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Foreword

Training Manual Use

This training manual is intended for use while attending a Freightliner, LLC Service Training
Program. Continuous improvements in our products and service procedures may make some of
the information in this manual obsolete or invalid.

Current Manufacturer’s Publications

Always refer to current, approved, Manufacturer’s Publications when servicing Freightliner, LLC
trucks. Training materials are for reference only.

Environmental Concerns

When discarding materials, please attempt to recover and recycle them. To preserve our
environment, follow appropriate environmental rules and regulations for recovery and disposal of
materials.
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Sterling 360

Welcome

Who, What, Where & When
Welcome

Instructor name
Course Title
Course length
Time

Breaks

Rest rooms

© N o O bk o=

Smoking

9. Meals

10. Transportation
11. Telephone #'s

12.Enroliment & Course Catalog

Personal Introductions
13. Instructor Introduction - (personal & professional)
a. Technical background
b. Teaching background

14. Introduction - Student
(personal & professional)

a. How long have you worked at current dealership/location?
b. How long have you been a technician?

c. What is your specialty or area of interest?
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This is what | expect to get from this course.

Course Evaluation

We need your help to keep this course focused on your needs. Your instructor will give you
our Course Evaluation form. When the course is over, please complete the form and return it
to your instructor before you leave.

The Business Class M2 course contains material that is covered in other Freightliner LLC training
material. Please consider attending these classes, and go to The Learning Center at
www.AccessFreightliner.com to continue your technical training.

Related and recommended classroom courses:
Service & Maintenance (1001, 2 days)
HVAC (1053, 4 days)
Electrical Problem Solving (1151, 4 days)
Electronic Systems, (1401, 2 days)

Modules and/or Self-Paced courses available on-line at The Learning Center
on www.AccessFreightliner.com:

Introduction to the DMM (SDW001-1)

Seven Steps to Circuit Mapping (Elec_sevensteps)

ServicelLink Web Based Training (FSW290)
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Safety Precautions

Some of our course activities require you to turn on vehicle ignition. Remember that safety
precautions must always be performed before you turn trucks on in the shop.

When working on or around trucks, observe the following precautions:

» To start a vehicle, the technician must be properly seated in the driver's seat. Vehicles
are not started from the floor.
* In some cases the whole class will be working on a single vehicle.
If you are in the cab, do not:
+ Start the engine
+ Honk the horn
+ Turn on the windshield wipers
+ Release the parking brakes
+ Depress the clutch pedal (manual linkage)
+ Operate anything that may cause harm to another student
* Observe normal shop safety procedures and be alert to prevent accidents

Shop Rules:

1. If you take it apart, you put it back together properly. Leave the trucks in "as good as" or
better shape than you found them.

If you get a tool out, you put it back where you found it. Don't leave it out for the next group.
If anything breaks or you find something broken, let the instructor know.

Once you find a "bug," ask your instructor whether you should remove it or leave it.

o & w0

Work safely. If you don't have the proper equipment, ask for it.
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Goal

This course will provide technicians with a foundation for improved customer service by means of
reducing labor expenses and "shop comeback" repairs.

Course Objectives

Module 1 - Sterling 360 Overview

A.

o O

m

The student will be able to describe basic product specifications.

The student will be able to find service information in the Workshop Manual.

. The student will be able to find component locations on the vehicle.

. The student will be able to safely operate the cab tilt function.

The student will be able to find service intervals in ServiceLit.
The student will be able to perform basic dash dis-assembly/re-assembly.

The student will be able to explain basic engine specifications and construction.

. The student will be able to locate engine related components.

The student will be able to perform a valve adjustment.

The student will be able to explain basic automatic transmission specifications and
construction.

. The student will be able to locate automatic transmission related components.

. The student will be able to perform an automatic transmission Dealer Adjust procedure.

. The student will be able to find and perform diagnostic routines from the Workshop Manual.
. The student will be to perform diagnostics using the MUT/VCI.

. The student will be able to initiate and read diagnostic flash codes.

Introduction
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< Important Features

< Component Identification and Location




Sterling 360 - Overview

Use space provided for your notes and questions.
Be sure to enter new and different features.

Notes:
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Models

LCOE 40

» Class 4 — GVW 14,050 Ib
« WB 114 - 152 in

LCOE 45

 Class 4 — GVW 14,500 Ib
« WB 114 — 164 in

LCOE 50

» Class 5 - GVW 17,995 Ib
«WB 114 -176in

Notes:

Overview
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Engine

Notes:

Rocker shaft spring

Short rocker Long rocker

Exhaust valve rocker shaft Rocker cover

Exhaust valve Short rocker

Intake camshaft

Intak haft
Intake camshaft gear Intake rocker shaft

Exhaust camshaft

Exhaust camshaft gear
Long rocker

Valve spring
Camshaft frame

Intake valve

‘\\—\‘ Flywheel

Connecting rad

Head idler gear
GCylinder head ?
Idler gear assembly

Fan shaft assembly

Rear plate

Upper crankcase
Grankshaft
Balance shaft RH

Grankshaft gear
Lower crankcase

Balance shaft LH
Ne 1 idler gear

Supply pump gear

Supply pump idler gear
Vacuum pump gear

Balance shaft gear LH

P56433E

Item Specifications

Engine Model 4M50T8

4-cylinder, in-line, 4-cycle diesel
Type engine

Combustion Chamber Direct injection type

Double overhead camshaft
Valve Mechanism (DOHC)

Maximum Output
HP/rpm 175172700

Maximum Torque
ft.Ib/rpm 391 /1600

Bore X Stroke mm (in) 114 x 120 (4.49 % 4.72)

Total Displacement L
(cuin) 4.899 (299)

Compression Ratio 17.5:1

1-4

Overview



Engine

Notes:

Rocker shaft spring

Short rocker

Exhaust valve rocker shaft
Exhaust valve

Intake camshaft
Intake camshaft gear

Exhaust camshaft

Exhaust camshaft gear

Camshaft frame

Head idler gear

Gylinder head ?
Idler gear assembly

Upper crankcase
Crankshaft
Balance shaft RH

Crankshaft gear
Lower crankcase

Balance shaft LH
No.1 idler gear

Supply pump gear

Supply pump idler gear
Vacuum pump gear

Balance shaft gear LH

Fan shaft assembly ; R Connecting rad

P56433E

Bosch Common Rail Fuel System
Electronic Injectors

EGR

Intake Throttle Valve

Balance Shafts

Glow Plugs for Cold Starts
Turbocharged/After-cooled

Water cooled turbo

Overview
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Transmission

Notes:

Item Specifications
Manufacturer Aisin
Transmission Model MO36A6

Torque converter

3-element (with lockup clutch)

Stall Ratio 1.60

Transmission

Planetary type; 6 forward gears,

1 reverse gear

Gear ratios 1st 3.742
2nd 2.003
3rd 1.343
4th 1
5th 0.773
6th 0.634
Automatic

Transmission
Fluid

Type Mobil ATF3309

1-6
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Brakes

. Rear diaphragm
Rear diaphragm plate

Front diaphragm

Front diaphragm plate
Secondary piston
Packing cup

Center valve
return spring

) Piston cup |
Cylinder

body

Secondary piston
return spring

Center valve

Stopper pin i?
Retainer "-'.n‘:—4\-‘.:__‘_

Primary piston

return spring

Push rod

Primary piston

Front shell

» All Models have Hydraulic Disc Brakes
* LCOE 40, LCOE 45

+ Vacuum Booster

Rear shell

Valve plunger

Poppet

Poppet spring

Valve return spring

Operating rod

Valve body

Diaphragm plate spring

Center plate

+ Engine driven vacuum pump for booster and exhaust brake

Notes:

Overview
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Brakes

—1

—
=
Reservoir
(built into hydraulic booster)
—D To power steering oil tank
(drain)

Brake pipe

Piston

From power steering oil pump = |”|[-| |
(via flow priority valve)

Secondary piston return spring
Secondary piston retainer

Cylinder body

Emergency pump motor

Secondary piston

Hydraulic piston

Primary piston

retainer
Emergency pump

Primary piston
return spring

Primary piston

P50188E

* Hydraulic Disc Brakes
+ LCOE 50

+ Hydraulic Booster
+ Uses Power Steering Pump
+ Backup Electric Motor

* Retains vacuum pump to operate exhaust brake
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General Specs

Power Steering

LCOE 40/45

+ 215/85R16

LCOE 50

+ 215/75R17.5

Automatic Exhaust Brake

Two 799 CCA Batteries

100 amp Alternator

Overview
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Controls

A. ldle Control

B. Warm Up Switch
C. Low Oil Level

D. Door Lock Switch
E. Panel Light

F. Dome Lamp (body)

1-10 Overview
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Sterling 360 - Manuals

Use space provided for your notes and questions.
Be sure to enter new and different features.

Notes:

2.2 Manuals



Manuals

FE

SERVICE MANUAL
2007 Model

« Manuals will be available in ServicePro mid-2006
e Preliminary 2007 manual on CD

« Must have Acrobat Reader

Notes:

Manuals
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Navigation

&= F:'2007 Man

File Edit ‘“ew Faworites Tools Help

A Back - = - | @‘Search L Folders @ | s i x

Address ID E:\2007 Man

w
|_ 1S4 Electrical:

..............................

|1 Chassis [}s
1 Engine

Place CD in drive and open

Open CD from My Computer icon

+ Some computers may automatically open the CD

Open the 2007 Man folder

Three main files
+ 54 Electrical
+ Chassis

+ Engine

Notes:
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Navigation - Group Numbers
GROUP INDEX

GENERAL ... ccrirrinrnnisnn s snnnn s, 00
MAINTENANCE SCHEDULE ................. 01
ENGINE........ccci i nns e, "
LUBRICATION.....cccsirimsnsninnnsssanianan 12
FUEL AND ENGINE CONTROL............. 13A
ELECTRONICALLY CONTROLLED

FUEL SYSTEM ... ccisinneninnnssianiinan, 13E
COOLING.......ccc s e, 14
INTAKE AND EXHAUST .....c.cciiiiiniinnn 15
EMISSION CONTROL .....ccccciiiiiiiniian, 17
CLUTCH....ccc s snsne e, 21
MANUAL TRANSMISSION ......ccciciniiaan, 22
AUTOMATIC TRANSMISSION.............. 23
PROPELLER SHAFT ....cccccniiinnsinaenne, 25
FRONT AXLE ..., 26
REAR AXLE.......cccoimmiinmmnann s snnns e, 27
WHEEL AND TIRE .......ccociiniinninninnninen 31
FRONT SUSPENSION .....cocsiimnnniinniinans 33
REAR SUSPENSION......cc.cccvninniiinnninan, 34
= 35A
ANTI-LOCK BRAKE SYSTEM (ABS)....35E
PARKING BRAKE ........cccciieniinritinninnan, 36
STEERING ... e, 37
BUMPER AND FRAME .........cccviieniinens 41
CAB....ccct s 42
DOOR. ..., 43
EXTERIOR ... 51
INTERIOR ..., 52
ELECTRICAL. ...t csnne e, 54
HEATER, AIR-CONDITIONER

AND VENTILATION......ocimnnninnssinnninnns 55

» 54 Electrical has most electrical systems with the exception of
+ Engine
+ Transmission
+ ABS

* Engine has groups 11 - 17

* Chassis has remaining groups

Note: Sterling 360 Group numbers are unique to the 360
Notes:

Manuals



Navigation - Files

& E:\. 2007 Man"Engine

File Edit Wew Fawvorites Tools Help

s Back -« = - | ‘Qisearch LY Folders o4 | FrEs

Address | E:\2007 Man\Engine

.....................

Type: Adobe Acrobat Document
Size: 5,33 MEB

T TD_14.pdF
T TD_15. pdf
T TD_17.pdf

* Open the Engine folder
* Engine related file are listed by group number

* Open file by double clicking

Notes:
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Navigation - Files

i adobe Reader - [TD_11.pdf] =l2lx]
'@Elle Edit Miew Document Tools Window Help - ﬁ'|5|

= Dpen |E Save a Copy : Prirt @ Email iﬁ Search
g [ |§ @eaooks -

% {\"? ]:ﬂsehactTeX‘l - i_:'.:]‘l |§ ®\ = | l:l |:| = 118% - & | [ Search Adobe PDF files

INDEX

Signatures \I Pages\l Layers\l Bookmarks

SPECIFICATIONS ....oooviiierenercsnnieens 11-2 PISTONS, CONNECTING ROD
AND CYLINDER LINERS ........coccemiunens 11-56
STRUCTURE AND OPERATION
1. Exploded VIEW ..vueiieerieeereseresssnnniees 11-3 FLYWHEEL ....coiieeriiereveeesisie s ssrensannnnnns 11-70
2. Cylinder Head, Cylinder Head Gasket,
Camshaft, and Camshaft Frame ...... 11-4 FRONT CASE....ccocirirnrnninnnriesnnsannnnnns 11-74
3. Valve Mechanism .....ccocivvinnnniinaninnn
4. Connecting Rod..... TIMING GEARS AND BALANCE
5. PiStON weereeoe. SHAFTS .o 11-76
8. Timing Gears - CRANKSHAFT AND CRANKCASE..... 1184
7. Flywheel....ciiinininiisninssssss s
B. Balance Shafts ... - BALANCE SHAFT BUSHINGS............ 11-92
9 Crankease and Main Rearinas 11-9 hd
o] #Esiin 4] ¥
4 4 1of 96 P Rllo 9| e

Group Index will open

Use right scroll bar to find pages

Page number shows up at bottom of screen

Flywheel is 11-64

Notes:
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Navigation - Files

|® Adobe Reader - [TD_11.pdf] =lelx]
@Eile Edit Wiew Document Tools Window Help - ﬁllﬂ

’»Open Savea Copy | Prirt (3 Email Search
e

_@%'J I:Hﬁ@ﬂa% - ®

S [T sekct Tent - z_:'.j:|

ED% °03 L g emoots -

View Adobe PDF files while
you're on the road

FLYWHEEL

Signatures \I Pages\l Layers\l Bookmarks

<Manual

T i)
transmission’

CAutomatic,

transmissiofr?

@] B5xitim 4]

L4 4 B4 of 52 PRl O @

* Page 11-64

Notes:

2-8
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Manuals

Now it’s your turn

GROUP INDEX

GENERAL ...t stnne s,
MAINTENANCE SCHEDULE .................
ENGINE........cccricrrrnnrnnisnn s nne e,
LUBRICATION......cccoriiinninnn s snnns e,
FUEL AND ENGINE CONTROL..

ELECTRONICALLY CONTROLLED
FUEL SYSTEM ... stnnnnnan,

COOLING.......ccc e e,
INTAKE AND EXHAUST ...
EMISSION CONTROL ...ccocvenrnriiinnninnan,
CLUTCH....ccc s snne e,
MANUAL TRANSMISSION
AUTOMATIC TRANSMISSION............... 23
PROPELLER SHAFT
FRONT AXLE .............
REAR AXLE.......cccnimnimn s,
WHEEL AND TIRE .......ccocciniinninnsnnninen
FRONT SUSPENSION ...
REAR SUSPENSION.........cccimiiiiinin,

ANTI-LOCK BRAKE SYSTEM (ABS)....35E
PARKING BRAKE

ELECTRICAL. ...t snnne e,

HEATER, AIR-CONDITIONER
AND VENTILATION......ocviiciniiecienniinans 55

Complete Exercise 1 - Sterling 360 Manuals

Manuals
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Exercise 2.1 Sterling 360 Manuals

Sterling 360 Manuals will be available in ServicePro by mid-year. In this class you are being

supplied with a preliminary version of the Workshop manual on CD. This Worksheet will help you
navigate the CD to find important information.

Insert CD into CD drive. If your computer is set to auto-start a CD you will go directly to the third
screen below: if not the next two screens tell you how to open the CD.

Go to the My Computer icon on your desktop and double click

(2

Internet
Explarer Connecki, ., Our brands are the leaders in

OUR ASPIRATIONS

From the list select the CD drive and double click (in the illustration it's drive E)

My Compuker

File Edit ‘jew Fawvorites Tools Help
e CECH v -y Hl ChSearch LY Faolders o4 ||;
address I@ My Compuker

.....................................

=My _Files (D)
ﬁﬂnxiDS (E:)

%Eee on ‘corpsy0a' (100
Conkrol Panel

My Blustookh Places

2-10 Manuals



This will show a list of the files on the CD.

File Edit ‘Wiew Fawvorites Tools Help
s Back - = - | ‘Qisearch LY Folders o4 | FrEal PRl g
Address I,ﬁ' E:,

........................

&

Open the 2007 Man folder by double clicking on it

&= E:" 2007 Man

File Edit Wiew Fawvorites Tools Help

ol il e et | Q) Search  [4Folders £ | 5 08 X

Address |1 E:\2007 Man

Chas Pdg
_1Elect PdF k
1 Eng Pdf

Manuals 2-11



Select the Chassis file and double click on it

& F:\ 2007 Man" Chassis
File Edit Wiew

Tools  Help

Favaribes

‘= Back ~ = - | aﬁearch L Folders @ | E IEB' 2

Address

{3 E:\2007 Man!Chassis

) TD_Gro0. pdf
T To_Gro1.pdf
T TD_Gre1 . pdf
T TD_Grez. pdf
T TD_Gre3. pdf
) TD_Gr25.pdf
T TD_Grz6.pdf
T TD_Grz7.pdf

T TD_Gr31. pdf
T TD_Graz.pdf

Select the TD_FOREWARD file and double click on it.

This page has the Sterling 360 group numbers on it. You may want to print this page for future
reference. There is a copy at the end of this exercise.

B Adobe Reader - [TD_FOREWORD.pdf]

@Elle Edit Miew Document Tools Window Help

g J%'Open B Save a Copy __'\ Print (a Email ﬁ Search

T T select Text - Z_:‘.:]:|

i -] (G & 1a%

~ (¥ E ok |§ éﬁeﬂuuks v|

Signatures \I Pages\l Layers\i Bookmarks

FE

SERVICE MANUAL

GROUP INDE:

GENERAL ......cccsiiinninnninnninns
MAINTENANCE SCHEDULE .....
ENGINE........cciierinen s,
LUBRICATION....cocvniiinnsinnninnns
FUEL AND ENGINE CONTROL.
ELECTRONICALLY CONTROLL

2007 Model FUEL SYSTEM ...ccooorrerecreearnenne

FOREWORD COOLING......cco i cerreeree e manniaens

INTAKE AND EXHAUST ........c...

This Service Manual contains maintenance and repair EMISSION CONTROL ................
methods for the Mitsubishi Fuso Truck FE Series.

e i | ol o ” CLUTCH. ..ot een e
ead this manual carefully as an aid in providing cor-

rect, efficient maintenance. Please note that the infor- MANUAL TRANSMISSION ........

mation and specifications contained within this manual AUTOMATIC TRANSMISSION...
may change without notice. This is due to product

Aifiratinneand  continuad  wvaehicla  imnrovamante PROPELLER SHAFT ''''''''''''''

8.5x1lin J
‘u« 4 1of7 P PHI@ Z/l

2-12

Manuals



Close this file by clicking on the X in the upper right hand corner. That should bring you back to
this screen.

&= E:,2007 Man"Chassis

File Edit ‘“iew Faworites Tools Help

s Back + = - | ‘Disearch CYFolders o4 | LA L S o) | H
Address [y E:\2007 ManChassis

D Caver
TD_FOREWORD, pdf
T TD_aron,pdf

T TD_arot.pdf

T TD_Gr21.pdf
T To_Grzz.pdf

T TD_Grz3.pdf
T TD_Gres. pdf
T TD_Gree.pdf
T TD_Grz7.pdf
) TD_cr3t.pdf
T TD_Gr33.pdf
T TD_Gra4.pdf
T TD_arasa.pdf
T TD_Grase. pdf

T TD_cr36.pdf %

) TD_cr37.pdf
T TD_Gra1.pdf
= .-
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Open the group 23 file.

I Adobe Reader - [Gr23rev.pdf] ===
‘Eﬁile Edit View Document Tools Window Help - ﬁ'|5|

'bOpen ESaveaCopy : Pririt @ Email ﬁsaarch
O D fi o -

% \,ﬂ:‘ ]:T] Select Text - ;_:'.:j] |§ Q = | l:l l:l = 118% - & | [ Search Adobe PDF files

INDEX

Signatures \i Pages\i Layers\i Bookmarks

SPECIFICATIONS ..o ceercvnveanrn s 23-2 EMOVAL AND INSTALLATION OF
AUTOMATIC TRANSMISSION ........... 23-56
STRUCTURE AND OPERATION
1. OVEIVIEW .eeeiierinrenniiessansnessssssnneeens 23-3 AUTOMATIC TRANSMISSION
2. Electronic Control System ........... 23-14 CONTROL .vocrrenmrrenmresnesesaseseseresnasene 23-64
3. Electronic Control Unit Connection
DIAGFAM vvieeeeerensseenrrareensseerrnassnsnnen 23-20 OIL COOLER
<MODELS EXCEPT CREW CAB> ...23-T4
TROUBLESHOOTING <CREW CAB> .oovervecverreessesesssseniens 23-76
1. Inspection Procedure ........cceevreeennn 23-22
2. Cautions to Observe When REPLACEMENT OF PARTS OF
Performing Inspections .....cccuvieenies 23-23 AUTOMATIC TRANSMISSION MAIN
3. Inspections Based =10 u 1 23-78
on Diagnosis Codes .....ooviunienriennnns 23-24
4, Multi-Use Tester Service Data ........ 23-33 INSPECTION OF ELECTRICAL
__Inspnections Performed at Electronic EQUIPMENT .....oovrermrerennnsssransonssessssrsnns 23-82
GSailin__ 1|
|4 4 1 0f35 Prllo @l ’j.‘=‘ AL

Scroll down and find Installed Location of Parts.

1. What page number is this on?

Go to this page by using the scroll bar, page numbers are shown at the bottom center of the
screen.

Note: If you grab the scroll bar placement indicator and move it, the page numbers show in a
small drop down screen as you are moving the indicator.

al

17 of 95

If this feature doesn't work, ask your instructor to turn it on for you.
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Once you get to the Installed Parts Location page, use the location identifiers (AO1, BOS, etc.) to
answer the following questions:

Item Location
Transmission ECU

Multiuse Tester Connector

Multiuse Tester Connector
ATF Thermo Switch
Output Speed Sensor

ok wbd

Now see if you can find the list of diagnostic fault codes.
7. What is the code for lock-up clutch problem?

Fault code Flash code

Close this section of the manual and find the Brakes section. You will have to go back to the CD
file list. You can use the Group Index at the end of this exercise to find the proper file.

8. What group number is Brakes?

Open the Brakes file and use it to answer the following questions:

9. Referencing the Specifications; what company manufactures the brake boosters?

10. How long should it take the brake booster vacuum pump to reach 23.6 in Hg at 3000 RPM?

11. What is the wear limit thickness for a disc brake pad?

Manuals 2-15



One more change, close the Brakes file and find and open the Elect folder (Group 54). In group
54 there is a general index that covers the whole section. This is another one you may want to
print out for reference. It is included at the end of this exercise.

Open the GR_54 HOW _TO.pdf file. This is a short section take the time to read through it. This
will help you answering the following questions.

Pay particular attention to the diagram of the connector shown at 1.5 on page 3. All electrical
connectors follow this numbering convention and not the numbers printed on the connector. We
will discuss this more when we get to Diagnostics.

12. Find the schematic for the Fuel Gauge Circuit, what circuit feeds power to the fuel gauge?

Circuit Color

13. What circuit connects the fuel gauge to the sending unit?

Circuit Color

Note the lettered bold numbers on the schematic such as C02, JO4, U31 and T05. Also note the
#258 above the T0O5 number. Now open the file for Electrical Equipment Installation Positions.

14. What do the lettered bold numbers from the schematic represent?

Find Inspection of Electrical Equipment on the index open the file and go to the page with #258.

15. What is the specified resistance for the sending unit at 72 reading?
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GROUP INDEX

GENERAL ..., 00
MAINTENANCE SCHEDULE. ................. 01
ENGINE.......coo s, 11
LUBRICATION ....ccciiviiiinrnnnsnnsnnianains 12
FUEL AND ENGINE CONTROL.............. 13A
ELECTRONICALLY CONTROLLED
FUEL SYSTEM.......ccciiiiiiriiirinnniincii 13E
COOLING....cco s 14
INTAKE AND EXHAUST .....ccviiiiniiinnnn, 15
EMISSION CONTROL ...t 17
CLUTCH..ccciirrrrmrmsn s, 21
MANUAL TRANSMISSION ........ccoiviinena 22
AUTOMATIC TRANSMISSION............... 23
TRANSFER......cotvmmiimnminrnnniiiniiaiiannan. 24
PROPELLER SHAFT ...cccoiirrrr 25
FRONT AXLE

<SFE> o, 26A

<SFG> 26B
REAR AXLE.....ccoiviinninnsnnanns 27
WHEEL AND TIRE ... 31
FRONT SUSPENSION ........cveiiiniiiinnn, 33
REAR SUSPENSION.........ccciveniiaiiinnnn, 34
BRAKE....cccoi s, 35A
ANTI-LOCK BRAKE SYSTEM............... 35E
PARKING BRAKE ..., 36
STEERING ..., 37
FRAME........co e, 41
CAB ... - 42
DOOR...cc s 43
EXTERIOR. ... 51
INTERIOR ..ooirirrrrrrrnnnn s, 52
ELECTRICAL......ccciiiiiinirnnrinn s 54
AIR-CONDITIONER.......vvvcerierrrinniriannes 55A
HEATER......ccciin 55B
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INDEX

HOW TO READ THIS GROUP ... 1

94-00A GENERAL

PRECAUTIONS FOR MAINTENANCE
OPERATION ..., 54-00A-2

94-00B SPECIFICATIONS
SPECIFICATIONS ...cooorourrrrrnrereeenne. 54-00B-2

94-00C STRUCTURE AND

OPERATION

1. SLAMEr o cre e rrrrnn e mr e nnneenes. DA=00C-2
2, AlternNator....c.ce e sinsissssssssessssssssss s 04=00C=3
3. Headlamps........ccoevmnvinsssnrsssssnsnsessmsnsennn.. 94-00C-6
4. Meter ClUSTEr ... srnssnensnss 94=-00C-T
5. Daytime Running Light System.............. 54-00C-14
6. Wiper Control .......cccooeeeeieeiiceiieeeeeeeenennn. 54-00C-16
7. Starter Continuous Energizing Preventing

Function and Preheating Function......... 54-00C-18

94-00D TROUBLESHOOTING

TROUBLESHOOTING .......ccco i 54-00D-2

94-01 POWER, CHARGE AND
GROUND CIRCUIT

HIGH-CURRENT FUSE BOX.......ccuueeenet 54-01-2
FUSE BOX ..o s 54-01-4
(10 POWER CIRCUIT ..o, 54-01-6

(115) RESERVE POWER CIRCUIT ...... 54-01-16

(125 ) BATTERY CHARGING
CIRCUIT .. 54-01-17

(18300 GROUND.......coieeeeeee e 54-01-18

54-02 STARTING CIRCUIT

2100 ENGINE STARTING CIRCUIT....... 54-02-2
(220 ) ENGINE PREHEATING CIRCUIT . 54-02-4

94-03 LIGHTING CIRCUIT

(310 HEADLAMP CIRCUIT .....ccevvrnene 54-03-2
(313) DAYTIME RUNNING LIGHT

CIRCUIT e 54-03-4
(320) TAIL, CLEARANCE AND LICENSE

PLATE LAMPS CIRCUIT .............. 54-03-6
(325) STOP LAMP CIRCUIT .....cceeiiene 54-03-7
(330) TURN SIGNAL AND HAZARD

LAMP CIRCUIT ... 54-03-8
(340 ) BACKUP LAMP CIRCUIT ........... 54-03-10
((345) CAB LAMP CIRCUIT.......ooccnnenn 54-03-12
(348) ILLUMINATION LAMP

CIRCUIT ..o, 54-03-14
(343 ) IDENTIFICATION LAMP AND SIDE

MARKER LAMP CIRCUIT ........... 54-03-15
(352) VAN BODY DOME LIGHT

CIRCUIT .o, 54-03-16

94-04 METER CIRCUIT
(@07) METER CLUSTER INTERNAL

CIRCUIT .. 54-04-2
(412) SPEEDOMETER CIRCUIT ............ 54-04-4
(420 FUEL GAUGE CIRCUIT ................ 54-04-5
(4250 WATER TEMPERATURE GAUGE

CIRCUIT .. 54-04-6

2-18
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54-05 INDICATOR AND WARN-
ING LAMP CIRCUIT

(510 PARKING BRAKE INDICATOR

CIRCUIT ... 54-05-2
(515) BRAKE WARNING CIRCUIT......... 54-05-4
(535) ENGINE OIL LEVEL WARNING

CIRCUIT ... 54-05-6
(536 ) ENGINE OIL PRESSURE

WARNING CIRCUIT ... 54-05-7
(537) OVERHEATING WARNING

CIRCUIT ... 54-05-8
(540) BRAKE PAD WARNING

CIRCUIT ... 54-05-9

(550) CAB TILT WARNING CIRCUIT ... 54-05-10

(586) FUEL FILTER WARNING
CIRCUIT ... 54-05-11

24-06 CAB SIDE ELECTRICAL

CIRCUIT

(®10) CIGARETTE LIGHTER CIRCUIT .. 54-06-2
(8120 AUDIO CIRCUIT e 54-06-3
(814) WIPER AND WASHER

CIRCUIT ... 54-06-4
(B16 ) HORN CIRCUIT i 54-06-5
(820) AIR-CONDITIONER CIRCUIT ....... 54-06-6
(622) POWER WINDOW AND CENTRAL

DOOR LOCK CIRCUIT ....cccceeee 54-06-8
(829 MIRROR HEATER CIRCUIT.......... 54-06-9

94-07 CHASSIS SIDE ELECTRI-
CAL CIRCUIT

(7100 EXHAUST BRAKE CIRCUIT ......... 54-07-2

54-08 ENGINE AND TRANS-
MISSION SIDE ELECTRI-
CAL CIRCUIT

(810} FOUR-WHEEL DRIVE

CIRCUIT <FG>...cooiiis 54-08-2
(850 ) TRANSMISSION POWER
TAKE-OFF CIRCUIT ...l 54-08-3

54-09 OTHER CIRCUIT

JOINT CONNECTOR (J/C)............ 54-09-2
(907) DIAGNOSIS SWITCH AND
MEMORY CLEAR SWITCH........... 54-09-7

54-10 PARTS INSTALLATION

POSITIONS

Cab side
SWITCH ..o 54-10-2
RELAY AND ELECTRONIC

CONTROL UNIT ..o 54-10-5
FUSE, METER, SENSOR, BUZZER,

MOTOR AND ACTUATOR................ 54-10-6
[D] AIR-CONDITIONER <OPTION>........ 54-10-7
[E]DOOR ..o 54-10-8
[FIROOF e 54-10-9
JOINT OF MAIN HARNESS

CONNECTORS......ooruremriernrrrianenn. 54-10-10
Engine and transmission
[RIENGINE ....ccoovvooereerrmneeereeneseereneennns 54-10-12
[S] TRANSMISSION.........ooovoeeee 54-10-13
Chassis side
SWITCH AND SENSOR.................. 54-10-16
FUSE AND CONNECTOR............... 54-10-17
MAGNETIC VALVE AND MOTOR.. 54-10-19
BUZZER AND CONNECTOR.......... 54-10-19

Manuals
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94-11 INSPECTION OF PARTS

#001 to #179 SWITCH ... 54-11-2
#180 to #249 RELAY ... 54-11-8
#250 to #349 SENSOR ...l 54-11-10
#350 to #409 CONTROL UNIT ............. 54-11-11
#410 to #509 MOTOR ..., 54-11-12
#510 to #539 ACTUATOR ..., 54-11-13
#560 to #609 MAGNETIC VALVE ........ 54-11-14
#610 to #649 BUZZER, HORN ............. 54-11-15
#650 to #699 LAMP ... ... 54-11-17
#750 to #859 OTHER. ..., 54-11-18
#860 BATTERY ..o 54-11-20

94-12 STARTER AND ALTER-

NATOR
#0930 STARTER ...-rvuneeenecereecseresenesneennnes 54-12.2
#940 ALTERNATOR ...oovemveererrerennnennes 54-12-16

94-13 ON-VEHICLE INSPEC-
TION AND ADJUSTMENT

#950 INSPECTION OF ALTERNATOR .. 54-13-2
#951 INSPECTION OF REGULATOR .... 54-13-3

#955 INSPECTION OF PREHEATING
SYSTEM. ..o 54-13-4

#956 INSPECTION OF STARTER
CONTINUQUS ENERGIZING
PREVENTING FUNCTION............. 54-13-8

#960 HEADLAMP AIMING ................... 54-13-12

94-14 CONNECTOR CONFIGU-
RATION CHART

CONNECTOR CONFIGURATION

2-20
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Exercise 3.1 Interior Components

This exercise will familiarize you with the vehicle. There are three sections to this worksheet,

Interior, Exterior and Under Cab. Take turns and find as many components as you can. When
everyone has done the first two sections, lift the cab and complete the final section. You may
refer to the Workshop Manual if needed. After 45 minutes we will return to the classroom and
discuss your answers.

Go to the truck and find the components listed below. Mark component locations on the
picture above.

. Fuse Panel
. Brake Fluid Reservoir

. Washer Fluid Reservoir

. Relay Panels

. Master Cylinder & Booster
Engine ECU

Transmission ECU

I @ " Mmoo W »

. Blower Motor
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Exercise 3.2 - Exterior Components (Cab Down)
Draw an arrow to the location of each component. Put the component number by the arrow.

J%ﬂ
b

:

High current fuse box

Transmission cooler
. Fuel water separator
. Neutral safety switch
Air cleaner

Exhaust brake

Coolant Tank

I @ "mooO ®»

. Parking brake
|I. Rear axle ABS connectors

J. Body builder connections

Familiarization 3-3



Exercise 3.3 - Under Cab

After all students have the other sections of this worksheet are complete, tilt the cab and
continue. Each student should tilt the cab. Have your instructor demonstrate the correct
procedure including the secondary safety latch.

Draw an arrow to the location of each component. Put the component number by the arrow.

ABS Controller
AC Condenser

. AC pressure switch

. AC Service Ports

Power Steering reservoir
Body Builder connections

Chassis/Cab/Engine harness junction box

I @ "mmoo @ P

. Engine oil dip stick
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Exercise 3.4 - Behind the Dash Panels

Find and check off the following items behind the dash panels. Some of these were noted in
previous exercises, but now you have clear access.

Note: The marked components are for questions on the next page.
Relay panels

Automatic Transmission ECU__
. Throttle Position Sensor__

. Blower Motor_~

HVAC Filter

Engine ECU___

Washer Motor

I @ "mooO ®»

. Joint Connectors

You will have to use the Workshop Manual to answer the following questions.
Be sure and locate each component mentioned.

1. What does the relay in position A above control?

2. What is the resistor at position B above for?

3. What does the relay at position C above for?

Familiarization 3-5
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Maintenance

Time of inspection and maintenance
£ Inspection interval
o
°2 4
[&] o
@ o .
S |l |lg |g |g |8 | |E Reference
ltem =1 |E |E | |[E |[E |[E |2 Working procedures =
e o o cw|low|loslcn|lon|e$ =
i Ly |low | Cwl|log o | Do |loo S =
® |22 (2a 2=z |2=|2=|2=|c E
= cE|lofF | E|gE|gE|gE|gE|bg
2 |e ElrE|dg|og|To || |NE
¢ |28 (g (28|38 |28 |28 |28 |22
¢ 3w |2 |88 8528525883
f |Zd|le |0 |02 |0l |a |ad a2
ENGINE
Fuel, oil, or coolant Check engine for fuel, oil and Gri1, 12,
leaks from engine coolant leaks. 13A, 14
E® Engine Check the engine for smooth start- | Gri1, 13,
conditions ing and quiet running. 15, 17, 54
Manifold bolts and . Check inlet exhaust manifold bolts Gris
nuts torque and nuts for looseness. =
(& Check and ad- . )
just valve clear- . ggsesck a\.fﬁl\.;e clearance with thick- Grii
ance gauge-
® Oil filter replace- Every 10,000 km/6,000 miles or S :
ment 12 months Replace oil filters. Griz2
® Fuel filter re- Every 20,000 km/12,000 miles or e ’
placement 12 months Replace fuel filter. Gri3A
) Every 20,000 km/12,000 miles or Inspect the fuel tank, cap and )
SR 12 months lines for damage causing leakage. | =" 1o
B Belts tension Every 10,000 km/&,000 miles or Inspect belts for crack, wear and Grid
and damage 12 months tension. =
Check radiator and pressure cap
for sealing performance and
mounting condition.
Inspect hoses for looseness, dete-
& Cooling system x rioration, damage causing leak- Grid
age.
Remove dust and foreign matter
deposit from radiator and inter-
cooler front.
Coolant level and . '

. Check coolant level and if level is ’
leaks from cooling ; Grid
system low, check for coolant leaks.

ﬁ{;ﬂ?m replace- Every 24 months Replace coolant. Grid
(& Turbocharger , ’
rotor play Check turbocharger rotor play. Gri5
) - , ) Clean air cleaner element by .
Air cleaner element Every 5,000 km/3,000 miles blowing clean compressed air Gris
& Air cleaner el- ) ]
ement replacement % Replace air cleaner element. Gris
Inspect the exhaust system for
?geﬁhaust = damage, corrosion and loose con- | Gris
¥ nection causing leakage.
POWER TRAIN
Clutch pedal and Check the pedal for free play. Cr21
clutch disc wear . Check clutch disc wear. =
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Maintenance

Time of inspection and maintenance
= Inspection interval
o ey
% |a
@ [ ] -~
E C) —— = — e — — E R 1
ltem T | E E BEmE E |E = Working procedures & tagfence
= o owlow|o o o =3 =
2 g |Sn|cf| oo |cl|(al|o2
m (el (S=(LF |QF |DF|DFE|oE
g EF|loF|gE|lgE|gE|gE|lgaE|(bng
2 | ElrE|ngloag |5 |0 |0s |NE
Q ol|lgo | o |20 | e | 2o | o | 20
$ |38|88 (83|85 (283839323
d Za |l 0D |02 |0 |0l ol |0l
Propeller shaft
flange torque and ~ Check flange yoke bolts for loose- cres
universal joint ness and universal joint for play. =
looseness
Check center bearing if trace of
Propeller shaft grease flowing out is evident. o5
center bearing . Check center bearing for wear, =
damage and play.
FRONT AND REAR AXLE
VWheel hub : : .
bearing x Check wheel hub bearing for play. | Gr2e, 27
Wheel hub bear- When wheel hub bearing grease
ing hub seals re- X Is replaced, also replace the Gr2e, 27
placement wheel hub bearing hub seals.
Check disc wheel for corrosion,
deformation and cracks.
Measure inflation pressure with
tire gauge.
Check tire tread and side wall for
cracks and damage.
. : Measure tire tread groove depth See later
A
R * . to make sure it is deep enough. | section.
Check tire tread for uneven wear,
stepped wear and other abnormal
wear.
Rotate tires if there is a difference
in the amount of wear on each
tire.
Check wheel nuts for looseness.
Retightening wheel w . Check at the first 50 to 100 km/30 | See later
nuts to 60 miles after changing a section.
wheel.
SUSPENSION SYSTEM
Suspension Check for broken springs and tilt y
springs . of vehicle body toward either side. Gra3, 34
Check U-bolt nuts for looseness.
Retightening Check at the first 1,000 km/600 ’
U-bolts * * miles after removing and retignt- | C'oor 34
ening U-bolt nuts.
BRAKING SYSTEM
Service brake ped- Check brake pedal play and =
al * stroke. R
Depress the brake pedal and
Brake performance | x check that the brakes work effec- | GrasA
tively and evenly on all wheels.
Disc brake pad and Check disc brake pad and disc for -
disc * damage and wear. Sl
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Maintenance

M Inspection: Starting torque of wheel hub bearing

[Inspection]

» After installing the lock nut, perform the following inspection.

* Measure the tangential force at the hub bolt position using a
spring balancer.

+ |f the tangential force is within the specified value, the starting
torque conforms to the standard value. If the measured value
deviates from the specified value, adjust.

P48820

[Adjustment]
Approx, 45° » Tighten the lock nut to the specified torque (primary tightening)
(1/8B of a turn) while turning the wheel hub and rotor, and then loosen it com-

/_-w pletely.

* Smooth operation of the outer bearing and inner bearing by turn-
ing the wheel hub and rotor several times, and then tighten the
lock nut to the specified torque (secondary tightening).

* Return the lock nut by approximately 45 degrees (1/8 of a tum)
and secure It with a split pin. If pin holes do not align, align them
in the course of loosening. Make sure that there is no play in the
axial direction.

* Perform measurement again after adjustment. If any fault is
found, replace the outer and inner bearings.

P48819E
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Maintenance

Time of inspection and maintenance

= Inspection interval
o o2
3 |o
[14] (=] -
S| | g |g |2 |g | |E Reference
Item T | = E |E |E |E |E |E |2 Working procedures -
c =] (= = R = o o o 2 =
S |gy|lecun|lcd|lcB|lol|cB|ol |l
w20 |Cn|C= |8 |@= Q== |ckE
g E=|loE|lgE|gkE|gE|gE|lokE| b5
2 le El—E([dg s |Te|Pa|2s |8
Q o = I = B e R e B e ) ot B et
® 38|28 (22 |e2 (89|22 (22 |23
A |zc || |02 |0 |0l |od|ome
- Check lining for wear through in-
S ® spection hole.
Di bl d check d fi Grash
isassemble and check drum for
Brake drum . wear, crack and damage.
el L s Ll B Check parking brake lever stroke. | Grae
stroke
Inspect brake lines and hoses
Looseness, play looseness, play and damage.
and damage of x Inspect wheel cylinder and brake | GrasA
brake system parts master cylinder for looseness,
play and damage.
STEERING SYSTEM
Turn steering wheel right and left
Steering wheel ~ to measure play at steering wheel cra7
play rim. Measure while engine is run- | =~
ning.
Check that the steering wheel
does not vibrate or pull to one side
Steering wheel op- o and that it is not unduly heawvy. Gra7
eration Also make sure that the steering 2
wheel returns fo its neutral posi-
tion smoothly.
Check steering system for loose-
ness, steering wheel play and op-
Steering system e erating condition. Inspect for oil Grarv
leaks, booster and oil pump func-
tion.

CAB

Make sure that warm air blows
Baleiod * properly onto the windshield. L]

Seated in the driver’s seat, adjust
the angles for clear views of the

Rearview mirrors * sides and rear. Make sure the mir- Gro1
rors are clean.
) Check the license plate and re-
#é?g;?:r Félc?;edi;l‘ig?w b4 flectors for loose installation, dam- -
age, and dirt.
Push down the lock knob and veri-
Door locks « fy that the door does not ocpen Gra3

even when the inner handle is op-
erated.

Confirm that the seat belt buckles
Seat belts x function correctly when fastening | Grs2
and unfastening.

ELECTRICAL SYSTEM

) Press the hom button to check
raufl el * that the horn is working properly. S
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Maintenance

Time of inspection and maintenance
= Inspection interval
o ey
S o
@ =]
§19 |8 |8 |8 |8 |8 |8 |E Reference
ltern = ;g E |E |E |E |E (E = Working procedures €
= o o wlow|o o o =3 Gr
o L | Conl|low | |2 $ = E} = .'ﬂ o =
w20 |20 |2 | 2= |2=|(2E|@=|cE
B |lE=|cZ|cE|cE|cE|cE|cE|B
2 |BE|TE|Gg |5 |FTo|Po|0g|™NE
o [Ze|zo|ze || |re| 22| 2O
$ §3(|28(g2|e2|22(22|eQ e
f [Za|le |0 |02 |0 |0l |os |02
: . Confirm that the windshield wash-
:.pgg%nllgirvasn- b er fluid level is above the bottom -
of the inspection window.
Windshield wiper Check the washer for proper fluid
and washer opera- * spray direction and the wipers for | Grs1, 54
tion normal action.
Make sure that each lamp lights
Lighting system x up or flashes properly. Check Grod
lamp lenses for dirt and damage.
Gauge, warning/in- Check that gauges, warning
dicator lamp opera- | = lamps and indicators are working | Gra4
tion properly.
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Maintenance

Time of inspection and maintenance
" = Inspection interval
e =
(&) o2
(] -
515 |g |g |8 | |% Ref
ltems B b E E E = = Lubricant specifications & %r?nce
s E = Sw | Ow | Ow | Owm
2 [83|8g |88 |88 |88 |88
= == o= (== o E SO E | QE
2 gE —E |dg | g [T5 [Bg
e 1s8 |28 (582|528 |33 |38
= oY | 9 | Saj | oo | e =
o = (TNE¢s] LUl = LLl = LU oy LU o7
(& Engine oil contamination and y Engine oll
oll level AFT classification, CD, CDISF, CE, CE/SF
or CF-4 or JASO classification DH-1
Ower 30°C {86~ SAE 40 Gri3
) ) 40to—-5°C {104 fo 23°F} SAE 30
® Engine oil replacement ® b 15 to —15°C {59 to 5°F} SAE 20W-20
Over—15°C {57 SAE 15W-40
Below 0°C {32° SAE 10W-30
Manual transmission oil level x Engine oil . )
Wehicle operated continuously at high
speed
API classification CC
. " o ; EAE 3"._]| or SAE 40 G232
anual transmission oi . . ear oi
replacement * EC TER LU DL API classification
GL-3 SAE 80 (General)
GL-3 SAE 90 (Warm region)
GL-4 SAE 90 (Tropical ragion)
Automatic transmission fluid y
level Mobil ATF3309 manufactured by G273
Automatic transmission fluid Ny Exxon Mobi
replacement
Transfer gear oil level " Gearol
<FG Model only= API classification
GL-3 SAE 80 (General) Gr24
Transfer gear oil replacement ~ - GL-3 SAE 90 (Warm region)
<FG Model only= GL-4 SAE 90 (Tropical region)
Rear axle housing gear oil level x Gear ol
API classification GL-5
Below 40°C I04°F} SAE 90
Crver 40°C {104°F} SAE 140
Use SAE 140 when operating vehicle at
. ) high load, such as continuous ascent on Gr27
Rear axle hausing gear oil Ny y slo es and when the outside tempearature
replacement 10°C {50°F} or more
<L|rr1|te slip defferential only=
Limited slip differential oil
API classification
GL-5 SAE 50
Front axle housing gear cil level v Gearoill
<FG Model only= AP classification GL-5
Below 40°C {104°F} SAE 90
I B
Front axle housing gear oil se when operating vehicle
b * high load, such as continuous ascent on
R <FGgN‘E['odeI only> slg es and when the outside temperature
is 10°C {50°F} or more
Hub bearing grease replace- Wheel bearing grease
ment " [MLGI No. 2 (EI soap)] Gr26, 27
Front axle birfield joint grease Wheel bearing grease
replacement <FGIM0ng only= " [MLGI No. 2 (Elgs.oap} Gr268
Front axle kingpin bearin
grease replacgﬁ‘lent ¢ x KH'EEGEI' SEQSHE grease Gr268
ZFG Model only> [ 0. 2 (Li soap)]
Front axle steering knuckle
grease replacemegll'lt * %E%ﬁl SEQS”E grease Gr2eB
ZFG Model only> [ o. 2 (Li soap]]
Brake reservoir tank fluid level * Brake fluid e
Brake fluid replacement ~ <SAE J1703f or FMWSS No. 116 DOT3>
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Maintenance

Time of inspection and maintenance
= Inspection interval
w
e —
[&] o
a o
5 |9 € IS IS E E : S Reference
ltems T | = E E E = = Lubricant specifications B £
= E =] [ < w Ow | Ow
£ (22|83 |32 |38 |88 |88
'3 L= == (== (=3 = oE |oE
=4 TE TE |Wg |V | To | Yo
T |2 |52 |58 |52 |58 |52
= o M =0 =0od = o = =y
o Z0cd | W (W W - Wey | wes
Power steering fluid level . Automatic transmission fluid
Pawer steering fluid <DEXRON, DEXRON Il or DEXRON I Gr37
replacement ® | ype>
E;;rtii; % Bearing grease [MLGI Mo. 3 (Li soap)] Gr2b
_Uni'«{'ersal
Lubrication of jon, | x
slip joint
propeller shaft P Wheel bean’nE.grease See |ater
Double [NLGI No. 2 (Li'soap)] section.
Cardan joint .
<FG Model
only=
ulbrcation of rear suspension x Chassis greass [NLGI No. 1 (Li saap]] e
ot — Wheel bearing grease [NLGI Mo. 2 (Li See |ater
Lubneation of kingpins x soap)] section.
Lubneation of door hinge x Chassis grease [NLGI No. 1 (Li soap]] Grd3
el el < Chassis grease [NLGI No. 1 (Li soap)] Grdz

Maintenance



Exercise 4.1 - Wheel Bearing Adjustment

You will be checking the rear wheel bearing adjustment on the truck. You will have to find the
specifications.

1. In what section do you find rear axle wheel bearing adjustment?

2. What are the torques in ft-Ib for the adjustment procedure?

a. Primary tightening

b. Secondary tightening

3. How far do you back off the adjustment nut after the secondary tightening?

4. Whatis the tangential force in pounds used to check the bearing adjustment?

5. What did you measure when you checked the adjustment?

Maintenance 4-9
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Engine

Exhaust valve rocker shaft Rocker cover

Exhaust valve Short rocker

Intake camshaft

Intak haft
ntake camshaft gear Intake rocker shaft

Exhaust camshaft

Exhaust camshaft gear
Long rocker

Valve spring
Camshaft frame
Intake valve
Head idler gear

Piston
Cylinder head

1

Flywheel
Idler gear assembly

Fan shaft assembly Connecting rod

Balance shaft gear RH Rear plate

Qil pump gear
Upper crankcase

Crankshaft
Balance shaft RH

Crankshaft gear
Lower crankcase

Balance shaft LH
No,1 idler gear
Supply pump gear

Supply pump idler gear
Vacuum pump gear

* 4 cyl diesel

* Dual Overhead Cam

» Twin Balance Shafts
+ Belt drive pulley not on crankshaft

Threebond used as sealant in specific areas
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Engine

j Engine numbers

Engine

AMS50-T 4 M | 5 | 0 | T

L Turbocharged
Order of development within same series

Order of development among different series
Diesel engine
Mo. of cylinders (4)

» Engine Model code
* Location of numbers
* Model code also found on valve cover

Engine



Engine

Cvlinder

Crankshaft

Cvlinder liner

-

Water jacket

S

Lower crankcase

Main cap bolt

Upper crankcase

P57193E

* 2 piece crankcase
* Dry liners — push fit

Engine



Engine

CManual transmission?

kﬂj IM Pointer
‘l..- {ﬂ o
%g\j«%

CAutomatic transmissions

Fointer

-

e

P58300E

» TDC mark, viewed from lower inspection cover (AT)

Cranking handle

» Special tool used in fan pulley to bar engine

Engine



Engine

| Qil filter head

Teo ol cooler

(’ =— | =+— From oil pump

— To oil pan
i I S
- _.—l-'_.-._.-'_.-

- —]

\ .———"‘;—F—-#_ Qil filter

—
Bypass filter elemant

Full—flow filter element

Bypass valve

Spin-On

Has drain plug

Combination Oil Filter

Full Flow

By-Pass

Must use proper filter
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Engine

Overflow valve

/ Commeon rai

Supply pump Pressure limiting valve
N - \ -

Flow limiter

&

Feed pump

*

Fuel tank

e

Fuel filter

<= Fuel supply
4= : Fuel return

Bosch Fuel System

Common Rail

Solenoid on injector

Gear supply pump

3 cyl rotary high pressure pump

Up to 23K psi at injector

Injector

P57

Engine



Engine

Fuel filter head

Filter element

oS I O-ring
Water separator o,_.——"""—l

» Special tool required for fuel/water filter
» Part of Dealer Special tools

* Has 2 air bleeds and hand pump
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Engine

Right side view

c10

co1
coz
co3

Co4

Co5

Cos

Cylinder recognition sensar

Injector

Water temperature sensor
(Connects to engine ECU)

Throttle actuator

(Building inte meter, position senser)
EGR valve

(Building into motor, position sensor)
Boost pressure sensor

Upper view

Commen rail pressure sensor

Starter

Fuel temperature sensor

MPROP (Injection quantity adjustment valve)

: Electronic contra| unit

Engine



Engine

S N\
-

) N y = C RN
‘m / Exhaust gas \ \\

Interconer recirculation cooler

_______________ EGR EDU Throttle
g = EDU

T

Position sensor

Exhaust gas
ﬁ recirculation
valve

Turbocharger

I
— B Butterfly valve

t Water temperature sensor Intake throttle
L CAN
' \ \\ communication
] —
O

Exhaust brake

3—way magnetic L 4 . ) o
valve = I \ \ Engine electronic communication
S N B | l\::;*"/ .IE'U - control unit
From waccum tank —= | oo \ /.
Exhaust brake unit L\,__‘_‘_/ [
Accelerator padal ]

position sensor

Exhaust ¢= Engine speed sensor

amm Exhaust emissions
< [ntake air

=5 Coolant

« EGR
* Throttle Valve

* Ex Brake on when warm up switch is on
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Exercise 5.1 - Engine Sensors

Go to the truck and identify as many sensors as you can. You can use the manual to find the
ones you can't identify.

Mark the appropriate letters on the lines above to identify engine components.
A. Boost Air Temperature Sensor
B. Throttle EDU

C. EGREDU
D. Ex Brake 3 way magnetic valve

E. Engine Speed Sensor

Engine 5-11



Exercise 5.1 - (cont.)

Left side view

F. Throttle Valve Actuator & Sensor
G. Fuel Temperature Sensor

H. EGR Valve & Sensor

I. Common Rail Pressure Sensor

J. MPRORP (Injection Quantity Valve)

K. Boost Pressure Sensor

5-12 Engine



Exercise 5.1 - (cont.)

Upper view Right side view

L. Water Temperature Sensor
M. Injectors
N. Cylinder Recognition Sensor

O. Glow plugs

Engine 5-13



Exercise 5.2 - Valve Adjustment (2500 mile service)
Your instructor will help guide you through the steps required to perform a valve adjustment. This
will be a full group exercise.

1. Remove the wiring and stand off clips from the throttle valve and EGR valve.
Note: All connectors have a release lever, the stand off clips also have an easy release clip.

2. Remove the intake elbow and throttle valve (4 bolts). You can leave the intake hose
connected with the elbow attached. This will greatly improve access to the fuel rail.

Intake Elbow

Note: The black circles with and X indicate that a gasket is not to be reused.

3. Remove the oil filler cap and top stamped cover. Once these are removed you can also
remove the rubber material under the cover.

Oil Filler Cap — _ €.S7 Tm

4. Using compressed air, blow any debris from around the injectors. Be sure to have proper
eye protection.
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5. Disconnect the fuel return lines and injector wire harness. Take care not to lose the fuel
return line clips.

Return Line Clips

6. Remove the 2 fuel return line clamp bolts. One is on the valve cover and the other is just
below the intake manifold. This will give you enough freedom to remove the valve cover
without damaging the hard portion of this line. Be very careful not to bend the line.

7. Remove the fuel lines from the injector and fuel rail. You can use an offset, 17 mm, 3/8
drive, fuel line wrench that is part of the MB 9000/400 fuel system tools. It is marked HAZET
4550-1.

8. Remove the injector hold down bolts. Before removing the injectors, check again to see that
there is no accumulation of debris that will fall into the cylinder when the injector is removed.
You may have to use compressed air to blow out the area around the injector again.

Note: You will have to use a pry bar to remove the injector. You can pry on the flat below the fuel
inlet fitting. It is just above the hold down clamp.
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9. Disconnect the PCV tube and move it out of the way. Also remove the cylinder recognition
Sensor.

PCV Hose

14634

Note: Gaskets number 15, there are also 2 "O" rings between the valve cover and head that are
not shown on the diagram.
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11. Now you have to bring number one cylinder up on TDC compression stroke by baring the
engine over using the slotted fan pulley.

"I W

Pointer

It is easiest to use the plug in the converter housing at the left rear of the cylinder head to find
TDC. You can verify that number one cylinder is at TDC compression by observing the marks on
the left camshaft drive gear.

12. Look up the specifications for valve clearance:

a. Intake valves

b. Exhaust valves

13. Adjust the valves indicated in the chart below:

Cylinder No. 1 2 3 4
Valve IN |EX [ IN | EX | IN |[EX]| IN | EX
Mo. 1 cylinder piston at

TDC on compression O 0 o - - o - -
stroke

Mo. 4 cylinder piston at
TDC on compression - - - O 0 - o 0
stroke

Note: Because of the articulate foot on the rocker, it is easier to loosen the adjusting screw and
set the valve lash than to check it.
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14. Rotate the engine and adjust the remaining valves.

15. Re-assemble the engine.

16. Before re-assembling the engine look up the following torques

Torque 60

Valve adjuster lock nut

Rocker cover bolt

Injector line

Injector hold down

Sensor retaining bolt

Use 60% of the recommended torque on the above bolts. On hold-downs, use the same
torque at the sensor retaining bolt.

17. Re-assemble the engine using the 60% torque values.
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Transmission

Item Specifications
Manufacturer Aisin
Transmission Model MO36A6

Torque converter

3-element (with lockup clutch)

Stall Ratio 1.60

Transmission

Planetary type; 6 forward gears,
1 reverse gear

Gear ratios 1st 3.742
2nd 2.003
3rd 1.343
4th 1
5th 0.773
6th 0.634
Automatic
Transmission
Fluid Type Mobil ATF3309

6-2
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Transmission

Converter housing Front planetary gear Middle planetary gear

Cluteh No.2
Clutch No.1 Rear planetary gear
Transmission case S BErake No.1
Glutch No,3

Dnteliies One—way cluteh

Qutput shaft

E_E-

= Parking brake drum
Speedometer gear

Parking lock gear
Torque converter
Qil pan Extension housing

Qil pump

Sun gear housing

Valve body

P58447E

» Uses 5 friction clutches & 1 one-way clutch for gear selection
* Electronic controls

» Shares signals with Engine on CAN buss

Transmission



Transmission

Pump impeller

Lockup piston

Turbine runner

Stator

One—way clutch

Converter front cover

Lockup damper

Push—button

Overdrive switch

P range switch

* Lock-Up can occur 2 — 6 gears

» ECU decides lock-up clutch operation
+ Engine speed
+ Throttle position
+ TC temp sensor

» OD switch locks out 5th & 6th gears

Transmission



Transmission

» Cable operated selector lever

» Special tool for inhibitor switch adjustment

Transmission



Transmission

 Frame mounted oil cooler

» Electric fan

» Controlled by thermostatic switch (not ECU)

Transmission
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Transmission

Converter housing

Brake No.2

Front planetary gear Middle planetary gear

Cluteh No.2
Cluteh No.1
Transmission case S Brake Na.1
M Clutch No,3

Rear planetary gear

One—way cluteh

Qutput shaft

; ?/ e

= —

Torque converter

Oil pan

oi
il pump Sun gear housing

Valve body

_ .-{w u»‘-_.-"—'-'

Parkll1g brake drum
Speedometer gear

Parking lock gear

Extension housing

P58447E

* No internal parts are available for this transmission

* Repairs are limited to external seals and sensors

Transmission



Transmission

Clutehes Brakes
Torgue converter _\\\ / |"

\
i

One—way clutch

Pianetary gear

—

Qil pump ——'/

Turbine//output

o

Controi vaive (solenoid) Automatic
transmission
electronic

controj unit

Accelerator pedal positien sensor

* Dealer Adjust

+ Learning procedure for Trans ECU

* Must be performed

+ When transmission is replaced
+ When trans ECU is replaced

* Procedure listed in 23-53 of Workshop manual
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Exercise 6.1 - Transmission Sensors

Go to the truck and identify as many sensors as you can. You can use the manual to find the

ones you can't identify.

Left side view

Right side view

/%

L/J\
Mark the appropriate letters on the lines above to identify engine components.
A. Inhibitor Switch
B. Oil Temperature Sensor
C. Output Speed Sensor
D. Vehicle Speed Sensor
E. Turbine Speed Sensor

F. A/T Solenoid Connectors (2)

Transmission



Transmission

1]

T

G. ATF Cooler

H. ATF Cooler Fan

I. ATF Thermo Switch
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Exercise 6.2 -

Automatic Transmission Dealer Adjust
Read through this procedure completely before attempting to perform

Engine & trans must be at operating temperature

Park brake set, wheels chocked

Move selector from N to D and D to R at least 3 times
FAIL If the ATF Temp Warning lamp come on solid, the procedure has failed.

Replace AT Diag fuse, turn truck off and start all over.

PROCEDURE RESULT

Step1 | Enter Adjust Mode

Engine at idle

Remove AT Diag fuse ATF Diagnostic lamp will begin flashing and will

continue throughout test

Move Selector from D to 3, 3 times in 10 sec ATF Temp Warning light begins to flash

Move Selector to D, OD switch from ON to OFF ATF Temp Warning light flashing
Step 2 | Within 30 sec |

RPM to 1200 RPM and hold, left foot hard on brake Trans applies and releases clutches

Hold RPM until ATF Temp Warning light goes out ATF Temp Warning light goes out
Step 3 |Back toidle |

Move Selector to R, OD switch from ON to OFF ATF Temp Warning lamp begins to flash
Step 4 | Within 30 sec |

RPM to 1200 RPM and hold, left foot hard on brake Trans applies and releases clutches

Hold RPM until ATF Temp Warning light goes out ATF Temp Warning light goes out
Step 5 |Backtoidle ATF Temp Warning lamp flashes slowly

Shift to Park, turn engine off, replace AT Diag fuse
FAIL If at any time during the procedure the ATF Temp Warning

lamp comes on solid, the procedure has failed.

Replace AT Diag fuse, turn truck off and start all over.

Transmission
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Diagnostics

* Vehicle has 3 electronic systems
+ Engine
+ Transmission
+ ABS

+ ECU’s generate diagnostic codes

* Read by MUT (Multi Use Tester) or flash codes

7.2 Diagnostics



Diagnostics

Tl . |

* MUT — Multi Use Tester

+ Software diagnostic program
+ Requires a PC
» VCI - Vehicle Communication Interface
+ Connects PC to vehicle
+ Can stand alone as a recorder device

+ Contains voltmeter functions

Diagnostics



Diagnostics

STERLING
TRUCKS

* Initial Screen
» Service Manual button is not operable
* MUT-III Manual in software
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Diagnostics

System Check

POWERTRAIN

ENGINE TRANSMISSION

Integration control

[Select system.

Calel | Lol

System CheCK MA01000000)

POWERTRAIN w R CAR £

Three tabs

» Powertrain

+ Engine

+ Transmission
* Under Car

+ ABS
* Body

+ Not used at this time

Diagnostics



Diagnostics

ENGINE

POWERTRAIN 7 ENGINE

Self-diagnosis Data List Actuator Test

Drive Recorder Voltmeter Resistor

ECU Information

[Se.l’ecr function.

[& - b

Self-Diagnosis
+ Fault codes

Data List
+ Sensor information

Actuator Tests
+ Can turn on outputs

Drive Recorder
+ Can use VCI as a recording device with or without MUT

Voltmeter — Resistor
+ Volt/Ohmmeter function of VCI

ECU Information
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Diagnostics

Self-diagnhostic

POWERTRAIN / ENGINE Self-diagnostic

Diagnostic trouble code

DTC Name DTC Procedures
From Service Manual

PO506  |ldle Volume

A
PAST DTC display
Diagnostic Trouble Code Erasing
v
Freeze Frame Data

[ 1 diagnostic trouble codes found.

[Parr Nurnber MEZZ25TS5 ROM-ID: ™ Cormmunication Type/S0C EADD

== e | |

* Reads Fault codes

+ Current
+ Past

* Has diagnostic procedures

* Erase codes

Diagnostics



Diagnostics

POWERTRAIN / ENGINE Data List

Data List Reference Table

{unfiltered)

Mo Mame Value

01 |Engine Rewvolution O rfmin
02 |Reference Injection Quantity 13.0%
ac B;Zt;;ir;;e Common Rail 21.0%
1F  |EGR Position 0.0 %
20 [Intake Throttle position 1000 %
33 Accel Pedal Position 53.0%

Data List

[The nurnber of item cholces: 4344, Grows All Data Part Numbey MEZZEST S ROV DL Communic ation Type /S0 EAQS

[

=

4

%

» Data List

+ Reads sensor inputs
+ Can display as a graph

7-8
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Actuator Test

POWERTRAIN

ENGINE / Actuator Test

Activate actuator?

Mo. MName Mo MName Value
AT |EGRA1 1 [EGR Position 0%
A 100.0 5
AT |Intake Throttle 1 §
AC  |Audliary Brake v 1 ﬂ
o -120 -100 -80 -60 -40 -20
AE Auxiliary Brake Indicator Lamp
v
36 %
AR Relay for Glow Relay ‘{t’)
I T J T T 1
o 25 50 75 100

([EaFEf =i

* Actuator Test
+ Controls outputs

+ Can display as a graph

Pan Mumber ME2 25157/ ROM-ID: ™ =/Communication Type/SCC:EAQNS

Diagnostics



Diagnostics

ECU Information - Microsoft Internet Explorer provided by FreighHiner Corporation

ECU Information

POWERTRAIN / ENGINE ECU Information

ECL Information

ltem Yalug
System Check Code EAD3
Part Number MEZ225157

Hardware Number

Software Number

N4 01014400

n@% < | al | 5

* ECU Information

+ Varies by ECU

7-10
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Diagnostics

ENGINE

Warning lamp (red)

CHECK
ENGINE

Memory clear switch
Diagnosis switch

Flash Codes

Device fuses act as diagnostic switches

Present Codes

+ 5 amp fuse

+ Orange

Past Codes

+ 10 amp fuse

+ Red

Diagnostics
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Diagnostics

ENGINE

Warning lamp (red) - Memory ::.If:ar switch
Diagnosis switch

+ 2 digit flash codes
* Long Flash

«+ First digit
» Short Flash

+ Second digit

* 01 — No faults
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Exercise 7.1 - Diagnostics

A truck comes in with the transmission warning lamp lit. You determine that is has a PO715 fault.
Using the Workshop manual answer the following questions:

1. Which part of the transmission electronics has a problem?

2. What is the number of the electrical equipment inspection for this fault code?

Find the electrical equipment inspection procedure, remove the device in question and test it per
the procedure. If you need any special pieces to perform the test, your instructor will provide
them.

3. What are the test specs?

Hi
Lo

4. Did your device pass? Yes No

5. If the device passed and the code was still active, what would you do next?

Diagnostics 7-13



Exercise 7.2 - Diagnostics

Connect the MUT III to the truck. Jack up the rear axle so that both rear wheels are off the
ground.

Open up the MUT Il program and find the ABS. In the ABS portion, open the Data List. Find the
wheel speeds in the data list, now spin one rear tire by hand while one person observes the
screen.

1. Record the wheel speeds:
RR Speed

RL Speed

Disconnect the second highest connector on the group of connectors on the left rear frame rail by
the left rear tire. Spin the tires again:

2. Record the wheel speeds:
RR Speed

RL Speed
3. What did that connector affect?

Go to the ABS main screen and select Self-Diagnosis.

4. Is there an active diagnostic code? Yes No

5. If yes, what is the code?

6. What connector does the procedure send you to?

7. What is the specification for this test?

8. Plug the sensor connector back in and test from the ABS connector at the ABS ECU. Were
you able to read the specified resistance?

Yes No Measured value

7-14 Diagnostics



Exercise 7.3 - Diagnostics

Disconnect the EGR valve sensor. Use the fuses to flash the proper diagnostic codes. Start with
Group 13E to answer the questions below.

1. What flash code did you pull up?
2. What fault code is that?

3. Are you able to find a diagnostic procedure for the fault code in group 13E?

Yes No

4. What group number do you have to go to?
5. What is the electrical equipment inspection procedure number?

6. What tests can you perform?

When you get a chance connect the MUT Il to the vehicle and access the Engine main screen
and click on the Self-Diagnosis button.

As long as the EGR is still disconnected you should see the same fault as you found above. Click
on the DTC Procedures From Service Manual button. Follow this through at least 5 or 6 screen
giving appropriate answers.

7. Is the MUT Il procedure the same as in the Service Manual?

Yes No

8. Does it appear to be more or less detailed? More Less

9. Which do you think would be the preferred method of troubleshooting?
MUT I Service Manual

Diagnostics 7-15
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