=

12. Operate the engine until the water temperature
reaches 80°C [180°F]. Check the oil pressure, and
check for oil leaks.
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General Information - (3-01)

The combustion air system consists of intake air piping,
turbocharger, and exhaust air piping.

The turbocharger uses exhaust gas energy to turn the
turbine wheel. This turbine wheel drives a compressor
impeller which provides pressurized air to the engine for
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Combustion Air System Specifications - (3-02)

Air Induction System

Maximijm temperature rise between ambient air and engine inlet air

Ambient air temperature 0 to 38°C [32 to 100°F] ..... ettt et e et en et ee et ne et en et 15°C

Maximum intake restriction (clean air filter elerment).

[30°F]

Normal-duty type 8ir CIBANET ... 25.0 cm H,0 [10.0 in. H,O]
Medium-duty dry type air Cleaner ...........ccoocierir i e 30.5 cm H,0 [12.0 in. H,O]
Heavy-duty dry type @ir CIBANET ............cveveveemieureneesesensencsearnasnasensseesesene errereenn..38.0 cm H50 [15.0 in. Ho0)
Maximum intake restriction (dirty air filter element) ..o 63.5 cm H,0 [25.0 in. H,0]

Exhaust System

Maxirum back pressure from piping and silencer {combined) ..................... 7.5 ¢cm Hg [3.0 in. Hg]

Normal exhaust Pipe QIamMEBTEI. ... ..o et e re e e e ee e s ana s e s ama s ee e aeeas 12.5 em [5.0in.]
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Combustion Air System Flow Diagrams - (3-03)

Big Cam ill Intake System

1. Intake Air Inlet to
-Turbocharger

2. Turbocharger Air
Crossover

3. Aftercooler

. Intake Manifold

5. Intake Valve Ports

F -

Big Cam IV Intake System

1. Intake Air Inlet to
Turbocharger
2. Turbocharger Air
Crossover
Aftercooler
4. Intake Manifold
5. Intake Valve Ports

W
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Service Tools - (3-04)
. "Part No. ST-537 Dial Depth Gauge

Part No. 3377253 Black Light (AC)
Part No. 3377394 Black Light (DC)

Part No. 3376891 Flourescent Tracer

Turbocharger Turbine Seal Leaks -
Check (3-05)

1. Add one unit of Part No. 3376821 Flourescent Tracer
to each 38 litres [10.0 U.S. gallons] of engine lubri-
cating oil.

2. Operate the engine at low idle for 10 minutes.

Service Tools - (3-04)
Page 5
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‘3. Shut off the engine:. ¢ . -
@@ 4. Allow the furbocharger to :t;o_’ol, and remove the ex-
: " haust pipe from the furbine housing.

5. Use a high.intensity,black light (Part No. 3377253 or
3377394) to inspect the turbine outlet for oil. -
NOTE: A dark blue glow indicates fuel, and a yellow glow .
indicates oil. Refer toProcedure 5-13. o

6. If oil is found on the turbine.housing, remove the oil

. drain tube and check for restrictions. Clear any re-

" ‘strictions found'or ‘replace damaged component as
R N T T

R
required.
.

7. If.no drain tube restriction is.found, check for restric-
tions in the engine breather or the breather tube.
Clear any restrictions found or r_epiace damaged com-

ponent as required.

IS | &2 o
= S & 1 '(1!\
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' @‘%
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8. If no turbocharger drain or engine breather tube re-
striction is found, check the turbocharger axial mo- @
tion and radial clearance. Refer to Procedure 3-12. .

Compressor Seal Leakage - Check
(3-06) '

1. Remove the air intake and air cross-over piping from @Q)
the turbocharger:

2. Examine the compressor intake and discharge for oil.

&)
If vil is present, check the axial motion and radial
clearance. Refer to Procedure 3-12. <>

3. Check for intake restriction. Refer to Procedure 3-8. .

@ .

Compressor Seal Leakage - Check (3-06)
* Page 7

63.5 cm
HL0
[25.0 in.
H:0] Max.




Correct Turbocharger installed - Check (3-07)
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[3 in. Hg] -
. Max.
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Correct Turbocharger Installed -
Check (3-07)
1. Compare the assembly number (1} on the turbo-

charger dataplate with the turbocharger specified in
the engine CPL (Control Parts List) manual (2).

NOTE: The CPL number for each engine is listed on the
engine dataplate (3).

2. If the correct turbocharger was not installed, remove
it and install the correct turbocharger. Refer to Pro-
cedure 3-13 for turbocharger removal andinstailation
instructions. Ta

.'\‘

Intake Air Restriction - Check (3-08).

. Install a vacuurn gauge or water manometer in the
intake air piping:

NOTE: The gauge adapter must be installed at a 90-degree
angle to the air fiow in.a straight section of pipe, one
pipe diameter before the turbocharger.

-

2. Operate the englne at full throttle and rated RPM with
maximum foad. .

3. Record the readmg on the gauge or manometer.

*NOTE: Restriction must not exceed 635 cm H O [25.0
mches H,0]. :
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Exhaust Restriction - Check (3-09)

Page 9
4. If the restriction exceeds specifications,

do the fol-
. lowing: :

« Replace or clean the air filter element. Refertothe @.
"~ equipment manufacturer’s instructions.

63.5 cm
- 'Hz0
[25.0in. |
'H0] Max.

* Visually inspect the intake air piping for damage.
Refer to the equipment manufacturer's repair

instructions. >

5. Remove the test eguipment.

Exhaust Restriction - Check (3-09)

1. install a mercury manometer in the exhaust piping. Dgs
NOTE: The gauge adapter must be installed near the tur-

~ bocharger or exhaust manifold in a straight section
of pipe.

]

o | g

EOM /il il




Air Leaks - Check (3-10)
Page 10

63.5cm
H.0
[25.0 in.

Hzo] Mﬂ*. T

7.5cmHg T
[3 in. Hyg]
Max.

ofy e

TU o

g

<

Section'3 - Combustion Air System
NT

2. Operate the engine at rated RPM and joad, and record
the manometer reading.

NOTE: Exhaust pressure must not exceed 7.5 cm [3.0
inches Hgl.- .

3. If exhaust pressure exceeds.the specifications, visu-
-ally inspect the exhaust piping for damage. Refer to
the equipment manufacturer’s repair instructions.

@@ 4. Remove the test equipment. |

A

Air Leaks - Check (3-10)

Caution: Engine intake air must be filtered to prevent
dirt and debris from entering the engine. It intake air
piping is damaged or loose, unfiltered air will enter the
engine and cause premature wear.

1. Visually inspect for loose or damaged intake air pip-
ing.

2. Replace damaged pipes, and tighten Ioose clamps to
8 Nem [70 in-Ib] torque.
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3. Operate the engine at full throttle and maximum/load.
4. Listen for a "high pitch” noise from'the turbocharger.

5. The noise can be caused by an air leak from the
following: : s :

a. Turbochafger to aftercoaler air sUpﬁIy hose.
* |nspect the hose for damage.
+ Tighten the hose clamps to 8 N+#m [70 in-Ib] torque.

b.*Air crossover to aftercooler connection leakage.

¢ Replace the air crossover gasket, and tighten the
capscrews to 35 Nem [25 fi-Ib] torque, (Big Cam
.

» Tightenthe hose clampsto8 Nem [70in-Ib] torque,
(Big Cam V).

c. Turbocharger to exhaust manifold mounting gas-
ket.

: Replaée the g

cd T

asket. Refer to Procedure 3-13.. - <=

Air Leaks - Check {3-10)
Page 11
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Turbocharger Blade Damage - Check (3-11)
Page 12

<=

<
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Section 3 - Combustion Air System

d. Turbine housing sealing surface air leak.
* Tighten the'V-band clamp or capscrew as follows: .

5

Turbocharger V-Band Capscrew
T46B 4 Nem [34 in-Ib] . NA
HT3B 13.5Nem[12Qin-Ib] NA
HT4B 16 Nem [144 in-Ib] NA
HC3 13.5Nem[120in-b] NA
T18A NA 12 Nem [105 in-Ib)

¢ Check for an air leak.

* |fanairleakis still present, remove and replace the
turbocharger. Refer to Procedure 3-13.

e. Compressor housing sealing surface air leak.
¢ Tighten the V-band clamp or capscrew as follows:

Turbocharger V-Band Capscrew
T46B 4 Nem [34 in-Ib] NA )
HT3B NA 8 Nem,[70 in-Ib}
HT4B 14 Nem [120 in-ih] NA
HC3 7 Nem [60 in-lb] NA
T18A 5.5 Nem [50 in-Ib] NA

* Check for an air leak.

+ [fanairleakis still present, remove andreplacethe
turbocharger. Refer to Procedure 3-13.

Turbocharger Blade Damage - Check
(3-11) .

1. Remove the intake and the exhaust pipes from the
turbocharger.

2. Visually inspect the turbocharger compressor impel-
ler blades for damage.

3.-Rebuild or replace the turbocharger if damage is
found. Refer to Procedure 3-13.
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4. If the compressor impeller is damaged, inspect the:
intake air piping and the filter element for damage.

NOTE: Repair any damage before operating the engine.

5. Inspect the turhine wheel for damage.

6. Rebuild or replace the turbocharger if damage is
found. Refer to Procedure 3-13.

Turbocharger Axial and Radial Clear-
ance - Check (3-12)

1. Remove the intake and the exhaust piping from the
turbocharger.

2. Use a wire-type feeler gauge to measure the radial
clearance (side to side).

NOTE: Hold the shaft toward the feeler gauge to check this
dimension. .

Rebuild or replace the turbocharger if the radial
clearance is greater than specified.

<

a9

Turbocharger Axial and Radial Clearance - Check (3-12)
' Page 13




Turbocharger - Replace {3-13)
Page 14
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~ Turbacharger ) "~ Dimension
Model No. Minimum * Maximum
T46B — ‘
s Compressor + 0,15 mm [0.006 in.] 0.45 mm [0.018 in.]
Impeller '
* Turbine Whest 0.20 mm [0.008 in.] 1.09 mm [0.043 in]
HT3B
+ Compressor 0.15 mm [0.006 in.] 0.45 mm [0.018 in.]
Impeller
* Turbine Whael 0.20 mm [0.008 in.]. 0.53 mm [0.021 in.]
HT4B
* Compressor 0.15 mm [0.008 in.] 0.46 mm [0.018 in.]
Impaller ) .
‘® Turbine Wheel 0.20 mm [0.008 in.] 0.53 mm [0.021 in.]
HC3
¢ Compressor 0. 20 mm [0 008 in.] 0.41 mm [0.016 in]
odmpeller . - ra Lt LT '
¢ Turbine Wheel 0.28 mm [0 011 in. 0.48 mm [0.019:in]
Ti8A" L. . . ,
* Coinpressor 0.20 tim [o.ooa in.] 7 0.45 mm [0.18 in.]
Impeller and © w T e

Turhine Whesl

through the turbocharger oil drain hole,

© “Radial clearance on T18A must be measured with the dial indicator

3. Measure axial clearance (end to end).

Rebuild or replace the turbocharger if axial clearance

is greater than specified.

__"Furb'ocharger Dimension . .
Model No “Minimum._ Maximum
T46B - 0.15mm [0.006 in] 0.35 mm [0.014 in.]
HT3B '0.03 mm [0.001 in.]..0.10 mm [0.004 in.]
HT4B 0.05 mm [0.002 in.] 0.13 mm [0.005 in.]
HC3 0.03 mm [0.001 in.] 0.10 mm [0.004 in.]
T18A 0.10 mm [0.004 in.] 0.23 rmm [0.009 in.]

Turbocharger - Replace (3-13)

Remove

1. Remove the oil supply and the oil drain tubes from the

turbocharger

-

oA




Section 3 - Combustion Air System
NT

2. Remove the intake and the exhaust pipes from the
turbocharger. :

3. Loosen the clamp on the air crossover hose connec-
tion.

4. Remove the four turbocharger mounting nuts.
5. Remove the turbocharger and the gasket.

Clean and Inspect

1. Clean the turbocharger and the exhaust manifold
gasket surfaces.

2. Cracks on the turbocharg\er mounting flange longer
than 15 mm [0.6 inch] are not acceptable.

®

oS,

Turbocharger - Replace (3-13)
Page 15




Turbocha'réer - Replace {3-13)
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. 3. Cracks on the.turbocharger mounting flange must
not reach the mounting holes. :

f'

' 4. Two_cracks on the turbocharger mounting flange
must be separated by 6.4 mm [0.25 inch].

5. Visually inspect the exhaust manifold gasket surfaces
and the mounting studs for cracks or damage.

Replace any c.rac'ked manifolds or damaged mount-
ing studs.

“Install the Single Stage Turbocharger

1. Appiy a film of high temperature anti-sieze compound
to the turbocharger mounting studs.
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2. Install a new mounting gasket, the turbocharger, and
the four mounting nuts.

. NOTE: Do not tightén the mounting nuts until the aftercooler
air inlet hose is installed on the turbocharger.

3. Install a new gasket,. air crossover, and the four
capscrews, (Big Cam lll).

Install the air -crossover, hoses, and clamps, {Big
Cam V). -

Tighten the turbocharger mounting nuts to 44 Nem

{32 ft-ib] torque, and the air crossover hose clamp to

8 Nem [70 in-lb] torque, and the air crossover
. capscrews to 35 mm [25 ft-Ib] torque.

- 4. Install the turbocharger oil drain tube as follows:
Tube Type Fitting
" a. Use nylon tape to wrap the threads.

- b. Tighten the tube nut-to 80 Nem [60 fi-Ib) torque.

Turbocharger - Replace (3-13}

Page 17
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Flange Type !Eitting

@ a. Use a new gasket and tighten the capscréws to 44
Nem [32 ft:Ib] torque. - .

Tighten the hose clamps to 4 Nem [32 in-Ib] torque.

5: Pour 50t060cc[2.0103.0 ouhéeé] of clean engine
De cil in the turbocharger oil supply tube fitting.

G 6. Clip the supply line to the turbocharger as appropriate
%g for the plumbing scheme.

7. Install the turbocharger oil supply hose . Tighten the

flange capscrews to 44 Nem [32 ft-Ib] torque. Tighten
the swivel nut 10-30 Nem [22 fi-Ib] torque.




Section 3 - CombustionAir System’

8. Clamp the oil supply line to the bearing housing or the
. compressor hqusing. . oL

Series Turbocharger - Replace (3-14)
Remove
1. Remove the oil supply hoses.

e

2. Remove the air crogsover connection, air inlet pipé,_
O-rings, and retaining braces:. c ‘ %

3. Remove the air. connection, hose, and clamps. @

o

Series Turbocharger - Replace (3-14)
Page 19
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Section 3 - Combustion Air System

4. Remove the oil drain tube from the low pressure
@@ turbocharger. :

@@ 5. Remove the low pressure turbocharger.

%@ 8. Remove the exhaust inlet connection and clamp.

@'@ 7. Remove the exhaust outlet connection.
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8. -Remove the oil drain tube from the high pressure
turbocharger.

9. Remove the supports.

10. Remove the high pressure turbocharger.

To Install Series Turbochargers

1. Apply a film of high temperature anti-sieze compound
on the mounting studs.

o]

R

Series Turbocharger - Replace (3-14)

Page 21
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2. Install a new gasket (raised bead on the gasket toward
the turbocharger). Mount the H.P. turbocharger on
the exhaust manifold. Tighten the nuts to 10 Nem [7
ft-lb] torque. ST

3. install the supports on the exhaust manifoid. Tighten
the nuts to 10 Nem [7 ft-Ib] torque.

4. Install the oil drain tube on the turbocharger. Tightén
the capscrews for the tube flange to 10 Nem [7 ft-Ib]
torque.

5. Install a new gasket with the beaded side of the gasket
toward the turbocharger. Instail the exhaust outiet
‘connection on the turbocharger. -
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6. Install the exhaust inlet connection and clamp on the
outlet connection. Align the connection with the sup-
ports; and install the capscrews, the washers, and the
nuts to fasten the connection on the supports.

7. Align and tighten the parts in the following sequence:

a. Tighten the clamp for the exhaust connection to 8
Ne=m [70 in-ib] torque.

b. Tighten the mounting nuts for the turbocharger to
44 N=m [32 ft-ib] torque.

c. Tighten the mounting nuts that fasten the exhaust
connection to the turbocharger to 44 Nem [32 fi-Ib]
torque.

d. Tighten the capscrews which fasten the supports
"to the exhaust manifold to 75 Nem [55 ft-Ib] torque.

e. Tighten the capscrews and the nuts which fasten
the exhaust inlet connection to the supports to 44
Nem {32 ft-Ib] torque. :

NOTE: The center line of the oil drain hole must be within
30 degrees of vertical when the turbocharger is
installed on the engine.

Install the Low Pressure (L.P.) Turbocharger

1. Install a nefy gasket and the L.P. turbocharger (the
beaded side of the gasket toward the turbocharger)
on the exhaust connection. Tighten the capscrews
and the nuts to 10 Nem [7 ft-ib] torgue.

O

€
Q1

©)
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o

Series Turbocharger - Replace (3-14)
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2. Install the oil drain tube on the turbocharger. Tighten
the capscrews for the tube ﬂange to 10 Nem [7 ft-Ib]
forquse. )

NOTE: The center I|ne of the o|| draln hole must be wnthm
30 degrees of vertical.

@@%

3.-Install the air connection, the hose, and the clamps
on the L.P. turbocharger.

A
9D

a, Install the air crossover connectlon the-air inlet pipe,
and new O-rings on the H.P:turbocharger. Install the
retaining braces on the H.P. turbocharger. .

5 lnstall the oil dram tubes in the hose connections on
the cylinder block. Tighten the hose clampsto 4 Nem
[32 in- Ib] torque
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6. Align and tighten the parts, using the following torqde
S values: . .

. .- a. Tighten the mounting capscrews and the nuts for
: the turbocharger to 44 Nem [32 ft-Ib] torque. :

b. Tighten the capscrews for the oil drain tube flange
to 44 N=m |32 fi-Ib] torque.

¢. Tighten the clamps for the air connection to 8§ Nem
[70 in-ib] torque. -

d. Tighter the capscrews for the retaining braces to
23 N*m {17 ft-Ib] torque.

7. Pour 50 to 60 cc [2.0 to 3.0 ounces] of clean engine
oil into the turbocharger oil supply tube fitting.

8. Install the oil supply hoses on both of the turbocharg-
ers. Tighten the swivel nutsto 30 Nem 22 ft-Ib] torque.

9. Install the clamps to hold the hoses as shown. Instail
the hoses on the connections in the gil cooler and the
filter head as shown. Tighten the swivel nuts to 30
Nem [22 ft-1b] torque.

Exhaust Manifold - Replace (3-15)
Remove '

1. Remove the air crossover connection' or tube. Refer
~ to Procedure 3-13.

2. Remove the turbocharger. Refer to Procedure 3-13.




Exhaust Manifold - Replace (3-15)
Page 26 )
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3. Remove the two capscrews, and install two guide
611'3 studs.
3

> Warning: Because this assembly weighs more than 23

kg [50 Ibs], two people or a hoist will be required to lift
the exhaust manifold assembly to avoid personal injury.

<8 4. Remove the remaining ten capscrews, the exhaust
manifold assembly, and the manifold gaskets.

NOTE: Two dowels are used in each cylihder head to align
the exhaust manifold assembly.

Disassemble
@ 1. Remove the exhaust manifold end sections.

@@ 2. Remove the seal rings and the seal ring expander, if
used.

Clean and Inspect

1. Use a 240 grit érhéry cloth to remove carbon deposits
from the sealing surfaces and the seal ring grooves.

2. Steam clean, and dry with compressed air.

3. Visually inspect. for cracks or damage.
'

4. Visually inspect the manifold seal bore and the mating
sealing ring surface for wear. o
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Assemble

NOTE: The exhaust manifold sections must be assembled
. on a flat surface.

1. Install the exhaust manifold seal rings (if used) as @[

follows: %‘7
a. Install the expander ring in the seal ring groove.

b. Install the four seal rings in the seal ring groove.

c. Put the ring gaps 90 degrees apart.

2. Install the exhaust manifold end sections to the center

section. ' ng

NOTE: The exhaust manifold sections can be assembled
without special tools for compressing the seal rings.

xmibehb

Install

1. Install two guide studs.

2. Use an adhesive to hold the gaskets in place on the
cylinder head.

NOTE: The side of the gasket marked "OUT"” must be away
from the cylinder heads.

Warning: Because this assembly weighs more than 23
kg [50 Ibs], two people or a hoist will be required to lift
the exhaust manifold assembly to avoid personal injury.

3. Install the exhaust manifold and ten capscrews.

4. Remove the guide studs, and install the remaining
two capscrews.

NOTE: To aid in future capscrew removal, apply a film of

high temperature anti-seize compound to the
capscrew threads.
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5. Tighten the capscrews in the sequence shown to the
following torque values: '

a. Tighten to 45 Nem [35 ft-Ibs].
b. Tighten to 80 Nem [60 ft-Ibs].

6. Install a new turbocharger mounting gasket and the
turbocharger. Refer to Procedure 3-13.

7. Install the air crossover connection or tube. Refer to
Procedure 3-13. '

8. Qperate the engine to check for leaks and engine
operation.

<

Aftercooler - Replace (3-16)
Remove . ,
% 1. Drain the cooling system. Refer to Procedure 1-06.
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2. Remove the air crossover connection or tube. Refer
to Procedure 3-13.

3. Loosen hose clamps (1), (2}, and (3).

4. Remove the support clamps from the aftercooler trans-
fer tubes (Big Cam IV only).

5. Remove the hose from the aftercooler coolant inlet
and outlet connections.

6. Remove the air compressor air inlet tube. Refer to
Procedure 4-12,

7. Remove the AFC signal tube and any other hoses
which are attached to the aftercooler housing (tur-
bocharger boost pressure, efc.).

8. Removie one mounting capscrew and washer at each
end of the housing.

9. Install a guide stud in each capscrew mounting hole.

NOTE: Two guide studs are required to support the
aftercooler assembly during removal.

Aftercooler - Repla

ce (3-16)

Page 29
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10. Remove the remaining seven mountlng capscrews
@@ and washers.

NOTE: The Big Cam IV aftercooler assembly has three
lower mounting capscrews that use supporting
clamps.

Warning: Because this assembly weighs more than 23
kg [50 Ibs], two people or a hoist will be required. to lift
the aftercooler assembly to avoid personal injury.

11. Remove the aftercooler assembly..
12. Remove the gaskets. o *

Clean and Inspect

NOTE: Do not remove the dssembly capscrews or the studs
from the Big Cam IV aftercooler assembly. Removal
of any of the assembly capscrews can release the
¢lamping load on the aftercooler ~core. If the
capscrews or studs are loosened or removed by

mistake, tighten the capscrews or the studs to 40
Nem [30 ft-Ibs] torque.

Disassemble (Big Cam !ll Only)
@ @ 1. Remove the cociant inlet connection and the gasket.

2. Remove the coolant outlet connectlon and the
gaskets. .
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3. Remove the 24 capscrews and washers which secure
the aftercooler cover to the housing.

. 4. Remove the cover from the core and the housing.'

5. Remove the eight capscrews and washers which
secure the housing to the aftercooler core.

6. Remove the core from the housing.
7. Remove the gaskets and the O-rings.

8. Steam clean the parts, and dry with compressed air.

NOTE: Ctean the aftercooler core with a solvent or chemical
which will not harm copper or aluminum.

9. Visually inspect the parts for cracks or damage.

NOTE: Pressure test the aftercooler core. Refer to Proce-
dure 3-17,

Assemble (Big Cam Ill Only)

1. Lubricate the four new O-rings with clean lubricating
oil. -

2. Install the O-rings on the inlet and the outlet fittings
of the element.

Aftercooler - Replace (3-16)
Page 31
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' 4] 6. Install a new gasket and the water inlet connectionon

Section 3 - Combustion Alr _Sy'steq;_
N

q 3. Install the aﬁercoolér_ element in the héusing.

%p NOTE: The element is precision fitin the hdhsing: Carefully
install the element to prevent damage to it.

pg-b 4. Install the eight cross bolts and the hardened washers.

' 5. Tighten the cross bolts:in the sequence shown to the
following torque values: ‘ :

a. Tighten all capscrews to 20 Nem [15 ft-Ibs] torque.
b. Tighten all capscrews 10 35 Nem [25 fi-Ibs] torque.

1

D the housing. Use your fingers to tighten the
%V capscrews ' ' ’

7. Install a new, gasket and the aftercooler cover to the
housing. Use your fingers to tighten the capscrews.

T

8. Install a new gasket and the wateroutlet connection.
- Use your fingers.to tighten the capscrews.

9. Tighten the water ‘inlet mounting capscrews o 40 ..
Nem [30 ft-Ibs] torque. _ .
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10. Follow the sequence shown, and .tigﬁten the 24 D @ (8) (0 (0 (8 () (o) (w
capscrews which fasten the cover to the housing to J @ O Q O O Q @ ® O () T
—OD '

. 35 Nern [25 ft-Ibs] torque: -

3

g, i S oy S o R S Y )

i %

SN —_— - S Y _0‘-”..

DOODOOO® ®®8E

11. Tighten the water outlet mounting capécrews to 30

Nem [20 ft-bs] torque.

" waltohb

Install , &
1. Install two guide studs in the cylinder heads. %3

Warning: Because this assembly weighs more than 23
kg [50 Ibs], two people or a hoist will be required to lift
the aftercooler assembly to avoid personal injury.

2. Install new gaskets, and install the aftercooler as- db
sembly on the guide studs. %p

3. Install the seven capscrews and washers.

D
4. Remove the guide studs, and install the remaining %‘3
+_two capscrews and washers. .o A

&

NOTE: The Big Cam IV engine requires supporting clamps N\
with the lower three capscrews. The clamps must £\
be installed with the part number facing away from D%V
the afterccoler housing.
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5. Tighten the nine capscrews in the sequence shown

to the following torque values:

a. Big Cam Il aftercooler: 35 Nem [25 ft-Ibs].
b. Big Cam IV unitized aftercooler: 70 Nem [50 ft-Ibs].
NOTE: Use only grade 8 capscrews to mount the unitized

aftercooler.
6 Install the hose on the coolant inlet and the outlet
p)h connections. o '

7. Tighten the hose clamps (1), (2), and (3) to 5 Nem [40
@ in-lbs] torque.

i 8. Inétall the air compressor air inlet tube. Refer to
b).g Procedure 4-12. - . : _

' 9. Install the AFC signal tube and any other hoses which

- are attached to the aftercooler housing (turbocharger

€an boost pressure, etc.).
S -

il

—
[7]

LT

/

T
W ¢

el 10. Install the air crossover connection or tube. Refer to
%‘g‘ Procedure 3-13. -

)y °
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11. Fill the cooling system. Start the engine, and check
for leaks. Refer to Procedure 1-07.

Aftercooler - Pressure Test (3-17)

NOTE: Do not remove the assembly capscrews or the studs
from the Big Cam IV aftercooler assembly. Removal
of any of the assembly capscrews can release the
clamping load on the aftercooler core. (f the
capscrews or the studs are loosened or removed by
mistake, tighten the capscrews or the studs to 40
Nem [30 ft-Ibs] torque.

1. Remove the aftercocler assembly. Refer to Proce-
dure 3-16.

2. Disassemble the Big Cam 1l aftercooler. Refer to
Procedure 3-186.

3. Install- the hose (1), the hose clamps (2), and the solid
pipe plug (3} on the water outlet pipe.

4. Install the hose (4), the hose clarmps (5), and the water
inlet tube (6) on the water inlet pipe.

5. Install the hose (7), the hose clamps (8), and the air
pressure gauge (9).

Aftercooler - Pressure Test (3-17)
Page 35
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6. Connect the air pressure gauge to a regulated air ' !
supply, and apply 276 kPa [40 psi] air pressure.

7. Submerge the core or aftercocler assembly in a tank
of water heated to 80°C [180°F]. .

B. If air bubbles appear, the core is damaged. Replace
the core or aftercooler assembly.

aHatka

9. Remove the core or- aftercooler assembly from the

@ water tank.
<]

10. Remove the test equipment.

[0 B J:’@-ﬁk_x«u

-~ i s Y o
- t_’».; - - Li
- et

)

®

atigama

11. Dry with compressed air.

at1bcva

12. Assemble the Big Cam Il aftercooler. Refer to Pro-

cedure 3-16.
3! 13. Instali the aftercooler assembly. Hefer to Procedure

@ . 3-16.
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Gen_eral Information - (4-0'-1 )

- The compressed air system normally consists of a gear

driven air compressor, an air governor air tanks and all
necessary plumbing. - "

The Cummins single and two cylinder air compressors
are engine driven piston type compressors which supply
compressed air to operate air .activated devices. The

. ‘compressor “runs” continuously but has a "loaded” and
* "unloaded” operating mods. The operating mode is con-

trolled by a pressure activated governor and the com-
pressor unloading assembly. When the air. system
reaches a predetermined pressure, the governor applies
an air signal to the air compressor unloader assembly
causing the unleader valve to hold the compressor intake
valve open and compressed air stops flowing into the a|r
system. As the air in the air system is used, the pressure_

" -drops. At a predetermined pressure the governor ex-

hausts the air signal to the compressor unloader assem-
bly allowing the compressor to agam pump compressed
air.into the air system. ’ .
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Compressed Air System Specifications . (4-02)

- - Single Cylinder Air Compressor
Cylmders ............................................. e e 1
Combressor Capacity @ 1250 RPM....... erererrer et trt e et ———etitete e eearrr e et aaer———s 6.2 L per sec, [13.20 CFM]
PiSton DISPIACEMENT .....ciiiiiiii it e e e 206 C.C. [186 C.1]
BOTE ... ettt see e e e e e re e e enesn s ernenseve s es e ssasasarepenraes s et e rere sttt es e erenaanns 92.08 mm [3.625 in.]
L o) 4= X O S ORI "eerr.44.45 mm [1.750 in.]
7= =T e PPN Engine Speed
L07sTa 1 11 oV PSP PSPPI Engine Coolant
Lubfication........cccoeiiiviieieeceen, e e trebaneree e e nei et Engine Lubricating Qil
Plumbing Line Sizes

Coolant inist and Outlet (Pipe Fitting)......... et eee e 9.53 mm NPTF [0.375 in. NPTF]
Air Inlet (Inside Diameter) ...........cooe i 22.22 mm [0.875 in.]
Air Outlet (Minimum Inside Diameter) ... [ URRN 12.7 mm [0.50 in.]
Height, Overall (ApProXimate)............co..e.eerresreenseons et rarenteneebe et et nbeereraet et et eates 31.1 cm [12.25 in.]
Width, Overall (APPrOXIMALS)............ee.eveeevueserssereonesresnsssaseenes . OOOR 14.6 cm [5.75 in.]
Length, Overall (ApproxXimate) ..........ccooeeivirvimiiiiinniiai e e, O PP 22.9 e¢m [9.00 in.]
‘Weight (Approximate).......... TP e et eeetereereeeeieesiee e sanamasrarsrneeeereereentitreeartrearerrytaanaaeraesaein 18 Kg [40.0 |bs]
. Y Two Cylinder Air Compressor
Cyliridé'rs.'.'.‘;...........: ......................................................................................................................................... 2
Compressor Capacity @ 1250 RPM............... OO 14.2 L per sec. [30.00 CFM]
PISION DISPIACEMENE ... ovvvveeereeerreeeeeseessenesseseseeresnessesneess e e ....876 c.c. [41.3 C.L]
=TT T USSP PPORITUUTPRTRoR < - ¢ B 03] 1 I KXY Ta |
BITOKE 1o ciiiii e et e et e e e ca e ee e et eenneene . 00.8 MM [2.00 in.]
01T [ O OO PP Engine Speed
17T +) 1] o T O DRSSP R USSP USPRRTTN Engine Cooclant
LUBIICRYOMN ... e et eeetreeeeereseees et e eeesaessessae s ees e s eemeetatansanesea s saseetess st et e e etansaretertoneseenenetras Engine Lubricating Oil
Plumbing Line Sizes
Coolant Iniet and Qutlet (Pipe Fitting) .......ccoooiiinniiic i 9.53 mm NPTF [0.375 in. NPTF]
AV INIET (INSIAS DIAMBLEI) -.....eveeeieeeeeeeeerete oo eet et e s s e eeee e teteee e e e e aetteas et st sn e e eneaes 22.22 mm [0.875 in.]

Air Outlet (Minimum Inside DIiameter) ... eeie e e e et e 15.88 mm [0.625 in.]
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Two Cylinder Air Compressor Specifications (Continued)

Height, Overall (Approximaté) ..................... T U 34.3 cm [13.50 in.]

Width, Overall (Approximate) ... e e e e at e 17.8 cm [7.00 in.]

Length, Overall (Approximate) .........coocovniunne. ettt e e ae et et ereeeeere s b aeeenrrnts SR ..28.7 cm [11.30 in.]

WEIGHE (ADDIOXIMELE) ....ce.veoeoveveeeseesseeessssessssseessas b ssstens et seseeeeeeeesesneereas rereeernneneeneren33.5 kg [74.50 Ib.]

NOTE: In applications whare duty cycles averagé 10 percent or more, (refuse trucks, pickup and delivery trucks, transit
buses and equipment with high accessory air usage) or air pressures are above 862 kPa [125 psi], use a
discharge line with a minimum inside diameter of 18.05 MM [0.750 in.] to prevent carbon buildup.

Cbmpressoi' S-'pl;ing Force Specifications

. _ Force Required to Compress
SFrIng Approx. Free Number ‘Wire Measurement
art Spring Length - of ~ Diameter - - Length - Minimum  Maximum
Number Use mm (inch) Coils mm [inch] mm [inch] N [Ib.] N [fb.]
128080 Exhaust Valve 17.02 [0.670] 3.0 2.03 [0.080] 7.11 {0.280] 35.6 46.3
- . 3.63[8.00] 4.72[10.40]
180334 intake Valve 12.70 [0.500] 2.8 1.58 [0.062] 7.11 [0.280] 3.45 489,
) _ 0.25[0.55] 0.50[1.10]
150631 Unioading Valve 41.91 [1.650] 11.5 2.03 [0.080} 24.89 [0.980] 133.4 169.0
(naturally . . . 13.6 [30.00] 17.23[38.00]
aspirated) L
217557 Unloading Valve 41.91 [1.650] 12.0 1.83 [0.072] 24.89 [0.980] 75.6 97.9
(turbocharged up ‘ 7.72 [17.00] 9.98 [22.00]
to 1270 mm Hg Co -
[50.1n Hg)) ) ‘
3003101 Unloading Valve 41.91 [1.650] 10.8 2.89 [0.065] 24.89 [0.980] 53.4 75.6
(all turbocharged : : 5.4 [12.00] 7.72[17.00]
engines}
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Compressed Air System Flow Diagrams - (4-03)
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Service Tools - (4-04)
Part No. ST-544 Valve Seat Puller.

Part No. 3377415 Air Compressor Seat Installation Tool.

3377415

I

Part No. 3377416 Air Compressor Seat Removal Tool.

3377416

Carbon Buudup, Air Compressor -
Check (4-05)"

NOTE: The iilustrations shown will be of the single cylinder
air compressor. Differences in procedures for one
and two cylinder Cummins air compressors will be
shown where necessary. ‘

1. Shut off the engine.

2. Open the draincock on the "wet tank” to release air
pressure from the system.
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3. Remove the air discharge line from the air compres-
sor and the first "wet tank.” : -

I

4. Measure the total carbon deposit thickness inside the
air discharge line as shown.

NOTE: The carbon deposit thickness must not exceed 1.6
mm [1/16 inch).

NOTE: If the total carbon deposit thickness exceeds spec-
ification:

a. Clean or replace. Refer to the manufacturer's ma-
terial specifications. )

Warning: The airdischarge line must be capable of with-
standing extreme heat and pressure to prevent personal
injury and property damage. Refer to the manufacturer’s
specifications.

b. Continue to check for carbon buildup in the air
discharge line connections up to the first or " wet"”
tank. )

c. Clean or replace any fittings with carbon deposits

greaterthan 1.6 mm [0.06 (1/16) inch]. Refer to the
manufacturer's specifications for cleaning or re-
placement instructions.

" Carbon Buildup, Air Compressor - Check (4-05)

@_

Page 7

ID of Carbon Build Up
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d. Remove the air compressor head and valve as-
sembly. Refer to Procedure 4-11.

e. Clean the compressor head and valve assembly
components with solvent and a nohmetallic brush
to remove carbon.

Caution: Do not use a sharp object to remove carbon.
The sealing surfaces may be damaged.

f. Inspect the valve assembly components.

1} Apply a ”bluing” compound to the exhaust
valve seating surface.

2} Install the exhaust valve and check the seating
area. Replace the seat if the contact area is
not 100 percent.

3) Measure the exhaust valve seat height.

4) If the seat height is less than 12.32 mm [0.485
inchj, replace the seat.

- 5) Apply a "bluing” compound to the mtake valve
- seating surfaces.

6) Install the intake valve and check the seating
area. Replace the seat if the contact area is
not 100 percent
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7) Measure the intake valve seat height.. A @
8) If the seat height is less than 6.86 mm [0.270 .
. ' .inch], replace the seat. '

g. Use a valve spring tester to check the intake,
exhaust and unloader valve springs. Replace any

springs that do not meet specifications.

Standard air compressor spring specifications are shown.

Also refer to Procedure 4-02 @ COMPRESSOR $SPRING FORCE SPECIFICATIONS
- = o
] ' Appron. Force Required to Campreas
NOTE: For two cylinder compressors and naturally aspi- @ spona et O Langtn i g
rﬂted single Cylinder Compressors, refer ta Proce' Number Spring Use  mm finch] of Colls  mm [ineh] mm finch] N [Ib] N [Ib|
dure 4-07 for additional unloader spring data. Chart w0 Eewstvane  7G2 30 e mel e
|S also Shown on page 4‘ 180334 Imaks Vaie 12,70 28 1.58 pAL 345 4.89 .
8.500] |o.082} [0280) 1055 - jut0)
150631 Unloading Valee 41,91 s 203 2409 1334 168 0
(naturatly asplraied)  {1.630] [0.680] [ 980] {30.001 138.00)
217557 Untoading Valve EER-1] 120 183 2493 754 #7.9
{lurbeeharged up ko |1 650] [0.072] j0.880] 117.00) (22.00]
1270 mm HG
150 n. Hgl
) J0G3101  Unloading Yale J1.91 10.B 2.89 24.89 53.4 58
(all lurbocharged  [1.660] 10 085] [0.980] [t2no) [17.00]

engines]

h. Visually inspect the intake and the exhaust valves
for cracks or damage.
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i. Measure fhe flatness of the intake and exhaust

valves. Both valves ‘must be. ﬂat within 0.03 mm
[0.001 inch]. -

5. Assembie the air compressor using new gaskets and

O-rings. Refer to Procedure 4-11.
@ 6. Installandtlghtenthealrmlet and outlet connectnons

7. Close the "wet tank” draincock.

8. Operate the engine and check for air leaks:

Gasket Leaks, Air Compressor Check
(4-06)

NOTE: The illustrations shown will be of the single cylinder
air compressor. Differences in procedures for one
and two cylinder Cummins air compressors will be
shown where necessary.

1. Shut off-the engine.

2. Qpen the draincock on the "wet tank” to release air
pressure fromn the system; then close afier pressure
is released.
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3. Operate the engine to activate the air compressor.
4. With the air compressor pumping between 550 to 690

kPa [BO to 100 psi], use a solution of scapy water to .

check for air leaks in the following areas:
a. Air Compressor cover gasket.

b. Unloader body O-ring.

¢. Air Compressor head gasket.

5. If air leaks are found, replace the leaking gasket or
O-ring. Refer to Procedure 4-11.

Air Governor and Compressor
Unloader Valve - Check (4-07)

Air Compressor Will Not Pump

NOTE: The illustrations shown will be of the single cylinder
air compressor. Differences in procedures for one
and two cylinder Cummins air compressors will be
shown where necessary.

1. Remove the air governor or air governor fine from the
air compressor unloader body.

-2..Operate the engine to activate the air compressor.

3. If the air compressor is pumping, the air governor is
malfunctioning and must be repaired or replaced.
Refer to the manufacturer's instructions.

4. If the air compressor does not pump, remove, clean,
and inspect the air compressor valve assembly. Re-
fer to Procedure 4-1Q.

-Air Governor and Compressor Unloader Valve - Check (4-07)

(v N
5T BRT

Page 11
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Page 12

COMPRESSOR SPRING FORCE SPECIFICATIONS

Apprax. Forca Aagulced to Compress
spring Free Wi
Part Lengih  Number Langth Maxi
Number Spring Use mm [inch} of Coils mm [Inch] mm [Inchi N [Ib] N [Ib]
128080 Exhaust Valve 17.02 30 2.03 71 35.8 46.3
earal ©o8y  loEsdl WO (oag)
150334 Inlake Vakve 12.70 25 158 .t 3.45 89
|0 500) [0.062] [0.280] +  [0.54) 11.10]
150631 Unloading Yelve 4141 S 203 2489 133.4 18z0
{naturally aspuratag) 11,650 (0080} @980 {30 NoL {3anm
217857 Unloading Valva 4191 120 1.aa 24,82 756 97.9
frurbocharged up to  {1.650] 16.072] (o360l [17.00 [22 00)
1270 mm HG
{50 m. Hg)}
3003101 Unloading Valva 4181 108 2438 24.89 534 75.8
{all lrbocharged  [1.650] [0.065] [08580)  [1200]  [17.00]

engines)

=
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5. Use a valve spring tester to check the unloader spring.

NOTE: For Cummins two cylinder air compressors, check
both cylinder and the center unloader springs.

6. Refer to the accompanying table for unloader spring
specifications. Also refer to Reference 4-02.

7. Replace the unloader spring if it does not mest the
specifications shown or the wrong spring has been
used. )

NOTE: Chart is also shown on page 4.

NOTE: If the compressor has a "flat hat” unloader valve (1),
it must use Part No. 150631 Unloader Spring.

by
-

1

8. Remove, clean and inspect the air compressor intake
and exhaust valve assemblies including the seats,
valves and springs. Refer to Procedure 4-05.
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9. Assemble the air compressor. Refer to Procedure
4-1i1.

10: COperate the engine and check air compressor oper-
ation with the air governor removed. -

NOTE: Air pressure will increase if the air compressor is
pumping.

NOTE: Do not exceed maximum vehicle air system pres-
sure or 1035 kPa [150 psi] whichever is lower. Refer
to the.manufacturer's specification.

11. Install the air governor or air governor line to the
unloader body and tighten.

Air Governor - Check (4-08)

Air Compressor Pumps Continuously

NOTE: The illustrations shown will be of the single cylinder
air compressor. Differences in procedures for one
and two cylinder Cummins air compressors will be
shown where necessary,

1. Remove the accessory air lines from the air governor
unloader port.

NOTE: Do not disconnect the line from the air compressor
unloader valve.

2. Install pipe plugs in the air governor unioader ports
where accessory air lines were removed.

3. Operate the engine to activate the air compressor.

4. If the air compressor stops pumping (air pressure
stops rising) at the governed air pressure, thera is a
leak in an accessory or an accessory air line. Refer
to the equipment manufacturer’s instructions for trou-
bleshooting and repair.

Air Governor - Check (4-08)
Page 13
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If the air compressor does not stop pumping (air
pressure continues to rise) at the governed air pres-
sure, connect a regulated shop air pressure line to
one of the following:

a. The air compressor unloader valve port.
b. One of the air governor unloader valve ports.

NOTE: Be sure the air pressure gauge is accurate and the

supply lines and fittings-are in good condition before
performing any air pressure checks.

Use a master gauge of known accuracy to check the air
pressure gauge.

Apply 690 kPa [100 psi] air pressure to the unloader
port. ° .

If the air compressor stops pumping' (air pressure
stops rising), the air governor is malfunctioning and

must be repaired or replaced or the air governor

mounting gasket is leaking. Refer to the
manufacturer’'s instructions. e

If the air compiessor continues to pump (air pressure
continues to rise), the unloader valve is malfunction-
ing and must be repaired or replaced. Refer to Pro-
cedure 4-10.

@




Compressed Air System Lubricating Oil Usage, Air Compressor - Check (4-09)
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9. Remove the pipe plugs from the unloader poris used
for accessory air lines. . . @

10. Install and tighten the accessory air lines.
11. Connect the unloader valve.

12. Operate the engine and check for air leaks.

Lubricating Oil Usage, Air Compressor
- Check (4-09)

NOTE: Be sure the air pressure gauge is accurate and the
supply lines and fittings are in good condition before
performing any air pressure checks. Use a master
gauge of known accuracy to check the air pressure
gauge.

NOTE: The illustrations shown will be of the single cylinder
air compressor. Diffarences in procedures for one
and two cylinder Cummins air compressors will be
shown where necessary.

1. Remove the air discharge line from the air compres-
Sor. : @@

2. Use a 690 kPa [100 psi] regulated shop air line to G
apply air pressure to the air governor unioader port. %D
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Y ~NT-855

3. Operate the engine at low idle for 10 minutes with the

air compressor unloaded (shopiair applied to the

unloader port). ,
4, Remove the shop air pressure from the unloader port.

5. Operate the engine at low idle for 10 minutes with a
white cloth over the air compressor discharge port.

6. Remove the white cloth and inspect it for oil contam-
ination.

7. If the cloth indicates more than a trace of grey, the air
compressor is using an excessive amount of oil and
must be replaced. Refer to Procedure 4-12.

8. Install and tighten the air dischérge line.
9. Operate the engine and check for air leaks.

Unloader Valve - Check (4-10)

NOTE: The illustrations shown will bé of the single cylinder

air compressor. Differences in procedures for one
. and two cylinder Cummins air compressors will be
shown where necessary. )

1. Remove the air compressor unloader assembly. Re-
fer to Procedure 4-11.

2. Remove all carbon and varnish from the unloader
valve and body. Refer to Procedure 4-05.

Qo




Compressed Air System
NT-855

3. Visually inspect the unloader valve for deep scratches
or cracks.’

4. Visually inspect the rectangular seal for damage or
incorrect installation.

5. Visually inspect the unloader body O-ring for damage.

NOTE: Replace the O-ring if it is damaged. Determine the
cause for the damage and repair the problem.

6. Assemble the air compressor. Refer to Procedure
4-11. :

7. Operate the engine and check for air leaks.

Unloader Valve - Check (4-10)
Page 17
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Compressed Air System
NT-855 -

Air Compressor, Cylinder Head -
Replace (4-11)

Remove

NOTE: The illustrations shown will be of the single cylinder
air compressor. Differences in procedures for one
and two cylinder Cummins air.compressors will be
shown where necessary. '

NOTE: On Cummins two cylinder air compressdrs, com-
plete the disassembly and assembly steps for the
valve assemblies on both cylinders.

Cautlon The unloader valve body is mstalled with spring
tension.

@@' 1. Hold the unloader valve body down and remove the

two captive washer capscrews and the two plain wash-
ers. ' .

2. Remove the unloader valve body.
3. Remove the O-ring seal. -
4. Remove the rectangular ring seal.

. Remove the unloader valve cap.
..Remove the_unloader valve spring.

~ O

. Remove the intake valve seat and vaive.
8. Remove the intake valve spring.

NOTE: On Cummins two cylinder air compressors, the cen-
ter unloader must be removed as described in steps
2 through 6. : :

9. Remove the capscrews, lockwashers, and plain wash-
ers. ‘

10. Remove the cover and discard the gasket.




Compressed Air System
NT-855

11."Remove the head and discard the gasket. .

12. Hold the head bottom side up and use thumb pres-
- sure to remove the exhaust valve seat assembly.

NOTE: If the exhaust valve seat assembly can not be re-
moved by thumb pressure, use Part No. ST-544
Valve Seat Puller.

NOTE: For $S296 and ST676 model air compressors, a
press and Part No. 3377416 Air Compressor Seat
Removal Tool will be required.

13. Remove the two O-ring seals from the exhaust valve
seat.

14. Remove the exhaust valve,

15. Remove the compression spring and wear plate from
the head.

Install

1. Install the wear plate and compression spring as
shown in the head.

2. Instali the exhaust valve on the exhaust valve seat.

3. Install the small O-ring seal on the seat to hold the
valve in position.

4. Install the large O-ring seal on the seat.
5. Use clean engine oil to lubricate the O-ring seals.

6. Use hand pressure to install the exhaust valve as-
sembly in the head.

NOTE: For SS296 and ST676 model air comprassors, a
press and Part No. 3377415 Air Compressor Seat
Installation Too! will be required.

7. Use new gaskets to install the cylinder head and
cover.

8. Install the flat washers, lockwashers, and capscrews.

Rs

WA
G

Air Compressor, Cylinder Head - Replace (4-11)
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CompAressed Air System
NT-855

NOTE: For Cummins two cylinder air compressors, com-
plete steps 13 through 19 to install the center
unloader valve assembly before the cylinder head
capscrews are tightened. .

9. Tighten the cylinder head capscrews of the single
cylinder compressor in alternating sequence to the
following torque values:

a. 7 Nem [60 in.-Ib]
b. 15 Nem [10 ft-Ib]
c. 20 Nem [15 fi-Ib]
d. 25 Nem [20 ft-Ib]

10. Install the intake valve spring as shown.
11. Install the intake valve. )

12. Install the intake valve seat with the flange side up as
shown. ’

13. Install the unloader valve cap spring.
14. Install the unloader valve cap.

15. Use anti-seize compound to lubricate the outside
diameter of the cap. :

Caution: The rectangular ring seal must be installed
with the grooved side up.

16. Instail the rectangular ring seal as shown.

. 17. Install the QO-ring seal.

18. Use clean engine oil to lubricate the O-ring seal.

Caution: Press the unioading valve body down to be
sure the tangs of the unloader valve cap are in the three
slots of the intake valve seat.

19. Install the unloading valve body.
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NOTE: Tighten the cylinder head capscrews of the Cum-
, mins two cylinder compressor after the unloader

. ' valve body has been installed in the sequence shown
to the following torque values: '

a. 15 Nem [10 ft-Ib]
b. 25 Nem [20 fi-Ib]
c. 40 Nem [30 ft-Ib]

®
Al Q. OX|

N Y \
( (O] - ’a.\‘

N0

~ 20. Hold the unloading body down and install the two G
. plain washers and captive washer capscrews. %V

21. Tighten the ¢apscrews to 15 Nem [120 in-Ib] torque.

Air Compressor - Replace (4-12)

Remove

NOTE: The illustrations shown will be of the single cylinder
air compressor. Differences in procedures for one
and two cylinder Cummins air compressors will be
shown where necessary.

1. Steam clean the air compréssor and dry with com-
pressed air. :

2. Remove the fuel pump. Refer to Precedure 5-07.

3. Drain the engine coolant. Refer to Procedure 1-06.
4. Remove the coolant lines from the air compressor. @@
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Compressed Air System
NT-855

5. Remove the air connections from the air compressor.

6. Remove the air compressor support bracket and
capscrews. : .

7. Remove the four capscrews, the air compressor and
splined coupling.

Inspect

1. Visually lnspect the compressor housrng for cracks or
damage. .

2. Visually mspect the spllned coupling for cracks or
damage.

Install

1. Position the timing mark on the air compressor crank-
shaft at the 12:00 o’clock position.

'2. Position the accessory drive shaft dowel pIF'I at the
2:00 o’clock position as vrewed from the front of the
engine. . .

3. Install the splined coupling on the accessory drive.

4. Be-sure the gasket surfaces of the accessory drive
and air compressor are clean and not damaged.




Compressed Air System
NT-855

5. Use a new gasket to install the air compreséor and G
four capscrews to the accessory drive. %g

6. Tighten the capscrews to 65 Nem [0 ft-Ib] torque.
. 7. Install the air compressor support bracket.
8. Tighten the capscrews to 45 Nem [35 ft-Ib] forque. ng
Q)

Caution: If rubber grommets are used on the coolant
lines, be sure they are installed carefully to prevent cuts
or tears to the grommets which will cause coolant leaks.

€
9. Instal! the coolant and air lines to the air compressor %3
_ and tighten. '

10. Install the fuel pump drive coupling on the- air
compressor.

11. Be sure the gasket surfaces of the air compressor and
fuel pump are clean and not damaged.

12, Use a new gasket to install the fue! pump to the air
compressor.

13. Tighten the capscrews to 45 Nem [35 ft-Ib] torque.

14, Install all fuel tubing to the fuel pump and tighten.
15. Connect the electrical wiring 1o the fuel pump.

Air Compressor - Replace (4-12)
Page 23
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Compressed Air System
NT-855

@ 16. Fill the englne cooling system Flefer to Procedure
1-07. - .

17. Operate the engine and check for leaks. . .
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Fuel System - General Information (5-01)

The PT fuel system is used exclusively on (_3ur'nmins Diesels. - The identifying Iettgrs, "PT", are an abbreviation . '

of “pressure-time.” . o
The PT Fuel System consists of the fuel pump, supply lines, drain lines, fuel paséages, and injectors.

11

. AFC Cavity Drain
. Fuel Rail Pressure Line _ -
. Injector _ -

. Injector Fuel Draih Return
. Fuel Return to Tank

. Fuel Tank Breather

. Fuel Inlet Supply

. Fuel Filter

. Gear Pump Coolant Drain
. Fuel Pump

. Tachometer Drive

© ® N U A BN o

—
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Fuel System Specifications (5-02)
Basic Application Requirements

ENGING IAIB SPEOO c.vvveeoeoervereverseeesonessessasssasssassassrsssssssassssssssssssesssssssssssssssessssnsssassessanssases 650 to 725 RPM
Fuel Inlet Maximum Restriction

Clean FUel FIBr ...ttt s n e r e e e s b n b s re e 100 mm Hg. (4.0 inch Hg.)

Dirty FLIBl Fiar. . ..ot e re e b e re e e e e e st e v e e e nras 200 mm Hg. (8.0 inch Hg.)
Fuel Drain Line Maximum Restriction .

Without Check Valves.............ccoccirnvncisiirnres e e 65 mm Hg. (2.5 inch Hg.)

With Check Valves ........cocc i e 165 mm Hg. (6.5 inch Hg.)
Fuel Check Valve between Fuel Filter and Fuel Pump ‘ : ’

MINIMUM OPENING PrOSSUIE ....cooviivirieeeiarniaenemtemressoaesaaaassererrrearenstarassnrsasaessaessiineenennes 2.1 kPa (0.3 psi)
Fuel Check Valve between Fuel Pump and Cylinder Head

Opening PresSsure. ..o rcviiicee e cnsssnasse e ettt ettt eranees 21 to 55 kPa (3 to 8 psi)
Engine Minimum Cranking SPe8d ... ...ttt ittt be s sbas s e e e e ananna e 150 RPM
Fuel Check Valve in Fuel Drain Line i

Opening Pressure ...........ccciiimiciinec i isane e s s sinnn s sas e e nans 13 to 256 mm Hg. (1/4 to 1/2 psi)
Derate Engine Fuel Rate for High Altitude......................... 4% per 300 M (1000 ft) above 3600 m (12,000 ft.)
Derate Engine Fuel Rate for Hot Weather................... 2% per 11°C Above 38°C (1% per 10° above 100°F)

Shutoff Valve Solencid Coil Resistance in Ohms

T L L 1.72-2.02
2T O O P U O 7.0-8.0
2 - PO 28 - 32
B2VDC ....eoiereucureeeevssese et nsnes s raa st s et Ras s s eSS SRR £ei e bE L d e e b b e enin 49.5 - 56.5
R T P 54.5 - 61.5
A O O OO 105 - 125
1 0 L O USRS 645 - 736
Installation Publications Construcion, Mining, Logging, Agricultura) and

The foliowing publications are available to provide fuel @% | e Insaléad "mﬁiT:::

system installation recommendations approved by Cum-
mins Engine Company, Inc.:

T 1 2 it o o8 1 O b it
cominabon

1. Automotive Installation Recommendations (Fuel Sys-
tem), Bulletin No. 952849.

2. Construction, Mining, Logging, and Agriculture In- ~
stallation Recommendations (Fuel System), Bulletin
No. 3382015.

3. Parts and Service Publications can be purchased
from:

Literature Contro!l Service
10003 Bunsen Way

P. O. Box 99085
Louisville, KY 40299
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< 4. Contact the nearest Cummins authorized repair lo-
cation for engine fuel system specifications and re-

CUMMINS ENGINE COMPANY, INC.
Mresr HTCT-ROFORMULAI - R e e Dvla Stwot: D8- 428

e e quirements provided on the " Engine Data Sheet” for
gy v s LLiC your specific engine and application.
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Overhead Tank Installation Requirements

1. If the fuel filter is lower than the fuel tank, install a
check valye in the filter qutlet fuel line. See the In-
stallation Recommendations. "

2. The check valve on the ocutlet side of the fuel filter
prevents gear pump fuel drainback.

Gl 3. Install a fuel shut off valve between the filter and the
fuel tank. . '
%V _ ank
Warning: If the fuel line shutoff valve is not used, the
overhead tank can drain when the fuel filter is changed.
Spllled fuel is a fire hazard.
G 4. Install a check valve in thé fuel drain line when the
t))-v ~maximum fust level in the fuel tank is even or above
& the fuel drain that is in the cylinder head. install the
valve with the fuel flow arrow toward the fuel tank.
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When the maximum fuel level is above the injector drain,
install the check valve in the fue! line between the fuel
pump and the cylinder head with arrow pointed toward
the ¢ylinder head. ‘

Cautlon: If the fuel line check valves are not used, an
engine cylinder can be filled with fuel. This can cause a
hydraulic lock in the ¢ylinder.

Instail the check valve in the AFC air connection when an
overhead tank is required.

Caution; If the air connection check valve is not in use
and the AFC bellows has a hole, fuel can go up the AFC
air hose and into the cylinders. This can cause a hy-
draulic lock In the cylinder.

qap!
G,

€ '

Fuel System Specifications (5-02)
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Alr Connection Check Valve Installation

1. Install a pipe tee in the AFC air ¢
cover.

onn'ectioﬁ inthe AFC

L3

QY 2 Install the pipe clamp that holds the check valve on

the lower front cover capscrew.

3. Install a No. 4 hose between the tee and the valve.

4. When the engine is operating, a smaill amount of air
{turbocharger pressure) will come out of the bottom
of the valve.

e 5. If the AFC bellows fails, fusl will drain out of the valve.




Section 5 - Fuel System
NT

Fuel Oil Recommendations

Fuel System Specifications (5-02)
Page 7

Cummins diesel engines have been developecl to take advantage of the high energy content and generally lower
cost of No. 2 diesel fuels. A Cummins diesel engine will also operate satisfactorily on No. 1 fuels or other fuels

within the following specifications.

Fuel Oil Recommended 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 -

{Ranshottom ASTM D-524 or

D-189)
Fiash Point
(ASTM D-93)

Density
(ASTM D-287)

Cloud Point
(ASTM D-97)

Active Sulfur-Copper
Strip-Corrosion
{ASTM D-130)

Ash
(ASTM D-482)

Distillation
(ASTM D-86)

1.3 to 5.8 CentiStoke (1.3 to 5.8 mm? per second) at 40°C [104°F].

40 minimum except in cold waather or in service with prolonged low loads,
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.

52°C [125°F] minimum. Certain marine registries requires hugher flash
points.
-1 to 6°C [30 to 42°F] A.P.l. at 16°C [60°F] (0.816 to 0.876 Sp. Gr.)
5.6°C [10°F] below lowest temperature expected to operate.

Not to exceed No. 2 rating after 3 hours at 50°C [122°F].

Not io exceed 0.029% by weight.

. The distillation curve should be smooth and continuous. At ieast 30% of

the fuel should evaporate at less than 360°C [680°F]. All of the fuel should
evaporate at less than 385°C [725°F].
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Fuel System Flow Diagrams (5-03

Fuel Flow Through Fuel Pump

Injector Drive Train

1. Injector

2. Injector Link
3. Rocker Lever
4. Push Rod

5. Cam Follower
6. Camshaft
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PT (Type G) AFC Connection And Adjustment Locations

. Tachometer Drive
. AFC Fuel Return
. AFC Air Supply

. Priming Plug

. Fusl to the Injector

. Shutoff Valve Electric Connection
. Gear Pump Fuel Return

. Fuel Inlet Connection

O 0 NN G ;0 A W=

. Idle Speed Screw Location

-
o]

. Fuel Rate (Pressure) Screw

. Tachometer Drive

. AFC Air Supply

. Fuel to the’lnjectors

. V8 High Speed Screw

. V3 Low (Idle) Speed Screw
. Gear Pump Fusel Return

. Fuel Inlet Connection

. Idle Speed Screw Location

W o~ O ;M A~ W NN -

. Fuel Rate (Pressure) Screw
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Service Tools For Fuel ‘Systemrv(5-04) B

Part No. ST-434 Vacuum. Gauge, consisting of:
» PartNo. ST-434-12 Vacuum Gauge 0-760 mm Mer- .
A cury [0-30 inch Mercury (Hg)]
= Part No. 3375845 Hose Adapter (No. 12 Hose)

* Part No. ST-434-2 Hose Adapter (No. 10 Hose)

Part No. 8T7-434-1 Hose Adapter {(No. 8 Hose). This panrt
is not Iincluded with ST-434, It must. be
ordered separately. -

Fuel Sight Glass =~ . -

~ ®» Part No. ST-998 Sight Glass (No. 10 Hose).

@) t L " - & Part No. 3375362 Sight Glass (No..12 Hose)
‘ * Part No. 3375808 Sight Glass (No. 16 Hose)

IA]
l

,—> Part No. ST-774 Tachomseter

Part No. 3375631 Digital Tachometer




Section 5 - Fuel System

Part No. 3377462 Optical Tachometer

150 in. Ib.]

Tarque wrench

Plastic Container

Part No. ST-753-2 Screwdriver Attachment

Part No. 3375790 Rocker Lever Actuator

Part No. 3375049 Filter Wrench

Part No. 3375044 Torque Wrench Kit- 0 to 17 Nem [0 to <>

Service Tools For Fuel System (5-04)

Page 11

6 Nem
12 N*m
18 N*m
156 In. Lbs.
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* Part No. ST-435-6 Pressure’ Gauge 0-2070 kPa
[0-300 psi] .

¢ Part No. 149837 Close Nipple

* Part No. ST-435-1 Hose .

s Part No. ST-435-8 Male Quick Connect

¢ Part No. ST-435-7 Female Quick Connect

Part No. ST-435 Engine Rail Pressure Gauge

Part No. 3376375 Fuel Measuring Device . *

Gy Part No. 3376506 Remote Starter Switch
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Part No. ST-1273 Pressure Gauge 0-1300 mm Hg [0-75

O in Hg] o : _ - %p

Part No. 3375515 Contro! Pressure Pump (manually ap
regulated) . -

Part No. 3377253 Black Light A
Part No. 3377394 Black Light. %V

Part No. 3375703 Road Speed Governor Piston Instal- 4] ™
lation Sleeve. %‘7
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Proper Use Of Fuel System Gauges

NOTE: To be sure the reading is correct, always remove the
%@ air from the pressure gauge line before taking a
reading.

1. Loosen the connection at the gauge to remove the air.

NOTE: Do not loosen the vacuum gauge connections when
the engine is operating.

N 2. Read the gauge in direct alignment with the gauge
&% hand.

3. Read the flowmeter in direct alignment with the float.
* NOTE: Read the level of the floats where indicated.

N N
[ ]
1 I
] }
| !

%
l.1 IIli;il
IIlllL"ll
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!

I

|

/
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F

L1

A 4. Portable fuel pressure gauges must be checked reg-

ularly against a master gauge or against the gaugeon
the fuel pump test stand. Adjust the valve on the
gauge until the gauge needle stops vibrating.
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5. When measuring the fuel inlet and drain line restric-
fion, the back pressure and vacuum gauges must be
. on the same level as the connection point. ‘

NOTE: Always use the same size and material. of lines or
hoses as was originally supplied with the gauge.

QOversize Hose

The distance from the gauge to the connection point
must be as short as possible. '

Caution: Never exceed the maximum capacity of the
gauge or flowmeter. If the maximum is exceeded, check
the gauge against a master gauge. -
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_Fuel Pump Adjust (5-05)
Idle Speed - Adjust '
2 S > : e 1. To check the engine speed, use the vehicle tachom-
| %/EE\&_ N . eter, Part No. ST-744 Hand Tachometer, Part No.
S I ' 3375631 Digital Tachometer, or Part No. 3377462 .
| ‘ Optical Tachometer. ‘
_ y | 2
\\ =5
A = e

2. The remote starter, Part No. 3376506, can be used to
%V start the engine. The leads are marked for their con-
- nection points. '

/. 3. Adjustthe engine low idle speed between 650 to 725
B _

NOTE: This adjustment is sometimes necessary on a new
engine to compensate for the added engine driven
accessories that are installed by the truck or vehicle

manufacturer.

ot 4, Stop the engine. _
stamr @@ 5. Remove the plug from the spring' pack cover.
R :gb 6. Install the fuel pump idle adjusting tool, Part No.
(A 3375981, in the plug hole.
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7. Operate the engine for 30 seconds at high idle to
remove the air from the fuel system.

a. Make sure the engine is at or above 70°C {160°F}.

b. Adjust the idle speed.

8. Remove the tool and install the plug.

9. Qperate the engine until the RPM is constant and all
of the air is out of the fuel system.

Fuel Pump Adjust (5-05)

Page 17
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10..thgk.the idle éPeeq 'aggin.

@

‘Varlable Speed (VS) Goyerrior Speed Adjust-
ments _ . _ _ '
@@ 1. To adjust the VS idle speed, remove the lock nut and

jam nut from the screw in the rear of the VS cover.
Discard the copper washers.

p%g a. Install a new copper washer and the jam nut.

P b. Start the engine. Hold the VS lever in the idle

‘ : position. Adjust the idle screw to the correct RFM
and tighten the jam nut. S

p%g c. Install a new copper washer and lock nut.

P

Wan 2. To adjust the VS high speed, remove the lock nut and
@@ jam nut from the top screw of the VS cover. Discard
the copper washers. ' ce

t%-g a. Install & néw copparljjrasher and the jam nut.
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b. Start the engine. Hold the VS lever clockwise (in  —
the high speed position). Adjust the screw to the
. correct RPM and tighten the jam nut.

c. Install a new copper washer and the lock nut. (%g

Variable Speed (VS) Governor Idle Spring
Removal

1. Remove the linkage from the VS throttie lever.

2. Remove the following pars:

a. VS housing cover

b. Gasket

¢. Throttle lever plunger

d. High speed spring and the shims
e. Plunger assist spring, if required
f. Spring guide

g. Idle spring

3. Install the following parts:

. Spring guide

. High speed spring and the shims
. Plunger assist spring if required

. Throttle Iever plunger

. New cover gasket

f. VS housing cover

POoOOOTm
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Adjust Road Speed Governor " .
T 1. Remove the air tube to the governor cover.
@@ 2. Remove the expansion: plug from the cover. .

3. Start the engine.

NOTE: The road speed governor controls the engine max-
imum spead when the air is off of the governor.

N 4. Check the engine maximum speed. Adjust the set
N screw to get the correct RPM. -
g

G - 5 Stop the engine.
%'V 6. Install the expansion plug in the cover.

7. install the air tube to the cover.
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Power Check On Dynamometer

1. Make sure the same Control Parts List (CPL) number
is on the fuel pump and the engine dataplate.

2. Find the fuel pump calibration code number on the
fuel pump dataplate and in the Fue! Pump Calibration
Values Manual, Bulletin No. 3379352-01.

NOTE: The ambient air temperature must be 10°-38°C [50°
to 100°F].

3. Record the following specifications from the fuel pump
code:

a. Engine horsepower at rated speed, line No. 3.
, b. Engine fuel kPa [psi] (pressure), line No. 4.
c. Fuel rate (flow) pounds per hour, line No. 7.
d. Intake manifoid pressure mm Hg [in/Hg.] (Boost),
line No. 14.
e. AFC no air kPa [psi], line No. 40.

. If additional engine data is required, refer ta the en-
gine data sheet, available from a Cummins autho-
rized service location. For vehicles with converters,
the stall speed and time are availabie from the equip-
ment manufacturer. ’

Fuel Pump Adjust {5-05)
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Power Check Equipment Installation

Gl 1. Install the engine or unit on an engine dynamometer,
%V chassis dynamometer, or use Part No. 3375710 Drive

Line Dynamometer.

@@ 2. Remove the plug from the fuel pump shutoff valve.

a. Install service tool Part No. 5T-435 Pressure Gauge
‘»p or . _ o |
Ga\r . b. The pressure gauge in the fuel measuring device,
Part No. 3376375, to the shutoff valve,

AR 3. Install the vacuum gauge, Part No. ST-434; in the
%V gear pump inlet line. :

™ 4. Install the pressure gauge; Part No. §T-1273, in the
air compressor air inlet line to measure the ‘turbo-
charger output pressure. o :

N

P T
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5. Install. the-digitai. tachometer, Part No. 3375631, or
equivalent, to the fuel pump tachometer drive.

6. Install the fuel measuring device, Part No. 3376375,
to the engine.

a. The fuel return line from the engine to the fuel
measuring device.

b. The fuel inlet line to the fuel filter inlet.

¢. The return ling from tha device to the tank.

d. The fuel inlet line to the device from the tank
suction line.

Power Check Operation

1. Operate the engine at full throttle with no load to
remove the air from the fuel system.

NOTE: For non-automotive applications, refer to the stall
speed, Procedure 5-19,

2. When the air is out of the systemn, the flow meter in
the fuel measuring device will.not show any air
bubbies. ‘

ap

I

|
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a. Remove the air from the fuel pressure gauge.

3. Operate the engine untilitis at or above 70°C [160°F]
by applying a light load on the dynamometer.

4. Check the accuracy of the vehicie tachometer with the
digital tachometer.

5. When testing’ a chassis dynamometer or Part No.
3375710 Drive Line Dynamometer, operate the unit
in the top gear. .
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6. Operate the engine at full throtile. increase the dy-
namometer load to reduce the engine RPM to the

. _° rated speed.

7. Record the following information:

a. Rated speed
b. Fuel rate in pounds per hour

¢. Turbocharger pressure
d. Engine fuel (rail) pressure
e. Gear pump fuel inlet restriction

NOTE: The maximum fuel (rail) pressure and turbocharger
pressure must occur at rated speed.

@

©®

Fuelr Pump Adjust (5-05)
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g = 8. If the gear pump fuel inlet restriction is high, replace
— . the fuel fiiter. Refer to Procedures 5-08 and 5-15.

Tle ®

.\@

[ 9. If all of thé vélués are within the specifications, the
© engine is praducing the corract horsepower.

o
E Emmm— <=

ﬁ; 128 1300
40 @

< 10. If the values are not within the specifications, refer to

r EYNFTOW: LOW POWER ] the Low Power Troubleshooting Charts.’
Causa Careiion M . .
Yonich Ovmioaded  fereenres Flacucs vanicls loud 6 G lowet DOW.
- .
Lyw Puwer Cxl 1o Alktinis RO -l

Fuat Fin - Crintks fuei it restrichon, Fer to
Fusl Suction Une o Rast R | i in B2,
ax
-
Chack 0800k Eafbrabion and ol
Lubricaring O iaww Too High m:mmppwm_!z?

Fuel Rate - Adjust . '
oY '

1. To raise or lower the engine fuel rate, remove the ball
from the end of the throttle shaft.

a. Use a center punch to mark the ball.
b..Drill 2 4 mm [0.1875 inch] (3/16 inch) hole in the
ball. -

.4—
=
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removza the ball. -

2.'Use an "easy out extractor”or a "slide hammer” to @@

3. Adjust the throttle shaft plunger screw to raise or
lower the fuel rate.

a. Turn the screw in (clockwise) to lower the fuel rate.
b. Turn the screw out to raise the fuel rate.

Caution: Do not turn the plunger out cltoser than 6 mm
[0.250 inch] (1/4 Inch) from the end of the shaft. The fuel
pressure can push the plunger out of the shaft. Spilled
fuel is a fuel hazard.

4. If the maximum flow (1) the fuel pump can be adjusted
to is below the correct value (2), replace the fuel

pump.

A

R

Fuel Pump Adjust {(5-05)
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Minimum
6 mm
(0.25 inch)
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5. After the fuel‘rate is adjusted to the correct value,

b)b install a new ball in the end of the throttle shaft. This

will help to prevent tampering.

AFC No-Air Valve Setting
This adjustment must be made on:
* A chassis dynamometer,

.- * Over the road or

* On off- road vehicles with an automatic transmis-
- 'sion, use'as a time to stall check. :

'~ Refer to-Procediire 5-19.

~
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1. Check the fuel pump code AFC no-air fuel (rail) pres-
~ sure at 1600 RPM. _ L

.

[7 psi] of the no-air pressure setting on the: fuel
pump test stand.

b. The fuel pump test stand no-air values are listed
in the Fuel Pump Calibration Values Manual, Bul-
letin No. 3379352-01, under the fuel pump code
number.

2. Install a rail pressure gauge, Part No. ST-435; to the
shutoff valve.

3. Install a tachometer, Part No. ST-774, 3375631, or
3377462.

¢ 4. Remove the AFC air supply line from the air intake
manifold or the compressor air tube. Install a plug or
a cap in the air manifold hole.

‘a. The pressure on the engine must be within 48 kPa

Fuel Pump Adjugt (5-05)

Fump Code
Daie - Contral Parts Lst
Test KP. @ RPM

Engine Fyel P51

Torgue Rise % Curve
No At Sraprint P31,
Fuel Rate Pound Per Hour
| % Aulo Gov Setimg

e

a187C
JUNBS 0676

392 - 408 @ 2100
172 -

25

2130 - 2150

9 V5. Gov. Setting

10 Mar. Gov Chech R.5M.-Psi
11 Throttie Leaxage - Cc-Pon
§2 Throttie Trave!

2457 - 15

13 laie Speed FSY @ RPM,
14 icle Speed CC @ RPM
15 intake Mt Press In. Hg.

Ps) EPM

AFC PE) - Fion
38 AF.C. Sprng

39 AF.C. No Ar Setng E.F M.
AFL NoAw PSH- Flaw

% @ 500
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5. Operate the engine in the highest possible gear.
a. Remove the air from the pressure gauge supply
tube while the engine is warming to operating
temperature. :

b. Fully depress the accelerator or set the fuel pump
throttle lever wide open. '

c. On a chassis dynamometer, increase the load until
the engine is at the specified (1600) RPM, or

d. On the road, drive the vehicle with the throttle full - 1
open. Apply the vehicie brakes to slow the vehicle
to the specified (1600) RPM. ‘ 1
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e. On off-road equipment, check the manufacturer’s
specifications for the time to accelerate to stall
speed from idle. Refer to Procedure 5-18.

6. Check the AFC no-air rail pressure.

7. f the pressure is not within the specifications, remove
the throttle lever from the fuel pump.

8. Remove the throttle cover plate.
9. Install the throttle lever.

10. Adjust the AFC no-air valve to the correct pressure
with the AFC no air adjustmenttool, PartNo. 3375140.

NOTE: Turn the knurled knob clockwise to lower the pras-
sure.

11. Tighten the lock nut on the AFC no-air valve to 3.4 to
5.1 Nem [30 to 45 in. Ib.] torque.

®

<>

iy
v

Fuel Pump Adjust {5-05)
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1 Pump Cooe 4147-C
2 Date - Control Parte Lis: JUNBS 0676
3 Test HP. @ RPM. 392 - 408 @ 2100
4 Enging Fuef P51 172 - 190
5§ Tarque Rrse % Curve 25 -
6 N A Snaprail F.51
7 Fuel Rate Pound Per Hour -
8 Auto, Gov Setting 2130 - 2150
9 v.5. Gov. Seftng - .
. |10 Max. Gov.Check R.PM -Pst 2457 - 15
1i Throttle Lezkage - Cc-Pph ]10
12 Throttle Travel
13 idle Speed FSL @ REM. @ 500
14 Idle Speed C.C @ RPM. 210 @ 630
15 intake Mg, Press. In. Hg, 46 -
16 Cahpratign P51 (@ RPM. M.
7 AFC F5I- Flow 25 - 182
3B AF.C Spring 179828
39 AF.C No Arr Setting F.2 N, b 1600
4G AF.C. No Ar PS|- Flow 53 - 249

®
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a. Test the engine. Do not exceed the maximum
specification.
b. Remove the throttle lever.

12. Install the throttle shaft cover plate and the throttle
lever.

Caution: Itis illegal to'adlust the fuel pump greater than
the given specifications in the Fuel Pump Calibration
Manual, Bulletin No. 3379352-01.

Injectors - Replace (5-06) .
Remove )

To clean and calibrate the injectors, remove them from
the engine. The injectors must be calibrated on an in-
jector test stand. Refer to the Injector Rebuild Manual,
Bulletin No. 3379071, for the rebuild and calibration pro-
cedures.

1. Remove the rocker lever cover assembly. Refer to .
Procedure 7-02.




NT

Section 5 - Fuel System

2. Loosen the adjusting screw lock nut on each injector
rocker lever. ’

3. Turn out the adjusting screw on each injector rocker
lever.

4. Move the injector push rod to the side. Refer to Pro-
cedure 7-08.

5. Rotate the rocker lever up on each cylinder.
6. Remove the injector link.

7. Remove the two clamp capscrews and the injector
hold down clamp.

Caution: Do not drop or damage the injectoer plunger.

8. Use Part No. 3376497 Injector Puller to remove the
injectors.

a. Take the injectors to a Cummins authorized repair
location.

R

=

@
A

&
<>

Injectors - Replace (5-06)
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9. Use a clean wooden stick with a clean cloth wrapped
around the end to remove all of the carbon from the
injector copper sleeves in the cylinder head.

Cautlon: Do not use anything metal to scrape the in-
jector copper sleeves. '

NOTE: Use ST-1272-11 Chip Removing Unit to remove the
carbon from the top of the piston.

Install _
1. Inspect the three O-rings on each injector for damage.

2. Lubricate the O-rings with lubricating oil just before
installation. ‘ :

4.. Use a clean, blunt instrument to seat ihé injector in
the bore.

Caution: Be sureto place the instrument on the body of

the injector, not on the plunger or link. '
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- a. A "snap” will be heard and felt as the injector is
seated. - N )

5. Install the hold down clamp and capscrews over the

injector body.

6. Tighten the capscrews alternately and evenly, 6 Nem
[60 in-lb] torque one at a time, to a final torque of 16
to 18 Nem [144 to 168 in-b].

7. Install the injector link in each injector.
8. Align the push rod with the injector rocker lever.
Caution: Do not drop the push rods.

,qb

‘Injectors - Replace (5-06)
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Ve 9. Turn the adjusting screw for the injector rocker lever
(%g in until it is properly seated in the push rod socket. I

10. Adjust all crossheads, valves, and injectors. Refer to

Procedure 7-04.

17T

rhiasy
i

(o 11. Install the rocker lever cover. Refer to Procedure 7-02.
ap :
3G

— ] . Fuel Pump - Replace (5-07)
_ ' ~ Remove SR
- 1. Clean the fuel pump and the surrounding area before
LS| pump g.

removing it from the engine.
N 5 .
&
- '[ ! . . -
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3. Remove the wire to-the fuel shutoff valve. -
4. Remove thé linkage from the throttle lever.

5. Remove the fuel tubing-and air hose.

Fuet drain from the cylinder head (1).
Gear pump cooling drain (2).

Gear pump suction line (3).

AFC fuel drain (4).

Fuel supply to the injectors (5).

AFC air supply hose (6).
- Tachometer cable (7).

6. Remove the four capscrews and the fuel pump.

Clean And Inspect

1. Clean the gasket surface of the fuel pump and the air
COMmpressor or accessory drive.

2. Inspect the surfaces for damage.

©

Fuel Pump - Replace (5-07)
Page 37
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- R R

3. Visually inspect.the spider coupling for damage.

sor
1. Install the fuel pump drive spider coupling.

Install The Fuel Pump To The Air Comprés-
QY

2. Use a new gasket to install the fuel pump.

A 3. install the fuel pump mounting capscrews. Tighten
%V the mounting capscrews to'45 Nsm [35 fi-Ib] torque.

Fuel drain from the cylinder head (1).
Gear pump cooling drain {2). !
Gear pump suction line (3).

AFC fuel drain (6).

Fuel supply to the injectors (5).

AFC air supply hose (4).

Tachometer cable (7).




Section 5 - Fuel:System Fuel Pump - Replace (5-07)
NT Page 39

5. Install the electric wire to the fuel shutoff valve.

NOTE: The wire connection nut and the ground post nut s
must be clean and tight. ’ T

6. Install the linkage to the throttle lever.

7. Instail the battery cables.
8. Test the engine and check for leaks.

Install The Fuel Pump On The Accessory
Drive

1. Install the fuel pump drive spiine coupling.

2.’ Use a new gaskst to install the fuel pump. Ay

3. Install the mounting capscrews to the accessory drive.
Tighten the capscrews to 45 Nem [35 ft-Ib] torque. ®
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4. Install the AFC air tube and fuel tubing.

Fuel drain from the cylinder head (1).
Geéar pump cooling drain (2).

Gear pump suction line (3).

AFC fuel drain (6).

Fuel supply to the injectars {5).

AFC air supply hose (4).

Tachometer cable (7).

Install shutoff valve wires.

Install throttle linkage.

5. Install the battery cables.
6. Operate the engine and check for leaks.

Throttle Lever Breakover - Check

- 1. Make sure the throttle linkage is adjusted so the
thrattle lever breaks over 3 to 6 mm {0.125 to 0.250

inch] (1/8 to 1/4 inch) when the lever is in the full

throttle position.

2. The throttle lever stop must contact the rear throttle
stop|screw.

Variable Speed (VS) Throttlé Linkage Adjust-
ment -

1. R_efnove the throttle linkage from the VS throttle lever.

2. Holdthe VS leverin the idle position. Move the linkage
to the idle position.

3. If the lever and the linkage are not aligned, adjust the
linkage. '
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4. Move the VS lever and linkage to the maximum speed
position. '

5. If the lever and the linkage are not aligned, adjust the
linkage.

6. Install the linkage on the lever.

Fuel System Maintenance (5-08)

Fuel Filter - Replace

1. Remove the fuel filter with Part No. 3375049 Filter
Wrench.

2. Use a clean, lint-free towel to clean the filter head
gasket surface.

Fuel System Maintenance (5-08)
Page 41
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3. Apply a light film of clean éngine oil to the filter gasket
surface. '

4, Fill the filter with clean fuel.

5. Install the filter on the filter head. Tighten the filter
until the gasket contacts the filter head surface.

6. Tighten the filtsF an additional ofe-half to three-fourths
(1/2 to 3/4) turn after the gasket contacts the filter
.. head-surface. T e T =

Fuel Hose - Inspect’-- -

1.-Remove the fuel hose.

- 2. Visually inshecrthe inside .of the.hose and the hose

fitting seating surface. :

a. The inner lining of the hose'can separate from the
center hose section.

b. A separation or flap can cause a restriction in the
fuel flow. .
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3. Replace the fuel hose if damage is found.

Fuel Lines - Inspect

1. Check the metal fuel lines for sharp bends which can
cause a pressure restriction.

2. Check for cracks which can cause a pressure loss.

3. If a line(s) is damaged, replace the line(s).

4. Use compressed air to flush the lines to remove any
loose particles. : '

5. Install the fuel lines.

T

Fuel System Maintenan

ce (5-08)
Page 43
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Gear Pump Check Valve - Replace

1. Ifthe check valve.inthe gear pump return elbow stays
open or closed replace the elbow

NOTE: Check the elbow threads. Do ot instali an elbow
that has straight machine threads in a hole that has-

. a pipe tap thread. A gear pump that has & stralght '
- thread will have a 19 mm [3/4:inch] spotface in the
valve area. A gear pump that has.a pipe tap thread
willhave a 16 mm [5/8-inch] spotface or no spotface.

2. Remove the draln line.
3 Remove the check valve elb0w

4. Install the check valve elbow that has machine threads
to the maximum thread depth. Turn the.eibow out
until it is pointed toward the drain liné. Tighten the
jam nut 5.1 to: 5 .6 Nem [45 to 50'in- Ib} torque.

a. Install the check valve elbow that has a pipe thread
until it is tight and pointed toward the drain line.
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5. Install the drain line.

Variable Speed (VS) Governor Leaking
Fuel (5-09) '

VS Governor Adjusting Screws Are Leaking
Fuel '

1. Remove the fock nuts and jam nuts. Discard the
copper washers.

2. Install new copper washers and the lock nuts.

3. Install new copper washers between the jam nuts and
the lock nuts. Install the jam nuts.

4. Check the governor speed adjustments. Refer to Pro-
cedure 5-05. :

Variable Speed (VS) Throttle Shaft Leaking
Fuel

1. Mark the angle of the VS throttle lever on the VS
throttle shaft. Remove the VS throttle lever.

Variable Speed (VS) Governor Leaking Fuel (5-09)
_ Page 45
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2. Aemova the VS spring pack housing cover.

3. Loosen the set screw in the VS throttle stop. -

4. Remove the VS throttle shaft from the cover. Discard
the O-rings. B ' :

5. Remove and discard the shaft dust ssals from the
cover, . .

B. If fuel is leaking between the bushings and the cover,
replace the bushings. ‘

- a. Press the bushings from the'cover. .




.

Section 5 - Fuel System
NT

b. Install the new bushings in the cover. .

7. Install new dust seals in the cover. -

8. Install an O-ring on the shaft near the lever end.

9. Place the throttle stop in the cover.

NOTE: The longest fever of the stop goes toward the rear
adjustment screw. . . :

10. Install the shaft in the cover and through the stop.

11. Push the shaft out of tpe other side of the cover. -

12. Install the other shaft O-ring and bush the shaft back
into the cover. .

Variable Speed (VS) Governor Leaking Fuel (5-09),

I

Page 47
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G| 13. Align the setscrew hole in the stop.with the hole in the
D .
D%V -shaft. :

14. Install the setscrew in'the stop. Tighten the setscrew
to 5 to 7 Nem [50 1o 60 in-Ib] torque.

15, Assemble the cover to the fuel pump with a new

[\ .
%V gas kgt.

&) 16. Align the lever with the mark on the throttle shaft to
(})b install the lever.

17. Tighten the lever retaining nut to secure the lever to
the shaft.

~—. Fuel Shutoff Valve (5-10)
Manual Control- '

1. To startthe engine, in case of an electrical failure, turn
the knob on the shutoff valve clockwise to open the
valve. ’

2. To stop the engine, turn the shutoff valve knob
counterclockwise.
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Inspect

1. Most of the shutoff valves are internally grounded. If Jan
. the valve has a long post and a short post, the short
i post is internally grounded. . .

2. Make sure all of the wire connection nuis are tight,
whether a wire is attached or not.

3. Use a wire brush to clean the corroded coil terminals.

4. Make sure the shutoff valve coil is the correct voltage.

a. The coil voitage and part number are cast into the
terminal connection end of the coil. '
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5. Check the voltage to the coil with a volt-chm meter.

FUEL SYSTEM SFEGIFIGATIONS 502 @ _6. The coil. resistance is listed on-'the specifications
BASIC APPLICATION REQUIREMENTS sheet. Refer to Reference 5-02. | :
Engine hoe Spesd. BX Wk 722 RPM ) . S -
Fust knim Maximum Rermicron
Cuman Fugt Fitp weee 102 mm Hp. {4.0 10 Hp)
Dirty Fuat Filter. 208 mm kg, 3.0 inch Hg)
Fuel Deain Ling Muximum Restriction o .
WhROUT Chack Vaked, - B4 mm Hg. 2.5 Inoh HE.)
Wih Check Vaves 1EE M HD. 8.6 inen HQ)
Fust Check Valva between Fuet Filler and Fusl Fump ., R
Minmum Opaning Fraasurs 21%Pa £.3 pol
Fusd Chack Valve batwasr Fusl Pump and Cylindsr Haad .
Oparing Presaurs. e 110 BS kPa (3 10 B il
Engine Micimum Cranking Speed . ;150 APK
Fued Cnock Valve & Fuil Drid Lise . . -
Cpaning Prassurs ’ 1310 25 mm He {14 10 12 ool
Davaln Enginm Fus! Aate for High ARHULS. ..o cocoree e 4% g 300 M (1000 1) abovs: 3500 1 12,000 &)
Dorats Eging L RUDS 1o Hot WeRer.. .o 236 par 117C ALOVS TG {11 par 10% abows 150%F)
Shuneff Vaivs Scisncid Call Aaaipiancs in Chrom . .
L RE B
1AM I L To-20

7. Make sure the coil wires are not connected before
@] checking the coil resistance.

‘p 8. Check the coil resistance with a volt-ohm meter.

a. Replace the coil if the resistance does not meet the’
A specifications. -

Fuel Pump - Flow Check, Prime And .
Rotation (5-11) T
Fuel Flow After The Fuel Pump - Check

1. Loosen the fuel line at the shutoff valve while the
engine is cranking. If fuel does not come out of the
connection, the pump must be primed.

| &Re
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Fuel Pump - Prime
1. To reduce engine cranking time, prime the fuel pump.

NOTE: If the fuel pump is dirty, clean the outside of the
pump.

2. Remave the plug from the top of the housing.
3. Fill the housing with clean fuel oil.

4. Tighten the plug to 30 Nem [20 ft. ib] torque.

5. If the priming plug is hard to remove or the fuel pump
is a VS type, remove the fuel supply hose to the gear
pump.

6. Fill the gear pump with clean engine lubricating oil.

Fuel Pump - Flow Check, Prime And Rotation (5-11)
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7. Install the supply hose to the gear pump.

Fuel Pump - Rotation Check " - .
1. Remove the tachometer drive cable from the fuel

2. Crank the engine ana makéiéure the tachometer drive
shaft is turning.

3. If the tachometer drive shaft rotates, check the gear
pump for rotation.- -, - . S

a. Remove the fuel supply-hose at the gear;pump.

——— . A . o e e
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b. Look into the gear pump and crank the engine. The
gear pump gears must turn.

pump. Refer to Procedure 5-07. .-

4. If the tac,hométer drive shaft does.not turn, remove
the fuel pump. Refer to Procedure 5-07.

_a.'Craihk the ‘enginke and check the air compressor
| crankshaft orthe accessory drive shaft for rotation.

b. If the air compressor or accessory drive shaft does
not turn, refer to Procedure 7-28.

: c. If the shaft tij'rn's, the fuel pump is damaged. and
' must be replaced. Refer to Procedure 5-07.

Air Leaks (5-12). _
Air Leak In Fuel Suction Line - Check Gear
Pump Drain LoD -

1. Remove the gear pump cooling drain line from the
check valve and plug the line.

2. Install a hose on the check valve and place the other
end of the hose in a container.

<
¢. Ifthe gear pump gears do not turn, replace the fuel @@

Air Leaks (5-12)
Page 53
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. 3. Operate the enginé at high idle with no load. f
High idle .
1
—— T 4. If air is in the fuel pu'nip suction line, 'bubbles will be
@ T in the fuel. Place the end of the hose below the sur-
— - face of the fuel. - _

a. Tighten the hose connections and fuel filter.
b. Check the drop tube in the fuel tank for damage.

c¢. Remove the road speed govérnor air supply tube,
@@ if equipped. . o
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d. Correct the air leak and test again for other leaks.

‘5. Remove the hose from:he check valve and the plug
from the cooling drain line. ~. - - e

6. Install the drain line on the check valve.

Air Leak In Fuel Suction Line - Check With
ST-998 , L . .

1. Remove the fuel suction line.

2. Instal! a sight glass, Part No. ST-898, in the line.

3. Operate the engine at high idle with no load.
NOTE: A small air leak will have a "milky” appearance.
NOTE: A large air leak will look like bubbles in the fuel.

4. If an air leak is found, visually. inspect the fuel lines
and fittings for damage. Check for loose connections.

5. Replace the damaged lines or tighten the loose
connections,

s

G
23V

Air Leaks (5-12)
Page 55
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6. Remove the sight glass and install the suction hose.
7. Test the engine again for other fuel leaks.

Air Leak In Fuel Pump - Check

1. Operate the engine to create pressure in the fuel
lines. -

2. Loosen the fuel outlet line at the shutoff valve to
remove the a?r from the fuel pump.

3. If the air flow continues, remove and repair the fuel
pump. Refer to Procedure 5-07. ,

Air Leak In Road Speed Governor - Repair
1. Remove the air tube.
2. Remove the road speed governor cover.

@
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3. Remove the piston from the cover. . _ @

4, Remove the T-ring seal and the backup rings from the
piston. Discard the seal and backup rings.

5. Install a new T-ring seal and backup rings on the
piston. ())-D

6. Slide the piston into the piston installation tool, Part
No. 3375703. :

7. Insert the installation tool with the piston, into the 1
cover. SB
i

8. Push the piston into the cover. '

9. Remove the instailation tool from the cover. -
10. Use a new gasket and install the cover to the fuel @Q B
pump. . (]

. . D)D |
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n 1 Install the air tube.
%p 12. Test the engine again for other fuel leaks.

% Air Leak In AFC - Check-

1. Remove the AFC air inlet line from the air intake

Ay ‘manifold. :
t%‘J 2. Install the pressure pump, Part No. 3375615, to the
line.

a. If the pressure pump is not available, install a
regulated air pressure hose, with a shutoff valve,
to the line.

supply line. .

. 3. Apply 170-kPa [25 psi] air pressure to the AFC air
NOTE: If shop air is in use, close the shutoff valve.

4. If the pressure drops.any within 10 .seconds, check
T ,the line and connections for leaks.

' - 5. Replace the line or tighten the connebtions if a leak

(%3 is found.
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.6: If the pressure drops and the line and connéctions do
not leak, remove the AFC fuel return line from the top

. of the fuel pump.
7. Apply 170 kPa [25 psi] to the AFC air supply line.
8. When the AFC bellows moves, a puff of air or a small

amount of fuel will come out of the top of the fuel
pump.

9. iIf the air or fuel does not come out of the top of the
fuel pump and the pressure does not drop, the check
valve connection in the AFC cover plate can have a
restriction.

10. Remove and clean or replace the check valve.

11. If the air flow is continuocus from the top of the fuel
pump, the AFC bellows is defective.

12. Replace the fuel pump. Refer to Procedure 5-07.

2)/

Air Leaks (5-12)
Page 59
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“the AFC air tube on the intake mamfold

@ 13. Remove the pressure pump or shop.air line andiinstall

Cylinder Misfire (5-13). - =
Locate ' L
' 1. Remove the rocker lever cover Hefer to Procedure
@@ 7:02. .
< 2. Operate the engine until it is up to 70°C [160°F]. ’
Gl 3. Install Part No. ST-1193 Rocker Lever Actuator onan

%p injector rocker lever.

4. Hold the injector plunger down while, the engine is
T running at low idlé. This will stop t the fuel flow to that_
1njector

“a. lf the englne RPM decreases when an |njector
plunger is held down, the |njector is good

5. If the engme RPM does not decrease; replace the
@' defective injector; -Refer-to Procedure 5 06:
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Engine Oil-Dilution By Fuel Oil (5-14)

. _ Black Light Procedure - Check

1. Use a black light, Part No. 3377253 or 3377394, it it
is available. Refer to the black light operating instruc-
tions. If a black light is not availabls, see "Fuel Pas-
sages Pressurize.” -

2. Operate the engine at idle speed.

3. Use the black light to find fuel leaks from inside or
around the injector.

NOTE: Fue! will have a "milky” appearance in the lubricai-
ing oil.

4. If the leakage is around the cutside of the-injector,
check the top injector O-ring for damage.

a. Remove the injector and replace all three O-rings.

5. Check for leakage from the inside of the injector
adapter. Replace the injector if it is leaking more than
one bubble every five (5) seconds. Refer to Proce-
dure 5-06.

Fuel Passages - Pressurize

1. Remove the injector drain and install a cap in the drain
connection.

Engine Oil Dilution By Fuel Oil (5-14)

Page 61
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2. Tighten all of the injector adjusting screws to 7 Nem
® [60 in-Ibs] torque. The plunger must bottom in the
cup. ' T

Caution: To prevent damage, do not rotate or operate
the engine during this procedure. -

3. Remove the fuel supply line from the cylinder head
and install’ a regulated air line. '

4. Adjust the air pressure to 205 kPa [30 psil.

5. If the injector O-rings are leaking, air bubbles will
appear around-the outside of the injector. _
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6. Remove the injector and replace the leaking |njector
O-rings. Refer to Procedure 5-06.

'y
.._

7. Check for leakage through the inside of the injector
adapter. Replace the injector if it is Ieaklng Refer to
Procedure 5-06.

8. Remove the air line and install the fuel supply line.

9. Remove the cap from the injector drain connection
and install the injector drain line.

Ja%e

<=

<

Engline Oil Dilution By Fuel Qil (5-14)
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10. Loosen the injector adjusting screws and adjust the

€
D injectors, Refer to Procedure 7-04.

&

Fuel Line Restriction (5-15)

Fuel Supply Line Restriction - Check

Eg@ 1. Remove the fuel supply hose to the gear pump or the
piug from the rear of the fuel pump mounted fuel filter
Gy and install the vacuum gauge, Part No. ST-434.

2. Hold the gauge at the same level as the gear pump.

o
NOTE: The gauge will not measure the correct vacuum if
the gauge is not held at the same level as the gear

pump.

3. Operate the engine at rated RPMand full load. Refer
to Procedure 5-05. : .
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4. Observe the reading on the gauge. ‘
NOTE: The maximum fuel inlet restriction is as follows:
a. Clean fuel filter is 100 mm, Hg. [4 in. Hg.].

b. Dirty fuel filter is 200 mm, Hg. [8 in. Hg.].

5. Correct the restriction or replace the fuel filter. Refer
to Procedure 5-08.

Fuel Drain Line Restriction - Check

1. Remove the fuel drain line and install the pressure
gauge, Part No. ST-1273.

a. Use the hose adapters from Part No. 8T-434 to
connect the pressure gauge hose.

2. Operate the engine at rated RPM and full load. Refer
to Procedure 5-05.

NOTE: Make sure the drain line does not have any loops or
is not crimped. .

&)

<=

Fuel Line Restriction (5-15)
Page &5

100 mm HG‘\
4 in. HG].
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65 mm HG.
J[2.5 in. HGJ1
il

3. Observe the reading on the gauge. Hold the gauge at
&) - the same level as the connection.

NOTE: The maximum drain line restriction is as follows:
Without Check Valves - - With Check Valves

65 mm Hg. . 165 mm Hg
[2.5n. Hg.) " [6.5 in. Hg.}

4. If the restriction is above the specifications, remove
- the fue| tank fill cap and check again.

R

5. If the restriction is below the specifications when the
@ cap is removed, raplace the tank vents.

6. If the restriction is stifl above the specifications, in-
spect the drain lines.

e Fuel Consumption Check (5-16)

Refer to the fuel consumption check list sheets in the
back of this chapter.

The most accurate method to check the fuel consumption
is to weigh the fuel used.
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1. Install a remote fuel tank (1) with enough ¢

run 80 kilometers [50 miles].

apacity to

2. Fill the fuel tank. Weigh the tank with the fuel. The

weight of No. 2 diesel fuel is nominally 0.844 kg per
liter [7.03 pounds per gallon].

NOTE: Use a scale capable of measuring within 0.045 kg

[0.1 Ib.] to weigh the fuel tank.

3. Measure the distance traveled with an accurate odom-
eter. The odometer accuracy can be checked by us-

ing measured miles, or kilometers.

4. After traveling the route, weigh the fuel remaining,
and compute the fuel used in litres [gallons] as

required.

5. Compute the kilometers per litre or miles per gallon.

@

T

Fuel Consumption Check (5-16)
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Liter
Weight .
0.843 — Liters

<| Weight

D o

703 = Gallons
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Liters

= MPG

= KPL
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6. In addition to the measurement of the fuel used, the

following factors provide points-for running the rec-
ognized Type |l Society of Automotive Engineers Test. .

Type ll
Fuel Test
SAE
RCCC -
ATA

' Kil 7. Perform the test with the test vehicle and a-control
0.80 !': gﬂq:eters vehicle. The conirol vehicle compensates for changes
0. les .

in traffic conditions:

8. The vehicles must stay ciose together to expenence
the same varying traffic and weather conditions but
not so close as to affect each other.

- — .9 Thetest course must be 65 to 80 kﬂometers [40to 50
Control Test o miles] iong. :

1 g

65 to 80 Kilometers
(40'to 50 Miles) .

Test Control 10. glt::amtgsth ;otuetset and truck welghts must not 'change
Vehicle ' Vehicle - :
P/J Seal ||| - Seal
BE I o]
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11. All of the test results are based on’cof‘npérmg the fuel -
used by the test truck to the fue!l used by the control

. s truck

i |
: 'Ailﬂ o D — Lr_“fﬂ m 1]
= =5

Gallons ; Gallons
Used V5 ' Used

12. Drive the truck on a "warm up” test run. Drive enough
-tests to achieve:

a. Difference in elapsed time between each test run

can only be plus or minus 0.5 percent. This would

be + 15 seconds on 80 kilometers [50 miles). + 15 Seconds

80 Kilometers
[50 Miles]
b. The fuel usage of the test truck between test drives
must fall within a 2 percent range, (6 mpg vs 6.12
mpg).
¢. The same range also applies between drives of the
control truck.” - ) Kilometers per Litre
NOTE: The differences in traffic and driving practices can or Miles per Ga_llon
" make the test drive fall out of the 2 percent range. must be within

+ 2%

13. A minimum of three test drives that meet these con-
ditions make & valid test. A smgle test drive is
unreliable. ;

3 Hour * 18.00 Gal.

. 3 Hour © 18.36 Gal.
| '+ 46 Sec. + 2%

An Example Test
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Control Truck 14. Use the same, experienced drivers for all of the tests.

R a. The vehicle speeds should be 're'pregentative ofa
typical operation.

15. During the test, record the following:

.
. * Ambient temperature
* Humidity .
's Barometric pressure

* Wind velocity
Humidity ¢ Wind direction

NOTE: Avoid testing under any extreme conditions.

Wind

Velocity Barometer

16. An alternate method of measuring fuel used is as
© follows: . -

a. Drain the fuel tank.
b. Add a measured amount of fuel to the tank.

tainer and subtract from the amount added in step
b. ’

¢. After the test, drain the tank into a— calibrated con-
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Low Power Check (5-17) -

A complaint of Low Power is not sufficient to correct a
problem unless a necessary and time-consuming inves-
tigation is made. '

Refer to the Driveability - Low Power Check List in the
rear of this Section.

Ask the Operator:
1. Low power on level road?

2. Low power bphiu?

3. Low power after a shift? -
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4. Low ﬁower or hesitation at bottom of hill after coasting?
|

5. Are you sure the fuel system is at fault or something

olso?

6. Before an'y disassembly, refer to the Low Power Trou-
[ ST Lo POWER ] < bleshooting Chart and the Low Power Check List on
Cuirnm Cortection . -‘ ' I page 83- _ . . ,

Atduca vahicio load or u3e fower gear.

i

BN Abeve 3500 Miter (12000
Low Powar Dumio ANlude  [+=0" fowl]. Fefer o page B3

e

Fud Soction Linear Flal Fillar s eees ek el oo Feler 1o

oK
-

Chack 4ipstos CaNLAEEON £0d o pan cw-
Lobriosiing OG Leval Too Hgh - Pty 0 P 2-24 rid 2. B

- @ 7. The checks will confirm the complaint and determine
DRIVEABILITY - LOW POWER CHERXLIST whether. it is the fuel system or something else.

Fusl Pump Coge Fusi Pump SN Miwsge . trgne BN

ois Enging Made! Engina Asiing

Typheal GVW o Culitorer :

Miwage When Complaint Started ____ ___ Mfer Aegair x Ve Ng)

What Repair '

Guaiomar Compisin:
A - Gompared lo Flast B - Compared Ta Comgation G - Campared 1o Frevious. Engine
0 - Farpona! Expoctaon E - Gui Paxa®d an Kl F - Gt Eadyod on Finl

x Won't Pull (v After Shi  z Befors Shif - what APM ) - ABCDE

4 Can Not Gat ko Expacied Road Speac (wWhat Theomie end Load _, ) ABCDEF

2 Hesmalion Alef Long Deceiscaian/Cosatng (Whet RPM ) ABCD

2 InsuMiglent Power Ta St Fram a Stop . ABCD

' Paor Fusi Economy (Fusl Miyago _____ EXpecisd ) ABCD
Additonal Commenty ABCD
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Throttle Response Time By Road Test
(5-18) :

Sea Procedure 5-19 for off-road vehicles.

1. Remove the plug and install the fuel pressure gauge,
Part No. ST-435, in the fue! shutoff valve.

NOTE: Make sure to use the line, Part No. ST-435-1, fur-

nished with the gauge. A stop watch is used with this
test.

2. Remove the vehicle tachometer drive and install the
digital tachometer, Part No. 3375831, on the fuel @@

v | . 5|
£, : ~K =
3 5 \\J
|

3. Operate the engine until itis at or above 70°C [160°F].

WATER
TEMP

NOTE: The torque peak speed is usually the number one
check point of the fuel pump calibration code.

ATATC
JUNEBS 0676
192 - A08 @ 2100

5

2130 - 2150
2457 « 15

110

3 a0
zm% €20
45 - 54

K 505
18 Chech Poist (1) PS5 @ RFM. N7 - 125 @ 1300 --—
19 Check Fomt Flow 401
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High Range @

High Gear
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4. Make sure to remove all of air from the gauge and

%P hose.

5. Drive the truck down a leve! road with a loaded trailer.

6. Drive the truck in high ‘or top gear and above the
torque peak speed to establish a target rail pressure.

7.Engagethe semce brakes and putthe throttle in wide

' open posmon
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8. Watch the engine RPM and the engine fuel pressure
gauge for the torque peak reference points,

a. Record the torque peak fuel rail pressure.
b. Idle the engine.
c. Release the service brakes.

9. Multiply the fuel pressure times 85 percent to get the
target rail pressure for the throttle response test.

Example: 90 psi at 1300 RPM.
90 X .85 = 76 psi at 1300 RPM.

10. Drive the truck in the top gear and above the torque
peak speed.

11. Remove foot from the throttle and coast 10 to 30
seconds to the torque peak RPM.

|

Throttle Response Time By Road Test (5-18)

Page 75
Torque Fuel Record
Peak Pressure Data

Fuel Pressure x 85%
= Target Rail Pressure -

90 psi x .85 = 76 psi

High Range @

High Gear
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12: Accelerate the throttle to the wide open position and
use a stop watch to check the time.

13.-When the engine reaches target rail pressure, stop
the stop watch.

14. The acceptable reeponse time range is 3.5 seconds
or less on engines built after January 1, 1984.

NOTE: The specifications are not available for engines built
before January 1, 1984,

15. If the response time is over 3.5 seconds, refer to the
"Throttle Response Slow" troubleshogting chart.

Englne Stall Speed And Time Check
(5-19)

Converter Transmissiohs Stall Speed Check

1. The stall speed is the engine speed (RPM) obtained
at full throttle when the converter output shaft is
locked.

a. The vehicle brakes may not hold an electronically .
controlied transmission.

Caution: Donotexceed 120°C [250°F] converter oiltem-
perature. If the oil temperature exceeds 120°C [250°F],
put the transmission in neutral and operate the engine
until the oil temperature is below 120°C [250°F]. Check
the converter oil Ievel
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2. The following equipment is needed for this check:

s Stop watch _
* Digital tachometer, Part No. 3375631, or a hand
held optical tachometer, Part No. ST-3377462.

* Equipment manufacturer’s stall speed and time to

stall specifications '

3. Install the tachometer on the fuel pump.

4. Place the gear selector in the highest gear or fuill
forward.

5. Make sure the vehicle has good brakes and air pres-
sure in the brake system.

a. The brakes must prevent the vehicle from moving
when the engine is at fuli throttle.

b. Engage the vehicle brakes or Keep the vehicle from
maoving.

Engine Stall Speed And Time Check (5-19)
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6. Operate the engine until-it is up to 70°C [160°F] and

80° C . ;
the converter temperature is 80°C [180°F] or above.
(180° F) N P [180°F]
WATER
TEMP
7. Bring the engine speed back to low idle. .

8. Quickly move the throttle to the fuli open position.

Caution: Do not exceed 120°C [250°F] converter oil
A temperature.

i d M) at the point of stail.
Run 1 Aun 2 Run 3 ® Check the engine speed (RPM) . ‘he poi :
a. Always hold the speed until it is stable.

b. Take several readings. Make sure the reading is
accurate. ' '
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" 8. Check the stall speed (RPM) against the. specifica-
- tions that are for the equipment, converter, or auto-
matic transmission.

NOTE: The stall speed for the engine and
converter/transmission can vary +8% from the
manufacturer's specifications.

10. If the stall speed is not within the specifications, refer
to the Stall Speed Check List. Refer to page 81.

11. Check the equipment manufacturer’s troubleshoot-
ing procedures for other reasons for stall speed
probiems.

12.-Adjust the throttle shaft plunger screw, if necessary,
to change the stali speed. Refer to Procedure 5-05.

Time To Stall Or Acceleration Time Check
1. Perform steps 1 through 9 under ¢ Stall Speed Check.”
2. Calculate the engine stall speed.-
Example: Stall speed 2089, (2089 .90 = 1880 RPM).

Engine Stall Speed And Time Check (5-19)

Page 79
Specificasions
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3. Quickly move the throttle to the full open position and
start the stop w_atch at the same time.

4. When the engine speed is 90% of the stall speed
RPM, stop the stop watch. . :

NOTE: The type of unit and the stall speed RPM can make
the stall speed time a maximum of 10 seconds.

5. Check the equipment manufacturer’s specifications
for the time to stall or the acceleration time.

6. If the time is excessive, check the fuel pump AFC for
an air leak. Refer to Procedure 5-12 and the Stall

Speed Time Check List on page 81.
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Stall Speed Check List
Page 81

Stall Speed Check List

. if The Stall Speed Is Too Low, Check The Following:

L S o

10.
1.

12.

13.
. 14.
15.
16.

17.

18.

19.

Yes

RN

No

AR

LT

The tachometer is in error.

The engine is up to or above 70°C [160°F].

The converter oil is up to temperature 80°C [180°F] minimum.

The stall has been held long enough for the engine to accelerate to full power.
The match curve stall speed was recorded correctly.

The converter oil is to the converter manufacturer’'s recommendation. (SAE 30 instead
of SAE 10 for instance.)

The engine driven accessory power requirements exceed 10 percent of the gross
engine power. Check for abnormal accessory horsepower losses such as hydraulic
pumps, large fans, oversize compressors, etc. Either remove the accessory or accu-
rately determine the power requirement and adjust accordingly.

The AFC (Air Fuel Control) is properly adjusted.
The unit is operating at an altitude high enough to affect the engine power.
The converter charging pressure is correct.

The tailshaft governor is interfering with and preventing a full throttle opening. (Discon-
nect the tailshaft governor.)

The converter blading is interfering or in a stage of failure. Check the sump or filter for
metal particles.

The converter stators are free-wheeling instead of locking up.

The engine is set for power other than that specified on the power curve.
The converter is wrong, due to improper build or rebuild of unit.

The converter is performing to the published absorption curve.

The engine and converter match is correct. Check the engine and converter models for
the proper match.

The engine is matched to too largs a converter. (If this condition is believed to exist,
please report the engine-converter-accessory infarmation to the Factory.)

The engine power is down. (The engine torque rise couid be lass than shown on the
standard engine curve.) See the fuel setting adjustments and the turbocharger air
manifold pressure check.

Itis sometimes easier to change the engine fuel rate than to determine the true cause for low stall speed,
but the customer ends up with an over-fueled engine which will also negatively affect durability. Do not
increase the fuel rate as a "cure-all.”
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If The Stall Speed Is Too. ngh Check The Following: -

9.
10.

. Yes -

1
'/ H

~ No

The engine is high in power
The tachometer is in error.

The accessory power requwements are less than 10 percent of the gross engrne

‘ power.

Section 5 - Fuel System
‘ NT

. The converter oil is aeratlng {foaming) - check for low oil level, air leaks in suction line,

oil does not contain a foam inhibitor, or suction screen or filter. (Should be accompa-

nied by a noticeable loss of machine performance )

The converter is being held at full stall. Check for a shppmg front disconnact clittch or
_a rotating output shafi. On.the converter—transmlssmn package, this may be impossibie

to check.

* The' converter turbine element is beglnnlng to ‘fail and Iosrng blades or the converter

was originally built with the wrong size element

.

The engine and converter:match. is correct (Due 10 a revision in the engine ratlng or:

the converter performance.)

On the transmrssron-converter units with 0|I sump in the transmlssmn if the oif level i IS
too high, it may cause severe aeration due to parts dipping in the oil:

The converter is performing to:the published absorption curve.
- The converter charging pressure is correct.

[N

-

+

The reasons for abnormal stall speeds listed above are some WhICh have been encountered by Cummins
representatlves and probably do not include all possible causes. The correction of the problem is either covered
in the vehicle service manual, the converter service manual, or is self-explanatory.’
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Driveability - Low Power Check List

FuelPumpCode ______ FuelPumpSN ____ Mileage ___________ Engine SN

DIS Engine Model Engine Rating

Typical GVW Customer

Mileage When Complaint Started (After Repair = Yes © No)

What Repair

Customer Complaint:
A - Compared to Fleet B - Compared To Competition C - Compared to Previous Engine
D - Personal Expectation E - Get Passed on Hill F - Get Passed on Flat

o Won't Pull (= After Shift © Before Shift - What RPM __) ABCDE

o Can Not Get to Expected Road Speed (What Throttle and Load ______ ) ABCDEF

o Hesitation After Long Deceleration/Coasting (What RPM _____) ABCD

o Insufficient Power To Start From a Stop ABCD

o Poor Fuel Economy (Fuel Mileage Expected )| ABCD
Additional Comments ABCD

Truck Specifications

Tractor Year/Typse/Model Trailer Type and Size

Transmission (RT14609, etc.) Rear Axle Ratio

Tires (11R X 24.5, Low Profile, etc.) :

Thermatic Fan Drive _ o Yes o No Air Conditioner o Yes o No

Power Steering o Yes o No Air Shield o Yes a No

Typical Terrain - Flat, Hilty, % Asphalt, % Concrete, Cruise Speed

Possible Chassis Related items

Tank Vents Obvious Fuel Leaks

Brake Drag Axle Alignment

This Page Can Be Copled For Your Convenience.
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Engine Factors (Use Dynamometer Sheet Included Below)

Air Inlet Restriction ___-{Spec:- 25" Water, 1.8 Hg. @ Rated Speeci & Load).

Exhaust Restriction (Spec: 40" Water, 3" Hg. @ Rated Speed Load)

Fuel Inlet Restriction .. (Spec: 4” Hg. Clean, 8" Hg. Dirty @ Rated Speed Load) . .

Fuel Drainline Restriction- " (Measure at Junction Block Where Flexibie Line Goes to Tank. Spec: 34"
Water or 2.5 Hg. Maximum @ Rated Speed Load) . . . ’

Record Governor Break RPM __ " Check Oil Level © Low = High o OK

Instail Sight Giass in Fuel Inlet Line Directly Before Pump, Waich for Air
AFC No Air Rail Pressure @ 1600 RPM (Disconnect Air Line From Intake Manifold to AFC;
Plug Intake Manifoid) . . . , :

ENGINE SPEED (RPM) . *FUEL " INTAKE
‘  RAL ~ MANIFOLD  ° WHEEL
DYNO - UNIT RATE | PRESSURE PRESSURE ' ° HORSE
TACH (PPH) | sy .(PSH - . POWER

* Be Sure That Fuel Rate is Corrected for Temperaturé.
I

This Page Can Be Copied For Your Convenience.
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Fuel Consumption Check List
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Fuel Conéumption Check List

Excessive fuel consumption is hard 1o find. Ask the operator or user the following questions. The questions WIII
help in determining the cause. .

By analyms of the present operating practices, it can be determined what changes can be made to improve fuel
consumption. Be sure to use the vehicle, engine and the driveability, low power, fuel economy check list that follow.

Mileage Expected

Expectations based upon?

Other units in fleet

Competltlve Engmes

Previous engine owned

Weather conditions during check?

Was passed on hill
Was passed on flat
Expectations only

Rain Windy Hot Temperature
Snow Windy ‘Cold Temperature
Loads compared to comparison unit:
Higher Lower — Same
Idle Time
How is mileage calculated:
Operating Practices:
MPH

———
—

High Road Speed

Shift RPM

Operate at rated speed or above
Cruise Speed

Believe compensating for low power

This Page Can Be Copied For Your Convenience.

Torque Peak
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Fuel Consumption Check List

(Vehicle Factors)

Engine versus vehicle specification can be based upon economy or fast trip schedules which will not produce what
the owner desires. An analysis can oftén point out-a compromise to more closely fit the current requirements.

Engine Rated Speed _ Horsepower
Type Trailer ‘ '
Type Tires .
Bias —____ Std. Tread . Extra Tread
Radial Std. Tread ' . -
Axle —_____ Single Dual
Axle Ration

Transmission

Gross Vehicle Weight

No
Never

Power Steering Yes

1

Recent

wind Deflectars’ Yes ——  No
Pavement Operated On :

Fan Drive Full Time " Variable
Freon Compressor Yes ‘ —— No

Axle’ Alignment

Fuel Line Leaks
‘ Fuel Tank Vents

(Must not pressurize tank above 65 mm Hg [2.5 inch/mercury]

Brake Drag

This Page Can Be Copied For Your Convenience.
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Fuel Consumption Check List

(Engine Or Fuel System Factors)

Be sure to use this check list with the troubleshooting charts in the front of the book or the driveability, low power,
fuel economy check list. Engine factors other than those related to the fuel system are covered in the other sections
of this manual.

Engine fuel pressure. Refer to Procedure 5-05.

Engine fuel rate. Refer to Procedure 5-15.

Turbocharger air pressure. Refer to Procedure 5-05.

Fuel inlet restriction. See Low Power Chart.

Fuel drain restriction. See the Specifications page.

Air inlet restriction. Refer to Procedure 3-08.

Exhaust restriction. Refer to Procedure 3-09.

Fuel Temperature. See the Specifications page.

Poor engine response. Refer to Procedure 5-18.

Excessive Exhaust Smoke. Refer to the Troubleshooting Charts.

This Page Can Be Copied For Your Convenience.
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General Information - (6-01)-
The basic heavy-duty electrical system consists of:

» Batteries (1) {usually three or four connected in
parallel). . :

A starting mbtor (2).

An alternator (3).
* A magnetic switch (4).
= An ignition switch (5). .-

. All necessary wiring.
All components must be carefully matched.

The accompanying ilustrations show typical parallel and
series battery connections. .

1. Parallei connection

2. Series connection
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Electrical System Specifications - (6-02)
Minimum Battery Capacity @ -18 to 0°C {0 to 32°F) ambient temperature
12-volt stamer »«----onmr el 400 ampere hour - 1800 cold cranking amps @ -18°C (0°F)
24-volt starter--------amacci el 200 ampere hour - 900 cold cranking amps @ -18°C (0°F)
Minimum Battery Capacity above 0°C (32°F) ambient temperature
J12-volt starter ------rcremmr el 300 ampere hour - 1280 cold cranking amps @ -18°C (0°F)
24-volt starter---------cmm e 150 ampere hour - 640 cold cranking amps @ -18°C (0°F)
Maximum Starting Circuit Resistance
B | - L (- P 0.00075 OHMS
24-volt starter . ... ........... e e e e 0.00200 OHMS
Battery Cable Sizes - American Wire Gauge (Maximum length in cranking motor circuit)
12-Volt : ‘ -
NO. D0 . e e 3.7 Meters (12 Feet)
NO. Q00 . . e e 4.9 Meters (16 Feet)
No. 0000 or TWo NO. 0% . e e e e e 6.1 Meters (10 Feet
L Lo L 20 1 7.6 Meters (25 Feet
12-Volt High Qutput
NO. B0 L e 2.1 Meters ( 7 Feet)
NO. 00 L e e e 2.7 Meters { 9 Feet)
NO. 0000 or TWo NO. 0% Lo e e e e 3.7 Meters (12 Feet)
IO 0. 00, o e e 4.3 Meters (14 Fest)
24 o 32-Volts :
N, D0 . e e e 6.1 Meters (20 Feet)
O, DD . L e e 8.2 Meters (27 Feel)
No.000O orTwo No. 0" ...............ooiann.. e e 10.7 Meters (35 Feet)
TWO NO. B0 L e e 13.7 Meters (45 Feet)
Minimum ambient temperature without starting aid---eenvmeeae e emeeemeoeean Refer to the following chart
Minimum cranking speed without starting aid ~-------eancamiam e 150 RPM

* Two strands of No. 0 cable may be used in place of one No. 0000 cable providing all connections are carefully
made to ensure equal current flow in each parallel cable.

Refer to the following chart to determine the temperature for which a cold weather starting aid is required:

NOTE: Starting aids such as block heaters, lubricating oil pan heaters, etc., are availabie to aid in cold weather starting.
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Cummins Service Tools - (6-03) - ]
Part No. 3376898 Digitai Multimeter =

NOTE: Used to measure. voltage (volts) ari.d-'resistanee
(ohms) in a circuit; L {

Part No. 3377193 Inductive Charging -
Cranking Systems Analyzer - '

NOTE: Used to test generators, alternators, relays, starters,
regulators @nd batteries. Contains built-in volt meter
and ammeter.

Other Tools - .~ | §
Battery Hydrometer =~ .. 1
NOTE: Used to check specific gravity of individual battery .
cells (for batteries with removable cell caps or : [
covers). - . . ,

Battery Charger _ -
NOTE: Used to restore the state of charge of a battéry.
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Batteries - Check (6-04)

. If conventional batteries are used, remove the cell
caps or covers and check the e|ectmlyte (water and
sulfuric acid solution} level.

NOTE: Maintenance-free batteries are sealed and do not
require the addition of water.

2. Fill each battery cell with water.
manufacturer's specifications

Hefer 10 the

3.-Use a hydrometer to measure the specific gravity of
each cell.

. NOTE: If the specific gravity of any or all of the cells is below
1.200, the battery must be charged.

4. Refer to the accompanying chart to determine the
battery state-cf-charge based on the specific grawty
readings.

5. Use Part No. 3377193 analyzer to load test the state-
of-charge of maintenance free batteries. If the state-
of-charge is low, use a battery charger to charge the
battery. Refer to the manufacturers instructions. Re-
place the battery if it will nat charge to the manufac-
turer’s specifications or will not:maintain a charge.

Batteries - Check (6-04)

Page 5

1.200—j7

Battery State Specific Gravity
of Charge @ 27°C [80°F]
100% 1.260-1.280
75% 1.230-1.250
50% 1.200-1.220
" 25% 1.170-1.190
Discharged 1.110-1.130

T
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Battery Terminal Connections - Check
(6-05)

1. Visually inspect the battery terminais for 1o<§sé, bro-
ken, or corroded connections.

2. Repair. or replace,br'oken tables or terminals.

3. |f the connections are corroded, remove the cables
and use a battery brush to clean the cable and battery
terminals. .

4. Install and tighten the battery cables.

5. Use grease to coat the battery terminals to prevént
corrosion. :

Starting Circuit - Check (6-06)

1. The starfing circuit includes the batteries, ‘starting
motor, alternator, magnetic switch, ignition switch,
and connecting wiring.

2. Before phecking specific starting system components
with the multimeter, =~ - -

a. visdétiiy inspect terminals for loose, broken, or
corroded connections, and ,

b. repair or replace broken wires or terminals:

e
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Magnetic Switch - Check

position to prevent electrical shock and personal injury.

. Warning: Be sure the starter switch is in the "OFF™

1. Remove the cable connecting the magnetic switch to
the starter solenoid from the magnetic switch termi-
nal.

2. Connect the leads of Part No. 3376898 Digital
Muitimeter to the two large switch terminals.

3. Set the multimeter to measure resistance (OHMS).

4. With the starter switch in the “OFF" position, the
multimeter must indicate resistance at infinity.

5. Turn the starter switch to the “START” position.

6. The multimeter must indicate zero ("0") or very little
resistance.

7. If the multimeter indicates resistance at infinity with
the starter switch in the "START” position:

a. Turn the starter switch to the "OFF” position.
b. Set the multimeter scale to read DC voltage.

c. Connect one multimeter lead to the magnstic switch
ground wire terminal and the other lead to the
other small magnetic switch terminai.

d. Turn the starter switch to the "START” position.

e. If the multimeter indicates system voltage, the
magnetic switch is malfunctioning and must be
replaced.

R

YO

&

Starting Circuit - Check (6-06)
Page 7
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f. If the multimeter indicates no voltage, the magnetic
switch is not the cause of the complaint. Refer to
" Starter Switch - Check” in this Procedure.

g. Turn the starter switch to the "OFF” position.

h. Remove the multimeter leads and connect the
magnetic switch to starter solencid wire.

Starter Switch - Check

Warning: Be sure the starter switch is in the "OFF”
position to prevent electrical shock and personal injury.

1. Remove the wire connecting the starter switch to the
magnetic switch from the starter switch terminal. -

2. Connect the positive lead of Part No. 3376898 Digital
Multimeter to the starter switch terminal and the neg-
ative lead to a chassis or engine ground location.

NOTE: With the starter switch in the "OFF” position, there
must not be voltage at the starter switch terminal.
if the meter indicates voltage, the starter switch is
malfunctioning and must be replaced.
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3. Turn the starter switch.to the "START” position.
4. The multimeter must indicate system voltage.

5. If there is no voltage: 7
- a. Turn the starter switch to the "OFF” position.

b. Connect the multimeter positive lead to the starter
switch terminal having a wire connecting the starter
switch to the starter solenoid.

6. If the meter indicates system voitage, the starter
switch is defective and must be replaced.

7. If the meter indicates no voltage, the switch is not the
cause of the complaint.

Starting Circuit - Check (6-06)
Page 9
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8. Check the wiring from the starting switch to the starter
solenoid and from the starter solenoid.to the battery.

Replace any broken or damaged wires.

Starter Solenoid and Starter - Check

1. Use Part No. 3376898 Digital Multimeter with the
switch set to the voltage scale.

2. Connect the multimeter positive léad to the starter
solenoid positive cable terminal and the negative lead
to the battery ground cab'e connection at the starter,

NOTE: The muitimeter must show system voitage.

3. If the multimeter does not indicate system voltage,
check the cable connecting the starter solenoid and
batiery for breaks, loose, or corroded connections.

4. If the multimeter indicates system voltage but the
starter will nat operate, check the wire connecting the
starter solenoid to the starter switch for breaks, loose,
or corroded connections. :

—_— .

. e an e

I =
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5. If the wire connecting the starter solenoid and starter
- switch is not loose or damaged and the starter will
not operate: :

a. Remove the cable connecting the starter and

b.

starter solenoid from the solenoid terminal.

Connect the multimeter positive lead to the sole-
noid positive terminal and the negative lead to a
chassis or engine ground location.

. Turn the starter switch to the "START" position.
. If the multimeter indicates voltage, the starter so-

lencid is malfunctioning and must be replaced.

. If the multimeter does not indicate voltage, check

the wire connecting the starter solenoid to the
magnetic switch for breaks, loose, or corroded
connections.

6. if the wire connecting the starter solenoid to the
magnetic switch is not loose or damaged and the
starter will not operate:

a. Check the cable connecting the starter solenoid to

the starting motor for breaks, loose, or corroded
connections.

Starting Circuit - Check (6-06)
Page 11
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b. Check the cable connecting the starting motor to
the battery for breaks, . loose,. oOr corroded

connections.

" c. lithe cables are not loose or damaged, the starting
motor is defective and must be replaced.

Alternator Belt - Adjust (6-07) '
1. Loosen the alternator to alternator support bracket
nut and capscrew. S
2. Loosen the adjusting link capécrew.

3.Use a pry bar between the engine and alternator to
tighten the alternator belt. ) .

4. Use Part No. ST-1274 Beft Tension Gauge to mea-
" sure the belt tension. St e s
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5. Adjust the belt tension to thé following values:
New Belt Tension Used Belt Tension
-, 580-670N [130-150 Ib) 360-530N {80-120 Ib)

NOTE: A belt is considered used if it has been'in operation
for more than 10 minutes.

If the belt will not maintain the correct tension, it
must be replaced.

6. Tighten the adjusting link capscrews to the following
torque value (Grade 5 or higher}:

Bolt Size Threads/Inch NM __ Ftib
5116 18 20 [15]
7116 14 35 [25]
12 13 65 [50]

and nut to the following torque value (Grade 5 or

7. Tighten the alternator to alternator support capscrew
higher):

Bolt Size Threads/Inch NM Ftib
318 16 40 [30]
716 20 80 [65]
112 13 110 [80]

Alternator - Output Test (6-08)

1. The following instructions are for use with Part No.
3377193 Inductive Charging and Cranklng System
Analyzer or equivalent.

NOTE: Before performing the followmg test, be sure the
alternator belt is tightened to the correct specifica- <=
tions. Refer to Procedure 6-07,

Alternator Belt - Adjust (6-07)
Page 13
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2, Set the voltage selector knob to 18 volts. -
3. Set the. amp selector knob to 100 amps.

NOTE: Use the 1000 amp scale for alternators with a max-
' imum output of more than 100 amps.

% 4, Remove the cables to any other battery boxes in the
circuit. : ) S '

,.q B 5. Connect the correct analyzer leads to positive and
D% negative terminals in one of the battery boxes.

Gy 6. Connect the clamp-on amp pick-ub to the alternator
D> output cable as far away from the .alternator as
N possible.,

7. Operate the engine at high idle and turn the analyzer

load contro! knob clockwise until a maximum amps
* reading is reached. © ‘

NOTE: Do not lst the load volts.drop below 13.0 volts.

8. The maximum amps reading is the alternator output,
and must meet the alternator manufacturer’'s
specifications. .

<
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NOTE: The alternator maximum rated output is normally
stamped or iabeled on the alternator, '

NOTE: If the equipment’s ameter gauge does not indicate

approximately the same output as the test equip--

“ment’s gauge, the equipment’s ameter gauge is
defective and must be replaced. Refer to the equip-
ment manufacturer's instructions.

NOTE: If the alternator output (amps) is not within 10 per-
cent of rated output, repair or replace the wiring,
vgltage regulator, or alternator. Refer to the manu-
facturer's instructions for repair procedures.

9. Turn the analyzer load contral knob coumnterclock-
wise to the "OFF” position and shut off the engine.

Remove the test equipment and connect any battery
cables that were removed from other battery boxes in
the circuit.

Alternator - Replace (6-09)

Remove
1. Remove the electrical connections from the batteries.
2. Remove the electrical connections from the alternator.

3. Loosen the alternator to alternator support nut and
capscrew.

4. Loosen the adjusting link capscrew.

5. Push the alternator toward the engine to release
tension on the alternator belt, and remove the belt(s).

&

R

Alternator Belt - Adjust (6-07)
Page 15
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6. Remove the adjusting link capscrew and the adjust-
@(ﬂ ing link. ‘

7. Remove the alternator to alternator support bracket
nut, washer, capscrew, and the alternator.

Ins_tall '

NOTE: Do not tighten the alternator mounting and adjusting {
" link capscrews and nuts until the alternator belt is .
installed and adjusted.” i

Gy 1. Install the alternator, capscrew, washer, and nut to
%% the alternator mounting bracket.

2. Install the adjusting link and mounting capscrews.

3. Install and adjust the alternator belt. Refer to Proce-

[%3 dure 6-07.

ar 4.- Install and tighten the eiectrical connections to the
> alternator.

V%

5. Install and tighten the electrical connections to the
batteries.
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Starting Motor - Replace (6-10)

Remove
1. Remove the electrical connections from the batteries.

2. Remove the electrical connections from the starting
motor.

3. Remove the three capscrews, starting motor, and
starter motor spacer (if used).

Install

Caution: Be sure to use the same thickness of starter
motor spacer (if used) as the one removed to install the
starting motor to prevent engine or starter motar dam-
age.

1. Install the starting motor and the three capscrews.
2. Tighten the capscrews to 175 Nem {130 ft-Ib] torque.

3. Install and tighten the electrical connections to the
starting motor.

4. Install and tighten the electrical connections to the
batteries.

Starting Motor - Replace (6-10)
Page 17
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“ Required Service Tools - (7-00)
: . Base Engine Components
P . Procedure No, Part No. Description
P 7-03 S§T-1229 Cylinder Liner. Driver
; ' 3376015 Universal Cylinder Liner Puller
| 3376018 Liner Puller Arm Extension Foot {two) used with puller Part No.
? 3376015 or Part No. ST-1202-1 Liner Puller Plate
F 3375629 Universal Cylinder Liner Puller
3376220 Gauge Block
I, 3376669 Cylinder Liner Clamp Set
‘ 3801048 Sealant
7-04 ST-669 Torque Wrench Adapter
3375160 Top Stop Injector Setting Fixture
3375842 Injector Adjustment Kit
3376592 Inch Pound Torgue Wrench
7-05 3087 Jacobs® Feeler Gauge
5T-669 Torque Wrench Adapter
7-09 ST-1182 Valve Spring Spray Nozzle Locator (80-degree tilt engines only)
7-10 3376298 Cylinder Block Deck Water Plug
3376669 Cylinder Liner Clamp Set
7-11 ST-1257 Valve Vacuum Tester
. 7-12 S$T-1012 Hydrosiatic Tester
ST-1013 Water Tester Adapter Plate
ST-1022 Valve Spring Compressor Stand
ST-1026 Valve Spring Compressor Plate
ST-1179 Injector Sleave Holding Tool (2 each)
7-13 S5T-1053 Expansion Plug Driver
7-14 ST-1332 Injector Orifice Plug Gauges
3376021 Actuator, Retainer Adjusting Tool
7-15 ST-1053 Expansion Plug Driver
3376021 Actuator, Retainer Adjusting Tool
3376022 Solenocid Valve Seat Installation Tool
3376023 Solenoid Stem [nstallation/Removal Tool
3376024 Sleeve and Guide Installation Tool
3376025 Sleeve and Guide Removal Tool
3376026 Lever Bushing Block/Mandrel Set
3376027 Cam Follower Shaft Positioner
3376028 Variable Timing Fixture ~
3376185 A Gauge, Male and Female Pgsition
3376186 Expansion Plug Driver
3376209 Bracket
. 7-17 3375522 Injection Timing Fixture

7-18 - 3375522 Injection Timing Fixture
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7-19
7-20

7-21
7-22

7-25

7-27
7-31

7-35

7-36

7-38

7-39
7-40
7-41

7-42

7-43

8T-835
8T-1178
3376859
3376859
8T-560
8T-763
3375162
3375601
8T-647
3376326
8T-1173

" ST-1259

3375496
3375839
3375840
3375268

$T-1228
8T-1228-6
3375861
3375863
3376412
8T-1325
3375432
3376050
8T-997
ST-1325
3376050
ST-1134
ST-1232

3375068

Section 7 - Base Engine Components
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O-Ring Assembly Tool

Main Bearing Cap Puller

Coupler

Coupler

Piston Ring Groove Wear Gauge
Piston Ring Expander

Piston Ring Compressor
Connecting Rod Guide Pins (two)
Standard Puller

Pulley Installation Tool

Fue! Pump Drive Qit Seal Mandrel - -

* Oil Seal PullerfInstaller (Front Seal)

Oil Seal Puller Drill Pilots (Front Seal)

Jaw (included in the following part number)

Crankshaft Gear Puller Kit :

Camshaft Installation Pilot-(4 are required per operation)

Note: Part No. 3375268 Camshaft Installation Pilot is required for
camshaft removal and instaliation to pravent damage to the journals
and the bushings.

Camshaft Bushing Driver Set
Camshaft Bushing Guide
Camshaft Bushing Driver
Camshaft Bushing Puller
Camshaft Bushing Driver (Long)
Dial Gauge Attachment
Crack Detection Kit
Dial Indicator and Sleeve Assembly
Crankshaft Qil-Seal Driver (Rear Seal)
Dial Gauge Attachment
Dial Indicator and Sleeve Assembly
Dowel Pin Extractor (or its equivalent)
Drill Ream Fixture which contains:
ST-1232-1 Plate
ST-1232-2 Spacer Washer
3375052 Locator Pin
Drillfream actual sizes depend on the dowel
Bushing set size (see page 227)

Drill adapter locally obtained; use to adapt open-shank reamers to
drill-chuck

Reamer locally obtained
Drill bit locally obtained
Cup Plug Sealant
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General Information - (7-01)

The base engine components section consists of the
removal, cleaning, inspection, testing, and assembly of
all internal and external components not previously cov-
ered in the troubleshooting and repair of the various
engine systems.

Rocker Housing Covers - Replace
(7-02)
Remove

1. Remove the air crossover connection (Big.Cam Il
only). Refer to Procedure 3-13.

2. Remove the hose from the crankcase breather.

3. Remove the five capscrews and washers from each
rocker lever cover. : :

4. Remove the covers.

Clean and Inspect

1. Remove the crankcase breathear element, if used, and
the oil filler cap. Refer to Procedure 2-12.

2. Remove the gaskets.
3. Steam clean the covers, and dry with compressed air.

NOTE: Stamped steel valve covers are designed and man-
ufactured with a 0.75 mm [0.030-inch] bow located
in the shaded areas as shown to provide better seal-
ing qualities. This built-in bow on the valve covers
must not be mistaken for warpage. Also, do not
attempt to increase or remove the bow from the
sealing surface.

General Information - (7-01)
Page 5
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" Rocker Housing Covers - Replace (7-02)
Page 6
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4. Inspect each cover for cracks or damage, and replace

if necessary.

[

Install
(gb 1. Install a new gasket on each rocker lever housing.

a 2. Install the covers on the rocker lever housings.
%p 3. Install the five capscrews and washers in each cover.

4, Tighten the capscrews in each cover in the sequence
® shown to 20 Nem [15 ft-Ibs] torque.
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5. Install the air crossover connection {Big Cam li only).
Tighten the mounting ¢apscrews to 35 Nem [25 ft-Ibs]
torque. Tighten the hose clamps to 8 Nem [70 in-lbs]
torque.

6. Install the crankcase breather element, if used, and
the il filler cap. Refer to Procedure 2-12.

7. Install the hose on the crankcase breather.
8. Tighten the hose clamp to 5 Nem [40 in-lbs] torque.

Engine Lifting Brackets - Replace
(7-03)
Remove

1. Remove the two capscrews and the front lifting
bracket.

2. Remove the two capscrews and the rear lifting bracket.

Clean and Inspect

1. Steam clean or use solvent, and dry with compressed
air.

2. Visually inspect the lifting brackets for cracks or dam-
age.

3. Inspect the capscrew threads for damage.

R
AV

Engine Lifting Brackets - Replace (7-03)

Page 7
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Crossheads, Valves and Injectors - Adust (7-04)
Page 8

80 NM
[60 Ft. Lbs.]

Section 7.- Base Engine Components
. NT 855

Install " ' K
1. Install the front bracket and two c;apsg:.rews.'
2. Ir_lstlaI'I. the rear bracket and two capscrews.
3. Tighten- the 'capscre’yvs to B0 Nem [80 ft;lbs] torque.

Crossheads, Valves and Injectors -
Adjust (7-04) L -

1. All overhead (crosshead, valve, and injector) adjust-
ments must be made when the engine is coid {any
stabilized coolant temperature at 60°C [140°F] or
below). .

NOTE: After an engine rebuild or any major repair where the
> injector setting must be disturbed, set all of the
valves and injectors. Once the adjustment proce-

dure has been- completed, continue through the

.crankshaft rotation and check (adjust if necessary) .

the injector adjustment ‘on cylinders No. 2, No. 3,

and No. 6. This takes, care of any camshaft and
. rocker lever shaft deflection which may have oc-

curred during the initial adjustment. :

2. Remove the rocker housing cover. Refer to Proce-
dure 7-02. :

3. Tighten the rocker housing capscrews.to 80 Nem [60
ft-Ibs] torque. Refer to Procedure 7-09. o

4. Alternately tighten the injector hold down capscrews ‘

to 18 Nem [156 in-Ibs] torque. ~ -

t
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5. The valve set marks are located on the accessory
" drive pulley. The marks align with a pointer on the
gear cover.

Warning: Do not pull or pry on the fan to manuatly rotate
the engine. To do so can damage the fan blades. Dam-
aged fan blades can cause premature fan failures which
canresultin serious personal injury or property damage.

6. Use the accessory drive shaft to rotate the crankshaft.

7. The crankshaft rotation is clockwise when viewed
fromn the front of the engine.

8. The cylinders are numbered from the front gear cover
end of the engine.

9. The engine firing order is 1-5-3-6-2-4.

10. Each cylinder has three rocker levers. The rocker
lever nearest to the center of the housing is the intake
lever.

a. The exhaust rocker lever (1).
b. The injector rocker lever (2).
¢. The intake rocker lever (3).

11. The valves and the injectors on the same cylinder are
not adjusted at the same index mark on the acces-
sory drive pulley.

12. One pair of valves and one injector are adjusted at
each pulley index mark before rotating the accessory
drive to the next index mark.

13. Two crankshaft revolutions are required to adjust all
the valves and the injectors.

Crossheads, Valves and Injectors - Adjust (7-04)

Page 9
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Injector and Valve Adjustment Sequence
Bar Engine
in Direction Pulley Set Cylinder
of Rotation Position Injector Valve
Start A 3 5
Advance to B B -3
Advance to C 2 6
Advance 10 A 4 2
Advance 1o B 1 4
Advance 10 c 5 1
Firing Order: 1-5-3-6-2-4
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Crossheads, Valves and Injectors - Adjust (7-04)
Page 10
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Injector Adjustment - Dial Indicator Method
(Non-Top Stop Injectors Only) ~

1. Rotate the accessory drive clockwise unti! the “A”
valve set mark on the accessory drive pulley is aligned
with the pointer on the gear.cover.

" 2. Check the valve rocker levers on cylinder No. 5 to see
if both valves are closed. -

NOTE: Both valves are closed when both rocker levers are
"lopse and can be moved from side to side. If both
valves are not closed, rotate the accessory drive
one complete revolution; and align the "A” mark
with the pointer again.

Caution: To prevent damage to the indicator or to avoid
getting an incorrect reading, install the dial indicator
extension so that it clears the rocker lever.

3. Install the dial indicator and the support from Part No.
3375842 Injector Adjustment Kit so that the extension
for the dial indicator is on top of the injector plunger
flange on cylinder No. 3. : :

4. Securely tighten the thumb screw (1) and the hold
down capscrew (2) in place.

5.‘ Loosen the thumb.screw (3), and lower the indicator
_ against the injector plunger flange until the stem is
-fully compressed.

6. Raise the indicator approximately 0.63 mm [0.025-
-inch], and tighten the thumb screw (3) to hold the
indicator in position.
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Warning: The Injector plunger is under spring tension.
Do not allow the tool to slip. Personal injury can result.

7. Use ST-1193 Rocker Lever Actuator o depress the.

injector plunger three or four times to make sure all
the oil and fuel have been removed from the injector
assembly.- Allow the lever to return slowly to prevent
damage to the dial indicator.

8. Actuate the lever again, and set the dial indicator at
”0" {zero) while holding the injector plunger to the
bottom of its travel.

9. Slowly release the actuator, and check the indicator
- travel.

10. if the indicator travel is not within the following spec-
ifications, proceed to step No. 11: :

Injector Plunger Travel

mm in
5.79 Big Cam 0.228
5.71 NTE Big 0.225

Cam

11. Loosen the lock nut on the injector adjusting screw.

12. Turn the adjusting screw clockwise or counterclock-
wise to adjust the injector plunger to the following dial
indicator readings:

Injector Plunger Travel

mm in
5.79 Big Cam 0.228
5.71 NTE Big 0.225

Cam

13. Hold the adjusting screw in this position. The adjust-
ing screw must not turn when the lock nut is tight-
ened. Tighten the lock nut to the following torque
values:

With Torque Wrench Adapter,
Part No. ET-669(1)

Without Adapter

45 Nem (35 ft-1bs]

60 Nem [45 ft-Ibs]

Crossheads, Valves and Injectors - Adjust (7-04)

Page 11
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Warning: The injector plungert is under spring tension.
Do not allow the tool to slip. Personal injury can result.

14. Actuate the injector rocker lever several times. Allow
the lever to return slowly to prevent damage to the
dial indicator. Hold the injector plunger to the bottom
of its travel, and confirm the 0" (zero) reading on the
dial indicator.

15. Allow the injector rocker lever to return slowly. Check
the reading on the dial indicator. Repeat the adjust-
ment process if the reading is not within
specifications. -

16. Adjust the crossheads and the valves on cylinder No.
5-before rotating the accessory drive to the next valve
set mark. Refer to "Crosshead Adjustment” and

. "Valve Adjustment” in this Procedure.

17. After adjusting the crossheads and the valves on
cylinder No. 5, rotate.the accessory drive; and align
- the next valve set mark on the accessory drive pulley

" with the pointer on the gear cover. '

S S —
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18. Adjust the appropriate injector, the ¢rossheads; and
* the valves. Follow the Valve and Injector Adjustment
Sequence Chart. L

19. Repeat the process to adjust all the injectors, the
crogsheads, and the valves correctly.

Injector Preload Adjustment - NH/NT Top
Stop Injectors Only

Caution: Top stop injector plunger travel can only be
adjusted when the injectors are removed from the en-
gine, Use Part No. 3375160 Adjusting Tool to set the
injectors.

Special Instructions for Injector Preload Adjust-
ment on Engines Equipped With MVT

1. MVT engines are equipped with a special bolt-on-
pointer bracket which must be aligned with the valve
set marks on the accessory drive pulley due to the
special MVT camshaft design. The pointer is posi-
tioned 40 degrees clockwise from the pre-cast pointer
on the gear cover.

NOTE: Do not use the “TC" (top center) mark on the ac-
cessory drive pulley in reference with the
bolt-on-pointer.

Caution: Do not allow the wire lead to contact a metal
surface. Electrical arcing can occur.

2. To place the MVT in the retarded mode, disconnect
the electrical wire to the MVT air solenoid valve at the
solenoid terminal.

NOTE: When setting the injector preload on engines
equipped with mechanical variable timing (MVT),
the MVT system must be in the retarded timing
mode to prevent misadjustment of the injector
preload.

Crossheads, Valves and Injectors - Adjust (7-04)
Page 13

Injector and Valve Adjustment Sequence

Bar Engine -
in Direction Pulley Set Cylinder
of Rotation Position Injector Valve
Start A 3 5
Advance to B 6 3
Advance to C 2 6
Advance to A 4 2
Advance to 8 1 4
Advance-lo c 5 1
Firing Order: 1-5-3-6-2-4

0i100vd
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Pointer
Bracket
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Crossheads, Valves and Injectors - Adjust (7-04)

Minimum

0i100ve

Injector and Valve Adjustment Sequence
Bar Engine :
in Direction Puliey Set Cyiinder
of Rotation Pasitlon Injector Valve
Start A 3 5
Advance to B . 6 3
Advance to c 2 B
Advance o A 4 2
Advance to B 1 4
Advance {0 c 5 1
Firing Order: 1-5-3-6-2-4

: oitQUvd
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3. Start the engine with the air solenoid wire discen-
nected. Operate the engine at idle speed for at least
30 seconds before shutting the engine. off.

NOTE: Do not connect the electrical wire to the MVT so-
lenoid until the injector preload adjustment has been
completed.-

Injector Preload Adjustment Procedures For
- MVT and Non-MVT engines

1. The top stop injector preload setting is made at the
same injector adjustment position on the accessory
drive pulley which is used for the dial indicator
method.

2. Rotate the accessory drive clockwise until the * A"
z valve set mark on the accessory drive pulley is aligned
with the pointer.

.. 3. Loosen the lock nut on the injector adjusting screw on
R cylinder No. 3. Tighten the adjusting screw untii all -
the clearance is removed from the injector train.

4. Tighten the édjusting screw one additional turn to
correctly seat the link.
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5. Loosen the injector adjusting screw until the injector
spring retainer washer touches the top stop screw.

Caution: An overtightened setting on the injector ad-
justing screw will produce increased stress on the in-
jector train and the camshaft injector lobe which can
result in engine damage.

6. Use Part No. 3376592 Torque Wrench to tighten the
adjusting screw to 0.56 to 0.68 Ne*m [5 to 6 in-lbs)
torque.

7. Hold the adjusting screw in this position. The adjust-
ing screw must not turn when the lock nut is tight-
ened. Tighten the lock nut to the following torque

© values:
With Torque Wrench " 45 Nem [35 ft-lbs]
Adapter, Part No. ST-669(1)

Without Adapter . 60 Nem [45 fi-lbs]

8. Adjust the crossheads and the valves on cylinder No.
5 before rotating the accessory drive to the next valve
set mark. Refer to "Crosshead Adjustment” and
"Valve Adjustment” in this Procedure.

Crossheads, Valves and Injectors - Adjust (7-04)
Page 15
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Crossheads, Valves and Injectors - Adjust (7-04) -
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Injector and Valve Adjustment Sequence
Bar Engine T
in Direction | Pulley . Set Cylinder
of Rotation Position Injactor Valve
Start A 3 5
Advance to B - 6 3
Advance to c 2 6
Advance to A 4 2
Advance to B 1 4 -
Advance to c 5 1
Firing Order: 1-5-3-6-2-4

21100y
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9. After adjusting the crossheads and the valves on
cylinder No. 5, rotate the accessory drive; and align
the next valve set mark on the accessory drive pulley
with the pointer on the gear cover.

10. Adjust ‘the appropriate injector, the crossheads, and
the valves following the Injector and Valve Adjust-
) ment Sequence Chart.

11. Repeat the process to adjust allinjectors, crossheads,
and valves correctly. '

12. Connect the electrical wire to the MVT solenoid after
the adjustments have been completed.

Crosshead Adjustment

NOTE: Crosshead adjustment must always be made be-
fore attempting to adjust the valves.

1. With the " A" valve set mark aligned with the pointer
on the gear cover and both valves closed on cylinder
No. 5, loosen the crosshead adjusting screw lock
nuts on the intake and the exhaust valve crossheads
for cylinder No. 5.

— e —
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NOTE: Use the following procedure to adjust both the intake
. and the exhaust crossheads:

3. Turn the adjusting screw out at least one turn.

3. Hold the crosshead down against its mating valve
stams. '

> 4. Turn the adjusting screw in until it touches the top of
the valve stem but does not raise the crosshead.

5. Hold the adjusting screw in this position. The adjust-
ing screw must not turn when the lock nut is tight-
ened to its torque value. Tighten the lock nut. The
following torque values are given with and without
Part No. ST-669 Torque Wrench Adapter {1):

Torque Values

. Nem ft-Ib
Less Jacobs® Brake:
{with adapter) 35 o5
({less adapter) 40 a0
With Jacobs® Brake Model 401
adjusting screw (exhaust
crosshead only):
{(with adapter) 30 22
{less adapter} 35 25

6. Adjust the intake and the exhaust valves on No. §
cylinder before rotating the accessory drive to the
next valve set mark. Refer to ” Valve Adjustment” in
this Procedure.

Valve Adjustment

1. With the *A” vaive set mark aligned with the pointer
on the gear cover and both valves closed on cylinder
No. &, lopsen the lock nuts on the intake and the
exhaust valve adjusting screws.

Crossheads, Valves and Injectors - Adjust (7-04)

<=
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2. Select a fesler gauge for the- correct valve lash

Feeler Gauges specrflcatron

Valve Lash Speclfrcatlons

: " Intake . .;  Exhaust
0.0028mm 0.028 mm _ 0.058 mm
[0.011inch] [0.011-inch] [0.023-inch]

pgb 3. Insert the feeier'gauge between the top of the cross-
Y head and the rocker lever pad.

0.058mm _
[0.023inch]

4. Two different methods:for .establishing valve .lash
clearance are described below. Either method.can be
used; however, the torque wrench method-has proven
to be the most consistent. It eliminates the need to
feel the drag on the feeler gaugs. -

a. Torque Wrench Method: Use Part No. 33?6592
Inch Pound Torque Wrench (normally used to set
preicad on top stop injectors), and tighten the ad-
justing screw to 0.68 Nem [6 in-lbs] torgue: ;

b. Feel Method Tighten the adjustmg screw until a
slight drag is felt on the feeler gauge.

5. Hold the adjusting scréw-in-this p;osition The adjust-
;. ing screw must not turn when the lock nut is tight-
. ened. Tighten- the lock nut to the fol!owmg torque

values: . i N
With Torque Wrench Adapter - 45 Nerh [35 ﬂ-ibs]'
Part No. ST-669 (1) . B
Without Adapter | h . 60 Nem [45 ft-Ibs]

6. After tightening the lock nut to the correct torque,
& value, check to' make sure the feeler gauge will slide
backward and forward between the crosshead and

the rocker lever with only a slight drag.’

_ rhiasca
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7. )f using the feel method, attempt to insert a feeler
gauge that is 0.03 mm [0.001-inch] thicker between
‘the crosshead and the rocker lever pad. The valve
lash is not correct when a thicker feeler gauge will fit.

‘8. After adjusting the injector on cylinder No. 3 and the

crossheads and the valves on cylinder No. 5, rotate

- the accessory drive; and align the next valve set mark
"with the pointer.

9. Adjust the appropriate injector, the crossheads, and
the valves following the Injector and Valve Adjust-
ment Sequence Chart. ’

10. Repeatthe process to adjust all injectors, crossheads,
and valves correctly.

11. If the engine is equipped with a Jacobs® Brake, refer
to Jacobs® Brake adjustment in Procedure 7-05.

12. Install the rocker housing covers. Refer to Procedure
7-02.

_— )
Crossheads, Valves and Injectors - Adjust (7-04)
' Page 19

4
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Injector and Valve Adjustment Sequence
Bar Engine
in Direction Pulley Set Cylinder
of Rotation Position Injector Valve
Stan A 3 5
Advance to B 6 3
Advance to c 2 6
Advance lo A 4 2
Advance to B 1 4
Advance to c 5 1
Firing Qrder: 1-5-3-6-24

2i100vd

B
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Jacobs® Engine Brake - Adjust (7-05)
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Jacobs® Engine Brake - Adjust (7-05)

Adjustment of Jacobs® Models 401, 400, 400
H, 44B, 25B and 30E Engine Brake - NH/NT

1. Remove the rocker housing cover(s). Refer to Pro-
cedure 7-02.

Slave Piston Adjustment

Caution: To get maximum brake operating efficiency
and to prevent engine damage, it is important to follow
the instructions listed below.

1. Slave piston adjustment must be made with the en-
gine stopped and cold (stabilized water temperature
of 60 °C [140°F] or below). The exhausi valves on the
cylinder which are to be adjusted must be in the
closed position. -

2 Rotate the accessory drive clockwise, and align the

valve set mark on the accessory drive pulley with the
pointer on the gear cover.. -
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3. Adjust the appropriate slave piston by following the
Injector and Valve Adjustment Sequence Chart. -

4. The slave piston adjusting screw in models 258, 30,
and 30E engine brake is a solid screw. Use a hexagon
head socket wrench to adjust the screw.

5. The slave piston adjusting screw used in models 401,
400, 400 H, and 44B contains an automatic lash
adjuster. Use a screwdriver to adjust this screw.

NOTE: Adjustment procedures and clearances for all of the
above models are the same.

‘.F
b !

6. Loosen the lock nut. Loosen the slave piston adjust-
ing screw (1) on the cylinder which has the exhaust
valves closed.

7. Loosen the adjusting screw until the slave piston (2)
is seated in the engine brake housing (3).

8. Insert a 0.46 mm [0.018-inch] Jacobs® feeler gauge
(4), Part No. 3087, between the slave piston and the
crosshead (5) or between the slave piston and the
actuating pin in the crosshead adjusting screw (6) on
Models 401 A, B, and C only.

9. Turn the adjusting screw in until a slight drag is felt
on the feeler gauge.

®

Jacobs® Engine Brake - Adjust (7-05)

Page 21
Injector and Valve Adjustment Sequence
Bar Engine
in Direction Pulley Set Cylinder
of Rotation | Position Injector Valve
Start A 3 5
Advance to B <] 3
Advance to c 2 6
Advance to A 4 2
Advance lo B i 4
Advance {0 c 5 1
Firing Order: 1-5-3-6-2-4

ol100vd

IS_[ 401, 400,

400H, 44B

sb1asud
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Jacobs® Engine Brake - Check (7-06)

l
-

b-

mnge— | :
Crder 1-5-3-6-2-4
=y
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10. Hold the adjusting screw in position. The adjusting
screw must not turn when the lock nut is tightened.
Tighten the lock nut to the following torgue values:

With Torqgue Wrench Adapter, 30 Nem [22 ft-Ibs]
Part No. 51-669 (1)
Without Adapter 35 Nem {25 ft-Ibs]

Caution: After the slave piston adjusting screw lock nut
is tightened to the correct torque value, check the clear-
ance with the feeler gauge again. Do not overtighten the
adjusting screw lock nut. Too much torque on the lock
nut can cause the reset mechanism in the slave piston
adjusting screw to seize and will cause engine damage.

11. Continue to rotate the accessory drive in firing order
rotation, and use this procedure to adjust all six slave
pistons at the correct valve set positions.

12. Install the rocker housing cover(s). Refer to Proce-
dure 7-02. : :

<

@

Jacobs® Engine Brake - Check (7-06)

An‘engine equipped with a Jacobs® Engine Brake may
fail to start or perform correctly due to one or more of the
following: )

1. Engine will not start due to a stuck oil flow solenoid
valve.

NOTE: To check for a stuck solenoid valve, do the following:

a. Disconnect the electrical wir