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Introduction

The Diesel ProTraining book is divided into 5 sections.

Diesel Theory — This section explains how the diesa! engine works and how each part
of the injection system operates. Also included is information on
diesel fuel and oil.

Following Diesel Theory there are 3 sections which contain step by step diagnosis
procedures and quality check procedures for 2 class/fications of symptoms.

Cold Running and/or Hard Starting Problems
Idie Problems
Warm Running Problems

At the end of the book there is a section for special repairs. The special repairs section
contains information for solving several “special” types of problems as well as some
general repair hints for diesel cars.

How to use this book — The following 2 pages axplain how 1o use the Diesal
ProTraining Book.



How to use this book

Step 1 — The first step is to identify the
symptom group — is the
customer’'s complaint related to
a Cold Running and/or Hard
Starting Problem, or Idle
Problem or 2 Warm Running
Problem. After identifying the
symptom group choose the
symptom which best describes
the customer’s complaint.
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Step 2 — After choosing a specific
symptom turn to the page which
outlines the diagnosis
procedure. This page shows
each step of the procedure,
explains the importance of each
step and shows the suggested
repair time for the diagnosis
procedure.
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Step 3 — Foilowing the outline of the
diagnosis procedure, each siep
of the procedure is shown in
sequence. Each step should be
performed in the seguence
shown in the book.
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Step 4 — After completeing the diagnosis
procedure and performing any
necessary repairs the final step
is to perform the Quality Check.

For some symptoms it may be necessary 1o
perform a second diagnosis if the car does
not pass the Quality Check. Just follow the
book through the Quality Check sequence
to determine if a second diagnosis is
necessary.
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1784 —
1801 —
1868 —
1876 —
1885 —

Diesef History

Robert Street builds piston engine which runs on turpentine fumes.
Phillipe Lebou builds spark-ignition engine which runs on coal gas and air.

Beau de Rochas writes detailed pamphlet on theory of gasoline piston engine.

Dr. N.A. Ctto develops and runs first successful gascline engine,
Priestman runs first successful “heavy oil” engine.

1885-1889 — Ackroyd-Stuart develops compression-ignition engine with “modern”

1890 —
1882 —

1893 —
1895 —
1900 —
1908 —
1912 —
1913 —
1914 —

injection.

James Hargraves makes first "inward-opening"” injector.

Rudolph Diesel “Blows-up” engine attempting to run it on coal dust and
compressed air.

Rudolph Diesel successfllly runs "air-biast” engine on heavy ail.

Diese! obtains U.S. patents for compression-ignition engine.

Diesel engines in wide practicai use in Europe

Prosper L'Crange designs first pre-combustion chamber for diesel engines.
Diesel patents expire: U.S. diesel Industry begins.

Vickers Co. develops first multi-plunger injection pump.

Francois Feyens develops first “distributor” injection pump.

1816-1920 — U.S. diesel industry “comes into its own” with pipeline pumping stations.

1822 —
1923 —
1924 —
1925 —
1927 —
1929 —
1934 —
1936 —
1977 —
1979 —

Peugect tries first diesel engine in a passenger car,

Marine use of diesels begins.

First diesel-powered ccean liner.

First diesel-powered bus.

Robert Bosch Co. begins making injection pumps.

First diesel-powered truck.

First diesel-powered railroad locomotive.

Mercedes-Benz develops first praduction diesel passenger car.

Volkswagen produces first light-weight, high-speed diesel car for U.S,
Audi introduces an economical 5 cylinder diesel.
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Gasoline engines — Diesel engines: Differences and Similarities

Gasoline Engine Diesel Engine

Internal combustion engine................. Internal combustion engine

Four stroke cycle .. ... o h et raa. Four stroke cycle

In-line cylinder arrangement .. ............... In-line cylinder afrangement
Compression ratio approx. 8.0:1............. Compression ratio approx. 23.0:1

Thermal efficiency about 25% . ......... ... .. Thermal efficiency about 36%

The thermal (heat) efficiency of an engine
/s the amount of fuel energy capable of
being converted into usable power

Point of ignition is timed by spark ........... Point of ignition is timed by fuel injection

Spark ignition (air and gascline .......... ... Compression-ignition {Fuel is ignited
ignited by spark) by hot air)

Ignition distributor distributes spark ....,..... Fuel injection pump distributes fuel



Dlesel Engine Fundamentals

A diesel engine is similar tc a gascline engine in that it gets its power from the

expansion of burning gases. The diesel depends on the heat caused by compression of
the air to ignite the fuel instead of an electric spark as used in gasocline engines.

Air Intake Air Compression
On the intake stroke the intake valve opens  On the compression stroke the intake valve
and the piston begins its movement closes and the piston begins its movement
downward in the cylinder. upward in the cylinder.
AIr without fuel is taken into the cylinder. The "air only” charge present in the

cylinder is compressed until it becomes
very Not (superheated to about 1000° F).

Fuel is injected into the swirl chamber near
the end of the compression stroke and is
ignited by the hot air.
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When the diesel fuel injected is timed to mix with the superheated compressed air,
diesef ignition can be compared to spark ignition on a gasoline engine; combustion

occurs at the precise instant of injection, just as it does when the spark plug fires on a
gasoline engine.

Power Exhaust
On the power siroke - the fuel rapidly On the exhaust stroke the exhaust valve
burning from the swirl chamber to the opens and the piston begins its movement

cylinder causes high pressure to be exerted upward in the cylinder.
on the piston thrusting it downward in the
cylinder and providing power for the
engine.

The gases from the fuel burned during the
power stroke are pushed out the exhaust
port.



Diesel Fuel Supply System

Tark return lina

Filtar

Injoction
Falerm

Injectar

Fual tlank

——i[ﬂ —

Diesel fuel is drawn from the fuel tank through the filter by the injection pump.

The injecticn pump pressurizes, meters, distributes and times the fuel to the injectors.
Excess fuel from the pump and injectors returns to the tank via a tank return line.
Diesel fuel c06|5 and lubricates the injection pump and injectors.

Diesel fuel circulation also aids in warming the fuel in the tank and lines thus helping to
prevent waxing in cold weather.
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Swirl Chamber/Injectors

A swirl chamber is located in the cylinder
head. Diesel injectors spray fuel directly
into the swirl chamber near the end of the
compression stroke. ttis in the swirl
chamber that air and fuel begin to burn.

A small passage leading from the swirl
chamber connects it to the cylinder. The
burning air and fuel expand down through
this passage and the rest of combustion
occurs in the narrow scalloped section of
the piston.

The injectors are protected from the heat of
combustion by a heat shield. The heat
shield acts as an insulating and sealing
washer. '

Fuel pressure from the injection pump
forces the needle up against spring
pressure so that the injecter sprays a cone
shaped mist of diesel fue! at the precise
time for ignition.

A small amount of fuel bleeds around the
Injecter needle to iubricate and cool the
injector - this fuel returns to the tank via a
separate fuel line.

Compresgion stroke
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Injection Pump — Overview

The injection pump used on the four cylinder diesel is a single-plunger mechanical
pump and performs the following functions:

It pressurizes the fuel

It meters the fuel according to engine load and speed

it times the fuel delivery at the precise time

It distributes fuel 1o the injectors in the correct firing sequence

The injection pump is driven by the camshaft spur belt at one-half crankshaft speed.
The injection pump is maintenance free and is lubricated by the diesel fuel passing
through it; clean fuel is essential to pump reliability.

Maximum spaed adjustmant

Idle speed adjustment

Cantrifugal
gonermor

Cam plake
Clatributar Fuzl dalivery valve
Cowar for plunger
injection timing advance Metaring

gleave

The following repairs and adjustments to the injection pump are possible;

Replacing fuel shut-off solenoid
Replacing fuel delivery valve bodies
Replacing fuel delivery valve gaskets
Adjusting idle and maximum speed
Adjusting injection pump timing

All other causes of injection pump malfunction necessitates pump replacement.
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Injection Pump
Vane Pump

The rotary vane pump located inside the injection pump draws fuel through the fuel
filter from the fuel tank.

The vane pump rotor is driven off of the injection pump driveshaft which in turn is
driven by the engine-camshaft spur beit.

Centrifugal force holds the vanes against the walls of the pressure chamber as the rotor
spins. This squeezes the fuel trapped between the vanes and forces it toward the
distributor plunger.

The vane pump supplies a constant quantity per revolution and fuel pressure in the
pressure chamber is regulated by the pressure regulating valve at between 3-7 bar

depending upon engine speed. Pressure
From fremite
tank

The vane pump does the following: l|

1. Transters fuel from the fuel tank to the
injection pump

2. Pressurizes the fuel

3. Lubricates maving parts in the injection
pump

4. Supplies fuel to the distributor plunger
tor the injectors

— T}
distripuror
plunger

2. Operates the injection timing advance
mechamism Rator

The vane pump and vane pump pressures cannot be serviced or checked in the
workshop.
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Injection Pump
Distribution and Injection

The injection pump driveshaft turns the vane pump, cam plate and distributer plunger

as a unit.

—_— -
Mowves back &
farth Filing port
Imiake port
Dorivg-_|
ghaft High
pressurs
chambar
T g ."/ T 1
Vang Sliding  Roller cam Spring Distributer
pUME drive plete plunger

Springs hold the cam plate and distributor plunger against four roliers allowing the
plunger to move back and forth as well as turn.

Whenever an intake port on the plunger is in line with the filling port in the pump body,
fuei from the vane pump fills the high pressure chamber. The cam plate pushes the
plunger to “squeeze’” the fuel in the high pressure chamber to about 1800 PSI.

POt njection valva

ports

Single
cutlat
pott

injector

Injgstor

As the plunger continues to turn, the outlet  The ports in the pump are arranged so that
port lines up with the injection ports in the  the injectors receive fuel in the correct
pump body. cylinder firing sequence.

The delivery valve opans under pressure and
high pressure fuel is supplied to the injector.
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Fuel Delivery Valves

The fuel delivery valves on the injection pump help ensure that the injector will close
quickly at the end of each injection. The injectors must close quickly in order to prevent
fuel “dribble” which can cause pre-ignition and high exhaust emmissions.

At the start of injection the delivery valve
opens and pressurized fuel flows to the
injector.

At the end of injection the delivery valve
closes. Fuel is now trapped in the injection
line.

In addition, the force of the spring pushes
the valve further into its seat and the
trapped fuel now expands. The sudden
drop in pressure, caused by the expanding
fuel, allows the injector to snap shut. This
eliminates fuel “dribble".

i)
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Injectlon Pump
Metering

The amount of fuel injected is determined by the injection cut-off point. The injection
cut-off point varies according to the engine speed and engine {oad.

The injection cut-off point is controlled by the metering sleeve on the distributor

plunger.

The metering sleeve covers and uncovers a relief port in the plunger - uncovering the

relief port stops injection.

The 4 diagrams on the next two pages shows the application of fue! metering over the
entire speed range covering: starting, idle, part load, and full load.

1 Starting lever

Starting
Epring

]

T T

o7 % |

L“Tlﬂ
U Metering
sleeve

Distributor :

plunger “rh S T 1)

Relief
port -.J |--

1K

Diglivery
slroke

Starting

When the enhgine is not running, the starting
spring presses the starting lever to the left
so that the metering sleeve moves to the
right.

The distributor plunger must move further
1o expose the relief port.

Injection {asts longer so that more fuel is
supplied during starting.

Idla gpring
: Sarting
i Spring
[ Cantrol
FE-- : laver
o Metering
Governar slasyve
weights
Governgr
sleEve
4”._
Cristribautor )
plunger Delivery
atroke
ldle

At idle speed the weights in the centrifugal
governcr are partially expanded so that the
governcr sleeve moves to the right. The
starting lever pushes against the control
lever so that the metering sleeve moves to
the left,

The distributer plunger now moves less to
expose the relief port.

Injecticn tasts a shortier time so that less
fuel is supptlied at idle.
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Acceleretar

|levar

Z
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Relief
=

Acceleration

During acceleration, the control lever is
pulled to the left by the accelerator lever.

The metering sleeve is moved to the right
s0 that more fue! is injected befare the
relief port is uncovered.

Engine speed increases until the movement
of the governor "neutralizes” the effect of
the pedal linkage.

Govarnor spring

Acceigrator
laver

Coniro
lawar

Metering

Distribnor
plungar Raliaf

proert

Maximum speed

With the accelarator lever at “full load”,
engine speed increases to maximum RPM
(about 5400},

The governor weights are now stretching
the governor spring and the control lever
moves to the right.

The metering sleeve moves to the teft and
uncovers the relief port at the beginning of
the distribution plunger stroke. Therefore
there is LESS fuel injected and top speed
is limited.
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Injection Pump
Injection Timing Advance
Cold Starting — Cold Running
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The injection pump timing advance piston
is located in the bottom of the injection
pump body.

Cold starting and running is improved by
advancing the injection timing at idle and at
low speed.

The cold start lever turns a cam which in
turn pushes the timing advance piston to
the left, This advances injection timing
about 5°. Advancing the timing allows more
time for the fuel tc burn, thereby improving
starting and running when cold.

The cold starting/cold Funning injection
timing advance does not affect the entire
range of injection timing —

since above 2000 RPM the timing advance
piston does not contact the cam.




Injection Pump
Injection Timing Advance
Below 2000 RPM and at Maximum Speed

Below 2000 RFM with the cold start
advance lever pulled up, the timing advance
piston contacts the cam.

injection timing begins sooner (timing 15
advanced) to compensate for cold starting
and coid running.

Above 2000 RPM (cold start advance lever
pulled up), the timing advance piston does
not contact the cam.

As engine speed increases, vane pump fuel
pressure increases and pushes the timing
advance piston to the left against the spring
s0 that the roller housing shifts.

This means that the distributor plunger
begins injection sooner {timing is
advanced) to compensate for higher
engine speeds.
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Temparature
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Cuwrrent Flow Dlagram

Fuel shut-off
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When the glow Plug is supplied with
voitage the heating elemeant reaches
temperatures over 1000° ¢,

The time actually required for preheating
depends on cylinder head lemperature.
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Voltage is supplied to the glow plugs from
the battery vig the glow plug relay.

With the ignition switch “on” voltage flows
10 energize the glow plug relay.

The temperature Sensor, connected to a

time circuit in the relay, determines whether

or not the relay gets activated. It also
determines pre-heat time.

The colder the éngine the ionger the
pre-heat time,

The glow plug relay performs the following
functions;

1. Pre-glow — pre-heating time with the
with the igntion key on (t 15) —

(time depends upon tempersture
sensor})

2. After-glow — pre-heating time with
the ignition key on (t 15) after the
glow plug light goes out {after glow
lasts a few seconds),

3. Cranking glow — pre-heating time
with the ignition key in the cranking
mode (t 50).

(eranking glow time ends when the
Koy ie rati irmean 4o 4L - 65 4 - i
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Fuel Shut-Off Solenoid

Diesel engines are switched off by a fuel
shut-off solenocid on the injection pump.

Current is supplied to the fuel shut-off
solenoid whenever the ignition switch is
“on.” The magnetic coil pulls the solenoid
plunger up against the spring, opening the e
fl”lng port. connectlan

Fuat shut-off
sclanold

When the ignition switch is turned off, the Magnstle
solenoid plunger closes the filling port, ool
cutting off the supply of fuel for injection Spring
from the vane pump. Intake
The angine will not run if the fuel shut-off port
solenoid sticks closed or does not recieve Solenaig

lunger
current; if it sticks open, the engine will me

continue to run after the ignition is turned ‘
off.

Fuel Filter

Diesel fuel systems operate reliably as long
as the fuel is free from dirt and water.
Moving parts inside the injection pump and
injectors can be damaged by a small
amount of dirt or corrosion.

The diesel fuel filter is designed to stop any
dirt or water before it reaches the pump.
The replacezble element is similar to an oil
filter — it threads onto a removable flange
in the engine compartment,

The fitter element should be reptaced or
drained at normal maintenance intervals to
ensure reliable operation of the pump and
injectors. To prevent freezing and bilocking
of the filter in cold weather, a water drain is
located in the bottom of the element.

The filtering mesh of the original equipment
designed to allow sufficient fuel flow while
maintaining maximum filtering capacity. It
ts important that only approved filters are
installed during maintenance services or
repairs.
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Engine Qil

A diesel engine does not use the same lubricating oil as a gasoline engine since the
chemistry of acid formation and other corrosive build-up in the oil is different: a diesel
is more likey to form deposits at high temperatures rather than at low temperatures iike
& gasoline engine. Diesel fuel also has a higher sulphur contant, making suiphuric acid

Build-up in the oil more likely. Diesel engine oils are compounded to neutralize the
harmful effects of these tendencies.

in 1971, the American Petroleum Institute,

C = diesel (compression-ignition) the Society of Automotive Engineers, and
3 = gasoline (spark-ignition) the American Society for Testing Materials
@@ jointly approved a new and simpiified
A = light system for classifying engine oils. The
B = medium naturally aspirated diesel engine shouid use
C = moderate-heavy oil labeled with a CC or CD rating. Due to
@@ D = severe higher thermal loads on turbo-diesel
E = extreme high temperature engines, only oil labeled with a “CD" rating
should be used.
Cliangls T :::EEJ.:... PRI ara e il
T 7 Engine oil gets thicker as it gets colder,
1 s il making it harder to crank the engine when
g1t :;7‘771 starting. Change over to the proper engine
. AR e E Oil viscosity when cold weather sets in.
e = 5 “"f’%- 27 Refer to the charty at right for proper
4o e selection.
Archz i) tg?

For diesel engine use API grade "CC" or "CD"
For turbo-diesel use AP grade “CD”

N -

¥ € & Fr £ ¢ »



Dlesel Fuel

Diesel fuel is obtained from distilled crude oil. The distilling process is a highly
complicated one involving precision contro! of temperatures and pressures. Because of
the variability of the refining process, as well as the variability in crude ocil sources, the
diesel fuel that we find in our customer's fuel tanks will also vary depending on where
the fuel was bought.

At low outside temperatures we begin to be concerned with 1) Cloud Point (the
temperature at which wax forms in diesel fuel) and 2, Pour Point (the temperature at
which fuel stops flowing}. As the temperature drops wax ¢an sometimes form in the fuel
tank, fuel lines, and/or fuel filter. If it does, the fuel supply lines wili become plugged
and result in runnnng and no start problems.

Ancther property of diesel fuel essential to diesel engine performance is Cetane
Number, a measure of its ignition quality which influences both ease of starting and
combustion roughness. A cetane number rating is obtained by comparing the given fuel
with cetane (a colorless liquid hydrocarben that has excellent ignition qualities). Cetane
is assigned a rating number of 100 since it burns very fast.

The Diesel shoule use diesel fuel with at least a 45 cetane rating.

FAST BURNING

PN

Diesel fuel's cetarne number is opposite to B0
gasolines octane number: Cetare | 50
rating

40

30

70

. . 80

The higher digsel fueis cetane number, the C:::;:;a a0

petter its ignition quality. W

SLOW BURNING



Overcoming Cold Weather Problems With Diesel Fue|

The foliowing guidelines wili help you solve cold weather problems with Diesel Fuer:

Temperatyres below 20°F (-7¢ C} are criticai to wax farmation and result in problems
with clogging in the fuel tank, fuel strainer, fuel filter and/or fuel lines.

If outside temperature s above 20°F (-7°C):
* Use Diesel Fug| no. 2.

If outside temperature is helow 20°F (-7°C);
* Diese! Fuel no. 1, if availabie, should be used.

* |f Diesal Fyel no. 1is not available ask the fuel station if his Diesel Fuel no. 2 IS
winterized. :

* Afuel flow iMmprover can be added to Diesei Fuel.

The effectivenesg of a flow improver varies depending upon the fuel. Fuel flow
improvers should be used according to the manufacturer's instructions,

¢ If winterized Diesel Fue! no. 2 IS not available, Diesel Fue| no. 2 should be mixed
with up to 50% kerosine. A 50/50 mixture will reduce engine power slightly.

— al 20°F use 759, no. 2 to 259 kerosene
— atbelow 14°F yse 50% no. 2 to 50% Kerosene

Only. if neither Diesel Fuel no, 1, nor kerosene are available, up to 309 leaded or
unleaded regular gasoline can be mixed with Diese! Fuel no. 2,

* Do not use premium gasoline.

* Mixing Diesel Fuei no. 2
Separata.

* Always add the Prescribed amount of kerosene or gasoline to the fug|
then fil up with Diesel Fuei.

* Do not yse starting assist fluids; they wilj Cause engine damage.
* Do not use fuel line antifreeze intended for gasoline engines.

lank first,

Safety

* Any amount of gasoline added to Diesel Fuei

renders the mixture as flammable as
Pure gasoline. '

near the fye|,

[ ln

with kerosene or gasoline must be done before wax starts to

€ € € ¢ ¢ ¢ o



Symptom Group 1

Cold Running and/or Hard Starling Problems

Symptoms:

Engine does not start - cranking speedistoo low .......... ... ...l page 24.
Engine does not start -cranking speed isOK ... ... page 33.
Enging starts, runs, then SlOpS ..o it i s page 40.
Engine starts, then idles very roughly.......... .. e e page 40.
Engine smokes excessively and/cr misses whencold ... page 40.
Engine starts hard, cranking time isexcessive ............o. o page 40.




Cold Running/Slarting Problems

Sympioms:
Engine will not start — Cranking speed is too low

Diagnosis procedure
¢ Check for correct starting procedure

If the correct starting procedure is not used in cold weather,
may be too low. This step is used to verity that a problem act
cranking speed is too low, all steps in this procedure must o

* Check the charging system

the cranking speed
Ually exists. I
e compieted.

A problem in the charging system can result inan undercharged battery, which
will resuit in the cranking speeq being too iow, it is fmportant to check all
components in the charging system. First check the battery, then the alternator, If
the battery has been replaced, make sure that the correct battery has been
installed. Some VW diesels require batteries with different capacities.

* Check the starter connections

Loose or corroded connections from the battery to the en
in ¢ranking speed that i5 100 low even with g fully charg

& quick voltage drop test you can detect any resistance i
by bad connections or cables

gine or starter will result

* Check the engine oil viscosity

Engine oil which is too thick for existing temperature conditions will cause
. ©xcessive engine drag when starting a cold engine. This is more critical as fall
i turns to winter because the engine may still have “summer” oil in i{. A quick check
- of the lubrication sticker can usualily verify if this condition exists.
* Check the starter

Worn bearings, shorted windings or other internal problems can cause the starter
to turn too slowly, resulting in low cranking speed. |f the battery is fully tharged

and there is no excessive drag in the engine, the starter can be checked by
performing a cranking voltage test,

Suggested Repair Time ~ 60 time units

* Install an engine or battery heater (optional)

in some northern climates where extremely cold temperatures gre experienced, it
May be necessary to install an engine or battery heater, tg insure that cranking

SPeed will be sufficient to start a celd engine. This should only be done after the
previous items have been checked and found to be in order.

(t“‘fftftl'lrnmt__,.
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If necessary connect engine tester VW 1367
and check the cranking speed.

If the cranking speed is above 150 rpm but

Check for correct starting procedure

It is important that the correct starting procedure is followed when starting a cold
engine.

Pull out the cold start timing advance knob.
Turn the igniticn on, the glow plug light should come on.

After the glow plug light goes out, place the transmission in neutral and depress the
clutch pedal.

Depress and hold the accelerator pedal depressed if the temperature is below
freezing.

Engage the starter.

Do not operate the starter for more than 10 seconds.

If the engine does not start, wait about 30 seconds and pre-glow again.

The cold start knob can be pushed in after the engine has run about 2 minutes.

On a warm engine the glow plug light will not come on.

Do not pull cut the cold start timing advance knob.
The engine can be started immediately.

Cold cranking speed must be at ieast
150 rpm.

the engine will not stant, see page 33. L TDGC sensar
If the cranking speed is below 150 rpm see A
page 26.

Note: if for any reason an auxiliary power unit is used to “iumh” start the car, system

voltage must not exceed 16 volts.




Cold Runninngtarting Problems
Engine will

not start — Cranking speed is too low (cont'd.)

Check battery charge

Vigrally chegk

Avarage specific Gravity
should be: at Jeagt 1 205

Static voltage should ber
at least 12.4 vnles

Visually check the battery to make sure:
The battery is clean
The terminals are tight
Each celi is fiileg with electroiyte

If water is added, the battery must be fast
charged for severa| minutss to mix the
water with the e| &Clrolyte, otherwise the
hydrometer readings will e incorrect.

Non-mainlenance free batterles

Measure the specific gravity in each cell,
correcting for temperature if necessary.

For every 10°F above 80°F, add .004
For every 10°F below 80°F, subtract .004

It specific gravity varies more than 050
between cells, replace the battery

If the specific gravity is above 1.225 the
battery can be logg tested.

Maintenance free batteries

Measure the static voltage of the battery.

Turn the headlights an for 1 minute to

femove any surface charge from the
battery.

Disconnect the battery groung strap and
measure the static voltage.

If the static voltage is at least 12.4 voIts
the battery can be 10agd tested,

ut‘?ffpfftttm-m..



Load test battery

The battery must be at least 75% charged
before performing a load test. If the average

4 timea amp./hour or

specific gravity is below 1.225 or the static # eold crank capacity
voltage is below 12.4 volts, recharge the
battery at 15 amps maximum for either 4 [~

hours or until; VOLTS
° 7| LOAD
The average specific gravity is above AMPS

1.225 or LOAD TESTER
The static vohage is above 12.4 volts Voltage under Joad at raam
. fermperature should be: £
Hook up load tester according to al teast 9.6 vols

manufacturer's instructions.

Adjust the load to either 3x the amp/hour
rating or 2 the 0°F cold cranking capacity.
After 15 seconds:

If the battery voltage is at least 9.6 volts
the battery is 0.k

If the battery voltage is below 9.6 volts
replace the battery.

Check for correct hattery installation

Origing! equipment fabel [ D]
Exampla:

If a battery has been or needs to be 211 915 105K
replaced, the correct size battery must be

used. There are two standards for
identifying battery size and performance -) G 0 U I-D

capability.

12v 63ah. 3004 .

Original equipment batteries are
classified in the DIN (German) standard. Cotd
After market replagement labg| {SAE) Cranking

Replacement batteries are classified in Exarmple: Capacrty
the SAE {American} standard. AoTF

The two different standards result in two N.lt(bahn 63~ /

values for cold cranking capacity

DiN e 12/121/500

1.5 liter 300 amps 500 amps vOLT RES.CAP. COLD CRANK— AMF.
1.6 liter 380 amps 620 amps bt i 2o g e

tiMNa
i TIDELES fiRA




Cold Running/Starting Problems

Engine Will Not Start — Cranking Speed is Too Low (cont'd.)

Check alternator

Visually check the alternator to make sure
that:

The drive belt is not damaged and is
adjusted properly.

The ground strap (if applicable) is
secure,

The charging indicator light works when
the ignition is turned an.

It is normal for the charging indicator light
1o stay on after the engine is started.
However the light should g0 out and not
come back on once the engine speed is
increased. I is also normg| for the light to
glow dimly at low engine speeds when
there is no load on the electrical system
and the battery is fully charged.

Both of these characteristics are a resuit of
the circuitry in the voltage regulator and do
not represent a fault in the system.

Test alternator output

- 65 AMFPS

Maximum Ammeter Reading
should be at least the
alternater rated autput
minus T Amps.

Connect the alternator output tester
according to the manutacturer's
instructions.

Start the engine and run it at approximately
3000 rpm {make sure that all electrical
consumers are switched off).

Slowly turn the load adjuster knob untii the
maximum ammeter reading is cbtained.

(Do not allow the systeim voltage to drop
below 12 volis.).

The maximum ammeter reading should
be the rated aiternator output minus 7
amps (Diesel only).

it the ammeter reading is too low, replace
the voitage regulator and retest. If the
output is still too low, replace the aiternator.



Test voltage regulator

Connect a voltmeter to the battery.
Turn off all electrical consumers.

Start the engine and run it at approximately
3000 rpm for 2 minutes to stabilize the

system.
The voltmeter should read between 13.5
and 14.5 volts. The reading must be VOLTS
steady. 2.5 - 4.5 VOLTS

If voitage is out of specification, replace the
regulator and retest.

Check starter connections

EXTERMAL
If the battery passes a load test but the VOLTMETER LEADS
cranking speed is still below 150 rpm there
may be a problem with the starter or the
starter connections.

Disconnect wire from the fuel shut-off
solenoid and insulate the wire.

Connect a voltmeter between the center of
the battery (+) terminal and the starter (+)
terminal (field winding) as shown. Make

sure the connections are clean and secure. POSITIVE |

Crank the engine and cbserve the voltmeter
reading while cranking.

Switch voltmeter to low scale while
cranking to prevent damaging meter.

tf voltmeter reads more than 0.5 volts,
there is excessive resistance in the
starter cable, its connections, or the
connections in the starter solenoid.




Cold Running/Starting Problems

Engine will not start — Cranking speed Is oo low (cont'd.)

Check starter connections (cont'd)

EXTERMNAL
VOLTMETER LEADS

POSITIVE

NEGATIVE

Connect the voitmeter between the senter
of the battery () termijnal and the
transmission or starter housing as shown.
(Scratch through paint if necessary to
ensure a good connection).

Switch voltmeter to low scalae.

Crank the engine and Observe the voitmeter
reading while cranking.

If the veltmeter reads more than 0.5 volts,
there is excessive resistance in the ground

cable or its connections between the

battery and the transmission. Locate the

problem and repair,

Check Engine oil
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For diesel engine use AP grade “CC"
For turbo-diesel use AP grade “CD™

If the battery passed g load test and the

starter connections are o.k., the problem
could be:

Engine oil that is too thick for
temperature conditions

Excessive engine drag
A probiem in the starter itself

First check to see what grade engine oil is
in the engine, If there is any doubt or the
engine cil had not been changed since the
previous season, change the engine oil,
Refer to the chart for the Proper grade. The
viscosity of the oil to be used should be
selecied for the lowest anticipated

temperature at which engine will be started,



Check starter

If the battery passed a load test and you
have checked for excessive drag in the
engine, test the cranking voltage.

Connect a volimeter to the battery.
Crank the engine.

If the voltmeter reads less than 2.5 volts
while the engine is cranking, thereis a
problem in the starter.

Reconnect the fuel shut-off solenoid.

Before replacing the starter, check the
bushing in the transmission housing. If the
bushing is worn or dry, extra drag will be
put on the starter.

If the starter pinion shaft is bent or broken
and the starter was not loose, check the
flywheel and replace if it is out of round.

Instail engine and/or battery heater

In northern regions where extreme cold temperatures are experienced it may be
necessary to install an engine heater to insure that the car starts. This should cnly be
done after all steps in this diagnosis procedure have been completed and any problems
found are corrected.

Several units are availakle through the VW/Audi parts department. After following
installation instructions, the unit can be plugged into house current,

Engine block heater Engine pre-heater Battery heater

1i";-
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Cold Running/Starting Problems
Engine will not start — Cranking speed is too low

Quality check
Suggested Repair Time — 10 time units

u + Connect englne tester VW 1357,
| ® Pull out the cold start timing advance knob.
’ ¢ Turn the ignition on, the glow plug light will come on.

* After the glow plug light goes out, depress the clutch with the gear shift lever in
neutral and crank the englne.

: The cranking speed should be at least 150 RPM
i} The engine should start within 10 seconds.

* Check to see that the engine:

— idles smoothly
— Accelerates evenly
— Does not smoke excessively

Note: It is normal that the engine noise is louder and that some whitish-blue smoke
may be emitted from the exhaust during the warm-up period in cold weather.

If test passed
I Return car to customer
If the cranking speed is now OK, but the car will not start, see page 33.

"trfff’fff't"ftf!ll‘fl‘rf-l-'tfn---._.s



Cold Running/Starting Problems

Symptom:
Engine will not start — Cranking speed is 0K

Diagnosis Procedure
=iy » Check for correct starting procedure

- M the correct starting procedure is not used the car may not start.
By following the correct starting procedure, you will be able to verify whether or
not the car has a starting problem.

* Check the fuel supply system

Once it has been verified that a problem exists, the first step is to check the fuel
supply. If there is an air leak in the suction lines between the injection pump and
the fuel tank, fuel may be siphoned out of the fuel line back to the tank. A plugged
- fuel filter or blocked fuel line will also prevent fuel from being delivered to the
injection pump.,
¢ Remove the fuel tank strainer

In areas where the temperature drops below 20°F (-7°C) the fuel tank strainer
should be removed to prevent wax crystals from blocking the fuel supply. This is

only necessary on the Rabbit, Jetta, Pick-up, and Dasher. Other 4 cylinder diesels
do not have a fue| tank strainer.

= Check the fuel supply to the injectors

After you have checked to make sure that fuel is being delivered to the injection
pump, the next step is to see if fuel is being delivered to the injectors. This is done
by locsening one of the union nuts on an injector line while cranking the engine.

® Check the glow plug system

During cold siarts, the compression heat is dissipated by the cold engine. f the
glow plugs are not operating properly, not enough heat will be produced during
cranking to start the engine. The test procedure is in two parts, the first step is to
check the relay and wiring. The second step is to check the glow plugs.

¢ Verify fuel quality

Poor fuel quality can cause a cold running problem or a no start condition. The

fuel must be properly winterized and any additives that are used must be used
according to the manufacturers instructions.

Suggested Repair Time — 65 time units

Note: SRT for removing fuel tank sending unit is not included in the diagnosis time. See
SRT manual for additional labor operation and repair time.
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Cold Running/Siarting Problems
Engine will not start — Cranking speed is OK

Check for correct starting procedure

It is important that the correct starting procedure is followed when starting a cold
angine.

Pull out the cold start timing advance knob.
Turn the ignition on, the glow plug light should come on.

After the glow plug light goes out, place the transmission in neutral and depress the
clutch pedal.

Depress and hold the accelerator pedal depressed if the temperature is beiow
freezing.

Engage the starter.

Do not operate the starter for more than 10 seconds.

It the engine does not start, wait about 30 seconds and pre-glow again.

The celd start knop can be pushed in after the engine has run about 2 minutes.
On a warm engine the glow plug light will not come on.

Do not pull out the cold stari timing advance knob. the engine can be started

immediately.
Lﬂﬁ If necessary, connect engine tester VW
J ““—‘“l 1367 and check the cranking speed.
qL_ﬂ‘ L__E\Hub .
f P A Cold cranking speed must be at least
L—___—ﬁr_"|= = =5-,‘.|— = 150 rpm.
o 7 J'.;' ,|. If the cranking speed Is above 150 rpm but
T 47/ ﬁ the engine will not start, see page 35.
’L— ~—  THCsenzor If the cranking speed is below 150 rpm see

page 24.
]

Note: If for any reason an auxillary power unlt is used to “jump start the car, system
voltage must not exceed 16 voits.

R € € ¢ ¢ ¢ 5 £ £ &8 & ¥ & = =~



Check fuel supply

Check the clear fuel line between the filter
and the injection pump.

If the fuel in the line is of a whitish color,
wax crystals are forming in the fuel, see
winter operation page 22.

If there is no fuel in the lineg,
Chegk for fuel in the tank.

Check for air leaks at the fuel fiter
assembly cr fuel supply lines.

Remove the fuel filter and check to see if
it is plugged.

Remove fuel tank strainer
(Rabbit, Jelta, Dasher, and Pick-up only)

In areas where the temperature drops

below 20°F, the fuel tank strainer should be ‘\
removed.
. _ %\
Remove the fuel gauge sending unit. \
' ‘:\\\ J\\c ---'_T- ‘
Remove the fuel tank strainer. f

Replace the O ring for the sending unit -*-'-1'-:""" e
and lubricate it with graphite powder. Rebbit. Jetta and

Install the fuel gauge sending unit (note Fckup Drashar
the installaticn position).

If wax crystals are visible in the fuel tank
see winter operation, page 22.

Check fuel supply to injectors
After it has been established that fuel is be-

ing delivered to the injection pump, loosen
an injector line at one of the injectors.

Crank the engine to see if fuel is being
delivered to the injectors.

Goggles should be worn and a fire
extinguisher should be kept closa by.

tf no fuel is supplied to the injectors
. check the power supply to the fuel shut-
off solenoid.

-. Loosan lne
crank engine - - — _

If the power supply is 0.k, replace the
shut-off solenoid. shut-off *

amnlanmi~
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Cold Running/Starting Problems
Engine will not start — Cranking speed is OK (cont'd.)

Check glow plug system
Two types of gicw plug systems are used on VW and Audi diesels, the normatl giow

system and the quick glow system. Testing procedures are the same for both but parts
from one type of system must not be used in the other type.

— _\\ —— e
l‘;---—~——< ! T —Alummiem ——— ] ]
Qe ® f L\ ' nut waEEnE |
AR | | S22
5 =0 I'\f_: - |‘:‘r
L;‘EOA-S:E}-:,?'«' | "?dmfs.qb-:zv -
ate i W Garmang A" W Lerman
- Write /#M F ||

Red ] |
fettering |
|

lettering |
C T8 8765 0 96 L T80 5745 %1 86 J
" L e
Quick glow ! Normal glow TT 7
- systam 4]
systom

Testing procedure

Check the glow plug fuseable strip on the firewall in the engine compartment. Replace
the fuse if it is burnt. If the fuse burns repeatedly, there is a short in the system which
must be repaired before further testing.

R & move

blue & white wire Disconnect the blue and white wire from

S the temperature sensor on the cylinder
Teme sensar head. This will allow the glow plug relay to
stay energized for the maximum glow time.

Connect a test iight between #4 glow plug
and ground.

Turn the ignition key to the glow position
If the test light lights and stays on for:
Quick glow system = 15 seconds {min.)
Normal giow system = 86 seconds (min. )
Turn to page 38 and test the glow plugs.

If the test light does not light, first test
the glow plug circuit, then the glow plugs.

If the test light lights, but the minimum
glow time is not reached, replace the relay
and retest.
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Check glow plug circuit

If the test light does not light:

Reconnect the blue and white wire to the
engine temperature sensor.

Remove the glow plug relay.

Connect a voltmeter between the following
terminals at the relay plug on the fuse panel

Terminals Condltlon Yoltmeter reading
30 +87 Key off Battery voltage
B5 + 88 Key on Battery voltage
50+ ground  Engine cranking Cranking voitage

If any of the test results are incorrect
refer to the applicable wiring diagram
and repair the problem (wiring or
connections).

Connect a jumper wire between terminal L
and ground.

Turn the ignition switch to the glow
position.

Glow plug indicator light should come on.

Connect an chmmeler between terminal T
and ground to check the temperature
Sensor.

-10°C (14°F) 3,500 - 5,500 0
+20°C (68°F) 800 - 1,400 0
+80°C (176°F) 130 - 170 0

If the resistance is out of this range
check the sensor wiring and
connections. If they are 0.k., replace the
SENSOr.

If a problem is found and repaired, recheck
maximum glow time.

If all test results are c.k. but the glow plugs
still do not recieve power, replace the glow

plug relay.

37
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Coid Running/Starting Problems

Engine will not start — Cranking speed is OK

P
em— A\I _
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Check glow plugs

Connect an ammeter to the power lead for

the glow plugs.

Turn the ignition key to the glow position.

Initial current draw may be as high as '
140 amps but will stabilize to a steacly l
value after 2 short period of time.

1

Quick glow system (brass nut) "
Each glow plug draws approximately 12 amps
48 amps Glow plugs o.k. 4
36 amps One glow plug bad

24 amps Two glow plugs bad
12 amps Thres glow plugs bad @
0 amps Four giow plugs badg .
Normal glow piug system (sliver nut) ”

Each glow plug draws approximately 9 amps

36 amps
27 amps
18 amps
9 amps
0 amps

Glow plugs o.k.

One glow plug bad
Two glow plugs bad
Three glow plugs bad
Four glow plugs bad

To locate bad glow plugs disconnect the
bus bar from the glow plugs.

Connect a test light between the battery
positive terminal and each glow plug.

It the test light i

0.K.

ghts, the giow plug is

If the test light does not light the glow
plug is bad and must be replaced.

Note:

the spray pattern of the injector and
replace the injector if necessary,

L
L
"
b
o
o
L
G
hen
If the glow plug tip is worn away, check j



Verify fuel quality

= Poor fuel quality can cause a cold running problem or a no start condition. The causes
could be:

Fuel not winterized — At temperatures below 20°F, wax crystals begin to form in the
fuel. This will plug the fuel lines, cutting off the fuel supply to
the engine.

Improper mixing — If too much gasoline or other flow improvers are mixed with the
fuel, the cetane rating of the fuel will be lowered below the point
at which it will burn properly in the engine.

Quality check
Suggested Repair Time — 10 time units

¢ Connect engine tester VW 1367.
Pull out the cold start timing advance knob.

Turn the ignitlon on, the glow plug light will come on.

After the glow plug light goes out, depress the clutch with the gear shift lever in
neutral and crank the engine.

The cranking speed should be at least 150 RPM
The engine should start within 10 seconds.

Check to see that the engine:

— Idles smoothly
— Accelerates evenly
— Does not smoke excessively

Note: It is normal that the engine noise is louder and that some whitish-biue smoke
may be emitted from the exhaust during the warm-up period in cold weather.

If test passed
= Return car to customer
If test failed
Perform diagnosis procedure I, page 48.
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Cold Running/Starting Probiems

Symptoms:

Engine starts, runs, then stops

Engine starts, but idles roughly when coid

Engine smokes excessively and/or misses when cold
Engine is hard lo start, cranking time s too long

Diagnosis Procedure
¢ Check for correct starting procedure

A cold diesel engine will not start and run properly if the correct starting procedure
is not followed. 1t is important that the glow plugs are allowed to complete their
glow cycle and that the cold start timing advance is used. Both of these items help
to overcome the loss of compression heat in a cold engine.

* Check the fuel supply system

Loose connections or cracked hoses between the fuel tank and the injection pump
will allow air to enter the fuel system. The air then becomes trapped in the fuel
system and can cause the engine 1o run roughly, stall, or smoke excessively.

* Check the fuel line union boits

The union bolt on the return fue line from the injection PUMp has a restriction to
help maintain adequate fuel pressure in the injection pump. If this bolt is placed in
the inlet side or the incorrect bolt Is used, the injection pump will not develop
enough pressure, and the car will not run properly.,

* Remove the fuel tank strainer

in areas where the temperature drops below 20°F {-7°C), the fuel tank strainer.
should be removed to prevent wax crystals from blocking the fuel supply. This is
only necessary on the Rabbit, Jetta, Pick-up, and Dasher. Other 4 cylinder diesels
do not use a fusl tank strainer.

* Check the glow plug system

During cold starts, the compression heat is dissipated by the cold engine. If the
glow plugs are not operating properly, the engine may start, but run roughly
and/or smoke. This could be caused by temperatures being too iow in the swirl
chambers where the glow plugs are located.

¢ Verify Fuel Quality

Poor fuel quality can cause a celd running problem or starting problem. The fuel

must be properly winterized and any additives that are used must be used according
to the manufacturer's instructions.

Suggested Repair Time — 50 time units

Note: SRT for removing fuel tank sending unit is not included in the diagnosis time. See
SRT manual for additional labor operation and repair time.

t“f‘f’f‘fl!i!t-‘-_‘



Check for correct starting procedure

It is important that the correct starting procedure is followed when starting a cold
engine.

Pull out the cold start timing advance knob.
Turn the ignition an, the glow plug light should come on.

After the glow plug light goes out, place the transmission in neutrzal and depress the
cluteh pedal.

-4 Depress and hold the accelerator pedal depressed if the temperature is below
freezing.

Engage the starter.

Do not operate the starter for more than 10 seconds.
If the engine does not start, wait about 30 seconds and pre-glow again.

The ¢old start kneb can be pushed in after the engine has run about 2 minutes.

On a warm engine the glow plug light will not come on,

il Lo not pull out the cold start timing advance knob,
the engine can be started immediately.

Mote: It is imporiant to verify that the customer is following this starting procedure.




4 Cold Running/Starting Problems
(idles rough, smokes, stalls, hard to start — cont'd.)

ater -

drain
knob

GCheck for hubhles

J 2000 rpm

Return line

Check fuel supply

Start the engine and run it at about
2000 RPM.

Check the clear fuel supply line.

A steady stream of bubbles indicates either
an air leak in the fuel suply system or water
in the fuel filter. (A few bubbles may appear,
this is normal)

Check for air leaks caused by;

Loose fuel filter

Loose connections on fuel filter
assembly

Loase union bolt on fuel pump
Loose connections on fuel supply lines
Loose bleeder screw on filter housing

If no air leaks are found and if bubbles still
appear, the bubbles could be water
in the fuel.

Drain the water trap in the fuel filter.

Open the vent screw on the filter flange.
Loosen the drain plug on the filter.

Drain the fuel into a container until the
drained fuel is pure.

Tighten the drain piug and the vent
SCrew.

Check union bolts

Check the union bolts ¢n the injection
pump 1o make sure the correct bolts are
installed on the fuel supply and return lines.

The bokt on the fuel return line should be
marked out, and have a very small
apening which is visible when the bolt is
removed. The restrictor helps maintain
fuel pressure inside the injection pump.
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perf Remove fuel tank strainer
{Rabbit, Jetta, Dasher and Pick-up only)

Fuel strainer

In areas where the temperature drops
below 20°F, the fuel tank strainer should be
x5 removed.

This will help prevent the strainer from
-4 becoming plugged with wax crystals and
restricting fuel supply to the injection

=¥  pump.

i Remove the fuel gauge sending unit.
¥ Remove the fuel tank sirainer. Aabbit Jetta &

Replace the O ring for the sending unit Pick-up Dasher

and lubricate it with graphite powder. : ron
araphie p S } Eay
,f‘@ﬂ car
R

Install the fuel gauge sending unit {note
the installation position.)

If wax crystals are visible in the fuegl tank,
see winter operation, page 22 .

Check glow plug system
Two types of glow plug systems are used on VW and Audi diesels, the normal glow

system and the quick glow system. Testing procedures are the same for both but parts
from one type of system must not be used in the cther type.

Brass Aluminum \

rﬁ%\ - MUt . I". ‘é%\‘ - nut y
T* L D@ | . DED®

I 2| - g |
Fed s A T - White W G

e 7| UG, ohwins ] aISORY |
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Quick glow MNormal glow
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Cold Running/Starting Problems
(idles rough, smokes, stalls, hard to start — cont'd.)

Glow system testing procedure

Check the glow plug fuseable strip on the firewall in the engine compartment. Replace
the fuseif it is burnt. If the fuse burns repeatedly, there is a short in the system which
must be repaired before further testing.

Remove
Ternperature bluee and white
SENSa wire

{riFrom glow indicatos light

Disconnect the blue and white wire from
the temperature sensor on the cylinder
head. This will allow the glow piug relay to
stay energized for the maximum glow time,

Connect a test light between #4 glow plug
and ground.

Turn the ignition key to the glow position.
If the test light lights and stays on for:
Quick giow system = 15 seconds (min. )}
Normal glow system = 90 seconds (min. J
Turn to page 46 and test the glow plugs.

If the test light does not light, test first
the glow plug circuit, then the glow
plugs.

If the test light lights, but the minimum
glow time is not reached, replace the telay,
and retest.

Check glow plug circuit

{-} Ground

N /
o

Pawaor 1o

ar |l | —r
[| Qlow plugs

1=} Frorme battary 1 [——
an
T ag 50
5

W

-
Ta lemp zangar

|

[+}¥When cranking

[F1Wren key oh

If the test light does not light:

Reconnect the blue and white wire to the
engine temperature sensor,

Remove the glow plug relay.

GConnect a voltmeter between the following
terminals at the relay ptug on the fuse panel

Terminals Condition Volimeter reading
30 +87 Key off Battery voltage
85 + 86 Key an Battery voltage

50 + ground  Engine cranking  Cranking voltage

If any of the test results are ingorrect
refer to the applicable wiring diagram
and repair the problem (Wiring or
connections).




T e P = I T e T ————

Check glow plug clrcuit {cont'd}

Connect a2 jumper wire between terminal L
and ground.

Turn the ignition switch to the glow
position.

The glow plug indicator light should come
on.

Connect an ohmmeter between terminal T
and ground to check the temperature
sSensor.

-10°G ( 14°F) 3,500 - 5,500 n
+20°C {( B8°F) 800 - 1,400
+80°C (176°F) 130 -170 Q

Iif the resistance is out of this range,

check the sensor wiring and
connections, If they are OK replace the
Sensor.

If a problem is found and repaired, recheck
maximum glow time,

If all test results are OK but the glow plugs
still do not receive power, replace the glow

plug relay.

¥ —
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fight
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Cold Running/Starting Problems
{idles rough, smokes, stalls, hard to start — cont'd.)

Check glow plugs

Connect an ammeter to the power lead for

, , ! g iy the glow plugs.
: | | | JL l L'l Turn the ignition key to the glow position.
R initial current draw may be as high as
% % a 140 amps but will stabilize to a steady
el ;_l_] 115 TN value after a short period of time.
Lg,@ﬁ%@' Quick glow system (brass nut)
) Each giow plug draws approximately 12
N ) / amps
.Y, -
et 48 amps Glow plugs o.k.
oo, Ammeter 36 amps One glow plug bad
.t 24 amps Two glow plugs bad
Fowrer lgag 12 amps Three giow plugs bad
oo ‘*;J . 0 amps Four glow plugs bad
oW L

Normal glow plug system (silver nut)

Each glow plug draws approximately 9
amps

36 amps Glow plugs o.k.

27 amps One giow plug bad

18 amps Two glow plugs bad
2 amps Three glow plugs bad
J amps Four glow plugs bad

To locate bad glow plugs, disconnect the
bus bar from the glow plugs.

Connect a test light between the battery
positive terminal and each glow plug.

M the test light lights, the glow plug is OK.

If the test light does not light, the glow
plug is bad and must be replaced.

Note:

If the glow plug tip is worn away, check
the spray pattern of the injector and
replace the injector if necessary.
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Verify fuel quality

Poor fuel quality can cause a cold running problem or a no start condition. The causes
could be;

Fuel not winterized - At temperatures below 20°F, wax crystals begin to form in the
fuel. This will plug the fuel lines, and/or filters, cutting off the fuel

supply to the engine.

Improper mixing - If too much gasoline or other flow improvers are mixed with the
fuel, the cetane rating of the fuel will be lowered below the point
at which it will burn properly in the engine.

Quality check

Suggested Repair Time — 30 time units

+ Stiart engine, allow to warm up and observe idle quality

engine should idle smoothly
engine should not misfire or knock

* With correct tire pressure, drive car on a level road
* Accelerate to a constant speed of 35 MPH

in 3rd gear (4-speed transmission)
in 4th gear (5-speed transmisgion)

» Accelerate again to full throttie and note the acceleration quality

engine should accelerate evenly
engine should not misfire or knock

* Maintain steady speed and observe performance quality

engine should maintain even performance at all speeds and show no symptoms
of misfire or knock

If test passed:
Return car to customer.

If test failed:
Perform Diagnosis Procedure |l, page48.




i Diagnosis Il — Cold Running/Starting Problems
' e

Step 2 Check air filter

Step 3 Check valve clearance

Step 4 Check compression

Step & Check injectors

Step 6 Perform injection system tests®

* Check/adjust vaive timing
» Check/adjust cold start advance

iterns should be checked to assure that aff
| performance are adjusted properly.

¥ Suggested Repair Time — 240 time units

P

Step 1 Check for Crankshaft bolt modification on 1.5L engines

* Check/adjust injection pump timing
* Check/adjust idle and maximum speed

“Warm running problems are affected By valve timing, spur beli tension. cold start
advance, infection pUmp timing, idle APM and maximum RFM. Therefore all of these

factors that could affect vehicie
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Check for crankshaft bolt modification - 1.5L diesel engine

Visually check —

That the old style front crankshaft bolt and
washer have been replaced with the new
style bolt and washer.

new style bolt has shoulder
new style washer has collar

If not:
Remove old style boit and washer.

Visually check the crankshaft sprocket, key
way and key for signs of wear or damage.

If not damaged:

Replace old style bolt and washer with new
style boit and washer.

Torque new style bolt to
1S0Nm (108 ft. |bs.)

If damaged:
Remove crankshaft sprocket.

If sprocket, key or key way are damaged,
replace parts as necessary.

Cars with dealer-installed A/C

When installing the new style crankshaft
bolt on cars with dealer-installed A/C —

Remove old spacer {with shoulder)
and

Replace with new spacer ZVW 455 218(flat).

Cld style

S

Bohl « Flal washer

MNew style

(5
&

Col larad wachar

(D68 105 259)

Bolt
(oot 12001}

OCld spacer wishauldar

Mew spacer — flat
(ZVW 455 218}




Diagnosis Il — Cold Running/$tarting Problems
Check for crankshaft bolt modification 1.5L diesel engine

! (Continued)

1980 Rabblt diesel with factory air condltioning

When checking for the new style crankshaft
bolt 2nd washer

or
when installing the new style crankshaft
bolt and washer on 1.5L diesels with factory
air-conditioning:

Loosen alternator belt.

Remove pulley with cast center bolt by
removing the 4 pulley nuts.

Remove A/C pulley halves and shims.

Access to crankshaft and bolt is now
possible thru hub assembly.

Install new style crankshait bolt and
cotlared washer if necessary.

Torque new style bolt to 150 Nm (108
ft./1bs.).

Crankshaft
ool

Bealt tanzinn

Fultey with
2ast coner bolt

ASG pulley halves

\\Spﬂ re

shims

o]

Y 8 @
\\E/
e

\\Pulley

nuls
4]
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Check air filter

Visually check air filter
Replace if dirty and check t¢ see that
Breather Hose Kit was installed {1977-
1979 cars, 1980 cars to engine # CK 513
210) . .. page 130,

Check valve clearance

Remove valve cover.

Turn crankshaft bolt clockwise until the
cam lobes of the cylinder to be checked
point upward.

Insert feeter gauge between cam lobe and
valve shim.

Warm engine specifications (coclant temp.
akove 35°C (95°F)

Intake -— 0.20 — 0.30mm (0.008 — 0.012in.)
Exhaust — 0.40 — 0.50mm (0.016 — 0.020in.)

Cold engine (coolant temp. below 35°C
{85°F)

Intake — (.15 — 0.25mm (0.006 — 0.010in.)
Exhaust — 0.35 — 0.45mm {0.014 — 0.018in.)

51
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Turn
arankshaft
e turn
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Diagnosis Il — Cold Running/Starting Problems

Adjusting

Adjust valve clearance

It valve clearance is incorrect —
Turn crankshaft clockwise about % turn,

When adjusting valves, camshalt must be
sifghtly offset so that valves do not contact
piston whern cam followers are depressed.

Ceptess cam followers with VW548.
Remove shim to be exchanged with 10-208

Install proper shim.
To0 small clearance — use thinner shim
Toc farge clearance — use thicker shim

Recheck vaive clearance.
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Check compression

Remove wire from fuel shut-off sclenoid
and insulate the wire.

Clean connections on injector lines.

Remove injector lines (be sure that delivery
valves are not loosened when loosening
injector lines en injection pump.).

Hemove injectors using US2775 deep

well socket and store in clean area.
Remove all heat shields except #1 cylinder.

Caution: loose heat shlelds can be
blown out during compression check.

Install adaptor on #1 cylinder,
Install VW 110 gauge onto adapter.

Operate starter unti! gauge reads highest
reading.

28-34 bar (400 - 500 psi)
maximum cylinder variation
5 bar (71 psi)
Release pressure
Repeat process on remaining cylinders.

Low readings on adjacent cylinders
gasket leakage beiween cylinders.

Low readings on one cylinder

valve leakages.

Low readings on all cylinders

worn pistion rings or jumped valve timing.

A low reading can be rechecked by adding
1 tablespoon of engine oil through the
injecter hele:

If the compression readings increase
slightly this indicates vaive leakage.

if the comprassion readings increass
significantly this indicates worn
piston rings.

if compression does not increase,
check valve timing.

Always install new heat shields hefcre
reinstalling injectors.

&3

Carg

28 - 34 bar !

{400 - 500 PS1) ==

. ——

B MU variatian ==
& bar (71 PSH ;

Haat

shiefd \

Remouve
wire

Fual stt-otH
solenoid
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Diagnosis Il — Cold Running/Starting Problems

Test injectors

There are four tests for injectors. Perform the tests in the folowing sequence:

Remove carbaon
deposits

Rapid
Sirokes

120-142 bar

Valve open

1. Opening pressure
2. Leakage

3. Chatter

4. Spray pattern

Bleed tester

Remove carbon deposits from the injector
tip with a small brass brush.

Mount the injector in the tester.

Turn the tester valve clockwise to close the
gauge.

Operate the tester lever with rapid strokes
to prime the tester and to bleed the injector.

Opening pressure

Turn the tester vaive knob counterclockwise
to open the gauge.

Slowly depress the tester lever until the
injector just begins to spray.

Read the opening pressure.
Should be 120 to 142 bar.

Beplace the injector if it is out of
specifications,

54
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Leakage

Install two pieces of vacuum hose on the
injector return fittings to keep fuel from
running down the side of the injector.

Ory the injector with compressed airor a
lint free cloth.

Slowly depress the tester lever until the
gauge reading is 20 bar below the
measured opening pressure.

Hold the pressure for 10 secends

The injector should not drip.
{A drop may form con the end of the
injector - this is narmal).

Chatter

Turn the tester valve knob clockwise to
close the gauge.

Operate the tester lever with slow strokes.
(1 to 2 strokes per second)

The injector should make a chattering or
creaking sound i the injector is in good
condition.

Disregard the spray pattern when
checking chatter. Spray pattern can only
be checked at fast pumping speeds.

25
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Diagnosis Il — Cold Running/Starting Problems

Spray pattern

Turn the tester valve knob clockwise to
close the gauge.

Qperate the tester lever with rapid strokes
N (4 to 6 strokes per second),

Close valva The spray pattern should be finely
atomized and cone shaped.

Replace injectors which have a bad spray
pattern.

LY

Rapid
strokes

The tester lever must be operated rapidly.
At slow pumping speeds it is normal for the
'. spray 10 stream or dribble out of the

injector,
Gaod Bad Bad
injecior injectar Injsctor

Safety

* Do not put your hands near the injector when testing injectors. The high pressure
diesel fuel spray can penetrate your skin and cause blocd poisening.

* Always wear safety goggles when testing injectors,

* The injector sprays a finely atomized combustible mist when testing. Avoid sparks
and high heat sources when testing injectors.

* Do not use gasoline as a “test fusl”.

26




N Injection system tests

e Check valve timing

Turn crankshaft to align slot in rear of
camshaft with valve cover sealing surface.

Install camshaft and setting bar #2065 and

center camshaft by inserting feeler gauges Gap "X" should
between each end of 2065. ve equat on both
sides

Gap “X" should be equal on both sides.

With camshatt aligned, check that flywhee|
is exactly on TDC.

If not — adjust valve timing.

o7
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Diagnosis Il — Cold Running/Starting Problems

Adjust valve timing

-

e turn

~

(Gap "X
shorid ba
equal on
both gides

Locatng marks

L=

If valve timing is out of adjustment:
Remove spur belt cover.

Install locking tool 2065 to hold camshatt.
Loosen camshaft sprocket bolt one turp.

Tap backside of camshaft sprocket with
rubber hammer to loosen.

The camshatft sprocket is fitted to the
camshaft with a “locking taper” and
does not use a locating key.

Align camshaft with 2065 and fesler gauges
at H.KI!L

Check that locating marks on sprockat,
bracket and pump body are aligned.

Set flywheel to TDC.

Note: if drive belt is remeved, lock injection
pump sprocket with iocking pin 2064.

B8
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Adust valve timing (continued)

install belt tension gauge VW 210 on spur
belt between cam sprocket and pump
sprocket.

Set VW 210 to 12 to 13mm.

Turn belt tensioner clockwise until
reference mark on tool (12 to 13mm) is
aiigned with edge of barrel.

Tool US4483 required on 1981 and later
cars to turn belt tensioner.

Tighten tensioner nut to 33 f.lbs.
Tighten cam sprocket bolt to 33 ft.lbs.
Make sure flywheel remains on TDC.

Remaove 2065 and 2064,
Turn crankshaft clockwise 2 turns.

Strike belt with a rubber hammer between
cam sprocket and injection pump sprocket.

Rechsck valve timing with #2065 —flywheel
at TBC.

Recheck belt tension with VYW 210.
Re-install spur belt cover/valve cover.
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Diagnosis procedure Il — Cold Running/Starting Problems

knok g Knabk e

Culd start
advancze lgwver

Stap
bracket

Yellow paint dot,
same 1980 Rabhits

Adjust Cold Start Advance

FPush in cold start Knabk on dash.

Loosen cable adjusting screw at cold start
advance lever.

Push cold start lever down to lower stop on
stop bracket.

Tighten cable adjusting screw.

Recheck that cold start advance lever
touches both the lower stop and the uppsr
stop on the stop bracket whenever the cold
start cable is operated from inside the car.

Injection Timing

With cold start knob on dash pushed in.

Remove bolt from end of pump {always
replace washer).

Turn engine clockwise until flywheel is at
TDC,

Install adapter 2066 and dial gauge at end
of pump.

Preload dial gauge {about 3mm).

Turn engine counter ¢lockwise until dial
gauge needle just stops moving.

Zero gauge.
Turn engine clockwise to TDC.

60

'
l
{
l
‘
{
¢
l
4
'
‘
.
"
.
.
"
.
"
"
#
»
-
-
.
.
-
“
-
-
"
-
-
L 4
4



Injection Timing {cont'd.)

Gauge should read:

1.5 L engine
0.88 £ 0.05mm (1977-80)
1.15 + 0.05mm {1280 cars with yellow
paint dot ¢n advance cover)

1.6 L Turbo Diesel
1.00 £ 0.05 {1982 - 83)

1.6 L engine
0.88 + 0.05 (1981 - 82)(and 1983 Pick-up)
0.95 + 0.05 (1983 Rabbit, Jetta, and 4000)
0.90 + 0.05 (1983 Vanagon)

If necessary adjust and recheck.

Adjust Idle speed

Connect VW 1367 or equivalent —
With engine warm, check idle speed.

820 + 50 RPM (1977 - 82 and 83 Vanagon)
B8D + 50 RPM (1983 Rabbit/Jetta)
950 + 50 RPM (82/83 Quantum, 4000)

Loosen locknut and turn adjusting screw,

Clockwise increases RFM
Counterclockwise degreases RPM

Tighten locknut.

Accelerate engine briefly to “maximum
speed stop.”

1.6 L (5300 - 5400 RPM)
1.5 L (5500 - 5600 RPM)
Vanagon (4750 - 4850 RPM)

Adjust by loasening lockut and turning
maximum speed screw.

Clockwise decreases maximum RPM
Counter ¢clockwise incraases
maximum RPM

61
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Diagnosis Il — Cold Running/Siarting Problems

Check accelerator cable ad|ustment

|
3 e D 1 e . , .

.= S — T —-———== Lubricate throttls lever spring with spray
97’" D e '”’f J% :\::.R - “:_L%j; lubricant (WD 40 or equivelant).

! 'L_"',EF‘; '\, Q Aoy L “_g-i*fm Check to ensure that the throttle lever rests
"}l{ v b = e — against the idle adjustment stop.

i-l.Jhricate - [t

| -

£ b o I
Tt Ciara B 2225 Check to ensure that the throttle jever
) -’”-"ﬁ / » moves freely and does not stick.

. Depress the accelerator pedal fully and
ous check to ensure that the throttie lever

contacts the maximum speed adjustment
stop.

If the accelerator cable is aut of adjustment.
Cars with manual transmission —

Loosen cabie locknuts —
Depress accelerator pedai fully —

Adjust cable so that throftie lever

contacts maximum speed screw and is not
strained.

Cars with automatic transmission
If throttie linkage is out of adjustment,
See page 134.
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Quality check
Suggested Repair Time — 50 time units
Except 1981 - 82 Rabbit/Jetta
Start engine, allow to warm up and observe idle quality.

the idle speed is correct
engine should idie smoothly
the idle spead should not vary more than 50 RPM

With correct tire pressure, drive car on a level road.
Accelerate to a constant speed of 35 MPH.

in 3rd gear {(4-speed transmission)
in 4th gear (5-speed transmission)

Accelerate again lo full throttie and note the acceleration quality from 35 MPH to
55 MPH.

engine should accelerate evenly
engine should not lack power or smoke

Maintain steady speed and observe performance quality.

engine should maintain adequate performancs at all speeds and show no
symptoms of loss of power or smoke.

1981 - 82 Rabbit/Jetia

Start engine, allow to warm up and observe idle qualkty.

the iale speed is correct
engine should idle smoothly
the idle speed shouid not vary maore than 50 RPM

With correct tire pressure, drive car on a level road.
Accelerate to a constant speed of 35 MPH.

in 3rd gear {(4-speed transmission)
n 4th gear {5-speed transmission)

Accelerate again to full throttle and note the time it takes to reach 55 MPH.

should be 16.1 seconds maximum (4-speed transmission)
should be 18.6 seconds maximum {5-speead transmission)

If test passed
Return car to customer
If test fafled — if diagnosis | and Il have been completed

Replace injection pump — except 1981 - 82 Rabbit/Jetta s5ee Special Repairs
page 123.
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Symptom Group 2

Idle Problems
Symptoms:

ldle speed is erratic, speed varies up and down

...................................... page 68
Idle speedistoohighortoo low. ... o page 68
Idle speed cannot be adjusted to specification ... page 68
Warm engine has rough idle but performs OK above dle........................... page 71,

67




Idle Problems

Symptoms:

Idle speed is erratlc, speed varies up and down
Idle speed is too high or too low

Idle speed cannot be adjusted to specification

Diagnosis Procedure
* Adjust idle speed

ldle speed should pe checked and adjusted to within s
Speed is too high, the centritfugal advance in the
could resylt in symptoms of high or erratic idle.

® Check adjustment of accelerator cable and lubricate in
Unless the accelerator cable 1s adjusted properly,

touch the idle stop. It is also important to lubricat
assure that it moves freely on its pivot.

jection pump lever
the injection pump lever may not
e the injection pump lever to

Suggested Repair Time — 40 time units

68
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Adjust idle speed

Connect VW 1367 or equivalent.

Check idle speed, with engine warm ;

820 + 50 RPM (1877 - 82 and 83 Vanagon) |
=™\ §80 + 50 RPM (1983 Rabbit/Jetta) :
.~ 950 + 50 RPM (82/83 Quantum, 4000)

Loosen locknut and turn adjusting screw.

clockwise increases RPM
= counterclockwise decreases RPM

& Tighten locknut.

Check accelerator cable adjustment
Lubricate accelerator lever

Lubricate accelerator lever return spring
with spray lubricant (WD 40 or equivalent).

Check to ensure that the accelerator lever
resis against the idle adjustment stop.

Check to ensure that the accelerator lever
moves freely and does not stick.

Depress the accelerator pedal fully and
check 1o ensure that the accelerator laver
contacts the maximum speed adjustment
stop.

If the accelerator cable is out of adjustment,
Cars with manual transmission —

If the throttle linkage is out of adjustment,

Loosen cable locknuts —

Depress accelerator pedal fully —

Adjust cable so that throttle lever contacts
maximum speed screw and is not strained.

Cars with automatic transmission
It throttle linkage is out of adjustment,
See page 134,
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Idie Problems

Quality check

Suggested Repair Time — 5 time units

* With fully warmed engine, raise engine speed to 3000 RPM for about 5 seconds.
* Release the injection pump lever and let the engine return to idle,

¢ Measure ldle speed with VW 1367 and check that:
— The idle speed is correct

— The idle speed does not vary more than 50 RPM
— The idle is not rough

If test passed
Return car to customer
If test failed

Perform diagneosis procedure i, page 81.
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Idle problems

Symptom:
Warm engine has rough idle but performs OK above idle.

Rough idle can cause vibration. If a customer describes a “vibration” symptom, first
asses whether or not the vibration is due to a rough idle. If the idle is not rough, skip
this section and go directly tc Special Repairs — page 124.

Diagnosis Procedure

* Adjust idle speed

|dle speed should be checked and adjusted to within specifications. If the idle
speed is too low, a rough idle as well as a vibration may resuit.

* Check for air leaks

Loose connections or cracked hoses between the fuel tank and injection pump

may result in air in the fuel system. Air trapped in injectors or fuel lings may result
in a rough idle.

¢ Check tor fuel leaks

Fuel leaks at fuel lines and fuel delivery valves reduce fuel pressure affecting fusl
delivery — a rough idle can resuit.

* Check injection pump mounting brackets

L.ocose pump mounting brackets can cause pump misalignment and injection
timing change resulting in idle problems.

* Perform idle speed drop test

Iffuel is not supplied equally by all injectors, a rough idie may resuit. The idle speed
drop test will verity equal fuel delivery by injectors.

Suggested Repalr Time — 50 time units

Note: If a problem is found in the idle speed drop test, see SRT manual for additional
labor operations for checking injectors, valve adjustment, and compression.
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Idle Problems — Rough Idle (cont'd.)

Idle ad|ustment serew

Adlfust idle speed

Check far
[Lalaltc 150

Blegdar
SCTEw

Unien
bolt [check for
loosenesg}

-

Check {or

72

Conrnect VW 1367 or equivalent .
Check idle speed, with engine warm.

820 + 50 RPM (1977 - 82 and 83 Vanagon)
880 + 50 RPM (1983 Rabbit/Jetta)
950 £ 50 RPM (82,83 Quantum, 4000)

Loosen locknut and turn adjusting screw.

counterclockwise decreases RPM .
Tighten locknu?.

// clockwise increases RPM.

air leaks ‘

Start the engine and run it at about 2000
RPM.

Check the clear fue| supply line.

A steady stream of bubbles indicates either
an air leak in the fuef supply system or
water in the fuel filter. (A few bubbles may
appear, this is normal)
Check for air |eaks caused by :
Loose fuel filter
Loose connections on fugl filter assembiy
Loose union bolt on fuel pump
Loose connections at fueg| supply lines
Loose Gleeder screw on filter housing

If no air leaks are found and it bubbles still
appear, check for water in the fuel,

flange.
Loosen the drain plug on the filter.

Drain the fuel into a container until the
drained fue! is pure.

Tighten the drain plug and the

{

¢

4

4

L

L

L

L

&

&

o

"

Cpen the bleeder screw on the filter &
L™

e

Gu

L
bleeder screw, ¢
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Check for fuel leaks

" With engine running, check all connections
tar fuel leaks:

% Check fuel lines at injectors and
delivery valves.

If leaking —

Retorque fuel lines to 25Nm (18 ft. Ibs.)
= (use 17mm split socket).

-3 If still leaking —
Replace lines and torque to specifications.
-+ Check fuel delivery valves at injection pump.
If leaking —
Remove fuel lines and fuel delivery valves.
Replace sealing washer with bronze
washer #0868 130 787.

Torque delivery vaive to _
55 Nm (40 ftle) Fuel delivery valve

Reinstall and torque fuel lines. Mate: Wipe off all spilied fusl with rubbing atcahal. Diesel fuel taft
: on hoses will cause the hoses o deteriarata.
3 Start engine and check for leaks.
Check center bolt at end of injection pump.
If leaking —
Remove bolt and replace sealing washer.

Check pump mounting brackets
Check tightness of:

Rear
Engine mount bracket to pump S .I':J’)‘ﬂl fump
Pump support bracket to engine .

E:, _,;{H‘,EE;}| [ pump
Bolt fastening rear pump bracket to pump Engine mount bragse:
support bracket

With a mirror, visually check for
clearance between rear pump bracket

and pump support bracket, ~ Bolt

install a flat washer between brackets to

take up any clearance. e |
\)\ Pump

supparl
hracket
tu engine
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Idle Problems — Rough Idle {cont'd.)

Perform idle speed drop test

Connect VW 1367 to measure engine RPM
With car running:

Loasen
one at a time

Loosen injector lines at injectors one at a
time.

Chserve amount of change or no change in
idle speed to determine “weak” or "dead”
cylinder{s).

Idie speed should drop approximately
the same on all cylinders as injector
%\)\ lines are loosened.
2 If the problem cannot be isclated to a
J particular cylinder see Diagnosis Il page 81.

Ifa ‘weak” or “dead” cylinder is found —

1. Check that injector line on affected
cylinder is not crimped or restricted.

2. Check injectors
page 75.

3. Check valve clearance
page78.

4, Check compression
page 79.

Safety

® Wear safety goggles when performing idle speed drop test.

& After perfoming idle speed drop test, be sure to wipe off all spilled fuel with rubbing
alcohol. Ciesel fuel spilled on hoses will cause the hoses to deteriorate.

* Keep a fire extinguisher accessible,
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Test injectors

If a “weak” or "dead” cylinder is found, the injector for that cylinder should be checked.
There are four tests for injectors. Perform the tests in the tollowing sequence:

) Remova carkan

1. Opening pressure deposits

2. Leakage L
TR

3. Chatter C_’/)

4. Spray pattern

- Bleed Tester

Remove carbon deposits from the
injector tip with a small brass brush.
Mount the injector in the tester.

Turn the tester valve clockwise 10 close
the gauge.

Operate the tester lever with rapid
“strokes to prime the tester and 1o bleed
=¢  the injector.

Opening Pressure 120-142 bar

Turn the tester valve knob

counterclockwise to open the gauge. f/Q\

Slowly depress the tester lever until the

injector just begins to spray.

Read the opening pressure,
shouid be 120 to 142 bar

Replace the injector if it is out of
specifications.
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Idle Problems — Rough ldle {cont’d.)

Yacuun hose
to catch
gl

Held pressure
20 bar below
apening
pressure

W0 seconds
ne leakage

Valva
chosad

il

Disregard spray
pattarn

Leakage

Install two pieces of vacuum hose on the
injector return fittings to keep fue! from
running down the side of the injector.

Dry the injecter with compressed airor a
lint free cloth.

Slowly depress the tester lever until the
gauge reading is 20 bar below the
measured opening pressure,

Hold the pressure for 10 seconds

the injector should not drip.
(a drop may form on the end of the
injector — this is normal.)

Chatter

Turn the tester valve knob clockwise to
close the gauge.

Operate the tester lever with slow strokes.
{1 to 2 strokes per second)

The injector should make a chattering or
creaking sound if the injector is in good
condition.

Disregard the spray pattern when
checking chatter. Spray pattern can only
be checked at fast pumping speeds.
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Spray Pattern

Turn the tester valve knob clockwise
to ciose the gauge.

Operate the tester lever with rapid strokes
{4 to 6 strokes per second).

the spray pattern should be finely
atomized and cone shaped.

Replace injectors which have a bad spray
pattern.

The tester lever must be operated rapidly.
At slow pumping speeds it is normal for the
spray to stream or dribble out of the
injector.

Gaad Bad Bad
injector injecior injector

Safety

* Do not put your hands near the injector when testing injectors. The high pressure
diesel fuel spray can penetrate your skin and cause blood poisoning.

» Always wear satety goggles when testing injectors.

¢ The injector sprays a finely atomized combustible mist when testing. Avoid sparks
and high heat sources when testing injectors.

& Do not use gasoline as a “test fluid.”
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idle Problems — Rough ldle (cont'd.)

Check valve clearance

Intake
3 - 0 30

Exhaucr
Q.40 - DEOmMm

|. Checking |

Remove valve cover.

Turn crankshaft ciockwise until the cam
lobes of the cylinder to be checked point
upward.

Insert feeler gauge between cam lobe and
valve shim,

Warm engine specitications (coolant temp.
above 35°C (95°F)

Intake — 0.20 - 0.30mm (.008 - .012in.)
Exhaust — 0.40 - 0.50mm (.016 - .020in.)

Cold engine (coolant temp. below 35°C
(95°F),

Intake — (.15 - 0.25mm {0.006 - 0.010in.)
Exhaust — 0.35 - 0.45mm (0.094 - 0.018in.)

Adjust Valve Clearance

Turn
crankahaft
Y turn

7B

If valve clearance is inggrrect —

Turn crankshaft clockwise about % turn.
When adjusting valves on the diesel, the
camshalt must be slightly offset so that

valves do not contact pistans when the
cam follower is depressed.

Depress cam followers with VW 546.

Remove shim to be exchanged with 10-208.

Install proper shim.

too small clearance - use thinner shim
foo large clearance - use thicker shim

Recheck valve clearance.
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Check compression

Remove wire from fuel shut-off solenoid
and insulate the wire.

Femave

FLIL st clf
Fa.unand

Clean connections on injector lines.

Remove injector lines {(be sure that delivery
valves are not loosened when loosening
injector lines on injection pump.).

Remove injectors using US2775 deep
well socket and store in a clean area.

Remove all heat shieids except #1 cylinder.

Caution: loose heat shields can be
blown out during compression check.

tnstall adaptor on #1 cylinder.

Install VW 110 gauge onto adapter.

Operate starter until gauge reads highest
reading.

28-34 bhar (400 - 500 psi)
maximum cylinder variation
5 bar {71 psi) .,
VI 150 [

Release pressure gauge il
[ B -

Repeat process on remaining eylinders. @

Low readings on adjacent cylinders
gasket leakage between cylinders. )

-

_ Loew readings on one cylinder ;:)
- valve leakange. ,
N Low readings on all cylinders

worn pistion rings or jumped valve timing. 28 . 34 bar
i (400 - 500 P51}
A low Feadlng can be rechecked b}f addlng Mmaxirmu i variatian
1 tablespoon of engine oil through the @ bar (71 PSt)

injector hole:

If the compression readings increase
slightly this indicates valve leakage.

If the compression readings increase
significantly this indicates worn
piston rings. Adaptor

If compression does not increase, \\/@

check valve timing. .
Hiar ot
Always install new heat shields before ?h::d\\

, . - \
reinstalling injectors. R
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Idle Problems

| Quality Check

Suggested Repair Time — 5 time units

¢ With fully warm engine, raise engine speed to 3000 RPM for about 5 seconds.
* Release the throttle and Iet the engine retum to idle.
¢ Measure idle speed with VW 1367 and check that:

— The idle speed is corract

— The idle speed does not vary more than 50 REM
— The idle is not rough

If test passed
Return car to customer

If test failed
Perform diagnosis procedure I, page 81,
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Diagnosis || — Idle problems

Perform injection system tests”
Includes:
Check/adjust valve timing
Check/adiust cold start
Check/adjust injection pump timing
Check/adjust idle and maximum speed

Suggested Repair Time — 150 time units

*Engine idle is affected by valve timing, spur belt tension, cold start advance, injection
pump timing, accelerator cable adjustment, idle speed and maximum speed.
Therefore all of these items should be checked to assure that all facters that can
cause idle problems are adjusted properly.
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Diagnosis Il — Idie problems

Check valve timing

Remove valve cover,

Turn crankshaft clockwise to align slot in
rear of camshaft with valve cover sealing
surface,

2065

Install camshaft setting bar #2065 and
center camshaft by inserting feeler gauges
between each end of #2065.

Gap “x" should be equal on both sides.

Gap “X" shoulg
be aqual on
both sides

With camshaft aligned.:

Check that the flywheel is exactly on TDG.
It not - adjust valve timing.
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Ad|ust valve timing

If valve timing is out of adjustment,
Remove spur belt cover.

Install locking tool 2065 to hold camshaft.
Loosen camshaft sprocket bolt one turn.

Tap backside of camshaft sprocket with
rubber hammer to loosen.

The camshaft sprocket is fitted to the
camshaft with a “locking taper” and
does not usa a locating key.

one turn -

Align camshaft with bar # 2065 and feeler
gauges at "x". Gap “X" should
e equal on

hoth sides

Check that locating marks on sprocket,
bracket and pump body are aligned.

Sat flywheel te TDC

Note: if drive belt is removed, lock injection
pump sprocket with locking pin 2064,
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Diagnosis Il — Idle problems

Adjust valve timing {continued)

n Ibs.

Belt tensionar
Turh clockwise

i
(i
- L

-, \'\', I -
N
!
. ST f

--—
I

Install belt tension gauge VW 210 on spur
belt between cam sprocket and pump
sprocket.

ii‘ Set VW 210 to 12 to 13mm.
== Turn belt tensioner clockwise until

reference mark on tool {12 to 13mm) is
aligned with edge of parrel.

Tool US 4493 required on 1881 and later
cars, to turn belt tensioner.

Tighten tensioner nut to 33 ft.Ibs.
Tighten cam sprocket bolt to 33 ft.1bs.
Make sure flywheel remains on TDC.

Remove 2065 and 2064.
Turn ¢crankshaft clockwise 2 turns.

Strike belt with a rubber hammer between
cam sprocket and injection pump sprocket,

Recheck valve timing with
#2065 — flywheel at TDC.

Recheck belt tension with Vi 210.
Re-install spur belt cover/valve cover,

\"'Ef'tff'!t!"!‘l!!tlll“r"l-“n.tua



Ad|ust Cold Start Advance

Push in ¢cold start knob on dash.

Locsen cable adjusting screw at ¢old start
advance lever.

Push cold start lever down to lower stop on
stop bracket.

Tighten cable adjusting screw.

Recheck that cold start advance |ever
touches both the lower stap and the upper
stop on the stop bracket whenever the cold
start cable is operated from ingide the car.

Injectlon Timing

With cold start knob on dash pushed in,

Remove bolt from end of pump (always
replace washer).

Turn engine clockwise until flywheel is at
TDC.

Install adapter 2066 and dial gauge at end
of pump.

Preload dial gauge {(about 3mmy.

Turn engine counter clockwise until dial
gauge needle just stops moving.

Zera gauge.
Turn enging ¢lockwise to TDC.

Gauge should read:

1.3 L engine
05mm (1977-80)

0.88 +
1.15 + 0.05mm (1980 cars with yeliow

o

paint dot on advance cover)

1.6 L engine
0.88 £ 0.05 {1981 - 1982)}(and 83 Pick-up)
0.95 + 0.05 {1983 Rabhbit, Jetta, 4000}
0.90 £ 0.05 (83 Vanagon)

1.6 L Turbo Diesel
1.00 + 0.05 {1982 - 83)
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Diagnosis Il — Idie Problems

Adjust Idle Speed

|dle apeed
adjusting screw

- =
Ty _— e — 1
e — 5 ,f—‘ﬁ;ﬁ Connect VW 1367 or equivalent. With

(@
{0

——

engine warm check idle speed

820 + 50 RPM (1977 - 82 and 83 Vanagon)
880 + 50 RPM (1983 Rabbit/Jetta)
850 + 50 RPM (82/83 Quantum, 4000)

Leosen lock nut and turn adjusting screw.
clockwise increases rpm
counter clockwise decreases rpm

) /‘% Tighten lock nut.
|

o~

Adjust Maximum Speed

Maximum spead
adjusting soraw

= Accelerate engine briefly to maximum
speed stop.,

1.6 L (5300 - 5400 RPM)
1.5 L (5500-5600 RPM)
Vanagon (4750 - 4850 RPM)

Adjust by lcosening locknut and turning
maximum speed screw.

clockwise decreases maximum RPM
Counterclockwise increases maximum RPM
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Check accelerator cable adjustment

Lubrizate I le adjustment stop
Lubricate accelerator lever return spring
with spray lubricant (WD 40 or
equivalent).

Check to ensure that the accelerator
lever rests against the idle adjustment
stop.,

Check to ensure that the accelerator
lever moves freely and does not stick.

Depress the accelerator pedal fully and
check to ensure that the accelerator
lever contacts the maximum speed
adjustment stop.

Lacknuts

if the accelerator cable is out of adjustment,
Cars with manual transmission —

if the throttle linkage is out of adjustment,

Loosen cable locknuts —

Depress accelerator pedal fully —

Adjust cable so that throttie lever contacts
maximum speed screw and is not strained.

Cars with automatic transmission

If throttie linkage is out of adjusiment,
See page 134.
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Idie Problems

Quality check

Suggested Repair Time — 50 time units
Except 1981 - g2 Rabbit/Jetta

* Start engine, allow to warm up and observe idle quality.
the idle speed is correct
engine should idle smoothly
the idle speed shoulg not vary more than 50 RPM

* With correct tire pressure, drive car on a ievel road,
Accelerate to a constant s5peed of 35 MPH.

in 3rd gear (4-speed transmission)
in 4th gear (5-speed transmission)

* Accelerate again to full th
55 MPH.

engine should accelerate evenly
engine should not |ack power or smoke

* Maintain steady speed and observe performance quality.

engine should maintain adequate performance at all spesads and show no
symptoms of loss of power or smoke.

rottle and note the acceleration quality from 35 MPH to

1931 - 82 Rabbit/Jetta

* Start engine, allow to warm Up and observe idle quality,

the idle speed is correct
engine should idle smoothly
the idle speed should not vary more than 50 RPM

* With correct Hire pressure, drive car on a level road,
Accelerate to a constant speed of 35 MPH.

in 3rd gear (4-speed transmission)
in 4th gear (5-speed transmission)

¢ Accelerate again to full throttle and note the time it takes to reach 55 MPH.

should be 16.1 seconds maximum (4-speed transmission)
should be 18.6 seconds maximum (5-speed transmission)

)f test passed
Return car to customer

i test failed — if dlagnosis | and Il have been completed
Replace injection pump. '
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Symptom Group 3

Warm Running Problems

Symptoms:

Warm engine misfires or makes Knocking noiSes ... page 492.
Warm engine SUFgeS . ... ... . e e page 102.
Warm engine lacks power and/or Smokes eXCessively. . .oo.vvivivieviinieivarinn. page 106.

o1
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Warm Running Problems
Symptom:

Warm Engine Misfires or Makes Knacking Noises
(Symptoms may not occur at ali engine speeds)

Diagnosis Procedure

* Check fuel quality
Poar fuel quality, low cetane rating, additives, improper mixing with kerosene or
gasoline can cause a less combustible mixture and possible misfire.

*® Check fuei supply system for air leaks

Loose connections or cracked hoses between the fuel tank ang
may result in air in the fue| system. Air trapped
misfire or knocking noise,

* Check fuel delivery system for fuel leaks

Fuel leaks at fuel jines and fuel delivery vaives reduce
affect fuel delivery to the cylinders.

* Check injection Pump mounting brackets

Loose pump mounting brackets can cause Ppump misalignment and injection
timing change resulting in a misfire or knocking noise.

* |dle speed drop test

injection pump
in injectors or lines can cause a

fuel pressure and therefore

Whether or not fuel is being supplied to injectors can be verified so that a misfire
Or knocking noise can be isclated to the affected cylinder.

Suggested Repair Time — 50 time units

Note; If a problem is found in the

idle speed drop test, see SRT manual for additional
labor operations for checki

ng injecters, valve adjustment, and compression.
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Check fuel guality

Poor fuel quality can cause a lack of performance and engine smoking. In addition, i
too much gasoline or other additives are mixed with the fuel, the cetane rating of the
fuel will be lowered below the point at which it will burn properly in the engine.

Check for air leaks

Start the engine and run it at about 2000
RPM.

Check the clear fuel supply line.

A steady stream of bubbles indicates either
an air leak in the fuel supply system or
water in the fuei filter, (A few bubbles may .
appear, this is normal) Dleeder
Check for air leaks caused by .

Loosa fue! filter

Loose connections on fuel filter assembly

Loose union bolt on fuel pump

Loose cennections at fuel supply lines

Loose bleeder screw on filter housing

Check for
looseness

Water T y
If no air leaks are found and if bubbles stili  dren . e i ]
appear, check for water in the fuel. Plug \ -E‘ - J
Fuet supply ling B = -
Drain the water trap in the fuel filter ’ \ ﬁ? = ) e
Check 1or bubhies a1 A . ===
?pen the bleeder screw on the filter 2000 RPM 7" s te Arre)
lange. ( —
Urian & Iﬁh’ﬁ
Loosen the drain plug on the filter. bolt {check forJ ( !‘_»?
Q0EeNess : : -
Orain the fuel into a container until the | ,!qligﬁf’m
drained fuel is pure. i

Tighten the drain plug and the
bleeder screw.

i)
il
)
-
>
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Warm Running Problems
Warm Engine Misfires or Knocks (cont'd.)

Check for Fuel Leaks

With engine running, check all connections
tor fuel ieaks:

Check fuel lines at injectors and delivery
valves.

If leaking - retorque fuel lines to 25 Nm
(18 ft./Ibs.)

(use 17mm split socket)

If still leaking - replace lines and torque
to specifications.

Check fuel delivery valves at injection pumnp.

H leaking - remove fuel lines and fusl
delivery valve,

Replace sealing washer with bronze
washer #068 130 787,

Torque delivery valve to 55 Nm
(40 ft./Ibs.)

Reinstai! fuel lines.

Start engine and check for jeaks.

Check center boit at end of injection pump.
if leaking - replace washer.

Note: Wipe off all spilled fuel with
rubbing alcohol. Diesel fuel left on hoses
will cause the hoses to deteriorate.

Check pump mounting brackets

Check for
ieaks

Check tightness of:
Engine mount bracket to pump,
Pump support bracket to engine.

Bolt fastening rear pump bracket to rear
support bracket,

With a mirrer, visually checgk for
clearance between rear pump bracket
and pump support bracket.

Add a flat washer between brackets to
take up any clearance.

\ to pu
N

sHippan
brackal
[0 enging
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Perform Idle speed drop test

Connect VW 1367 to measure engine RPM

With car running:

Locsen injector lines at injectors one at a

time. Loasen

ane at a time
Observe amount of change or no ¢change in 4 .
idle speed to determine “weak” or dead 5y A %\
cylinder(s). _ ‘37 ; (rh\am

the same on all cylinders as injector

Idle speed should drop approximately ((
A ) -

lines are lcosened. A ER o
If problem cannot be isolated to one @\ = \\ A (w
particular cylinder, turn to page  and 8, Ly
perform Diagnosis 1. h=. G
If a “weak” of "dead” cylinder is found - e & ifi 4 )
1. Check that injector line on affected (" |’. oo
cylinder is not crimped or restricted. y o
2. Check injectors i " :
page 96. ] (@1
3. Check valve clearance b
page 99,
4. Check compression
page 100.

Safely

¢ Wear safety goggles when performing the idle speed drop test.

¢ After performing idle speed drop test, be sure to wipe all spilled fuel with rubbing
alcohol. Diesel fuel spilled on hoses will cause the hoses to deteriorate.

¢ Keep a fire extinguisher accessible.
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Warm Running Problems
Warm Engine Misfires or Knocks {contd.)
Test injector(s)

If a “weak"” or “dead” cylinder is found the injector for that eylinder should be checked.
Diesel injectors can be checked for the following items with a “pop” tester in this order.

Romove carbon 1. Opening pressure
deposity E Leakage
,-_L\‘ 3. Chatter
(’Q:{,ﬂ 4. Spray pattern
ér_%

Bleed tester

Remove carbon deposits from the injector
tip with a smali brass brush.

Mount the injector in the tester

Turn the tester valve clockwise to close the
gauge.

Operate the tester lever with rapid strokes
10 prime the tester and to bleed the injector.

strasgs

Opening pressure

Turn the tester valve knob counterclockwise
to open the gauge.

Slowly depress the tester lever until the
injector just begins to spray.

Read the opening pressure
Valve apor Should be 120 to 142 bar

Replace the injector if it is out of
specifications.
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Leakage

Install two pieces of vacuum hose on the
injector return fittings to keep fuel from
running down the side of the injector.

Dry the injector with compressed air or a
lint free cloth.

Slowly depress the tester lever untii the
gauge reading is 20 bar below the
measured opening pressure.

Hold the pressure for 10 seconds.

The injector should not drip,
{A drop may form on the end of the
injector - this is normal).

Chatter

Turn the tester valve knob clockwise to
close the gauge.

Operate the tester lever with slow strokes.
{1 to 2 strokes per second)

The injector should make a chattering or
creaking sound if the injector is in good
condition.

Disregard the spray pattern when
checking chatter. Spray pattern can anly
be checked at fast pumping speeds.
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Warm Running Problems
Warm Engine Misfires or Knocks (cont'd.)

Spray pattern

Turn the tester valve knob clockwise to
close the gauge.

Operate the tester lever with rapid strokes
(4 to 6 strokes per second)

The spray pattern should be finely
atomized and cone shaped

Replace injectors which have a bad spray
pattern.

Ranpicl
strokes

The tester lever must be operated rapidly.
At slow pumping speeds it is normal for the
spray to stream or dribble out of the

injector.
Gooo Bad Bad
injectar Inectar injectar

Safety

* Do not put your hands near the injector when testing injectors. The high pressure
diesel fuel spray can penetrate ycour skin and cause blood poisoning.

¢ Always wear safety goggles when testing injectors.

* The injector sprays a finely atomized com bustible mist when testing. Avoid sparks
and high heat sources when testing injectors.

* Do not use gasoline as a “test fuel”.
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Check valve clearance

Remove valve cover.

Turn crankshaft bolt clockwise until the
cam lobes of the cylinder to be checked
point upward.

Insert feeler gauge between cam lobe and

valve shim.
Warm engine specifications (coolant temp. ]
above 35°C (95°F) I-l Checking rl

Intake — 0.20 - 0.30mm {(.008 - .012in.)
Exhaust — 0.40 - 0.50mm {.016 - .020in.)

Cold engine {coolant temp. below 35°C
(95°F}.

Intake — 0.15 - 0.25mm (0.006 - 0.010in_})
Exhaust — 0.35 - 0.45mm (0.014 - 0.018in.}

If valve clearance is incorrect —

Turn crankshaft clockwise about ¥ turn,
When adjusting valves on the diesel, the
camshaft must be slightly offset so that

valves do not contact pisions when the
cam foliowers are daprassed.

Depress cam followers with VW 546.
Remove shim to be exchanged with 10-208.
Install proper shim.

too small clearance - use thinner shim
foo large clearance - use thicker shim

Recheck valve clearance.
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Warm Running Problems

Warm engine misfires or knocks (cont'd.)

Ramo e
wira
and imsulste

Fual shist-oi
salenaidg

WVid 110
guege

28 - 34 bar (400 - 50O PSH
maximum oylinder
variation
5 bar (71 PG

adaptor

Heat
shigid
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Check Compression
Remove wire from fuel shut-off 50lenoid
and insutate the wire.
Clean connections on injector lines.

Remove injector lines (be surs that delivery
valves are not loosened when loosening
injector lines on injection pump.).

Remove injectors using US2775 deep well

socket and store in a clean area.

Remove all heat shields except #1 cylinder,
Caution: loose heat shields can be
blown out during compression check.

install adaptor on #1 cylinder,

Install VW 110 gauge onto adapter.

Operate starter until gauge reads highest
reading,

28-34 bar (400 - 500 psi)
maximum cylinder variation
5 bar {71 psi)
Release pressure
Repeat process on remaining cylinders.

Low readings on adjacent cylinders
gasket leakage between cylinders.

Low readings on one cylinder

valve feakage.

Low readings on all ¢ylinders

worn pistion rings or jumped valve timing,

A low reading can be rechecked by adding
1 tablespoon of engine oil through the
injecter hole:

If the compression readings increase
slightly this indicates valve leakage.

i the compression readings increase
significanily this indicates worn
piston rings.

If compression does not increase,
check valve timing.

Always install new heat shields before
refnstaliing injectors.



Quality check

Suggested Repair Time — 30 time units

* Starl engine, allow to warm up and observe idle quality

engine should idle smoothly
gngine should not misfire or knock

With correct tire pressure, drive car on a level road
Accelerate to a constant speed of 35 MPH

in 3rd gear (4-speed transmission)
in 4th gear (5-speed transmission)

Accelerate again to full throttle and note the acceleration quality.

engine should accelerate evenly
engine should not misfire or knock

Maintain steady speed and observe performance quality

engine should maintain even performance at a!l speeds and show ne symptoems
of misfire or knock

If test passed
Return car to customer

If test failed
Perform diagnosis I, page 107,

4]
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Warm Running Problems

Symptom:
Warm engine surges (speed of car changes or varies while driving)

Diagnosls Procedure
* Check fuel quality

Foor tuel quality can cause a less combustible mixture and a possible engine
s5Urge.

* Check for air leaks

Loose connections or cracked hoses between the fuel tank and injection pump

may resultin air in the fuel system, Air trapped in injectors or lines can cause an
engine to surge at driving speeds.

* Check for fuel leaks

Fuel leaks at fuel lines and fuel delivery valves reduce fuel pressure and effect
delivery to the injectors.

¢ Check injection PUMp mounting brackets

Loose pump mounting brackets can Cause pump misalignment and injection
timing change, resulting in an engine surge at driving speeds.

Suggested Repair Time — 3¢ time units
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Check fuel quality

Poor fuel quality can cause a lack of performance and engine smoking. In addition, if
too much gasoline or other additives are mixed with the fuel, the cetane rating of the
fuel will be lowered below the point at which it will burn praperly in the engine.

Check for alr leaks

Start the engine and run it at about 2000
RPM.

Check the clear fuel supply line.

A steady stream of bubbles indicates either
an air leak in the fuel supply system or
water in the fuel filter. (A few bubblas may
appeat, this is normal)

Check for air leaks caused by:
Loose fuel filter

Loose connections on fuel filter assembly watar

drain

Loose union bolt on fuel pump plug

Loose connections at fuel supply lines Fuel supply ling
, [chack for bubbles
Loose bleeder screw on fuel filter at 2000 RFM)
If no air feaks are found and if bubbles still
appear, check far water in the fuel. Union balt

[check lor lonseness)

Drain the water trap in the fuel filter,

Open the bleeder screw an the filter
flange,

Loosen the drain plug on the filter.

Crain the fuel into a container until the
drained fuel is pure.

Tighten the drain plug and the bleeder
sCrew.
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Warm Running Problems
Warm Engine Surges (cont'd.)

Check for fuel leaks

With engine running, check all connections
for fuel leaks:

Check fuel lines at injectors and delivery
valves.

If leaking - retorque fuel lines 1o 25 Nm
{18 f1./ibs.) use 17mm split socket.

If still leaking - repiace lines and torque
1o specifications.

Check fuel delivery valves at injection pump.

If leaking - remove fuel lines and fusl
delivery valves

Replace sealing washer with bronze
washer #068 130 787

i, . A -

1

L /é@ -] _. Torque to 55 Nm {40 1t./1bs.)
J/| ‘-RTR- Check {or

Fuel delivery lemks Reinstall fuel lines.

valva

Start engine and check for leaks.
Check center bolt at end of injection pump.
If leaking - replace washer

Check pump mounting brackets

Check tightness of:

o """J{,’u Rear .
; "BI .-If,,f_%’, h‘::ﬁt Engine mount bracket to pump.
i Pump support bracket to engine.
N Bolt fastening rear pump bracket to rear
@@% support bracket.
+ With a mirror visually check for
MU Boit clearance between rear pump bracket

e and pump support bracket.

Add a flat washer between brackets to
Pump take up any clearance.

Support
bracket
!l ta engine

104

&1."""""!."’...!I..-’»‘b--r



Quality check
Suggested Repair Time — 30 time units
¢ Start engine, allow to warm up and observe idle quality
engine should idle smoocthly

* With correct tire pressure, drive car on a level road
Accelerate to a constant speed of 35 MPH

in 3rd gear (4-speed transmission)
in 4th gear (5-speed transmission)

* Accelerate again to full throttle and note the acceleration quality.

engine should accelerate evenly
engine should not surge

* Maintain steady speed and observe performance quality

engine should maintain even performance at all speeds and show no symptoms
of surging.

if test passed
Return car to customer

If test falled
FPerform diagnosis |l, page 107.
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Warm Running Problems "

|
Symptom: |
Warm engine lacks power and/or smokes excessively '

Diagnosis Procedure

There is no preliminary diagnosis procedure for cars with this symptom. For the symptom
warm engine lacks pawer and/or smokes excessively, go directly to Diagnosis .

{
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Diagnosis Il — Warm Running Problems

Step 1 Check for crankshaft bolt modification on 1.5L engines

Step 2 Check air filter

Step 3 Check valve clearance

Step 4 Check compression e
Step 5 Check injectors

Step 6 Perform injection system tests”

Check/ad]ust valve timing

Check/adjust cold start advance

Check/adjust injection pump timing
Check/ad|ust idle and maximum speed

...
. & & =

*Warm running problems are affacted by vaive timing, spur belt tension, coid start
advarice, injection pump timing, idle APM and maximum RPM. Therefore all of these
ftems shoutd be checked to assure that all factors that could affect vehicle
performarice are adjusted properiy.

suggested Repair Time — 240 time units
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Diagnosis Il — Warm Running Problems

Check for crankshaft bolt modification - 1.5L diesel engines

Old style
—
Balt Flal washer
New style
Bah Lollared washer
[t 120011 (D6 105 299

Cld spacer wshouldar

Mow spacer — flat
|2\ 455 218

108

Visually check —

That the old style front crankshaft bolt and
washer have been replaced with the new
style bolt and washer.

new style bolt has shoulder

new style washer has collar

If not:

fF I £ T £ T ®* ®** BE ®E 2 i

Remove old style bolt and washer.

Visually check the crankshaft sprocket, key
way and key tor signs of wear or damage.

ad T

If not damaged:

Replace cld style bolt and washer with new
style bolt and washer.

Torgue new style bolt to
150Nm (108 ft. Ibs.}

If damaged:
Remove crankshaft sprocket.

If sprocket, key or key way are damaged,
repiace paris as necessary.

Cars with dealer-installed A/C

When installing the new style crankshaft
bolt on cars with dealer-installed A/C —

Remove old spacer (with shoulder)
and
Replace with new spacer ZVW 455 218({flat).

¢ F ¢ ¢ ¢ 2 9% % ¢ ¢ v e T w

Aep e e



Check for crankshaft bolt modification 1.5L dlesel engine
{Continued)

1980 Rabbit diesel with factory air conditioning 1980 madels

When checking for the new style crankshaft
bolt and washer

or
When installing the new style crankshaft
bolt and washer on 1.5L diesels with factory
air-conditioning;

Loosen alternator pelt.

Remove pulley with cast center bolt by
removing the 4 pulley nuts.

Remove A/C putley halves and shims.

Access to crankshaft and bolt is now
possible thru bub assembly.

Install new style crankshaft bolt and
collared washer if necessary.

Torque new style beolt to 150 Nm {108
ft./Ibs.).

Crankshaft
boil

Belt kension

Fulley wth
cast center bol!

AT pulley Relves
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Diagnosis Il — Warm Running Problems

Check air filter

Visuaily check air filter
Replace it dirty and check to see that
Breather Hose Kit was installed (1977-
1979 cars, 1980 cars to engine # CK 513
210) . . . page 130.

Check valve clearance

Remove valve cover,

Turn crankshaft bolt clockwise unti| the

cam lobes of the cylinder ta be checked
point upward.

Insert feeler gauge between cam lobe and
valve shim.

Warm engine specifications {(coolant temp.
above 33°C/(95°F),

Checking Intake — 0.20 — 0.30mm (0.008 — 0.012in.)
Exhaust — 0.40 — 0.50mm (0.016 — 0.020in.)

Cold engine (coolant temp. below 35°C
{95°F) -

Intake — 0,15 — 0.25mm (0.006 — 0.010in.)
Exhaust — 0.35 — 0.45mm (0.014 — 0.018in.)
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Adjust valve clearance

If valve clearance is incorrect —
Turn crankshaft clockwise about % turn.

When adjusting vaives, camshaft must be
slightly offset so that vaives do not contact
pisten when cam followers are depressed.

Adjusling

fo-aom

Depress cam followers with VW546.
® Remove shim to be exchanged with 10-208.

Install proper shim.
Too small clearance — use thinner shim
Too farge clearance — use thicker shim

Recheck valve clearance.
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Diagnosis Il — Warm Running Problems

Fuel shut-off
salenoid

26 - 34 bar
{40 - 500 P51
maximum variatign
& har (V1 PSI)

Check compression
Remove wire from fuel shut-6ff solenoid
and insulate the wire,
Clean cennections on injector lines.

Remove injector lines {be sure that delivery

valves are not loosened when loosening

injector lines on injection pump. ).

Remove injectors using US2775 deep

well socket and store in clean area.

Remove all heat shields except #1 cylinder,
Caution: loose heat shields can be
blown out during compression check.

Install adapter on #1 ¢cylinder.

Instal! VW 110 gauge onto adapter.

Operate starter until gauge reads highest
reading.

28-34 bar (400 - 500 psi)
maximum cylinder variation
b bar (71 psi}
Release pressure
Repeat process an remaining cylinders.

Low readings on adjacent cylinders
gaskel leakage between cylinders.

Low readings on one cyiinder

valve leakage.

Low readings on all cylinders

worn pistion rings or jumped valve timing.

A low reading can be rechecked by adding
1 tablespoon of engine oil through the
injector ho'e;

If the compression readings increase
slightly this indicates vaive leakage.

If the compression readings increase
significantly this indicates worn
piston rings.

{f compression does not increase,
check valve timing.

Always install new heat shigids before
reinstalling injectors.
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Test injectors

If a "weak” or "dead” cylinder is found, the injector for that cylinder should be checked.
There are four tests for injectors. Perform the tests in the following sequence:

1. Opening pressure Remove carbon

deposits

2. Leakage
3. Chatter
4. Spray pattern

Bleed Tester

Remove carbon deposits from the
injector tip with a small brass brush.

Mount the injector in the tester. f
~  Tumn the tester valve clockwise to close r Ve
B the gauge. { ? slosed
i
Operate the tester lever with rapid !

strokes to prime the tester and to bleed
the injector.

Opening Pressure

Turn the tester valve knob
countercicckwise to open the gauge.

Slowly depress the tester lever until the
fnjector just begins to spray.

Walve open
Read the opening pressure,
should be 120 to 142 bar
Replace the injector if it is out of
specifications.
Slow slroke
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Diagnosis Il — Warm Running Problems

Leakage

Install two pieces of vacuum hose on the
injector return fittings ta keep fuel from
running down the side of the injector.

Dry the injector with compressed air or a
lint free cloth.

Vacuum hose Hoid pressure Slowly depress the tester lever until the
| fo cateh 2“;;:;’:;”‘” gauge reading is 20 bar below the
Y pressure measured gpening pressure.
i ' Hold the pressure-for 10 seconds
| _ - .
: the injector should not drip.
(a drop may form on the end of the

10 seconds injector — this is normat.)

no leakage
)
i Chatter

Turn the tester valve knob clockwise to
1 close the gauge.

Operate the tester lever with slow strokes.
(1 to 2 strokes per second)

| The injectar should make a chattering or
A creaking sound if the injector is in good

condition,

- r——o .

Disregard the spray pattern when
checking chalter. Spray pattern can only
be checked at fast pumping speeds.

Disregar spray
pattern
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Spray Pattern

Turn the tester valve knob clockwise
To close the gauge

Operate the tester lever with rapid strokes m
(4 to 6 strokes per second). f -
the spray pattern should be finely
atomized and core shaped. fl

Replace injectors which have a bad spray
pattern.

The tester lever must be operated rapidly.
At slow pumping speeds it is normal for the
spray to stream or dribble out ¢f the

Clige valve

slrakes

injector.
Good Rad Bad
injgcior injecLor injestor
= Safety
. * Do not put your hands near the injector when testing injectors. The high pressure

diesel fuel spray can penetrate your skin and cause bload poisoning.
* Always wear safety goggles when testing injectors.

® The injector sprays a finely atomized combustible mist when testing. Avoid sparks
and high heat sources when testing injectors.

* Do not use gasotine as a “test fluid."




Diagnosis Il — Warm Running Problems

PE

both sides

oG A

I S L
i i
Gap "X’ should
E& aqual on

h
{
d
Check valve timing {
d
i
d
!
Turn crankshaft clockwise to align slot in 4
rear of camshaft with valve cover sealing
surface. ‘
L
L
L
y
L
- .
. Install camshaft setting bar #2065 and
cemer camshaft by inserting feeler gauges %
between each end of #2065. "
Gap “x" should be egual on both sides. .
.
|
»
[
L
o -
L
With camshaft aligned: -
L

Check that the flywheel is exactly on TDG.
If not - adjust valve timing.
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Adjust valve timing

If vaive timing is cut of adjustment,
Remove spur belt cover.

Install locking ool 2065 to hold camshaft.
Loosen camshaft sprocket bolt one turn.

Tap backside of camshaft sprocket with
rubber hammer to locsen.

The camshaft sprocket is fitted to the
camshaft with a “locking taper” and
does not use a locating key.

Logsen
nne turn

Y
Align camshaft with bar # 2065 and feeler A

gauges at “x". Gap X" should
be aqual on

both sides

Check that locating marks on sprocket,
bracket and pump body are aligned.

Set flywheel to TDC

Note: if drive belt is removed, lock injection
pump sprocket with locking pin 2064,
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Diagnosis Il — Warm Running Problems

Adjust valve timing {continued)

.o, Install belt tension gauge VW 210 on spur
o Eﬁ;:@f/ belt between cam sprocket and pump

’:Eii—_{;m\\ sprocket,

— F Set VW 210 to 12 to 13mm.
- -"_"-\ [

_ 413:" Turn belt tensioner clockwise until |
. reference mark on tool (12 to 13mm) is
aligned with edge of barrel.

Tool US 4493 required on 1981 and (ater
Gars, to turn belt tensioner. I

Tighten tensionar nut to 33 ft lbs.
Tighten cam sprocket baolt to 33 ft.lbs.
Make sure flywheel remains on TDC.

Eeall fonztoner

Remove 2085 and 2064,
Turn crankshaft clockwise 2 turns.

Strike belt with a rubber ham mer hetween
cam sprocket and injection pump sprocket.

Recheck valve timing with
#2065 — flywheei at TDC,

Recheck beit tension with VW 210
Re-install spur belt cover/valve cover.

1 barre

3
"
§
4
¢
L
¢
*
L~
™
L
W
-
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Adjust Cold Start Advance

Push in cold start knob on dash.

Loosen cable adjusting screw at cold start
advance lever.

Push cold start lever down to lower stop on
stop brackst.

Tighten cable adjusting screw.

Recheck that cold start advance |ever
touches both the lower stop and the upper
stop on the stop bracket whenever the cold
start cable is cperated from inside the car,

Injection Timing

With cold start knob on dash pushed in,
Remove bolt from end of pump (always
replace washer).

Turn engine clockwise until flywheel is at
TDC.

Install adapter 2066 and dial gauge at end
of pump.

Preload dial gauge (about 3mm).

Turn engine counter clockwise until dial
gauge needle just stops moving.

Zero gauge.
Turn engine clockwise to TOC.

Gauge should read:

1.5 L engine
0.88 + 0.05mm (1977-80)
1.15 £ 0.05mm (1980 cars with yellow

paint det on advance cover)

1.6 L engine
0.88 £ 0.05 {1981 - 1982)(and 83 Pick-up)
0.95 + .05 (1983 Rabbit, Jetta, 4000)

Cald start
cable adjusting
SCrew

Push down o
lawer stog an
s1op bracket

Kot ot Ko

Dol 54met
Advanee lpvor

Fian:
al
purip

0.80 + 0.05 (83 Vanagon)

1.6 L Turbo Diesel
1.00 + 0.05 (1982 - 83)

Yallow paint dot,
some 1980 Rabhbils
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Diagnosis Il — Warm Running Problems

Adjust Idle Speed

ldig spead
adjusting screw

820 + 50 RPM (1977 - 82 and 83 Vanagon)
880 + 50 RPM (1983 Rabbit/Jetta)
950 + 50 RPM (82/83 Quantum, 4000}

. Loosen lock nut and turn adjusting screw.
/ clockwise increases rpm
i counter clockwise decreases rpm

D, _ h /7-/ é’g Tighten lock nut. |
= ,f-::’;)/ |

Adjust Maximum Speed

= Accelerate engine briefly to maximum
Speed stop.

1.6 L (5300 - 5300 RPM)
1.5 L (5500-5600 RPM)
Vanagon (4750 - 4850 RPM)

Adjust by loosening locknut and turning
maximum speed screw.

* F S ® BT BT E o o

Clockwise decreases maximum RPM
counterclockwise increases maximum RPM g

Maximum speed scrow
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Check accelerator cable adjustment

Lubricate accelerator lever return spring
with spray lubricant (WD 40 or
equivalent).

Check to ensure that the accelerator
lever rests against the idie adjustment
stop.

Check to ensure that the accelerator
lever moves freely and does not stick.

Depress the accelerator pedal fully and
check to ensure that the accelerator
lever contacts the maximum speed
adjustment stop.

If the accelerator cable is out of adjustment,
Cars with manual transmission —

If the throttle linkage is out of adjustment,

Loosen cable locknuts —

Depress accelerator pedal fully —

Adjust cable so that throttle lever contacts
maximum speed screw and is not strained.

Cars with automatic transmission

If throttle linkage is out of adjustment,
See page 134,
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| Warm Running Problems

Quality check
Suggested Repair Time — 50 time units
Except 1381 - 82 Rabbit/Jeita
* Start engine, allow to warm up and observe idte quality.

the idle speed is correct
engine should idle smoothly
the idle speed should not vary more than 50 RPM

* With correct tire pressure, drive car on a level road.
Accelerate to a constant speed of 35 MPH.

in 3rd gear (4-speed transmission)
in 4th gear (5-speed transmission)

& Accelerate again to full throttle and note the acceleration quality from 35 MPH to
55 MPH.

enging should accelerate evenly
engine should not lack power or smoke

» Maintain steady speed and observe performance quality.

engine should maintain adequate performance at all speeds and show no
symptoms of loss of power or smoke

1981 - 82 Rabbit/Jelta
* Siart engine, allow to warm up and cbserve idle guality.

the idle speed is correct
* engine should idle srmoathly
the idle speed should not vary more than 50 RPM

Accelerate to a constant speed of 35 MPH.

in 3rd gear (4-speed transmission}
in 4th gear {5-speed transmission}

* Accelerate again to full throtlle and note the time it takes to reach 55 MPH.

should be 16.1 seconds maximum (4-speed transmission)
should be 18.6 seconds maximum (5-speed transmission)

l * With correct tire pressure, drive car on a level road.
I

If test passed
Return car to customer ,
It test failed — if diagnosis | and Il have been compieted

Replace injection pump — except 1981 - 82 Rabbit/ Jetta see Special Repairs
page 123,
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Modiffed Injection Timing Adjustment
1981, 82 Rabbit, Pick-up and Jeita

Because of variaticns in fuel quality (cetane rating) and proguction tolerances, the
injection timing on some 1981-82 Rabbit, Pick-up and Jetta's may have {o be changed to
0.98 £ 0.05mm if the engine

* Lacks power and/or smokes excessively
* Engine misfires
* Engine surges

The injection timing can only be changed after both diagnosis procedure | and
diagnosis procedure |l have been completed.

Injectlon timing adjustment

The cold start knob on the dash must be
pushed in and the advance lever must
touch the lower stop on the stop bracket.

Remove the boit from the end of the pump,
Turn the engine clockwise until it is at TDG.

Install adapter 2066 with dial indicator and
pre-load the indicator to abaut 3mm.

Turn the engine counter clockwise until the
dial indicator needle just stops moving.

Zero the dial indicator
Turn the engine ¢lockwise until is is at TDC

Loosen injection pump mounting bolts and
adjust pump timing to 0.98 + 0.05mm.

Retighten bolts and recheck injection pump
timing.

Perform quality check, page 122.
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Vibration Problems

To correct problems of excessive vibration at idle speed, petrform the following 4 steps:
Check for installation of vibration damper (1981 - 82 only)

Check to see if the vibration damper is installed in the front bumper.
The damper helps soften secondary vibrations from the engine.

If the car already has a damper installed, check to make sure that the insulator is
instailed with the damper. If the insulator is not used, the damper will not be as
effective.

Check and adjust motor mounts

One of the purposes of the motor mounts is to insulate engine neise and vibration
from the body assembly. If the motor mounts are collapsed or if they are misaligned,
axcessive engine vibration will be transferred to the body.

The first step is to inspect the mounts to make sure they are not coltlapsed. Pay close
attention to the right side engine mount on cars with dealer installed air-
conditioning. The next step it t¢ adjust the engine mounts so they are aligned and
free of tension.

Adjust the steering column

If the steering column assembly is not installed with the proper amount of tension, it
will vibrate at idle. This will result in excessive vibration in the steering wheel and
dashboard.

To correct the probfem, loosen the clamping bolt for the steering lock assembly and
pull upward on the steering wheel to tension the steering column, then retighten the
bolt.

Adjust the idle speed

The engine idle speed should be adjusted within the specified range ,
at the point where the least vibration occurs.
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Check for vibration damper
(1981 - 82 only)

Check to see that:

The vibration damper is instailed in the
frant bumper with the insulating strip.

I not, install vibration damper.

Remove the front license plate bracket
with the plastic inserts.

Mark and drill a 10.5 mm hole midway — [ tomm M
between the license plate bracket holes )
and 44.5 mm from the back edge of the [

bumper.

Install the vibration damper with the A - Dampar
insulating strip on the inside of the '

bumper.

Insulgting
The damper weight should be towards Z-strip
the left side of the car.

Torque the bolt to 55-67 Nm
{40-50 ft. Ibs.)

Reinstall the license plate bracket.

+— FAONT BUMPER

Insulating
strip

% 55 - 67 Nm

{40 - 50 ftIbs.)
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| Vibration Problems

Check engine mounts

Visually inspect the gaps in the right and
left engine mounts to see if the mounts are
collapsed.

QOn cars with dealer installed air
canditioning:

If the right side engine mount is
collapsed, replace it with the type of
mount used on cars with factory
installed air-conditioning (refer to
parts micro-fiche).

Adjust engine mounts

Loosen the attachment bolts for the left and
right engine mounts.

l.oosen the body brackets for the front and
rear engine mounts.

Move the engine/transmission assembly
from side to side so that the rear engine
maunt is straight.

Start the engine and let it idie.

Maove the engine/transmission assembly
frontwards and backwards until;

The least amount of engine vibraticn is
felt in the front bumper.

, Hold the engine/transmission assembly at
mu’“:ff:;:;;m this point while a second mechanic tightens
the engine mounts (see next page).
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Tighten engine mounts

Tighten the mounts in the following order
1- Rear
2 - Right
3 - Left

Push up slightly on the front mount bracket
to center the mount in the bracket and
tighten.

Ad]ust steering column

Loosen the clamping bolt for steering lock
assembly.

Pull up (towards the rear of the car) on the
steering wheel with moderate pressure.

Tighten the clamping bolt to 10 Nm
(7 ft. Ibs.) while pulling up on the steering
wheel.

Adjust idle speed

Connect VW 1367

With the engine fully warm, adjust the idle
speed within the specified range at the
point where the least vibration occurs.

TOS sensar
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Oil Filter

Qil cooler
Coat surface [arew)
with ARV 138 100-02

_ il filter
Take care nat ig
loasen gil caaler when
ramaving qil filter

scalant befare installing.

Qil filter installatlon

To prevent oil leaks after installing a new oit

filter, the following procedure must be used.

Apply a film of oil to the filter gaskst {do
not use grease)

Screw on the filter and tighten it % of a
turn after the gasket contacts the flange.

Start the engine and run for 3-5 minutes
at various speads.

Stop engine and check the tightness of
the filter with special tool US 4496 (or
equlivent) and a torque wrench,

The filter must be torqued to 25 Nm
(18 ft.ibs.)

Start the engine and check for laaks

Engine with oil cooler

Care must be taken to insure that the oil

cocler is not loosened when removing the
oil filter.

It necessary, check the tightness of the nut

which fastens the oil cooler to the ol tilter
flange.

The procedure for installing the ol filter is
the same as cars without an oil cooler.
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Fuel Filter

The diesel fuel system uses a special fuel fiter combined with a water seperator. This
filter is designed to allow sufficient fuel flow while maintaining maximum filtering
capability. After market fuel filters do not always meet these requirements. if the wrong
fuel filter Is used, the result may be impaired performance or damage to the fuel system
(injection pump or injectors). It is important that only approved fuel filters are installed
during maintenance or repairs.

Fuel filter replacement

When replacing the fuel filter, the inner O

ring on the filter flange mounting stud is

not required. If the O ring is broken or lost,

operation of the filter will not be affected,

Some fuel filters have a plastic slseve to help ‘ @ 1
protect the filter from becoming punctured —
in the event of an accident. When the fuel

filter is replaced, the sleeve must be fnner

removed from the old filter and installed on © ring
the new tilter.

(]

Draining fuel filter

Varil sGrew

The fuel filter should be drained at 7,500
mile intervals and changed at 15,000 mile
intervals. To drain the fuel filter:

Loosen the vent screw

Remove the two filter flange mounting
nuts, and lift the filter assembly up.

L oosen the drain screw,

Drain the fuel into a container until the
drained fuel is pure.
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Oil in air cleaner

1.5 liter diesel, Rabbit and Pick-up.
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To prevent gil from entering the air cleaner
On 1.5 liter diesel engines, a modified
breather hose assembly should be installed.

First check to see if the modification has
already been installed, if not:

Remove hoses from the engine block
flange.

Remove the engine block flange and
instali the new flange supplied in the kit

On cars without & vacuum pump, plug
the unused connection on the flange
with the cap supplied in the kit,

Install the new crankcase breather hose
as shown in the illustration.

If the modification has been previously
installed and excessive oil is found in the
air cleaner, check the oil pressure. If the
pressure reiief valve in the oil pump is
sticking, excessive oil pressure will result
and too much oil may be supplied to the
cylinder head. This could cause ol depogits
in the air cleaner,

| Remove the oil pressure switch on back
of the cylinder head.

Connect an oil pressure gauge to the
engine.

Start the engine and measure the oil
pressure. {The engine must be fuily
warmed)

Maximum o pressure = 7 bar (102 psi)
at 5000 RPM.
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A/C Compressor Cut-out Switch

An A/C compressor clutch cut-out switch can be installed on diesels with air
conditioning. This will ensure that maximum engine power is available during full
throttle by eliminating the drag of the air conditioning compressor. A kit,

part #ZVW- 449-963, is available through the parts department.

To install the cut-out switch:

Remove the middle bolt of the
acceterator bracket.

Install the switch assembly cn the top of the
B accelerator bracket and tighten the bolt.

Some cars will have a bracket for the
upshift light switch.
To install the cut-out switch on these
. cars, grind a slot in the switch bracket as
shown.
Route the switch harness towards the A/C

7 compressor and secure it with wire tie
wraps. Top View

Disconnect the A/C compressor clutch wire

connection and connect the cut-out switch =" &32}23 il
wiring harness betweaen the two
connectors. Tem

To adjust the cut-out switch:
Move the throttle to the full throttle position.

before the full throttle position is chaded area

reached. on cars with
bracket for . {3MBin )

If neccesary, adjust by bending the cut-out upshlft light
switch bracket.

The switch should operate about 1.6mm A
Grind out O L
&mm
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Cylinder Head and Gaskel

Note: Diesel cylinder heads cannot be resurfaced.

Cylinder head gasket:
Identification/Installation

Gasket identified by part no. and number of
notches (arrows).

Marking oben on gasket must face cylinder
head.

Cylinder head gasket selection

Identification nelches Always select gasket thickness

according to piston height above top of
cylinder block.

Measurtng piston height

Measure piston height with US1026
(1027}, VW 382/7 and vW 385/17.

5 1026 ,
v or Piston must be at TDC. Determine piston
Us 1027 TDC by reading highest point on dial

indicator before measuring piston
height.

Vil 3827
VW 38517

After measuring piston height, select
gasket from following table.

Piston Projection Thickness of Gasket Identification Notches in Gasket
mm {in.) mm {in.} 1977 - 1980 (1.5L) 1981 and on (1.6 L)
0.43 -0.62 (0.017 - 0.025) 1.3 (0.051) 2 —
063 - 0.82 {0.025 - 0.032) 1.4 {0.055) 3 1
0.83 - 0.92 (0.033 - 0.036) 1.5 (0.059) 4 2
0.93 - 1.02 {0.037 - 0.040) 1.6 (0.063) L) 3

Piston height must be measured when installing new pistons or short block. Then salect
gasket according to measurement.
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Cylinder Head and Gasket (cont'd.)

Loosening/tightening sequence
Tighten in numerical order (1, 2, 3, etc.).
Loosen in reverse order {10, 9, 8, etc.).

When installing head, first install bolts 8
and 10 to center head.

Note: Do not remove a cylinder head
from a hot engine.

Tightening Procedure — 8 point bolts

Torgue in three steps: Step 1 50 Nm (35 ft.|bs.)
Step 2 70 Nm (50 ft.lbs.)

Step 3 90 Nm (65 ft.Ibs.) e
After step 3, warm up engine until ;h ____,\5
radiater fan cycles or untii il Y 5
temperature reaches 50°C (122°F}. R/

Torque head bolts again, without
backing off to 80 Nm (65 ft.Ibs.).

. Used from
Engine may be cold or warm. 1977 to most 1981 diesels

Bolts may be reused.
Tightening Procedure — 12 point bolts

Torque in three steps: Step 1 40 Nm (29 ft.lbs.)
Step 2 60 Nm (43 ft.lbs.)
Step 3 75 Nm (54 ft.lbs.}

After step 3, tighten boits ¥ turn P
{180°)(two 4 turns are DK), further '[{FI\ i
without backing off ! Illl\l l*
Warm up engine until radiator fan cycles "\“‘:;:2-"_,-----”

or until ol temperature reaches 50°C

(122°F).

Tighten bolts an additional % turn (90°). Timem 12 pt

used starting with semo 1581 diesels
Retorque at 1000-mile service an
additional % turn {(90°) without backing
off.

Engine may be cold or warm.

The 12 peint bolts must be replaced if
they are removed.
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E-mode automatic transmission

Throttle Cable Check and Adjustment Procedure

Whenever idle speed or maximum engine speed is adjusted, the throttle cable
adjustment must be checked. If this is not done, the “E” mode function of the

transmission may not operate or rough engagement of the forward clutch may be
experienced. This could resultin damage to the transmission.

Pump levar ~— ldle slop

L~ Full throttle s1op

Throttle
cakle
adjustment
150 I —
_/ Engagemant Kickdown
—- . .
SEFing Epring

| ‘ Checking procedure

_ Remove the throttle cable from the injection pump throttle lever. Check to insure that

i the throttle tever rests against the idle speed adjustment stop.

| With the transmission operating lever

| against the closed throttle stop in the Throtle cable spring assembly

| ‘ transmission, the bail pin socket in the

: throttle cable must line up with the ball pin Bafl pin socket

a on the throttle lever without any tension. i
]

Do not pull on the throttle cable spring
assembly while performing this check. This . .
will compress the engagement spring and | Engagement - Kickdown

. . spring sprirg
cause an incerrect adjustment. % 2l
=l
The transmission operation lever must pin

remain against the closed throttle stop l
while performing this check. :

Depress accelerator pedal to full throttle
position.

The throttle iever must rest against the full throttle stop on the injection pump.,

The transmissicn operating lever must be against the kickdown stop in the
: fransmission.
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Adjustment Procedure

Accelerator pedal cable

- W

Cparating laver
Accalerator Kick-down
cable stop ~—

adjustment
_ ri © a L)
L o

Thr-::ttle ran e

Closad thrattle
S0
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Disconnect the accelerator pedal at the
transmission.

Disconnect the throttle cable at the
injection pump.

Adjust the ball pin on the injection pump
lever so that the tatal travel from idle to full
throttle is 32 £ 1mm.

Adjust the throttle cable so that the ball pin
socket in the throttie cable spring assembly
lines up with the ball pin on the throttle
lever

The transmission operating lever must
be against the closed throttle stop.

The engagement spring in the throttle
cable spring assembly must not be
compressed.

Reconnect the accelerator pedal cable to
the transmission operating lever.

Have someone press the accelerator pedal
all the way 1o the floor (kickdown posittion)

The transmission operating lever must
be against the kickdown stap.

The pump lever must be against the full
load stop and the engagement spring
must be compressed.

If nat, adjust the accelerator cable at the
transmission,
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