GENERAL INFORMATION

Anti-Lock Brake Safety Precautions

* PLEASE READ THIS FIRST *

This article is intended for general information purposes only. This information may not apply to all
makes and models. If vehicle is equipped with Anti-Lock Brake System (ABS), refer to appropriate
ANTI-LOCK BRAKE SYSTEM article in the BRAKES section for description, operation,
depressurizing, testing, system bleeding, trouble shooting and servicing of specific system.

ANTI-LOCK BRAKE SAFETY PRECAUTIONS

Gl Failure to depressurize ABS could lead to physical injury.

NEVER open a bleeder valve or loosen a hydraulic line while ABS is pressurized.

NEVER disconnect or reconnect any electrical connectors while ignition 1s on. Damage to ABS
control unit may result.

DO NOT attempt to bleed hydraulic system without first referring to the appropriate ANTI-
LOCK BRAKE SYSTEM article in the BRAKES section.

Only use specially designed brake hoses/lines on ABS equipped vehicles.

DO NOT tap on speed sensor components (sensor, sensor rings). Sensor rings must be pressed
into hubs, NOT hammered into hubs. Striking these components can cause demagnetization or a
loss of polarization, affecting the accuracy of the speed signal returning to the ABS control unit.

DO NOT mix tire sizes. Increasing the width, as long as tires remain close to the original
diameter, 1s acceptable. Rolling diameter must be identical for all 4 tires. Some manufacturers
recommend tires of the same brand, style and type. Failure to follow this precaution may cause
maccurate wheel speed readings.

DO NOT contaminate speed sensor components with grease. Only use recommended coating,
when system calls for an anti-corrosion coating.

When speed sensor components have been removed, ALWAYS check sensor-to-ring air gaps
when applicable. These specifications can be found in each appropriate article.

ONLY use recommended brake fluids. DO NOT use silicone brake fluids in an ABS equipped
vehicle.

When installing transmission devices (CB's, telephones, etc.) on ABS equipped vehicles, DO
NOT locate the antenna near the ABS control unit (or any control unit).

Disconnect all on-board computers, when using electric welding equipment.

DO NOT expose the ABS control unit to prolonged periods of high heat (185 A°F/85A°C for 2
hours is generally considered a maximum limit).




GENERAL INFORMATION
Clutch Trouble Shooting

* PLEASE READ THIS FIRST *
NOTE: This is GENERAL information. This article is not intended to be specific

to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

ALL MODELS

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

CLUTCH TROUBLE SHOOTING

Problem & Possible Cause [ Action
|Clutch Chatters/Grabs
Incorrect Pedal Adjustment Adjust Free Play
Worn Input Shaft Spline Replace Input Shaft
Binding Pressure Plate Replace Pressure Plate
Binding Throw-Out Lever Check Throw-Out

Lever, Check Throw-
Out Bearing, Check
Bearing Retainer

Uneven Pressure Plate Contact With Flywheel Align/Replace Worn
Parts
Transmission Misaligned Align Transmission
Worn Pressure Plate Replace Clutch
Assembly
Oil-Saturated Disc Replace Clutch
Assembly, Repair Oil
Leak
Loose Engine Mounts Replace Engine
Mounts

|Clutch Pedal Sticks Down
Clutch Cable Binding Replace Clutch Cable
Weak Pressure Plate Springs Replace Clutch
Assembly
Binding Clutch Linkage Lubricate Linkage
Broken Clutch Pedal Return Spring Replace Return Spring

|Clutch Will Not Release

Oil-Saturated Disc Replace Clutch
Assembly, Repair Oil
Leak
Defective Disc Face Replace Clutch
Assembly
Disc Sticking on Input Shaft Splines Replace Disc/Input
Shaft
Binding Pilot Bearing Replace Pilot Bearing
Faulty Clutch Master Cylinder Replace Master

Cylinder




[Problem & Possible Cause Action|
Faulty Clutch Slave Cylinder Replace Slave
Cylinder

Blown Clutch Hose Replace Hose
Sticky Throw-Out Bearing Sleeve Clean/Lube Sleeve
Clutch Cable Binding Replace Clutch Cable
Broken/Loose Bellhousing Check Bellhousing

Rattling/Squeaking

Broken Throw-Out Lever Return Spring

Replace Return Spring

Faulty Throw-Out Bearing

Replace Throw-Out

Bearing
Faulty Clutch Disc Replace Clutch Disc
Faulty Pilot Bearing Replace Pilot Bearing
Worn Throw-Out Bearing Replace Throw-Out
Bearing
Dry Bearing Retainer Slide For Throw-Out Bearing Sleeve Lubricate Slide
Slipping
Faulty Pressure Plate Replace Clutch
Assembly
Worn Clutch Disc Replace Clutch
Assembly
Incorrect Alignment Realign Clutch
Assembly
Faulty Clutch Slave Cylinder Replace Slave
Cylinder
No Pedal Pressure
Leaky Hydraulic System Check Clutch Master
Cylinder, Check
Clutch Slave Cylinder
Check Clutch Hose
Broken Clutch Cable Replace Clutch Cable
Faulty Throw-Out Lever Replace Throw-Out
Lever
Broken Clutch Linkage Repair Clutch Linkage
Noisy Clutch Pedal
Faulty Safety Switch Check/Replace Switch
Noisy Self-Ad;j. Ratchet Replace Ratchet
Dry Throw-Out Bearing Replace Throw-Out
Bearing
Dry Pilot Bearing Replace Pilot Bearing
Worn Input Shaft Replace Input Shaft




GENERAL INFORMATION

Commonly Used Abbreviations
* PLEASE READ THIS FIRST *

NOTE: This article is intended for general information purposes only. This
information may not apply to all makes and models. Not all abbreviations
are covered as manufacturers add new ones every day.

"A"

Amperes
ABS

Anti-Lock Brakes
ABRS

Air Bag Restraint System
AC

Alternating Current
A/C

Air Conditioning
ACCS

A/C Cycling Switch
ACCUM

Accumulator
ACCY

Accessory
ACT

Air Charge Temperature Sensor
ADJ

Adjust or Adjustable
ADV

Advance
AFS

Airflow Sensor



Al

Air Injection
AIR or A.LR.

Air Injection Reactor
AIS

Air Injection System
Alt.

Alternator or Altitude
Amp./amp/amps

Ampere
ASCS

Air Suction Control Solenoid
ASD

Auto Shutdown
ASDM

Air Bag System Diagnostic Module
ASV

Air Suction Valve
A/T

Automatic Transmission/Transaxle
ATC

Automatic Temperature Control
ATDC

After Top Dead Center
ATF

Automatic Transmission Fluid
ATS

Air Temperature Sensor
Aux.

Auxiliary
Avg.

Average

AXOD



Automatic Transaxle Overdrive (Ford Models Only)
"R
BAC
By-Pass Air Control
BAP
Barometric Absolute Pressure Sensor
BARO
Barometric
Batt.
Battery
Bbl.
Barrel (Example: 4-Bbl.)
BCM
Body Control Module
BHP
Brake Horsepower
BMAP
Barometric and Manifold Absolute Pressure Sensor
BOO
Brake On-Off Switch
B/P
Backpressure
BPS
Barometric Pressure Sensor
BPT
Backpressure Transducer
BTDC
Before Top Dead Center
BTSI
Brake Transmission Shift Interlock
BTU
British Thermal Unit

BVSV



Bimetallic Vacuum Switching Valve

nen
AeC

Celsius (Degrees)
Calif.

California
CANP

Canister Purge
CARB

California Air Resources Board
CAT

Catalytic Converter
CB

Circuit Breaker
CBD

Closed Bowl Distributor
cc

cubic centimeter
cccC

Close Coupled Catalyst
cccC

Computer Command Control
CCD

Computer Controlled Dwell
CCOT

Cycling Clutch Orifice Tube
CCW

Counterclockwise
CDI

Capacitor Discharge Ignition
CEC

Computerized Engine Control

CID



Cubic Inch Displacement
cm

Centimeter
CMP

Camshaft Position Sensor
CcoO

Carbon Monoxide

Co,

Carbon Dioxide
Cont.

Continued
CONV

Convertible
CP

Canister Purge
CKP

Crankshaft Position Sensor
CTS

Coolant Temperature Sensor
Cu. In.

Cubic Inch
cvcC

Constant Vacuum Control
Ccv

Check Valve or Constant Velocity
CwW

Clockwise
CYL or Cyl.

Cylinder
1

Computer Controlled Coil Ignition
C4

Computer Controlled Catalytic Converter



"D
"p"

Drive
DC

Direct Current Or Discharge
DDD

Dual Diaphragm Distributor
Def.

Defrost
Defog.

Defogger
DERM

Diagnostic Energy Reserve Module
DFI

Digital Fuel Injection
Diag.

Diagnostic
DTC

Diagnostic Trouble Code
DIC

Driver Information Center
DIS

Distributorless Ignition System
DIST

Distribution
DLC

Data Link Connector
DOC

Diesel Oxidation Catalyst
DOHC

Double Overhead Cam
DOT

Department of Transportation



DPF

Diesel Particulate Filter
DRB-II

Diagnostic Readout Box
DVOM

Digital Volt-Ohmmeter
1 okl
EACV

Electric Air Control Valve
EATX

Electronic Automatic Transaxle
EBCM

Electronic Brake Control Module
EBL

Electronic Back Light
ECM

Engine Control Module
ECT

Engine Coolant Temperature Sensor
EDIS

Electronic Distributorless Ignition System
EEC

Electronic Engine Control
EECS

Evaporative Emission Control System
EEPROM

Electronically Erasable PROM
EFE

Early Fuel Evaporation
EGO

Exhaust Gas Oxygen Sensor
EGR

Exhaust Gas Recirculation



EOT
Engine Oil Temperature
ESA
Electronic Spark Advance
ESC
Electronic Spark Control
EST
Electronic Spark Timing
EVAP
Fuel Evaporative System
EVIC
Electronic Vehicle Information Center
EVP
EGR Valve Position Sensor
EWMA
Exponentially Weighted Moving Average (MODE 6)
Exc.

Except

1 il
A°F
Fahrenheit (Degrees)
F/B
Fuse Block
Fed.
Federal
FI
Fuel Injection
FICU
Fuel Injection Control Unit
FIPL
Fuel Injector Pump Lever

FLI

Fuel Level Indicator



FPR-VSV
Fuel Pressure Regulator Vacuum Switching Valve
Ft. Lbs.
Foot Pounds
FWD
Front Wheel Drive
"G"
g
grams
Gals.
gallons
GND or GRND
Ground
"H"
HAC
High Altitude Compensation
HC
Hydrocarbons
H/D
Heavy Duty
HO2S
Heated Exhaust Gas Oxygen Sensor
Hg
Mercury
Hgt.
Height
HLDT
Headlight
HO
High Output
HO2S
Heated Oxygen Sensor

HP



High Performance
HSC

High Swirl Combustion
HSO

High Specific Output
HTR

Heater
Hz

Hertz (Cycles Per Second)
"y
IAC

Idle Air Control
IACV

Idle Air Control Valve
IAT

Intake Air Temperature
IC

Integrated Circuit
ID

Identification
LD.

Inside Diameter
IFS

Independant Front Suspension
IFS

Inertia Fuel Shutoff (Ford)
Ign.

Ignition
IMRC

Intake Manifold Runner Control
In.

Inches

INCH Lbs.



Inch Pounds

in. Hg

Inches of Mercury
Inj.

Injector
IP

Instrument Panel
IRS

Independant Rear Suspension
ISC

Idle Speed Control
IVD

Interactive Vehicle Dynamics (Ford)
IVSV

Idle Vacuum Switching Valve
"y
J/B

Junction Block
nK"
KAPWR

Keep Alive Power
k/ohms

kilo-ohms (1000 ohms)
kg

Kilograms (weight)
]{gf’cm2

Kilograms Per Square Centimeter
KM/H

Kilometers Per Hour
KOEO

Key On, Engine Off

KOER



Key On, Engine Running

KS
Knock Sensor
kW
Kilowatt
kV
Kilovolt
1 KU
L
Liter

Ibs. (Lbs. when used in table)

Pounds
LCD

Liquid Crystal Display
L/D

Light Duty
LDP

Leak Detection Pump (Part of EVAP system.)
LED

Light Emitting Diode
LH

Left Hand
"M
mA

Milliamps
MA or MAF

Mass Airflow
MAFS

Mass Airflow Sensor
MAP

Manifold Absolute Pressure
MAT

Manifold Air Temperature



Mem.

Memory
MEM-CAL

Memory Calibration Chip
mfd.

Microfarads
MFI

Multiport Fuel Injection
MICU

Multiplex Integrated Control Unit (Acura/Honda)
MIL

Malfunction Indicator Light
MPI

Multi-Point (Fuel) Injection

Millimeters
MPH

Miles Per Hour
mV

Millivolts

"N
NA

Not Available
NAC

NOx Adsorber Catalyst
NCA

No Color Available (Wiring Diagrams)
NGS

New Generation Star

Newton Meter

Number



Nos.

Numbers
NOx

Oxides of Nitrogen
"o"
0,

Oxygen
OBD

On-Board Diagnostics
oC

Oxidation Catalyst
oD

Overdrive
0.D.

Outside Diameter
OHC

Overhead Camshaft
0SS

Output Speed Sensor
0O/S

Oversize
0Z.

Ounce
0ZS.

Ounces
npn
npr

Park
P/C

Printed Circuit
PCM

Powertrain Control Module



PCS

Purge Control Solenoid
PC-SOL

Purge Control Solenoid
PCV

Positive Crankcase Ventilation
PFI

Port Fuel Injection
PGM-FI

Programmed Fuel Injection
PID

Parameter Identification
PIP

Profile Ignition Pick-up
PNP

Park Neutral Position Switch
P/N

Park/Neutral
PRNDL

Park Reverse Neutral Drive Low
PROM

Programmable Read-Only Memory
psi

Pounds Per Square Inch
P/S

Power Steering
PSPS

Power Steering Pressure Switch
PTC

Positive Temperature Coefficient
PTO

Power Take-Off

Pts.



Pints
Pwr.

Power

"Q"
Qts.
Quarts
"R"
RABS
Rear Anti-Lock Brake System
RECIRC

Recirculation

Right Hand
RPM

Revolutions Per Minute
RWAL

Rear Wheel Anti-Lock Brake
RWD

Rear Wheel Drive
ngn
SAS

Steering Angle Sensor
SBC

Single Bed Converter
SBEC

Single Board Engine Controller
SDARS

Satellite Digital Audio Radio Service
SES

Service Engine Soon
SFI

Sequential (Port) Fuel Injection



SIL

Shift Indicator Light
SIR

Supplemental Inflatable Restraint
SOHC

Single Overhead Cam
SOL or Sol.

Solenoid
SPFI

Sequential Port Fuel Injection
SPK

Spark Control
SPOUT

Spark Output
SRI

Service Reminder Indicator
SRS

Supplemental Restraint System (Air Bag)
STAR

Self-Test Automatic Readout
STO

Self-Test Output
SUB-0,

Sub Oxygen Sensor
Sw.

Switch
Sys.

System
"
TAB

Thermactor Air By-Pass
TAC

Throttle Actuator Module



TAD

Thermactor Air Diverter
TBC

Body Control Module (General Motors)
TBI

Throttle Body Injection
TCC

Torque Converter Clutch
TDC

Top Dead Center
Temp.

Temperature
TFI

Thick Film Ignition
THERMAC

Thermostatic Air Cleaner
TPM

Tire Pressure Monitor
TPMS

Tire Pressure Monitor System
TPS

Throttle Position Sensor/Switch
TS

Temperature Sensor
TV

Thermovalve
TWC

Three-Way Catalyst
nmyn
\

Valve
Vac.

Vacuum



VAF

Vane Airflow
VAPS

Variable Assist Power Steering
vccC

Viscous Converter Clutch
VCRM

Variable Control Relay Module
VIN

Vehicle Identification Number
VM

Vacuum Modulator
Volt.

Voltage
VOM

Volt-Ohmmeter (Analog)
VRV

Vacuum Regulator Valve
VSS

Vehicle Speed Sensor
VSV

Vacuum Switching Valve

"W
W/

With
WwW/0

Without
WAC

Wide Open Throttle A/C Switch
WOT

Wide Open Throttle







2017 GENERAL INFORMATION

Dangers, Warnings, and Cautions - Impala

INTRODUCTION
DEFINITION OF DANGER, WARNING, CAUTION, AND NOTE

The diagnosis and repair procedures in a GM Service Manual contain both general and specific Dangers,
Warnings, Cautions, Notes or Importants. GM 1s dedicated to the presentation of service information that
helps the technician to diagnose and repair the systems necessary for the proper operation of the vehicle,
however, certain procedures may present a hazard to the technician if they are not followed in the
recommended manner. Dangers, Warnings, Cautions and Notes or Importants are elements designed to
prevent these hazards, however, not all hazards can be foreseen. This information is placed at strategic
locations within the service manual. This information is designed to prevent the following from
occurring:

» Serious bodily injury or death to the technician

* Damage to the vehicle

¢ Unnecessary vehicle repairs

e Unnecessary component replacement

o Improper repair or replacement of vehicle components.

¢ Any warning or caution that appears in this service category is referenced from the individual
service categories.

DANGER Defined

When encountering a DANGER, you will be asked to take a necessary action or not to take a prohibited
action. If a DANGER is not heeded. the following consequences may occur:

¢ Serious bodily injury or death to the technician
¢ Serious bodily injury or death to other technicians in the workplace area

WARNING Defined

When encountering a WARNING, you will be asked to take a necessary action or not to take a
prohibited action. If a WARNING is not heeded, the following consequences may occur:

¢ Serious bodily injury to the technician
¢ Serious bodily injury to other technicians in the workplace area

e Serious bodily injury to the driver and/or passenger(s) of the vehicle, if the vehicle has been
improperly repaired

CAUTION Defined

CAUTIONS call special attention to a necessary action or to a prohibited action. If a CAUTION is not
heeded, the following consequences may occur:

¢ Damage to the vehicle

o Unnecessary vehicle repairs

» Unnecessary component replacement

» Improper operation or performance of the system or component under repair

* Damage to any systems or components which are dependent upon the proper operation of the
system or component under repair

¢ Improper operation or performance of any systems or components which are dependent upon the
proper operation or performance of the system or component under repair



+ Damage to fasteners, basic tools, or special tools

o The leakage of coolant, lubricant, or other vital fluids

NOTE or IMPORTANT Defined

NOTE and IMPORTANT statements emphasize a necessary characteristic of a diagnostic or repair
procedure. NOTE or IMPORTANT statements are designed to do the following:

¢ Clarify a procedure

Present additional information for accomplishing a procedure
Give insight into the reason or reasons for performing a procedure in the manner recommended
Present information that will help to accomplish a procedure in a more effective manner

Present information that gives the technician the benefit of past experience in accomplishing a
procedure with greater ease

APPROVED EQUIPMENT FOR COLLISION REPAIR WARNING

m To avoid personal injury when exposed to welding flashes or to

galvanized (Zinc Oxide) metal toxic fumes while grinding/cutting on any
type of metal or sheet molded compound, you must work in a properly
ventilated area, wearing an approved respirator, eye protection, earplugs,
welding gloves, and protective clothing. In addition when grinding
aluminum components, always use an extraction system to remove high
dust concentration due to risk of explosion.

ASSISTANT DRIVING WARNING

2GR  An assistant should drive the vehicle while the technician checks for the

location of the reported condition. Otherwise, personal injury could
result.

AUTOMATIC TRANSMISSION RANGE SELECTOR CABLE WARNING

IW.ITIeH  The automatic transaxle range selector cable is made out of two cable

sections. After initial connection never separate the two metal couplings
from one another. Integrity of the connection of the two metal couplings
will be lost if separation of the two metal couplings occurs. When
servicing the transaxle remove the cable at the automatic transaxle range
selector lever and at the automatic transaxle range selector cable
bracket. If either section of the cable needs to be replaced, replace both
of the cable sections. Loss of connection integrity of the two metal
couplings can cause loss of transaxle shift control which could result in
personal injury.

BATTERY DISCONNECT WARNING

IWZGITIEH  Unless directed otherwise, the ignition must be OFF with the key

removed, and all electrical loads must be OFF before servicing any
electrical component. Disconnect the negative battery cable to prevent an
electrical spark should a tool or equipment come in contact with an
exposed electrical terminal. Failure to follow these precautions may
result in personal injury and/or damage to the vehicle or its components.

For Vehicles equipped with OnStarA® (UE1) with Back Up Battery:

The Back Up Battery is a redundant power supply to allow limited
OnStarA® functionality in the event of a main vehicle battery power
disruption to the VCIM (0nStarA®moduIe) Do not disconnect the main
vehicle battery or remove the OnStarA® fuse with the ignition key in any
position other than OFF. Retained accessory power should be allowed to
time out or be disabled (simply opening the driver door should disable



retained accessory power) before disconnecting power. Disconnecting
power to the OnStarA® module in any way while the ignition is On or with
retained accessory power activated may cause activation of the
OnStarA® Back-Up Battery system and will discharge and permanently
damage the back-up battery. Once the Back-Up Battery is activated it will
stay on until it has completely discharged. The back-up battery is not
rechargeable and once activated the back-up battery must be replaced.

BRAKE DUST WARNING

IZGITITEH Avoid taking the following actions when you service wheel brake parts:

+ Do not grind brake linings.
+ Do not sand brake linings.

+ Do not clean wheel brake parts with a dry brush or with compressed
air.

Some models or aftermarket brake parts may contain asbestos fibers

which can become airborne in dust. Breathing dust with asbestos fibers
may cause serious bodily harm. Use a water-dampened cloth in order to
remove any dust on brake parts. Equipment is available commercially in

order to perform this washing function. These wet methods prevent fibers
from becoming airborne.

BRAKE FLUID IRRITANT WARNING

Brake fluid may irritate eyes and skin. In case of contact, take the
following actions:

+ Eye contact - rinse thoroughly with water.
+ Skin contact - wash with soap and water.
« If ingested - consult a physician immediately.

CLEANING SOLVENT WARNING

IZGITIIEH Bodily injury may occur if the cleaning solvent is inhaled or exposed to
the skin.

COLLISION SECTIONING WARNING

IWZGITIeH  sectioning should be performed only in the recommended areas. Failure
to do so may compromise the structural integrity of the vehicle and cause
personal injury if the vehicle is in a collision.

CRACKED WINDOW WARNING

IZITIEH  1f a window is cracked but still intact, crisscross the window with
masking tape in order to reduce the risk of damage or personal injury.

DEFROSTER OUTLET WARNING

VZGTITER 1f broken glass falls into the defroster outlets, it can be blown into the
passenger compartment and cause personal injury.

EXHAUST SERVICE WARNING

IZGITLTEH 1n order to avoid being burned, do not service the exhaust system while it
is still hot. Service the system when it is cool.



EYE PROTECTION WARNING

WGITIEH Approved safety glasses and gloves should be worn when performing
this procedure to reduce the chance of personal injury.

FOAM SOUND DEADENERS WARNING

IWZ:ITTeH Foam sound deadeners must be removed from areas within 152.4 mm (6
in) of where flame is to be used for body repairs. When reinstalling foam
sound deadeners, avoid inhaling fumes as bodily injury may result.

FUEL AND EVAPORATIVE EMISSION PIPE WARNING

IWZGITTEH In order to reduce the risk of fire and personal injury observe the
following items:

Replace all nylon fuel pipes that are nicked, scratched or damaged
during installation, do not attempt to repair the sections of the nylon
fuel pipes

Do not hammer directly on the fuel harness body clips when
installing new fuel pipes. Damage to the nylon pipes may resultin a
fuel leak.

Always cover nylon vapor pipes with a wet towel before using a
torch near them. Also, never expose the vehicle to temperatures
higher than 115A°C (239A°F) for more than one hour, or more than
90A°C (194A°F) for any extended period.

Apply a few drops of clean engine oil to the male pipe ends before
connecting fuel pipe fittings. This will ensure proper reconnection
and prevent a possible fuel leak. (During normal operation, the O-
rings located in the female connector will swell and may prevent
proper reconnection if not lubricated.)

FUEL PIPE FITTING WARNING

IZGITIIEH Always apply a few drops of clean engine oil to the male pipe ends before
connecting the fuel pipe fittings. This will ensure proper reconnection
and prevent a possible fuel leak. Always replace O-rings.

FUEL RAIL STOP BRACKET INSTALLATION WARNING

IWZGITTIEH  The fuel rail stop bracket must be installed onto the engine assembly. The
stop bracket serves as a protective shield for the fuel rail in the event of a
vehicle frontal crash. If the fuel rail stop bracket is not installed and the
vehicle is involved in a frontal crash, fuel could be sprayed possibly
causing a fire and personal injury from burns.

GASOLINE/GASOLINE VAPORS WARNING

WZGITLIEH Fueligasoline vapors are highly flammable. A fire could occur if an
ignition source is present. Never drain or store gasoline or diesel fuel in
an open container, due to the possibility of fire or explosion. Have a dry
chemical (Class B) fire extinguisher nearby.

GLASS AND SHEET METAL HANDLING WARNING

When working with any type of glass or sheet metal with exposed or
rough edges, wear approved safety glasses and gloves in order to reduce
the chance of personal injury.



HALOGEN BULB WARNING

IWZ:ITIeH  Halogen bulbs contain gas under pressure. Handling a bulb improperly
could cause it to shatter into flying glass fragments. To help avoid
personal injury:

« Turn off the lamp switch and allow the bulb to cool before changing
the bulb.

+ Leave the lamp switch OFF until the bulb change is complete.
+ Always wear eye protection when changing a halogen bulb.

+ Handle the bulb only by its base. Avoid touching the glass.

+ Keep dirt and moisture off the bulb.

+ Properly dispose of the used bulb.

+ Keep halogen bulbs out of the reach of children.

HOT EXHAUST SYSTEM WARNING

IWZGITIEH  while engine is operating, the exhaust system will become extremely hot.
To prevent burns avoid contacting a hot exhaust system.

MOVING PARTS AND HOT SURFACES WARNING

IWZITTeH Avoid contact with moving parts and hot surfaces while working around a
running engine in order to prevent physical injury.

PARKING BRAKE AND DRIVE WHEELS WARNING

IZGITIIEH Apply the parking brake and block the drive wheels before performing
this procedure in order to prevent bodily injury.

PROTECTIVE GOGGLES AND GLOVE WARNING

ZGITIIEH Always wear protective goggles and gloves when removing exhaust parts
as falling rust and sharp edges from worn exhaust components could
result in serious personal injury.

RELIEVING FUEL PRESSURE WARNING

IZGITITEH Remove the fuel tank cap and relieve the fuel system pressure before
servicing the fuel system in order to reduce the risk of personal injury.
After you relieve the fuel system pressure, a small amount of fuel may be
released when servicing the fuel lines, the fuel injection pump, or the
connections. In order to reduce the risk of personal injury, cover the fuel
system components with a shop towel before disconnection. This will
catch any fuel that may leak out. Place the towel in an approved container
when the disconnection is complete.

ROAD TEST WARNING

IWZGITIeH Road test a vehicle under safe conditions and while obeying all traffic
laws. Do not attempt any maneuvers that could jeopardize vehicle
control. Failure to adhere to these precautions could lead to serious
personal injury and vehicle damage.

SAFETY GLASSES AND COMPRESSED AIR WARNING

IWGITIEH  Wear safety glasses when using compressed air in order to prevent eye
injury.



SAFETY GLASSES WARNING
IWZGITIEH  Wear safety glasses in order to avoid eye damage.
SIR DEPLOYED INFLATOR MODULES ARE HOT WARNING

IZGITIIEH After deployment, the metal surfaces of the SIR component may be very
hot. To help avoid a fire or personal injury:

+ Allow sufficient time for cooling before touching any metal surface
of the SIR component.

+ Do not place the deployed SIR component near any flammable
objects.

SIR INFLATABLE MODULE DEPLOYMENT OUTSIDE VEHICLE WARNING

WZGTTTeH  When you are deploying an inflator module for disposal, perform the
deployment procedures in the order listed. Failure to follow the
procedures in the order listed may result in personal injury.

SIR INFLATOR MODULE COIL WARNING

IWZITIEH  Improper routing of the wire harness assembly may damage the inflatable
restraint steering wheel module coil. This may result in a malfunction of
the coil, which may cause personal injury.

SIR INFLATOR MODULE DISPOSAL WARNING

IWZITTEH In order to prevent accidental deployment and the risk of personal injury,
do not dispose of an undeployed inflator module as normal shop waste.
Undeployed inflator modules contain substances that could cause severe
illness or personal injury if their sealed containers are damaged during
disposal. Use the following deployment procedures to safely dispose of
an undeployed inflator module. Failure to observe the following disposal
methods may be a violation of appropriate country, regional or local laws.

SIR INFLATOR MODULE HANDLING AND STORAGE WARNING

WZGITIIEH When carrying an undeployed inflator module:

+ Do not carry the inflator module by the wires or connector.
+ Make sure the air bag opening points away from you.

When storing an undeployed inflator module:

+ Make sure the air bag opening points away from the surface on
which the inflator module rests.

+ Provide free space for the air bag to expand in case of an accidental
deployment.

« When storing a steering column, do not rest the column with the air
bag opening facing down and the column vertical. Lay the column
on its side.

Failure to observe these guidelines may result in personal injury.
SIR WARNING
IWZITTIER  This vehicle is equipped with a Supplemental Inflatable Restraint (SIR)

System. Failure to follow the correct procedure could cause the following
conditions:



+ Air bag deployment
+ Personal injury
¢ Unnecessary SIR system repairs

In order to avoid the above conditions, observe the following guidelines:

+ Refer to Master Electrical Components List in order to determine if
you are performing service on or near the SIR components or the
SIR wiring.

« If you are performing service on or near the SIR components or the
SIR wiring, disable the SIR system. Refer to Disabling the SIR
System.

WINDOW RETENTION WARNING

IZGITITEH When replacing stationary windows, use a urethane adhesive system
meeting GM Specification, to maintain original installation integrity.
Failure to use the urethane adhesive kit will result in poor retention of the
window which may allow unrestrained occupants to be ejected from the
vehicle resulting in personal injury.

WORK STALL TEST WARNING

IWZGITTeH One or more of the following guidelines may apply when performing
specific required tests in the work stall:

+« When a test requires spinning the drive wheels with the vehicle
jacked up, adhere to the following precautions:

+ Do not exceed 56 km/h (35 mph) when spinning one drive
wheel with the other drive wheel stopped. This limit is
necessary because the speedometer indicates only one-half
the actual vehicle speed under these conditions. Personal
injury may result from excessive wheel spinning.

« If all of the drive wheels are spinning at the same speed, do not
exceed 112 km/h (70 mph). Personal injury may result from
excessive wheel spinning.

« All persons should stay clear of the rotating components and
the balance weight areas in order to avoid possible personal
injury.

« When running an engine in the repair stall for an extended
period of time, use care not to overheat the engine and the
transmission.

+« When a test requires jacking up the vehicle and running with the
wheels and brake rotors removed, adhere to the following
precautions:

o Support the suspension at normal ride height.

« Do not apply the brake with the brake rotors removed.

« Do not place the transmission in PARK with the drive axles
spinning.

« Turn Off the ignition in order to stop the powertrain
components from spinning.

« When running an engine in the work stall, use the exhaust removal
system to prevent breathing dangerous gases.

BELT DRESSING CAUTION



CAUTION: Do notuse belt dressing on the drive belt. Belt dressing causes the
breakdown of the composition of the drive belt. Failure to follow this
recommendation will damage the drive belt.

BRAKE FLUID EFFECTS ON PAINT AND ELECTRICAL COMPONENTS CAUTION

CAUTION: Avoid spilling brake fluid onto painted surfaces, electrical connections,
wiring, or cables. Brake fluid will damage painted surfaces and cause
corrosion to electrical components. If any brake fluid comes in contact
with painted surfaces, immediately flush the area with water. If any brake
fluid comes in contact with electrical connections, wiring, or cables, use
a clean shop cloth to wipe away the fluid.

CLEAN, DRY, LOW PRESSURE GAS SOURCE CAUTION

CAUTION: Use the Evaporative Emission (EVAP) System Tester GE 41413-A in order
to provide a clean, dry, low pressure nitrogen gas source. Do not
substitute any other pressurized source, gas or otherwise. Damage may
result to the EVAP system, test equipment or cause a safety risk.

CLEARCOAT/ULTRAVIOLET SCREENERS CAUTION

CAUTION: Removing more than 0.5 mils of the clearcoat can result in early paint
failure. The clearcoat contains ultraviolet screeners. Do not finesse sand
more than what is required to remove the defect.

COMPONENT FASTENER TIGHTENING CAUTION

CAUTION: Replacement components must be the correct part number for the
application. Components requiring the use of the thread locking
compound, lubricants, corrosion inhibitors, or sealants are identified in
the service procedure. Some replacement components may come with
these coatings already applied. Do not use these coatings on
components unless specified. These coatings can affect the final torque,
which may affect the operation of the component. Use the correct torque
specification when installing components in order to avoid damage.

COVER AND PLUG OPENINGS CAUTION

CAUTION: Cap the fittings and plug the holes when servicing the fuel system in
order to prevent dirt and other contaminants from entering the open
pipes and passages.

DRIVE BELT TENSIONER PIVOT BOLT CAUTION

CAUTION: Failure to properly tighten the drive belt tensioner pivot bolt to the
specified torque value will cause the bolt to fail, and also damage to other
engine components.

ELECTRIC BELT DRIVE RACK AND PINION STEERING GEAR WIRING HARNESS
CAUTION

CAUTION: Ensure the torque sensor wiring harness is fully connected and seated to
the electric power steering motor controller module. If the harness
connector is not fully engaged, damage to the module will occur when
the key is turned on and replacement of the module will be necessary.

EXTERIOR TRIM EMBLEM REMOVAL CAUTION

CAUTION: Use a plastic, flat-bladed tool to prevent paint damage when removing an
emblem/name plate.



FASTENER CAUTION

CAUTION: Use the correct fastener in the correct location. Replacement fasteners
must be the correct part number for that application. Do not use paints,
lubricants, or corrosion inhibitors on fasteners, or fastener joint surfaces,
unless specified. These coatings affect fastener torque and joint
clamping force and may damage the fastener. Use the correct tightening
sequence and specifications when installing fasteners in order to avoid
damage to parts and systems. When using fasteners that are threaded
directly into plastic, use extreme care not to strip the mating plastic
part(s). Use hand tools only, and do not use any kind of impact or power
tools. Fastener should be hand tightened, fully seated, and not stripped.

FUEL AND EVAPORATIVE EMISSION HOSE/PIPE CONNECTION CLEANING CAUTION

CAUTION: Clean all of the following areas before performing any disconnections in
order to avoid possible contamination in the system:

+ The fuel pipe connections
e The hose connections
+ The areas surrounding the connections

HEATED OXYGEN AND OXYGEN SENSOR CAUTION

CAUTION: Do notremove the pigtail from either the heated oxygen sensor (HO2S) or
the oxygen sensor (02S). Removing the pigtail or the connector will
affect sensor operation.

Handle the oxygen sensor carefully. Do not drop the HO2S. Keep the in-
line electrical connector and the louvered end free of grease, dirt, or other
contaminants. Do not use cleaning solvents of any type.

Do not repair the wiring, connector or terminals. Replace the oxygen
sensor if the pigtail wiring, connector, or terminal is damaged..

This external clean air reference is obtained by way of the oxygen sensor
signal and heater wires. Any attempt to repair the wires, connectors, or
terminals could result in the obstruction of the air reference and
degraded sensor performance.

The following guidelines should be used when servicing the heated
oxygen sensor:

« Do not apply contact cleaner or other materials to the sensor or
vehicle harness connectors. These materials may get into the
sensor causing poor performance.

+ Do not damage the sensor pigtail and harness wires in such a way
that the wires inside are exposed. This could provide a path for
foreign materials to enter the sensor and cause performance
problems.

+ Ensure the sensor or vehicle lead wires are not bent sharply or
kinked. Sharp bends or kinks could block the reference air path
through the lead wire.

+ Do not remove or defeat the oxygen sensor ground wire, where
applicable. Vehicles that utilize the ground wired sensor may rely on
this ground as the only ground contact to the sensor. Removal of
the ground wire will cause poor engine performance.

+ Ensure that the peripheral seal remains intact on the vehicle
harness connector in order to prevent damage due to water
intrusion. The engine harness may be repaired using an appropriate



crimp and splice seals terminal repair Kit. Under no circumstances
should repairs be soldered since this could result in the air
reference being obstructed.

HEATED OXYGEN SENSOR RESISTANCE LEARN RESET CAUTION

CAUTION: When replacing the HO2S perform the following:

+ A code clear with a scan tool, regardless of whether or nota DTC is
set

« HO2S heater resistance learn reset with a scan tool, where available

Perform the above in order to reset the HO2S resistance learned value
and avoid possible HO2S failure.

HVAC MODULE DRAIN TUBE CAUTION

CAUTION: Always ensure the HVAC module drain tube is properly installed and
secure following a repair. Residual moisture/water can collect inside the
HVAC module. The residual moisture or water should not contact
electrical modules, electrical connections, wiring, cables or carpeting.
Use clean and absorbent shop clothes to protect these components while
removing or installing the HVAC module drain tube and/or HVAC module.
Moisture/water is a by-product of normal A/C system operation and can
result in interior odors or corrosion/damage to electrical components.

INSTALLING HOSES WITHOUT TWISTS OR BENDS CAUTION

CAUTION: The inlet and outlet hoses must not be twisted during installation. Do not
bend or distort the inlet or outlet hoses to make installation easier.
Failure to follow these procedures could result in component damage.

PAINT DAMAGE CAUTION

CAUTION: To avoid paint damage, protect the area surrounding the part which you
are removing or installing.

PIPE WRENCH POSITIONING CAUTION

CAUTION: The pipe wrench must be placed at the valve end of the steering gear and
positioned up against the inner tie rod housing. Placing the pipe wrench
in any other location will cause damage to the steering gear.

SEALANT CAUTION

CAUTION: Do notallow the RTV sealant to enter any blind threaded hole. RTV
sealant that is allowed to enter a blind threaded hole can cause hydraulic
lock of the fastener when the fastener is tightened. Hydraulic lock of a
fastener can lead to damage to the fastener and/or the components.
Hydraulic lock of a fastener can also prevent the proper clamping loads
to be obtained when the fastener is tightened. Improper clamping loads
can prevent proper sealing of the components allowing leakage to occur.
Preventing proper fastener tightening can allow the components to
loosen or separate leading to extensive engine damage.

SILICON CONTAMINATION OF HEATED OXYGEN SENSORS CAUTION
CAUTION: Contamination of the oxygen sensor can result from the use of an

inappropriate RTV sealant (not oxygen sensor safe) or excessive engine
coolant or oil consumption. Remove the HO2S and visually inspect the



portion of the sensor exposed to the exhaust stream in order to check for
contamination. If contaminated, the portion of the sensor exposed to the
exhaust stream will have a white powdery coating. Silicon contamination
causes a high but false HO2S signal voltage (rich exhaust indication). The
control module will then reduce the amount of fuel delivered to the
engine, causing a severe driveability problem. Eliminate the source of
contamination before replacing the oxygen sensor.

TEST PROBE CAUTION

CAUTION:

Do not insert test equipment probes (DMM etc.) into any connector or
fuse block terminal. The diameter of the test probes will deform most
terminals. A deformed terminal will cause a poor connection, which will
result in a system failure. Always use the J-35616-F GM Approved
Terminal Release Tool Kit in order to front probe terminals. Do not use
paper clips or other substitutes to probe terminals.

When using the J-35616-F GM Approved Terminal Release Tool Kit,
ensure the terminal test adapter choice is the correct size for the
connector terminal. Do not visually choose the terminal test adapter
because some connector terminal cavities may appear larger than the
actual terminal in the cavity. Using a larger terminal test adapter will
damage the terminal. Refer to the J-35616-F GM Approved Terminal
Release Tool Kit label on the inside of the J-35616-F GM Approved
Terminal Release Tool Kit for the correct adapter along with the
connector end view for terminal size.

THREE-WAY CATALYTIC CONVERTER DAMAGE CAUTION

CAUTION:

In order to avoid damaging the replacement three-way catalytic converter,
correct the engine misfire or mechanical fault before replacing the three-
way catalytic converter.

TORQUE REACTION AGAINST TIMING DRIVE CHAIN CAUTION

CAUTION:

A wrench must be used on the hex of the camshaft when loosening or
tightening in order to prevent component damage. Failure to prevent the
torque reaction against the timing drive chain can lead to timing drive
chain failure.

TORQUE-TO-YIELD FASTENER CAUTION

CAUTION:

This vehicle is equipped with torque-to-yield or single use fasteners.
Install a NEW torque-to-yield or single use fastener when installing this
component. Failure to replace the torque-to-yield or single use fastener
could cause damage to the vehicle or component.

TRANSMISSION OVERFILL CAUTION

CAUTION:

Check the transmission fluid level immediately after adding fluid and
before vehicle operation. Do not overfill the transmission. An overfilled
transmission may result in foaming or fluid to be expelled out the vent
tube when the vehicle is operated. Overfilling will result in possible
damage to the transmission.

VALVE LIFTER PRIMING CAUTION

CAUTION:

Ensure each valve lifter is filled with clean engine oil and the valve lifter
does not tip over (plunger down) before the installation of the valve
lifters. The loss of oil in the valve lifter lower pressure chamber or the dry
stroking/cycling of the valve lifter plunger will allow air to travel into the



high pressure chamber of the valve lifter. Air in the high pressure
chamber of the valve lifter may not be purged causing extensive engine
component damage.

WHEEL DRIVE SHAFT SEAL PROTECTOR USAGE CAUTION

CAUTION: DT-51504 must be installed into the differential output shaft seal prior to
removing and installing the wheel drive shaft. Failure to install the DT-
51504 as indicated may cause the splines of the wheel drive shaft to
damage the differential output seal



GENERAL INFORMATION

Drive Axle Noise Diagnosis
* PLEASE READ THIS FIRST *

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

UNRELATED NOISES

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

Some driveline trouble symptoms are also common to the engine, transmission, wheel bearings, tires
and other parts of the vehicle. Make sure that cause of trouble actually is in the drive axle before
adjusting, repairing, or replacing any parts.

NON-DRIVE AXLE NOISES

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

A few conditions can sound just like drive axle noise and have to be considered in pre-diagnosis. The 4
most common noises are exhaust, tires, CV/universal joints and trim moldings.

In certain conditions, the pitch of exhaust gases may sound like gear whine. At other times, it may be
mistaken for a wheel bearing rumble.

Tires, especially radial and snow tires, can have a high-pitched tread whine or roar, similar to gear noise.
Also, some non-standard tires with an unusual tread construction may emit a roar or whine.

Defective CV/universal joints may cause clicking noises or excessive driveline play that can be
improperly diagnosed as drive axle problems.

Trim and moldings can also cause a whistling or whining noise. Ensure that none of these components
are causing the noise before disassembling the drive axle.

GEAR NOISE

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

A "howling" or "whining" noise from the ring and pinion gear can be caused by an improper gear
pattern, gear damage, or improper bearing preload. It can occur at various speeds and driving conditions,
or it can be continuous.

Before disassembling axle to diagnose and correct gear noise, make sure that tires, exhaust, and vehicle
trim have been checked as possible causes.

CHUCKLE

NOTE: This is GENERAL information. This article is not intended to be specific



to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

This 1s a particular rattling noise that sounds like a stick against the spokes of a spinning bicycle wheel.
It occurs while decelerating from 40 MPH and usually can be heard until vehicle comes to a complete
stop. The frequency varies with the speed of the vehicle.

A chuckle that occurs on the driving phase is usually caused by excessive clearance due to differential
gear wear, or by a damaged tooth on the coast side of the pinion or ring gear. Even a very small tooth
nick or a ridge on the edge of a gear tooth is enough to cause the noise.

This condition can be corrected simply by cleaning the gear tooth nick or ridge with a small grinding
wheel. If either gear is damaged or scored badly, the gear set must be replaced. If metal has broken
loose, the carrier and housing must be cleaned to remove particles that could cause damage.

KNOCK

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

This is very similar to a chuckle, though it may be louder, and occur on acceleration of deceleration.
Knock can be caused by a gear tooth that i1s damaged on the drive side of the ring and pinion gears. Ring
gear bolts that are hitting the carrier casting can cause knock. Knock can also be due to excessive end
play in the axle shafts.

CLUNK

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

Clunk is a metallic noise heard when an automatic transmission is engaged in Reverse or Drive, or when
throttle 1s applied or released. It is caused by backlash somewhere in the driveline, but not necessarily in
the axle. To determine whether driveline clunk is caused by the axle, check the total axle backlash as
follows:

1. Raise vehicle on a frame or twinpost hoist so that drive wheels are free. Clamp a bar between axle
companion flange and a part of the frame or body so that flange cannot move.

2. On conventional drive axles, lock the left wheel to keep it from turning. On all models, turn the
right wheel slowly until 1t is felt to be in drive condition. Hold a chalk marker on side of tire about
12" from center of wheel. Turn wheel in the opposite direction until it is again felt to be in drive
condition.

3. Measure the length of the chalk mark, which 1s the total axle backlash. If backlash is one inch or
less, clunk will not be eliminated by overhauling drive axle.

BEARING WHINE

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

Bearing whine is a high-pitched sound similar to a whistle. It is usually caused by malfunctioning pinion
bearings. Pinion bearings operate at driveshaft speed. Roller wheel bearings may whine in a similar
manner if they run completely dry of lubricant. Bearing noise will occur at all driving speeds. This
distinguishes it from gear whine, which usually comes and goes as speed changes.

BEARING RUMBLE

NOTE: This is GENERAL information. This article is not intended to be specific



to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

Bearing rumble sounds like marbles being tumbled. It is usually caused by a malfunctioning wheel
bearing. The lower pitch is because the wheel bearing turns at only about 1/3 of driveshaft speed.

CHATTER ON TURNS

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

This 1s a condition where the whole front or rear vibrates when vehicle 1s moving. The vibration is easily
felt and heard. Extra differential thrust washers installed during axle repair can cause a condition of
partial lock-up that creates the chatter.

AXLE SHAFT NOISE

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

Axle shaft noise 1s similar to gear noise and pinion bearing whine. Axle shaft bearing noise will
normally distinguish itself from gear noise by occurring in all driving modes. Noise will persist with
transmission in neutral while vehicle 1s moving at problem speed.

If vehicle displays this noise condition, remove suspect axle shafts and replace axle bearings. Re-
evaluate vehicle for noise before removing any internal components.

VIBRATION

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

Vibration 1s a high-frequency trembling, shaking or grinding condition (felt or heard) that may be
constant or variable in level and con occur during the total operating speed range of the vehicle.

The types of vibrations that can be felt in the vehicle can be divided into 3 main groups:

» Vibrations of various unbalanced rotating parts of the vehicle.
» Resonance vibrations of the body and frame structures caused by rotating of unbalance parts.

» Tip-in moans of resonance vibrations from stressed engine or exhaust system mounts or driveline
flexing modes.



GENERAL INFORMATION

Electrostatic Discharge (ESD) Warning - Basic Information

* PLEASE READ THIS FIRST *

NOTE: This article is intended for general information purposes only. Contents
are generic in nature and all information may or may not apply to all
vehicles.

INTRODUCTION

NOTE: This article is intended for general information purposes only. Contents
are generic in nature and all information may or may not apply to all
vehicles.

All Electrostatic Discharge (ESD) sensitive components contain solid state circuits (transistors, diodes,
semiconductors) that may become damaged when contacted with an electrostatic charge. The following
information applies to all ESD sensitive devices. The ESD symbol shown in Fig. Fig. 1 may be used on
schematics to indicate which components are ESD sensitive. See Fig. 1. Although different
manufactures may display different symbols to represent ESD sensitive devices, the handling and
measuring precautions and procedures are the same.
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Fig. 1: Sample ESD Symbol

HANDLING STATIC-SENSITIVE CIRCUITS/DEVICES

NOTE: This article is intended for general information purposes only. Contents
are generic in nature and all information may or may not apply to all
vehicles.

When handling an electronic part that is ESD sensitive, the technician should follow these guidelines to
reduce any possible electrostatic charge build-up on the technician's body and the electronic part.

1. Always touch a known good ground source before handling the part. This should be repeated
while handling the part and more frequently after sitting down from a standing position, sliding
across the seat or walking a distance.

2. Avoid touching electrical terminals of the part, unless instructed by a diagnostic procedure.
3. DO NOT open the package of a new part until it is time to install the part.
4. Before removing the part from its package, ground the package to a known good ground source.

CHECKING STATIC-SENSITIVE CIRCUITS/DEVICES

NOTE: This article is intended for general information purposes only. Contents

are generic in nature and all information may or may not apply to all
vehicles.



1. Solid State circuits in electronic devices are shown greatly simplified in schematics. See Fig, 2.
Due to the simplification of the electronic devices on the schematic, resistance measurements
could be misleading or could lead to an electrostatic discharge. Always follow the recommended
diagnostic procedure.
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Fig, 2: Sample Schematic Showing Typical ESD Sensitive Device
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2. Only measure resistance at the terminals of the devices when instructed by the recommended
diagnostic procedure.

3. When using a voltmeter, be sure to connect the ground lead first.



GENERAL INFORMATION

Engine Displacement Conversion Table

CONVERSION TABLE

LITER/CID CONVERSION

Liter CID
1.0 59
1.0 60
1.0 61
1.1 66
1.1 68
1.1 70
1.2 71
1.2 72
1.2 73
1.2 76
1.3 77
1.3 78
1.3 79
1.3 80
1.3 81
1.3 82
1.4 85
1.4 85
1.4 86
1.5 89
1.5 90
1.5 91
1.6 94
1.6 95
1.6 96
1.6 97
1.6 98
1.6 99
1.7 102
1.7 103
1.7 105
1.8 107
1.8 109
1.8 110
1.8 111
1.8 112
1.9 113
1.9 114
1.9 116
1.9 119
2.0 119
2.0 120
2.0 121







|Liter CID|
3.2 196
3.2 197
3.2 198
3.3 199
3.3 200
3.3 201
3.3 204
3.4 206
3.4 207
3.4 209
3.5 210
3.5 1
3.5 2
3.5 13
3.5 14
3.5 15
3.6 19
3.6 20
3.7 25
3.7 26
3.7 29
3.8 29
3.8 30
3.8 31
3.8 32
3.8 34
3.8 38
3.9 39
3.9 40
3.9 41
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[Liter CID|
4.6 283
4.7 284
4.7 285
4.7 287
4.7 289
4.8 290
4.8 292
4.9 300
4.9 301
4.9 302
5.0 302
5.0 304
5.0 305
5.0 307
5.1 310
5.2 315
5.2 318
5.3 326
5.4 327
5.4 328
5.4 330
5.5 334
5.5 335
5.6 340
5.6 343
5.7 345
5.7 348
5.7 350
5.8 351
5.8 352
5.9 359
5.9 360
5.9 361
5.9 362
6.0 366
6.0 368
[6.1 370
[6.1 372
6.2 379
6.2 381
[6.3 383
6.4 389
6.4 390
6.4 392
6.5 396
6.6 400
6.6 401
6.6 402
6.6 403
6.7 410
6.8 412
6.8 413




[Liter CID|
l6.8 414
6.8 415
6.9 420
6.9 421
7.0 425
7.0 426
7.0 427
7.0 428
7.0 429
7.0 430
7.1 432
7.2 440
7.4 454
7.5 455
7.5 460
7.6 462
8.0 488
8.2 500
8.8 534
8.8 537
8.8 538
8.9 540
9.0 549
0.1 555
9.3 568
9.3 570
9.6 588
9.8 600
9.9 605
10.0 611




GENERAL INFORMATION

Engine Overhaul Procedures

* PLEASE READ THIS FIRST *

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

DESCRIPTION

Examples used in this article are general in nature and do not necessarily relate to a specific engine or
system. [llustrations and procedures have been chosen to guide mechanic through engine overhaul
process. Descriptions of cleaning, inspection, and assembly processes are included.

ENGINE IDENTIFICATION

Engine may be identified from Vehicle Identification Number (VIN) stamped on a metal tab. Metal tab
may be located in different locations depending on manufacturer. Engine identification number or serial
number is located on cylinder block. Location varies with each manufacturer.

INSPECTION PROCEDURES

* PLEASE READ THIS FIRST *

NOTE:

GENERAL

NOTE:

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Engine components must be inspected to meet manufacturer's specifications and tolerances during
overhaul. Proper dimensions and tolerances must be met to obtain proper performance and maximum

engine life.



Micrometers, depth gauges and dial indicator are used for checking tolerances during engine overhaul.
Magnaflux, Magnaglo, dye-check, ultrasonic and X-ray inspection procedures are used for parts
inspection.

MAGNETIC PARTICLE INSPECTION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Magnaflux & Magnaglo

Magnaflux is an inspection technique used to locate material flaws and stress cracks. Component is
subjected to a strong magnetic field. Entire component or a localized area can be magnetized.
Component 1s coated with either a wet or dry material that contains fine magnetic particles.

Cracks which are outlined by the particles cause an interruption of magnetic field. Dry powder method
of Magnaflux can be used in normal lighting and crack appears as a bright line.

Fluorescent liquid is used along with a Black light in the Magnaglo Magnaflux system. Darkened room
1s required for this procedure. The crack will appear as a glowing line. Complete demagnetizing of
component upon completion is required on both procedures. Magnetic particle inspection applies to
ferrous materials only.

PENETRANT INSPECTION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Zyglo

The Zyglo process coats material with a fluorescent dye penetrant. Component is often warmed to
expand cracks that will be penetrated by the dye. Using darkened room and Black light, component is
ispected for cracks. Crack will glow brightly.

Developing solution is often used to enhance results. Parts made of any material, such as aluminum
cylinder heads or plastics, may be tested using this process.

Dye Check

Penetrating dye is sprayed on the previously cleaned component. Dye is left on component for 5-45
minutes, depending upon material density. Component is then wiped clean and sprayed with a
developing solution. Surface cracks will show up as a bright line.

ULTRASONIC INSPECTION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.



Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

If an expensive part 1s suspected of internal cracking, ultrasonic testing is used. Sound waves are used
for component inspection.

X-RAY INSPECTION

NOTE:

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

This form of inspection is used on highly stressed components. X-ray inspection may be used to detect
internal and external flaws in any material.

PRESSURE TESTING

NOTE:

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Cylinder heads can be tested for cracks using a pressure tester. Pressure testing is performed by plugging
all but one of the holes of cylinder head and injecting air or water into the open passage.

Leaks are indicated by the appearance of wet or damp areas when using water. When air 1s used, it is
necessary to spray the head surface with a soap solution. Bubbles will indicate a leak. Cylinder head
may also be submerged in water heated to specified temperature to check for cracks created during heat

expansion.

CLEANING PROCEDURES

* PLEASE READ THIS FIRST *

NOTE:

GENERAL

NOTE:

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Examples used in this article are general in nature and do not necessarily



relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

All components of an engine do not have the same cleaning requirements. Physical methods include
bead blasting and manual removal. Chemical methods include solvent blast, solvent tank, hot tank, cold
tank and steam cleaning of components.

BEAD BLASTING

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Manual removal of deposits may be required prior to bead blasting, followed by some other cleaning
method. Carbon, paint and rust may be removed using bead blasting method. Components must be free
of oil and grease prior to bead blasting. Beads will stick to grease or oil soaked areas causing area not to
be cleaned.

Use air pressure to remove all trapped residual beads from component after cleaning. After cleaning
internal engine parts made of aluminum, wash thoroughly with hot soapy water. Component must be
thoroughly cleaned as glass beads will enter engine oil resulting in bearing damage.

CHEMICAL CLEANING

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Solvent tank is used for cleaning oily residue from components. Solvent blasting sprays solvent through
a siphon gun using compressed air.

The hot tank, using heated caustic solvents, 1s used for cleaning ferrous materials only. DO NOT clean
aluminum parts such as cylinder heads, bearings or other soft metals using the hot tank. After cleaning,
flush parts with hot water.

A non-ferrous part will be ruined and caustic solution will be diluted if placed in the hot tank. Always
use eye protection and gloves when using the hot tank.

Use of a cold tank is for cleaning aluminum cylinder heads, carburetors and other soft metals. A less
caustic and unheated solution is used. Parts may be left in the tank for several hours without damage.
After cleaning, flush parts with hot water.

Steam cleaning, with boiling hot water sprayed at high pressure, is recommended as the final cleaning
process when using either hot or cold tank cleaning.



COMPONENT CLEANING
* PLEASE READ THIS FIRST *

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

SHEET METAL PARTS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Examples of sheet metal parts are rocker covers, front and side covers, oil pan and bellhousing dust
cover. Glass bead blasting or hot tank may be used for cleaning.

Ensure all mating surfaces are flat. Deformed surfaces should be straightened. Check all sheet metal
parts for cracks and dents.

INTAKE & EXHAUST MANIFOLDS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Using solvent cleaning or bead blasting, clean manifolds for inspection. If intake manifold has an
exhaust crossover, all carbon deposits must be removed. Inspect manifolds for cracks, burned or eroded
areas, corrosion and damage to fasteners.

Exhaust heat and products of combustion cause threads of fasteners to corrode. Replace studs and bolts
as necessary. On "V" type intake manifolds, sheet metal oil shield must be removed for proper cleaning
and inspection. Ensure all manifold parting surfaces are flat and free of burrs.

CYLINDER HEAD REPLACEMENT
* PLEASE READ THIS FIRST *

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.



Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

REMOVAL

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Remove intake and exhaust manifolds and valve cover. Cylinder head and camshaft carrier bolts (if
equipped) should be removed only when engine is cold. On many aluminum cylinder heads, removal
while hot will cause cylinder head warpage. Mark rocker arm or overhead cam components for location.

Remove rocker arm components or overhead cam components. Components must be installed in original
location. Individual design rocker arms may utilize shafts, ball-type pedestal mounts or no rocker arms.
For all design types, wire components together and identify according to corresponding valve. Remove
cylinder head bolts. Note length and location. Some applications require cylinder head bolts be removed
in proper sequence to prevent cylinder head damage. See Fig. 1. Remove cylinder head.

INSTALLATION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Ensure all surfaces and head bolts are clean. Check that head bolt holes of cylinder block are clean and
dry to prevent block damage when bolts are tightened. Clean threads with tap to ensure accurate bolt
torque.

Install head gasket on cylinder block. Some manufacturers may recommend sealant be applied to head
gasket prior to installation. Note that all holes are aligned. Some gasket applications may be marked so
that certain area faces upward. Install cylinder head using care not to damage head gasket. Ensure
cylinder head 1s fully seated on cylinder block.

Some applications require head bolts be coated with sealant prior to installation. This is done if head
bolts are exposed to coolant passages. Some applications require head bolts be coated with light coat of
engine oil.

Install head bolts. Head bolts should be tightened in proper steps and sequence to specification. See Fig,
1. Install remaining components. Tighten all bolts to specification. Adjust valves if required. See
VALVE ADJUSTMENT.

NOTE: Some manufacturers require that head bolts be retightened after
specified amount of operation. This must be done to prevent head gasket
failure.
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Fig. 1: Typical Cylinder Head Tightening or L.oosening Sequence
VALVE ADJUSTMENT
NOTE: Examples used in this article are general in nature and do not necessarily

relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Engine specifications will indicate valve train clearance and temperature at which adjustment is to be
made on most models. In most cases, adjustment will be made with a cold engine. In some cases, both a
cold and a hot clearance will be given for maintenance convenience.

On some models, adjustment is not required. Rocker arms are tightened to specification and valve lash 1s
automatically set. On some models with push rod actuated valve train, adjustment is made at push rod
end of rocker arm while other models do not require adjustment.

Clearance will be checked between tip of rocker arm and tip of valve stem in proper sequence using a
feeler gauge. Adjustment is made by rotating adjusting screw until proper clearance is obtained. Lock
nut 1s then tightened. Engine will be rotated to obtain all valve adjustments to manufacturer's
specifications.

Some models require hydraulic lifter to be bled down and clearance measured. Push rods of different
length can be used to obtain proper clearance. Clearance will be checked between tip of rocker arm and
tip of valve stem in proper sequence using a feeler gauge.

Overhead cam engines designed without rocker arms actuate valves directly on a cam follower. A
hardened, removable disc 1s installed between the cam lobe and lifter. Clearance will be checked
between cam heel and adjusting disc in proper sequence using a feeler gauge. Engine will be rotated to
obtain all valve adjustments.

On overhead cam engines designed with rocker arms, adjustment is made at valve end of rocker arm.
Ensure valve to be adjusted is riding on heel of cam on all engines. Clearance will be checked between
tip of rocker arm and tip of valve stem in proper sequence using a feeler gauge. Adjustment is made by
rotating adjusting screw until proper clearance is obtained. Lock nut is then tightened. Engine will be
rotated to obtain all valve adjustments to manufacturer's specifications.



CYLINDER HEAD OVERHAUL
* PLEASE READ THIS FIRST *

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

CYLINDER HEAD DISASSEMBLY

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Mark valves for location. Using valve spring compressor, compress valve springs. Remove valve locks.
Carefully release spring compressor. Remove retainer or rotator, valve spring, spring seat and valve. See
Fig. 2.
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Fig. 2: Exploded View of Valve Assemblies

CYLINDER HEAD CLEANING & INSPECTION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have



been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Clean cylinder head and valve components using approved cleaning methods. Inspect cylinder head for
cracks, damage or warped gasket surface. Place straightedge across gasket surface. Determine clearance
at center of straightedge. Measure across both diagonals, longitudinal center line and across cylinder
head at several points. See Fig, 3.

On cast iron cylinder heads, if warpage exceeds .003" (.08 mm) in a 6" span, or .006" (.15 mm) over
total length, cylinder head must be resurfaced. On most aluminum cylinder heads, if warpage exceeds
.002" (.05 mm) in any area, cylinder head must be resurfaced. Warpage specification may vary by
manufacturer. If warpage exceeds specification on some cylinder heads, cylinder head must be replaced.

Cylinder head thickness should be measured to determine amount of material which can be removed
before replacement is required. Cylinder head thickness must not be less than the manufacturer's
specification.

If cylinder head required resurfacing, it may not align properly with intake manifold. On "V" type
engines, misalignment is corrected by machining intake manifold surface that contacts cylinder head.
Cylinder head may be machined on surface that contacts intake manifold. Using oil stone, remove burrs
or scratches from all sealing surfaces.

Check Angleé Across
Surfaces As Shown

. o ~
O N ~ O
R o
-
e T g —— -~
/) © © M MLL
o S —
956G 12993
Fig. 3: Checking Cylinder Head for Warpage
VALVE SPRINGS
NOTE: Examples used in this article are general in nature and do not necessarily

relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.



Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Inspect valve springs for corroded or pitted valve spring surfaces which may lead to breakage. Polished
spring ends caused by a rotating spring indicate that spring surge has occurred. Replace springs showing
evidence of these conditions.

Inspect valve springs for squareness using a 90-degree straightedge. See Fig. 4. Replace valve spring if
out-of-square exceeds manufacturer's specification.
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Fig. 4: Checking Valve Spring Squareness

Using vernier caliper, measure free length of all valve springs. Replace springs if not within
specification. Using valve spring tester, test valve spring pressure at installed and compressed heights.
See Fig. S.

Usually compressed height is installed height minus valve lift. Replace valve spring if not within
specification. It is recommended to replace all valve springs when overhauling cylinder head. Valve
springs may need to be installed with color coded end or small coils at specified area according to
manufacturer.
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Fig. S: Checking Valve Spring Pressure

VALVE GUIDE

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Measuring Valve Guide Clearance

Check valve stem-to-guide clearance. Ensure valve stem diameter is within specification. Install valve in
valve guide. Install dial indicator assembly on cylinder head with tip resting against valve stem just
above valve guide. See Fig. 6.
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Fig. 6: Measuring Valve Stem-to-Guide Clearance

Lower valve approximately 1/16" below valve seat. Push valve stem against valve guide as far as
possible. Adjust dial indicator to zero. Push valve stem in opposite direction and note reading. Clearance
must be within specification.

If valve guide clearance exceeds specification, valves with oversize stems may be used and valve guides
are reamed to larger size or valve guide must be replaced. On some applications, a false guide is
installed, then reamed to proper specification. Valve guide reamer set is used to ream valve guide to
obtain proper clearance for new valve.

Reaming Valve Guide

Select proper reamer for size of valve stem. Reamer must be of proper length to provide clean cut
through entire length of valve guide. Install reamer in valve guide and rotate to cut valve guide. See Fig,
7.
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Fig. 7: Reaming Valve Guides
Replacing Valve Guide

Replace valve guide if clearance exceeds specification. Valve guides are either pressed, hammered or
shrunk in place, depending upon cylinder head design and type of metal used.

Remove valve guide from cylinder head by pressing or tapping on a stepped drift. See Fig. 8. Once
valve guide 1s installed, distance from cylinder head to top of valve guide must be checked. This
distance must be within specification.

Aluminum heads are often heated before installing valve guide. Valve guide is sometimes cooled in dry
ice prior to installation. Combination of a heated cylinder head and cooled valve guide ensures a tight
guide fit upon assembly. The new guide must be reamed to specification.
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Fig. 8: Typical Valve Guide Remover & Installer

VALVES & VALVE SEATS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Valve Grinding

Valve stem O.D. should be measured in several areas to indicate amount of wear. Replace valve if not
within specification. Valve margin area should be measured to ensure that valve can be ground. See Fig.
9.

If valve margin 1s less than specification, the valves will be burned. Valve must be replaced. Due to
minimum margin dimensions during manufacture, some new type valves cannot be reground. Some
manufacturers use stellite coated valves that must NOT be machined. Valves can only be lapped into
valve seat.

CAUTION: Some valves are sodium filled. Extreme care must be used when
disposing of damaged or worn sodium-filled valves.
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Fig. 9: Measuring Valve Head Margin

Resurface valve to proper angle specification using valve grinding machine. Follow manufacturer's
mnstructions for valve grinding machine. Specifications may indicate a different valve face angle than
seat angle. Measure valve margin after grinding. Replace valve if not within specification. Valve stem
tip can be refinished using valve grinding machine.

Valve Lapping

During valve lapping of recently designed valves, be sure to follow manufacturer's recommendations.
Surface hardening and materials used with some valves do not permit lapping. Lapping process will
remove excessive amounts of the hardened surface.

Valve lapping is done to ensure adequate sealing between valve face and seat. Use either a hand drill or
lapping stick with suction cup attached.

Moisten and attach suction cup to valve. Lubricate valve stem and guide. Apply a thin coat of fine valve
grinding compound between valve and seat. Rotate lapping tool between the palms or with hand drill.

Lift valve upward off the seat and change position often. This is done to prevent grooving of valve seat.
Lap valve until a smooth polished seat is obtained. Thoroughly clean grinding compound from
components. Valve-to-valve seat concentricity should be checked. See VALVE SEAT
CONCENTRICITY.

CAUTION: Valve guides must be in good condition and free of carbon deposits prior
to valve seat grinding. Some engines contain an induction hardened
valve seat. Excessive material removal will damage valve seats.

Valve Seat Grinding

Select coarse stone of correct size and angle for seat to be ground. Ensure stone is true and has a smooth
surface. Select correct size pilot for valve guide dimension. Install pilot in valve guide. Lightly lubricate
pilot shaft. Install stone on pilot. Move stone off and on the seat approximately 2 times per second
during grinding operation.

Select a fine stone to finish grinding operation. Various angle grinding stones are used to center and
narrow the valve seat as required. See Fig, 10.
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Fig. 10: Adjusting Valve Seat Width

Valve Seat Replacement

Replacement of valve seat inserts 1s done by cutting out the old insert and machining an oversize insert
bore. Replacement oversize insert is usually cooled and the cylinder head is sometimes warmed. Valve
seat 1s pressed into the head. This operation requires specialized machine shop equipment.

Valve Seat Concentricity

Using dial gauge, install gauge pilot in valve guide. Position gauge arm on the valve seat. Adjust dial
indicator to zero. Rotate arm 360 degrees and note reading. Runout should not exceed specification.

To check valve-to-valve seat concentricity, coat valve face lightly with Prussian Blue dye. Install valve
and rotate it on valve seat. If pattern is even and entire seat is coated at valve contact point, valve is
concentric with the valve seat.

CYLINDER HEAD REASSEMBLY

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Valve Stem Installed Height

Valve stem installed height must be checked when new valves are installed or when valves or valve seats
have been ground. Install valve in valve guide. Measure distance from tip of valve stem to spring seat.
See Fig. 11. Distance must be within specification to allow sufficient clearance for valve operation.



Remove valve and grind valve stem tip if height exceeds specification. Valve tips are surface hardened.
DO NOT remove more than .010" (.25 mm) from tip. Chamfer sharp edge of reground valve tip.
Recheck valve stem installed height.

Valve Stem Tip

Measure
Distance
Here
Valve Stem B0OSS egp-
Spring Seat em—gm
95113001
Fig. 11: Measuring Valve Stem Installed Height
VALVE STEM OIL SEALS
NOTE: Examples used in this article are general in nature and do not necessarily

relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Valve stem oil seals must be installed on valve stem. See Fig. 2. Seals are needed due to pressure
differential at the ends of valve guides. Atmospheric pressure above intake guide, combined with
manifold vacuum below guide, causes oil to be drawn into the cylinder.

Exhaust guides also have pressure differential created by exhaust gas flowing past the guide, creating a
low pressure area. This low pressure area draws oil into the exhaust system.

Some manufacturers require that special color code or specified height valve stem oil seal be installed in
designated area.

Replacement (On-Vehicle)

Mark rocker arm or overhead cam components for location. Remove rocker arm components or
overhead cam components. Components must be installed in original location. Remove spark plugs.
Valve stem o1l seals may be replaced by holding valves against seats using air pressure.



Air pressure must be installed in cylinder using an adapter for spark plug hole. An adapter can be
constructed by welding air hose connection to spark plug body with porcelain removed.

Rotate engine until piston is at top of stroke. Install adapter in spark plug hole. Apply a minimum of 140

psi (9.8 l«ig;”cm2 ) line pressure to adapter. Air pressure should hold valve closed. If air pressure does not
hold valve closed, check for damaged or bent valve. Cylinder head must be removed for service.

Using valve spring compressor, compress valve springs. Remove valve locks. Carefully release spring
compressor. Remove retainer or rotator and valve spring. Remove valve stem o1l seal.

If oversize valves have been installed, oversize oil seals must be used. Coat valve stem with engine oil.
Install protective sleeve over end of valve stem. Install new oil seal over valve stem and seat on valve
guide. Remove protective sleeve. Install spring seat, valve spring and retainer or rotator. Compress
spring and install valve locks. Remove spring compressor. Ensure valve locks are fully seated.

Install rocker arms or overhead cam components. Tighten all bolts to specification. Adjust valves if
required. Remove adapter. Install spark plugs, valve cover and gasket.

VALVE SPRING INSTALLED HEIGHT

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Valve spring installed height should be checked during reassembly. Measure height from lower edge of
valve spring to the upper edge. DO NOT include valve spring seat or retainer. Distance must be within

specification. If valves and/or seats have been ground, a valve spring shim may be required to correct
spring height. See Fig. 12.
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Fig. 12: Measuring Valve Spring Installed Height

ROCKER ARMS & ASSEMBLIES



NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Rocker Studs

Rocker studs are either threaded or pressed in place. Threaded studs are removed by locking 2 nuts on
the stud. Unscrew the stud by turning the jam nut. Coat new stud threads with Loctite and install.
Tighten to specification.

Pressed-in stud can be removed using a stud puller. Ream stud bore to proper specification and press in a
new oversize stud. Pressed-in studs are often replaced by cutting threads in the stud bore to accept a
threaded stud.

Rocker Arms & Shafis

Mark rocker arms for location. Remove rocker arm retaining bolts. Remove rocker arms. Inspect rocker
arms, shafts, bushings and pivot balls (if equipped) for excessive wear. Inspect rocker arms for wear in
valve stem contact area. Measure rocker arm bushing I.D. Replace bushings if excessively worn.

The rocker arm valve stem contact point may be reground, using special fixture for valve grinding
machine. Remove minimum amount of material as possible. Ensure all oil passages are clear. Install
rocker arm components in original location. Ensure rocker arm is properly seated in push rod. Tighten
bolts to specification. Adjust valves if required. See VALVE ADJUSTMENT.

PUSH RODS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Remove rocker arms. Mark push rods for location. Remove push rods. Push rods can be steel or
aluminum, solid or hollow. Hollow push rods must be internally cleaned to ensure o1l passage to rocker
arms 1s cleaned. Check push rods for damage, such as loose ends on steel tipped aluminum types.

Check push rod for straightness. Roll push rod on a flat surface. Using feeler gauge, check clearance at
center. Replace push rod if bent. The push rod can also be supported at each end and rotated. A dial
indicator 1s used to detect a bent area in the push rod.

Lubricate ends of push rod and install push rod in original location. Ensure push rod is properly seated
in lifter. Install rocker arm. Tighten bolts to specification. Adjust valves if required. See VALVE
ADJUSTMENT.

LIFTERS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.



Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Hydraulic Lifters

Before replacing a hydraulic lifter for noisy operation, ensure noise is not caused by worn rocker arms or
valve tips. Also ensure sufficient oil pressure exists. Hydraulic lifters must be installed in original
location. Remove rocker arm assembly and push rod. Mark components for location. Some applications
require intake manifold, cylinder head or lifter cover removal. Remove lifter retainer plate (if used). To
remove lifters, use a hydraulic lifter remover or magnet. Different type lifters are used. See Fig. 13.

On sticking lifters, disassemble and clean lifter. DO NOT mix lifter components or positions. Parts are
select-fitted and are not interchangeable. Inspect all components for wear. Note amount of wear in lifter
body-to-camshaft contact area. Surface must have smooth and convex contact face. If wear is apparent,
carefully inspect cam lobe.

Inspect push rod contact area and lifter body for scoring or signs of wear. If body is scored, inspect lifter
bore for damage and lack of lubrication. On roller type lifters, inspect roller for flaking, pitting, loss of
needle bearings and roughness during rotation.

Measure lifter body O.D. in several areas. Measure lifter bore I.D. Ensure components or oil clearance is
within specification. Some models offer oversize lifters. Replace lifter if damaged.

If lifter check valve is not operating, obstructions may be preventing it from closing or valve spring may
be broken. Clean or replace components as necessary.

Check plunger operation. Plunger should drop to bottom of the body by its own weight when assembled
dry. If plunger is not free, soak lifter in solvent to dissolve deposits.

Lifter leak-down test can be performed on lifter. Lifter must be filled with special test oil. New lifters
contain special test oil. Using lifter leak-down tester, perform leak-down test following manufacturer's
instructions. If leak-down time 1s not within specifications, replace lifter assembly.

Lifters should be soaked in clean engine oil several hours prior to installation. Coat lifter base, roller (if
equipped) and lifter body with ample amount of Molykote or camshaft lubricant. See Fig, 13. Install
lifter in original location. Install remaining components. Valve lash adjustment is not required on most
hydraulic lifters. Preload of hydraulic lifter is automatic. Some models may require adjustment.

NOTE: Some manufacturers require that a crankcase conditioner be added to
engine oil and engine operated for specified amount of time to aid in lifter
break-in procedure if new lifters or camshaft are installed.
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Fig. 13: Typical Hydraulic Valve Lifter Assemblies

Mechanical Lifters

Lifter assemblies must be installed in original locations. Remove rocker arm assembly and push rod.
Mark components for location. Some applications require intake manifold or lifter cover removal.
Remove lifter retainer plate (if used). To remove lifters, use lifter remover or magnet.

Inspect push rod contact area and lifter body for scoring or signs of wear. If body is scored, inspect lifter
bore for damage and lack of lubrication. Note amount of wear in lifter body-to-camshaft contact area.
Surface must have smooth and convex contact face. If wear is apparent, carefully inspect cam lobe.

Coat lifter base, roller (if equipped) and lifter body with ample amount of Molykote or camshaft
lubricant. Install lifter in original location. Install remaining components. Tighten bolts to specification.
Adjust valves. See VALVE ADJUSTMENT.

PISTONS, CONNECTING RODS & BEARINGS

* PLEASE READ THIS FIRST *



NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

RIDGE REMOVAL

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Ridge in cylinder wall must be removed prior to piston removal. Failure to remove ridge prior to
removing pistons will cause piston damage in piston ring lands or grooves.

With piston at bottom dead center, place rag in bore to trap metal chips. Install ridge reamer in cylinder
bore. Adjust ridge reamer using manufacturer's instructions. Remove ridge using ridge reamer. DO NOT
remove an excessive amount of material. Ensure ridge is completely removed.

PISTON & CONNECTING ROD REMOVAL

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Note top of piston. Some pistons may contain a notch, arrow or be marked FRONT. Piston must be
installed in proper direction to prevent damage with valve operation.

Check that connecting rod and cap are numbered for cylinder location and which side of cylinder block
the number faces. Proper cap and connecting rod must be installed together. Connecting rod cap must be
installed on connecting rod in proper direction to ensure bearing lock procedure. Mark connecting rod
and cap if necessary. Pistons must be installed in original location.

Remove cap retaining nuts or bolts. Remove bearing cap. Install tubing protectors on connecting rod
bolts. This protects cylinder walls from scoring during removal. Ensure proper removal of ridge. Push
piston and connecting rod from cylinder. Connecting rod boss can be tapped with a wooden dowel or
hammer handle to aid in removal.

PISTON & CONNECTING ROD

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.



Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Disassembly

Using ring expander, remove piston rings. Remove piston pin retaining rings (if equipped). Note
direction of piston installation on connecting rod. On pressed type piston pins, special fixtures and
procedures according to manufacturer must be used to remove piston pins. Follow manufacturer's
recommendations to avoid piston distortion or breakage.

Cleaning

Remove all carbon and varnish from piston. Pistons and connecting rods may be cleaned in cold type
chemical tank. Using ring groove cleaner, clean all deposits from ring grooves. Ensure all deposits are
cleaned from ring grooves to prevent ring breakage or sticking. DO NOT attempt to clean pistons with
wire brush.

Inspection

Inspect pistons for nicks, scoring, cracks or damage in ring areas. Connecting rod should be checked for
cracks using Magnaflux procedure. Piston diameter must be measured in manufacturer's specified area.

Using telescopic gauge and micrometer, measure piston pin bore of piston in 2 areas, 90 degrees apart.
This is done to check diameter and out-of-round.

Install proper bearing cap on connecting rod. Ensure bearing cap is installed in proper location. Tighten
bolts or nuts to specification. Using inside micrometer, measure inside diameter in 2 areas, 90 degrees
apart.

Connecting rod I.D. and out-of-round must be within specification. Measure piston pin bore I.D. and
piston pin O.D. All components must be within specification. Subtract piston pin diameter from piston
pin bore in piston and connecting rod to determine proper fit.

Connecting rod length must be measured from center of crankshaft journal inside diameter to center of
piston pin bushing using proper caliper. Connecting rods must be the same length. Connecting rods
should be checked on an alignment fixture for bent or twisted condition. Replace all components which
are damaged or not within specification.

PISTON & CYLINDER BORE FIT

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Ensure cylinder is checked for taper, out-of-round and properly honed prior to checking piston and
cylinder bore fit. See CYLINDER BLOCK. Using dial bore gauge, measure cylinder bore.

Measure piston skirt diameter at 90 degree angle to piston pin at specified area by manufacturer.
Subtract piston diameter from cylinder bore diameter to determine piston-to-cylinder clearance.
Clearance must be within specification. Mark piston for proper cylinder location.

ASSEMBLING PISTON & CONNECTING ROD

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.



Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Install piston on connecting rod for corresponding cylinder. Ensure reference marking on top of piston
corresponds with connecting rod and cap number. See Fig. 14.

Lubricate piston pin and install in connecting rod. Ensure piston pin retainers are fully seated (if
equipped). On pressed type piston pins, follow manufacturer's recommended procedure to avoid

distortion or breakage.

Ensure Piston Floats _
During Installation Operation FRONT Indicator

Cylinder Number
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Of Piston

Fig. 14: Installing Typical Piston Pin

CHECKING PISTON RING CLEARANCES

NOTE:

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Piston rings must be checked for side clearance and end gap. To check end gap, install piston ring in
cylinder in which it is to be installed. Using an inverted piston, push ring to bottom of cylinder in
smallest cylinder diameter.



Using feeler gauge, check ring end gap. See Fig, 15. Piston ring end gap must be within specification.
Ring breakage will occur if insufficient ring end gap exists.

Some manufacturers permit correcting insufficient ring end gap by using a fine file while other
manufacturers recommend using another ring set. Mark rings for proper cylinder installation after
checking end gap.

Feeler Gauge

Oé
\ - ®

Measure Ring Gap Clearance
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Fig. 15: Checking Piston Ring End Gap

For checking side clearance, install rings on piston. Using feeler gauge, measure clearance between
piston ring and piston ring land. Check side clearance in several areas around piston. Side clearance
must be within specification.

If side clearance is excessive, piston ring grooves can be machined to accept oversize piston rings (if
available). Normal practice is to replace piston.

PISTON & CONNECTING ROD INSTALLATION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Cylinders must be honed prior to piston installation. See CYLINDER HONING under CYLINDER
BLOCK.

Install upper connecting rod bearings. Lubricate upper bearings with engine oil. Install lower bearings in
rod caps. Ensure bearing tabs are properly seated. Position piston ring gaps according to manufacturer's



recommendations. See Fig. 16. Lubricate pistons, rings and cylinder walls.
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Fig. 16: Positioning Typical Piston Ring End Gap

Install ring compressor. Use care not to rotate piston rings. Compress rings with ring compressor. Install
plastic tubing protectors over connecting rod bolts. Install piston and connecting rod assembly. Ensure
piston notch, arrow or FRONT mark is toward front of engine. See Fig. 17.
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Fig. 17: Installing Piston & Connecting Rod Assembly

Carefully tap piston into cylinder until rod bearing is seated on crankshaft journal. Remove protectors.
Install rod cap and bearing. Lightly tighten connecting rod bolts. Repeat procedure for remaining
cylinders. Check bearing clearance. See MAIN & CONNECTING ROD BEARING CLEARANCE.

Once clearance 1s checked, lubricate journals and bearings. Install bearing caps. Ensure marks are

aligned on connecting rod and cap. Tighten rod nuts or bolts to specification. Ensure rod moves freely
on crankshaft. Check connecting rod side clearance. See CONNECTING ROD SIDE CLEARANCE.

CONNECTING ROD SIDE CLEARANCE

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Position connecting rod toward one side of crankshaft as far as possible. Using feeler gauge, measure
clearance between side of connecting rod and crankshaft. See Fig. 18. Clearance must be within
specification.

Check for improper bearing installation, wrong bearing cap or insufficient bearing clearance if side
clearance 1s insufficient. Connecting rod may require machining to obtain proper clearance. Excessive
clearance usually indicates excessive wear at crankshaft. Crankshaft must be repaired or replaced.
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Fig. 18: Measuring Connecting Rod Side Clearance
MAIN & CONNECTING ROD BEARING CLEARANCE
NOTE: Examples used in this article are general in nature and do not necessarily

relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Plastigage Method

Plastigage method may be used to determine bearing clearance. Plastigage can be used with an engine in
service or during reassembly. Plastigage material is oil soluble.

Ensure journals and bearings are free of oil or solvent. Oil or solvent will dissolve material and false
reading will be obtained. Install small piece of Plastigage along full length of bearing journal. Install
bearing cap in original location. Tighten bolts to specification.

CAUTION: DO NOT rotate crankshaft while Plastigage is installed. Bearing clearance
will not be obtained if crankshaft is rotated.

Remove bearing cap. Compare Plastigage width with scale on Plastigage container to determine bearing
clearance. See Fig. 19. Rotate crankshaft 90 degrees. Repeat procedure. This is done to check journal
eccentricity. This procedure can be used to check oil clearance on both connecting rod and main
bearings.
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Fig. 19: Measuring Bearing Clearance

Micrometer & Telescopic Gauge Method

A micrometer 1s used to determine journal diameter, taper and out-of-round dimensions of the
crankshaft. See CLEANING & INSPECTION under CRANKSHAFT & MAIN BEARINGS i1n this
article.

With crankshaft removed, install bearings and caps in original location on cylinder block. Tighten bolts
to specification. On connecting rods, install bearings and caps on connecting rods. Install proper
connecting rod cap on corresponding rod. Ensure bearing cap is installed in original location. Tighten
bolts to specification.

Using a telescopic gauge and micrometer or inside micrometer, measure inside diameter of connecting
rod and main bearings bores. Subtract each crankshaft journal diameter from the corresponding inside
bearing bore diameter. This is the bearing clearance.

CRANKSHAFT & MAIN BEARINGS
* PLEASE READ THIS FIRST *

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

REMOVAL



NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Ensure all main bearing caps are marked for location on cylinder block. Some main bearing caps have
an arrow stamped on them. The arrow must face timing belt or timing chain end of engine. Remove
main bearing cap bolts. Remove main bearing caps. Carefully remove crankshaft. Use care not to bind
crankshaft in cylinder block during removal.

CLEANING & INSPECTION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Thoroughly clean crankshaft using solvent. Dry with compressed air. Ensure all oil passages are clear
and free of sludge, rust, dirt and metal chips.

Inspect crankshaft for scoring and nicks. Inspect crankshaft for cracks using Magnaflux procedure.
Inspect rear seal area for grooving or damage. Inspect bolt hole threads for damage. If pilot bearing or
bushing is used, check pilot bearing or bushing fit in crankshaft. Inspect crankshaft gear for damaged or
cracked teeth. Replace gear if damaged. Ensure oil passage plugs are tight (if equipped).

Using micrometer, measure all journals in 4 areas to determine journal taper, out-of-round and
undersize. See Fig, 20. Some crankshafts can be reground to the next largest undersize, depending on
the amount of wear or damage. Crankshafts with rolled fillet cannot be reground and must be replaced.
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Fig. 20: Measuring Crankshaft Journals

Crankshaft journal runout should be checked. Install crankshaft in "V" blocks or bench center. Position
dial indicator with tip resting on the main bearing journal area. See Fig. 21. Rotate crankshaft and note
reading. Journal runout must not exceed specification. Repeat procedure on all main bearing journals.
Crankshaft must be replaced if runout exceeds specification.
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Fig. 21: Measuring Crankshaft Main Bearing Journal Runout

INSTALLATION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Install upper main bearing in cylinder block. Ensure lock tab is properly located in cylinder block. Install
bearings in main bearing caps. Ensure all oil passages are aligned. Install rear seal (if removed).

Ensure crankshaft journals are clean. Lubricate upper main bearings with clean engine oil. Carefully
mnstall crankshaft. Check each main bearing clearance using Plastigage method. See MAIN &
CONNECTING ROD BEARING CLEARANCE.

Once clearance 1s checked, lubricate lower main bearing and journals. Install main bearing caps in
original location. Install rear seal in rear main bearing cap (if removed). Some rear main bearing caps
require sealant to be applied in corners to prevent oil leakage.

Install and tighten all bolts except thrust bearing cap to specification. Tighten thrust bearing cap bolts
finger tight only. Some models require that thrust bearing be aligned. On most applications, crankshaft
must be moved rearward then forward. Procedure may vary with manufacturer. Thrust bearing cap is
then tightened to specification. Ensure crankshaft rotates freely. Crankshaft end play should be checked.
See CRANKSHAFT END PLAY.

CRANKSHAFT END PLAY

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Dial Indicator Method

Crankshaft end play can be checked using dial indicator. Mount dial indicator on rear of cylinder block.
Position dial indicator tip against rear of crankshaft. Ensure tip is resting against flat surface.

Pry crankshaft rearward. Adjust dial indicator to zero. Pry crankshaft forward and note reading.
Crankshaft end play must be within specification. If end play is not within specification, check for faulty
thrust bearing installation or worn crankshaft. Some applications offer oversize thrust bearings.

Feeler Gauge Method

Crankshaft end play can be checked using feeler gauge. Pry crankshaft rearward. Pry crankshaft
forward. Using feeler gauge, measure clearance between crankshaft and thrust bearing surface. See Fig.
22,
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Fig. 22: Checking Crankshaft End Play

Crankshaft end play must be within specification. If end play is not within specification, check for faulty
thrust bearing installation or worn crankshaft. Some applications offer oversize thrust bearings.

CYLINDER BLOCK

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Block Cleaning

Only cast cylinder blocks should be hot tank cleaned. Aluminum cylinder blocks should be cleaned
using cold tank method. Cylinder block is cleaned in order to remove carbon deposits, gasket residue
and water jacket scale. Remove oil gallery plugs, freeze plugs and cam bearings before cleaning block.

Block Inspection

Visually inspect the block. Check suspected areas for cracks using the Dye Penetrant inspection method.
Block may be checked for cracks using the Magnaflux method.

Cracks are most commonly found at the bottom of cylinders, main bearing saddles, near expansion plugs
and between cylinders and water jackets. Inspect lifter bores for damage. Inspect all head bolt holes for
damaged threads. Threads should be cleaned using tap to ensure proper head bolt torque. Consult
machine shop concerning possible welding and machining (if required).



Cylinder Bore Inspection

Inspect bore for scoring or roughness. Cylinder bore 1s dimensionally checked for out-of-round and
taper using dial bore gauge. For determining out-of-round, measure cylinder parallel and perpendicular
to the block center line. Difference in the 2 readings is the bore out-of-round. Cylinder bore must be
checked at top, middle and bottom of piston travel area.

Bore taper is obtained by measuring bore at the top and bottom. If wear has exceeded allowable limits,
block must be honed or bored to next available oversize piston dimension.

Cylinder Honing

Cylinder must be properly honed to allow new piston rings to properly seat. Cross-hatching at correct
angle and depth 1s critical to lubrication of cylinder walls and pistons.

A flexible drive hone and power drill are commonly used. Drive hone must be lubricated during
operation. Mix equal parts of kerosene and SAE 20W engine oil for lubrication.

Apply lubrication to cylinder wall. Operate cylinder hone from top to bottom of cylinder using even
strokes to produce 45 degree cross-hatch pattern on the cylinder wall. DO NOT allow cylinder hone to
extend below cylinder during operation.

Recheck bore dimension after final honing. Wash cylinder wall with hot soapy water to remove abrasive
particles. Blow dry with compressed air. Coat cleaned cylinder walls with lubricating oil.

Deck Warpage

Check deck for damage or warped gasket surface. Place a straightedge across gasket surface of the deck.
Using feeler gauge, measure clearance at center of straightedge. Measure across width and length of
cylinder block at several points.

If warpage exceeds specifications, deck must be resurfaced. If warpage exceeds manufacturer's
maximum tolerance for material removal, replace block.

NOTE: Some manufacturers recommend that a total amount of material (cylinder
head and cylinder block) can only be removed before components must
be replaced.

Deck Height

Distance from crankshaft center line to block deck is called the deck height. Measure and record front
and rear main journals of crankshaft. To compute this distance, install crankshaft and retain with center
main bearing and cap only. Measure distance from crankshaft journal to block deck, parallel to cylinder
center line.

Add one half of main bearing journal diameter to distance from crankshaft journal to block deck. This
dimension should be checked at front and rear of cylinder block. Both readings should be the same.

If difference exceeds specification, cylinder block must be repaired or replaced. Deck height and
warpage should be corrected at the same time.

Main Bearing Bore & Alignment

For checking main bearing bore, remove all bearings from cylinder block and main bearing caps. Install
main bearing caps in original location. Tighten bolts to specification. Using inside micrometer, measure
main bearing bore in 2 areas 90 degrees apart. Determine bore size and out-of-round. If diameter is not
within specification, block must be align-bored.

For checking alignment, place a straightedge along center line of main bearing saddles. Check for
clearance between straightedge and main bearing saddles. Block must be align-bored if clearance exists.

Expansion Plug Removal



Drill hole in center of expansion plug. Remove with screwdriver or punch. Use care not to damage
sealing surface.

Expansion Plug Installation

Ensure sealing surface is free of burrs. Coat expansion plug with sealer. Using wooden dowel or pipe of
slightly smaller diameter, install expansion plug. Ensure expansion plug is evenly located.

Oil Gallery Plug Removal

Remove threaded oil gallery plugs using appropriate wrench. Soft press-in plugs are removed by drilling
into plug and installing a sheet metal screw. Remove plug with slide hammer or pliers.

Oil Gallery Plug Installation

Ensure threads or sealing surface is clean. Coat threaded oil gallery plugs with sealer and install.
Replacement soft press-in plugs are installed with a hammer and drift.

CAMSHAFT
* PLEASE READ THIS FIRST *

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

CLEANING & INSPECTION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Clean camshaft with solvent. Ensure all oil passages are clear. Inspect cam lobes and bearing journals
for pitting, flaking or scoring. Using micrometer, measure bearing journal O.D.

Support camshaft at each end with "V" blocks. Position dial indicator with tip resting on center bearing
journal. Rotate camshaft and note camshaft runout reading. If reading exceeds specification, replace
camshatft.

Check cam lobe lift by measuring base circle of camshaft using micrometer. Measure again at 90-degree
angle to tip of cam lobe. Cam lift can be determined by subtracting base circle diameter from tip of cam
lobe measurement.

Different lift dimensions are given for intake and exhaust cam lobes. Reading must be within
specification. Replace camshaft if cam lobes or bearing journals are not within specification.

Inspect camshaft gear for chipped, eroded or damaged teeth. Replace gear if damaged. On camshafts
using thrust plate, measure distance between thrust plate and camshaft shoulder. Replace thrust plate if
not within specification.

CAMSHAFT BEARINGS



NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Removal & Installation

Remove camshaft rear plug. Camshaft bearing remover is assembled with shoulder resting against
bearing to be removed according to manufacturer's instructions. Tighten puller nut until bearing is
removed. Remove remaining bearings, leaving front and rear bearings until last. These bearings act as a
guide for camshaft bearing remover.

To install new bearings, puller is rearranged to pull bearings toward the center of block. Ensure all
lubrication passages of bearing are aligned with cylinder block. Coat new camshaft rear plug with
sealant. Install camshaft rear plug. Ensure plug is even in cylinder block.

CAMSHAFT INSTALLATION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Lubricate bearing surfaces and cam lobes with ample amount of Molykote or camshaft lubricant.
Carefully install camshaft. Use care not to damage bearing journals during installation. Install thrust
plate retaining bolts (if equipped). Tighten bolts to specification. On overhead camshafts, install bearing
caps in original location. Tighten bolts to specification. On all applications, check camshaft end play.

CAMSHAFT END PLAY

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Using dial indicator, check camshaft end play. Position dial indicator on front of engine block or
cylinder head. Position indicator tip against camshaft. Push camshaft toward rear of cylinder head or
engine and adjust indicator to zero.

Move camshaft forward and note reading. Camshaft end play must be within specification. End play
may be adjusted by relocating gear, shimming thrust plate or replacing thrust plate depending on each
manufacturer.

TIMING CHAINS & BELTS

* PLEASE READ THIS FIRST *



NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

TIMING CHAINS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Timing chains will stretch during operation. Limits are placed upon amount of stretch before
replacement is required. Timing chain stretch will alter ignition timing and valve timing.

To check timing chain stretch, rotate crankshaft to eliminate slack from one side of timing chain. Mark
reference point on cylinder block. Rotate crankshaft in opposite direction to eliminate slack from
remaining side of timing chain. Force other side of chain outward and measure distance between
reference point and timing chain. See Fig. 23. Replace timing chain and gears if not within specification.
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Fig. 23: Measuring Timing Chain Stretch




Timing chains must be installed so timing marks on camshaft gear and crankshaft gear are aligned
according to manufacturer. See Fig. 24.
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Fig. 24: Typical Gear Timing Mark Alignment
TIMING BELTS
NOTE: Examples used in this article are general in nature and do not necessarily

relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Cogged tooth belts are commonly used on overhead cam engines. Inspect belt teeth for rounded corners
or cracking. Replace belt if it is cracked, damaged, missing teeth or oil soaked.

Used timing belt must be installed in original direction of rotation. Inspect all sprocket teeth for wear.
Replace all worn sprockets. Sprockets are marked for timing purposes. Engine is positioned so that
crankshaft sprocket mark will be upward. Camshaft sprocket is aligned with reference mark on cylinder
head or timing belt cover and then timing belt can be installed. See Fig. 25.
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Fig. 25: Typical Camshaft Belt Sprocket Alignment

TENSION ADJUSTMENT

NOTE:

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

If guide rails are used with spring loaded tensioners, ensure at least half of original rail thickness
remains. Spring loaded tensioner should be inspected for damage.

Ensure all timing marks are aligned. Adjust belt tension using manufacturer's recommendations. Belt
tension may require checking using tension gauge. See Fig, 26.
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Fig. 26: Adjusting Typical Timing Belt Tension

TIMING GEARS
* PLEASE READ THIS FIRST *

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

TIMING GEAR BACKLASH & RUNOUT
NOTE: Examples used in this article are general in nature and do not necessarily

relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.



Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

On engines where camshaft gear operates directly on crankshaft gear, gear backlash and runout must be
checked. To check backlash, install dial indicator with tip resting on tooth of camshaft gear. Rotate
camshaft gear as far as possible. Adjust indicator to zero. Rotate camshaft gear in opposite direction as
far as possible and note reading.

To determine timing gear runout, mount dial indicator with tip resting on face edge of camshaft gear.
Adjust indicator to zero. Rotate camshaft gear 360 degrees and note reading. If backlash or runout
exceeds specification, replace camshaft and/or crankshaft gear.

REAR MAIN OIL SEAL INSTALLATION

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

One-Piece Type Seal

For one-piece type oil seal installation, coat block contact surface of seal with sealer if seal is not factory
coated. Ensure seal surface is free of burrs. Lubricate seal lip with engine oil and press seal into place
using proper oil seal installer. See Fig, 27.
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Fig. 27: Installing Typical One-Piece Oil Seal

Rope Type Seal



For rope type rear main oil seal installation, press seal lightly into seat area. Using seal installer, fully
seat seal in bearing cap or cylinder block.

Trim seal ends even with cylinder block parting surface. Some applications require sealer to be applied
on main bearing cap before installing. See Fig, 28.
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Fig. 28: Installing Typical Rope Seal

Split-Rubber Type Seal

Follow manufacturer's procedures when installing split-rubber type rear main oil seals. Installation
procedures vary with manufacturer and engine type. See Fig. 29.
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Fig. 29: Installing Typical Split-Rubber Seal




OIL PUMP

* PLEASE READ THIS FIRST *

NOTE:

ROTOR TYPE

NOTE:

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Mark oil pump rotor locations before removing. See Fig. 30. Remove outer rotor and measure thickness
and diameter. Measure inner rotor thickness. Inspect shaft for scoring or wear. Inspect rotors for pitting
or damage. Inspect cover for grooving or wear. Replace worn or damaged components.

Measure outer rotor-to-body clearance. Replace pump assembly if clearance exceeds specification.
Measure clearance between rotors. See Fig, 31. Replace shaft and both rotors if clearance exceeds

specification.

Install rotors in pump body. Position straightedge across pump body. Using feeler gauge, measure
clearance between rotors and straightedge. Pump cover wear is measured using a straightedge and feeler
gauge. Replace pump if clearance exceeds specification.
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Fig. 30: Typical Rotor Type Oil Pump

Feeler Gauge

Inner Rotor |
o
95J14661
Fig. 31: Measuring Rotor Clearance
GEAR TYPE
NOTE: Examples used in this article are general in nature and do not necessarily

relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Mark oil pump gear location before removing. See Fig. 32. Remove gears from pump body. Inspect
gears for pitting or damage. Inspect cover for grooving or wear. Measure gear diameter and length.
Measure gear housing cavity depth and diameter. See Fig. 33. Replace worn or damaged components.

Pump cover wear is measured using a straightedge and feeler gauge. Replace pump or components if
warpage or wear exceeds specification, or mating surface of pump cover is scratched or grooved.
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Fig. 32: Typical Gear Type Oil Pump
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Fig. 33: Measuring Oil Pump Gear Cavity

BREAK-IN PROCEDURE

* PLEASE READ THIS FIRST *



NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

ENGINE PRE-OILING

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Pre-oil engine prior to operation to prevent engine damage. Lightly oiled oil pump will cavitate unless
oil pump cavities are filled with engine oil or petroleum jelly.

Engine pre-oiling can be done using pressure oiler (if available). Connect pressure oiler to cylinder
block oil passage such as o1l pressure sending unit. Operate pressure oiler long enough to ensure correct
amount of oil has filled crankcase. Check o1l level while pre-oiling.

If pressure oiler is not available, disconnect ignition system. Remove oil pressure sending unit and
replace with oil pressure test gauge. Using starter motor, rotate engine starter until gauge shows normal
oil pressure for several seconds. DO NOT crank engine for more than 30 seconds to avoid starter motor
damage. Ensure o1l pressure has reached the most distant point from the oil pump.

NOTE: If new lifters or camshaft are installed, some manufacturers require that a
crankcase conditioner be added to engine oil. The engine should be
operated for specified amount of time to aid in lifter break-in procedure.

INITIAL START-UP

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Start engine and operate engine at low speed while checking for coolant, fuel and oil leaks. Stop engine.
Recheck coolant and oil level. Adjust if necessary.

CAMSHAFT

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.



Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Break-in procedure is required when new or reground camshaft has been installed. Operate and maintain
engine speed between 1500-2500 RPM for approximately 30 minutes. Procedure may vary due to
manufacturer's recommendations.

PISTON RINGS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Piston rings require a break-in procedure to ensure seating of rings to cylinder walls. Serious damage
may occur to rings if correct procedures are not followed.

Extremely high piston ring temperatures are obtained during break-in process. If rings are exposed to
excessively high RPM or high cylinder pressures, ring damage can occur. Follow piston ring
manufacturer's recommended break-in procedure.

FINAL ADJUSTMENTS

NOTE: Examples used in this article are general in nature and do not necessarily
relate to a specific engine or system. lllustrations and procedures have
been chosen to guide mechanic through engine overhaul process.
Descriptions of processes of cleaning, inspection, assembly and machine
shop practice are included.

Always refer to appropriate engine overhaul article, if available, in the
ENGINES section for complete overhaul procedures and specifications
for the vehicle being repaired.

Check or adjust ignition timing and dwell (if applicable). Adjust valves (if necessary). Adjust idle speed
and mixture. Retighten cylinder heads (if required). If cylinder head or block is aluminum, retighten
bolts when engine is cold. Follow the engine manufacturer's recommended break-in procedure and
maintenance schedule for new engines.

NOTE: Some manufacturers require that head bolts be retightened after
specified amount of operation. This must be done to prevent head gasket
failure.



GENERAL INFORMATION

Engine Performance Diagnostic Routine Outline
* PLEASE READ THIS FIRST *

NOTE: This article is generic in nature and all information does not apply to all
vehicles. For vehicle specific information, see the appropriate articles in
the ENGINE PERFORMANCE category.

WHERE DOES DRIVEABILITY DIAGNOSIS START?
PERFORM BASIC INSPECTION

NOTE: This article is generic in nature and all information does not apply to all
vehicles. For vehicle specific information, see the appropriate articles in
the ENGINE PERFORMANCE category.

. Verify Customer Complaint
. Check for Relevant Technical Service Bulletins (TSBs)
. Perform Visual Inspection (See Basic Diagnostic Procedures)

B R S

. Test Engine Sub-Systems (See Basic Diagnostic Procedures)
e Mechanical Condition (Compression)
¢ Ignition Output
¢ Fuel Delivery

n

. Check Air Induction System For Leaks

. Check & Adjust Basic Engine Settings(See On-Vehicle Adjustments)
¢ Ignition Timing
¢ Idle Speed

(=}

CHECK FOR TROUBLE CODES

NOTE: This article is generic in nature and all information does not apply to all
vehicles. For vehicle specific information, see the appropriate articles in
the ENGINE PERFORMANCE category.

1. Check for Diagnostic Trouble Codes (DTCs).(See Self-Diagnostics)
2. Repair cause of DTCs.
3. Clear PCM memory and repeat self-test.

DIAGNOSE SYMPTOM

NOTE: This article is generic in nature and all information does not apply to all
vehicles. For vehicle specific information, see the appropriate articles in
the ENGINE PERFORMANCE category.

1. If no self-diagnostics available, or no trouble codes present, identify symptom.
2. See trouble shooting procedure to identify problem. (See Trouble Shooting - No Codes)

TEST SYSTEM

NOTE: This article is generic in nature and all information does not apply to all
vehicles. For vehicle specific information, see the appropriate articles in
the ENGINE PERFORMANCE category.



1. Perform required tests. (See Systems & Component Testing)
2. Verify complaint is repaired.




GENERAL INFORMATION

Engine Performance Safety Precautions

Always refer to Emission Decal in engine compartment before servicing vehicle. If manual and
decal differ, always use decal specifications.

Do not allow or create a condition of misfire in more than one cylinder for an extended period of
time. Damage to converter may occur due to loading converter with unburned air/fuel mixture.

Always turn ignition off and disconnect negative battery cable BEFORE disconnecting or
connecting computer or other electrical components.

DO NOT drop or shock electrical components such as computer, airflow meter, etc.

DO NOT use fuel system cleaning compounds that are not recommended by the manufacturer.
Damage to gaskets, diaphragm materials and catalytic converter may result.

Before performing a compression test or cranking engine using a remote starter switch, disconnect
coil wire from distributor and secure it to a good engine ground, or disable ignition.

Before disconnecting any fuel system component, ensure fuel system pressure is released.
Use a shop towel to absorb any spilled fuel to prevent fire.
DO NOT create sparks or have an open flame near battery.

If any fuel system components such as hoses or clamps are replaced, ensure they are replaced with
components designed for fuel system use.

Always reassemble throttle body components with new gaskets, "O" rings and seals.

If equipped with an inertia switch, DO NOT reset switch until fuel system has been inspected for
leaks.

Wear safety goggles when drilling or grinding.
Wear proper clothing which protects against chemicals and other hazards.




GENERAL INFORMATION

English-Metric Conversion Chart

METRIC CONVERSIONS

Metric conversions are making life more difficult for the mechanic. In addition to increasing the number
of tools required, metric-dimensioned nuts and bolts are used alongside English components in many
new vehicles. The mechanic has to decide which tool to use, slowing down the job. The tool problem
can be solved by trial and error, but some metric conversions aren't so simple.

Converting temperature, lengths or volumes requires a calculator and conversion charts, or else a very
nimble mind. Conversion charts are only part of the answer though, because they don't help you "think"
metric, or "visualize" what you are converting. The following examples are intended to help you "see"
mefric sizes:

LENGTH

Meters are the standard unit of length in the metric system. The smaller units are 10ths (decimeter),
100ths (centimeter), and 1000ths (millimeter) of a meter. These common examples might help you to
visualize the metric units:

¢ A meter is slightly longer than a yard (about 40 inches).
¢ An aspirin tablet is about one centimeter across (.4 inches).
o A millimeter is about the thickness of a dime.

VOLUME

The metric weight system is based on the gram, with the most common unit being the kilogram (1000
grams). Our comparable units are ounces and pounds:

¢ A kilogram is about 2.2 pounds.
¢ A kilogram is about 2.2 pounds.

TORQUE

Torque is somewhat complicated. The term describes the amount of effort exerted to turn something. A
chosen unit of weight or force is applied to a lever of standard length. The resulting leverage is called
torque. In our standard system, we use the weight of one pound applied to a lever a foot long, resulting
in the unit called a foot-pound. A smaller unit is the inch-pound (the lever is one inch long). Metric units
include the meter kilogram (lever one meter long with a kilogram of weight applied) and the Newton-
meter (lever one meter long with force of one Newton applied). Some conversions are:

* A meter kilogram is about 7.2 foot pounds.
» A foot pound is about 1.4 Newton-meters.
» A centimeter kilogram (cmkg) is equal to .9 inch pounds.

PRESSURE

Pressure 1s another complicated measurement. Pressure is described as a force or weight applied to a
given area. Our common unit 1s pounds per square inch. Metric units can be expressed in several ways.

One is the kilogram per square centimeter (kg/cm? ). Another unit of pressure is the Pascal (force of one
Newton on an area of one square meter), which equals about 4 ounces on a square yard. Since this is a
very small amount of pressure, we usually see the kiloPascal, or kPa (1000 Pascals). Another common
automotive term for pressure is the bar (used by German manufacturers), which equals 10 Pascals.
Thoroughly confused? Try the examples below:

¢ Atmospheric pressure at sea level 1s about 14.7 psi.



* Atmospheric pressure at sea level is about 1 bar.

e Atmospheric pressure at sea level is about 1 kg/cm? .

¢ One pound per square inch is about 7 kPa.

CONVERSION FACTORS
CONVERSION FORMULA
To Convert Multiply By
LENGTH
Millimeters (mm) Inches .03937
Inches Millimeters 254
Meters (M) Inches 39.37
Meters (M) Feet 3.28084
Feet Meters .3048
Kilometers (Km) Miles 62137
AREA
Square Centimeters (cm? ) Square Inches 155
Square Inches Square Centimeters 6.45159
VOLUME
Cubic Centimeters Cubic Inches .06103
Cubic Inches Cubic Centimeters 16.38703
Liters Cubic Inches 61.025
Cubic Inches Liters .01639
Liters Quarts 1.05672
Quarts Liters 94633
Liters Pints 2.11344
Pints Liters 47317
Liters Ounces 33.81497
Ounces Liters 02957
WEIGHT
Grams Ounces .03527
Ounces Grams 28.34953
Kilograms Pounds 2.20462
Pounds Kilograms 45359
WORK
Centimeter Kilograms Inch Pounds .8676
Pounds/Sq. Inch Kilograms/Sq. Centimeter .07031
Bar Pounds/Sq. Inch 14.504
Pounds/Sq. Inch Bar .06895
Atmosphere Pounds/Sq. Inch 14.696
Pounds/Sq. Inch Atmosphere .06805
TEMPERATURE
Centigrade Degrees Fahrenheit Degrees (CA°x? /5 )+32
Fahrenheit Degrees Centigrade Degrees (FA°-32)x5 /q
EQUIVALENCIES
Inches Decimals mm
1/64 016 .397
1/32 031 794
3/64 .047 1.191
1/16 .063 1.588
5/64 .078 1.984




|Inches

3/32 Decimals
7/64 .094 mm
1/8 .109 2.381
0/64 125 2.778
5/32 141 3.175
11/64 156 3.572
3/16 172 3.969
13/64 188 4.366
7/32 .203 4,763
15/64 219 5.159
1/4 234 5.556
17/64 .250 5.953
0/32 266 6.350
19/64 281 6.747
5/16 297 7.144
21/64 313 7.541
11/32 328 7.938
23/64 344 8.334
3/8 .359 8.731
25/64 375 9.128
13/32 391 9.525
27/64 406 9.992
7/16 422 10.319
29/64 438 10.716
15/32 453 11.113
31/64 469 11.509
1/2 484 11.906
33/64 .500 12.303
17/32 516 12.700
35/64 531 13.097
0/16 547 13.494
37/64 563 13.891
19/32 578 14.288
39/64 .594 14.684
5/8 .609 15.081
41/64 .625 15.478
21/32 .641 15.875
43/64 .656 16.272
11/16 .672 16.669
45/64 .687 17.066
23/32 .703 17.463
47/64 .719 17.859
3 734 18.256
49/64 750 18.653
25/32 766 19.050
51/64 781 19.447
13/16 797 19.844
53/64 813 20.241
27/32 828 20.638
55/64 .844 21.034
7/8 .859 21.431
57/64 875 21.828
1 .891 22.225
22.622




|Inches

Decimals mm

29/32 .906 23.019
59/64 .922 23416

15/16 938 23.813

|61/64 953 24.209
31/32 .969 24.606
|63/64 .984 25.003
1 1.000 25.400

Release July 2019




GENERAL INFORMATION

Gear Tooth Contact Patterns
* PLEASE READ THIS FIRST =

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

INSPECTION

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

Wipe lubricant from internal parts. Rotate gears and inspect for wear or damage. Mount dial indicator to
housing and check backlash at several points around ring gear. Backlash must be within specification at
all points. If no defects are found, check gear tooth pattern contact.

NOTE: Drive pattern should be well centered on ring gear teeth. Coast pattern
should be centered, but may be slightly toward toe of ring gear teeth.

GEAR TOOTH CONTACT PATTERN

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

1. Paint ring gear teeth with marking compound. Wrap cloth or rope around drive pinion flange to
act as brake. Rotate gear until clear contact pattern is obtained.

2. Contact pattern will indicate whether correct pinion bearing mounting shim has been installed and
if drive gear backlash has been set properly. Backlash between drive gear pinion must be
maintained within specified limits until correct tooth pattern is obtained.

ADJUSTMENTS

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

GEAR BACKLASH & PINION SHIM CHANGES

NOTE: This is GENERAL information. This article is not intended to be specific
to any unique situation or individual vehicle configuration. For model-
specific information see appropriate articles where available.

1. With no change in backlash, moving pinion further from ring gear moves drive pattern toward
heel and top of tooth, and moves coast pattern toward toe and top of tooth.

2. With no change in backlash, moving pinion closer to ring gear moves drive pattern toward toe and
bottom of tooth, and moves coast pattern toward heel and bottom of tooth.

3. With no change in pinion shim thickness, an increase in backlash moves ring gear further from
pinion. Both drive and coast patterns move toward heel and top of tooth.

4. With no change in pinion shim thickness, a decrease in backlash moves ring gear closer to pinion
gear. Both drive and coast patterns move toward toe and bottom of tooth.
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Fig. 1: Drive Axle Gear Tooth Patterns




GENERAL INFORMATION

General Cooling System Service

* PLEASE READ THIS FIRST *

This article is generic in nature and all information does not apply to all vehicles including those without
a liquid cooling system. For vehicle specific information, see the appropriate articles in the ENGINE
category.

DESCRIPTION

The liquid cooling system consists of a radiator, water pump, thermostat, electric or belt-driven cooling
fan, pressure cap, heater, and various connecting hoses and cooling passages in the engine block and
cylinder head.

MAINTENANCE
DRAINING

Remove radiator cap and open heater control valve to maximum heat position. Open drain cocks or
remove plugs in bottom of radiator and engine block. In-line engines usually have one plug or drain
cock, while "V" type engines have 2, one in each bank of cylinders.

FLUSHING

CAUTION: Some manufacturers use an aluminum and plastic radiator. Flushing
solution must be compatible with aluminum.

Radiator

Connect flushing gun to water outlet of radiator. Disconnect water inlet hose. To prevent flooding
engine, use a hose connected to radiator inlet. Use air in short bursts to prevent damage to radiator.
Continue flushing until water runs clear.

Engine Block

To flush engine, remove thermostat. Connect flushing gun to water outlet of radiator. Use air in short
bursts to prevent damage to radiator. Continue flushing until water runs clear.

REFILLING

To prevent air from being trapped in engine block, engine should be running when refilling cooling
system. After system is full, continue running engine until thermostat is open, then recheck fill level. Do
not overfill system.

TESTING
THERMOSTAT

1. Remove and inspect thermostat for corrosion and proper seating of valve. If okay, suspend
thermostat and thermometer in a 50/50 mixture of coolant and water. See Fig. 1. DO NOT allow
thermostat or thermometer to touch bottom or container. Heat water until thermostat begins to
open.

2. Read temperature on thermometer. This 1s the initial opening temperature and should be within
specification. Continue heating water until thermostat is fully open and note temperature. This is
the fully open temperature. If either reading is not to specification, replace thermostat.
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Fig. 1: Testing Thermostat in Coolant/Water Solution

PRESSURE TESTING

A pressure tester 1s used to check both radiator cap and complete cooling system. Follow pressure tester
manufacturer instructions and test components as follows:

Radiator Cap

Visually inspect radiator cap. If cap looks okay, connect pressure tester to cap. See Fig. 2. Pressurize
tester to full radiator cap specification. Replace cap if it fails to hold pressure.
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Fig. 2: Pressure Testing Radiator Cap

Cooling System
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Turn ignition off and allow engine to cool. Ensure radiator if filled to correct level. Remove cap
and attach pressure tester to radiator. Pressurize tester to full radiator rating specification.

. If pressure drops, check for external leaks. If no leaks are found, start engine and allow to idle. If

pressure builds up immediately, check cylinder head and block for cracks. If pressure does not
build up immediately, go to next step.

CAUTION: DO NOT allow excess pressure to build in cooling system or
damage may result.

. Using pressure tester, pump cooling system up to pressure specified on radiator cap. If pump

gauge pointer vibrates, compression or combustion leak into cooling system is indicated. Isolate
leak by shorting each spark plug wire to cylinder block. Gauge pointer vibration will stop or
decrease when leaking cylinder is shorted.



