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Learning Objectives

Learning Objectives
1 Given access 1o a computer with AESIS installed, the technician will demonstrate proficiency
8 in navigating through AESIS to locate and record procedures and specifications needed to
i nerform diagnosis during all hands-on exercises throughout the course.

o Given a list of symptorns and test readings, the technician will demonstrate proficiency in
"eritical thinking” by diagnosing the most likely cause of a specific problem daseription.

e Given a vehicie with an electrical fault, AESIS, & VAG 1598 and a VAG 1594, the technician will
perform pin-out tests on specified circuits, compare his readings to specifications, and
accurately determine readings that are out of specification.

e After participating in a classroom discussion on how fauits are generated, including hardf
sporadic, range/performance, implausibie signal, single trip, and miss-fire and random miss-
fira, the technician wiii be able tc diagnose 5 out of 7 faults set in the training vehicle, and
document the steps 1o the instructor's satisfaction.
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Learning Objectives

« After being instructed in class how 1o sately and effectively test fuel pressure and volume,
ihe technician wifl, given the required tools (VAS 5051, VAG 1318 fuel pressure gauge w/
adapters, VAG 1602 graduated cyiinders) and vehicle, perform fuel pressure and volume
tests on a vehicle, and document all measurements.

s Given AES!S, hand tools, test equipment, and a vehicle with an avaporative emissions
problern that lights the MIL the technician will find the problem and document the test steps
to the instructor's satisfaction.

s Given access 10 the VAS 5051, a test vehicle and hand tools, the technician will demonstrate
his ability to scope a variety of signals, including oxygen sensors, camshaft position sensor,
engine speed sensor, and the mass air flow sensor. He will then document and describe the
captured signals,

« After participating in a classroom discussion on how the readiness code and the short trip
monitor can be used for diagnosis, the technician will use the VAS 5051 to set the readiness
code on a vehicie and diagnese system faults to the instructor's satisfaction.
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Learning Objectives

s Given the VAS 5051 and a "bugged* test vehicle, the technician will call up measuring value

block 000 and demonstrate/document how miultiple value blocks (10 fields) relate to the
problem.

Given a multimater, hand tools, and a task list, the technician wili perform a voltage drop, a
wiggie test, and a Ground circuit test to 100% accuracy.

After participating in a classroom discussion regarding turbocharger operation, controls, and
testing, the technician will be able to compiete a shop exercise on monitoring the
rurbocharger system using the VAS 5051 and VAG 1397A turbocharger tester to the
instructor's satisfaction.

At the completion of the Engine Management Systems Level 1 course, the technician wil
score B0% or better on & final exam, consisting of true and false, multipie choice, and
matching questions. This is required to receive credit for the course, and to fulfill the
srarequisite for the Engine Management Systems levei 2 course. '

e




2003-01-16 11:37 (512) 728-0406 80406 P6

Pre-test Answer Sheet

Engine Management Systems
Course # 941002
Pre-test Answer Sheet

Name: Date:

Record the anawers to the quastions by blackening the latter of your choice for each guestion.
Eill in blanks where appropriate.
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Introduction to the Basics

W " Role of engine management

#

Pravious systems with dealt fuel and ignition
separately. The purpose of the fusl system was
10 insure delivery of the correct air/fuel mixture.
The ignition system's function was to insure
deiivery of & correctly timed and sufficiently
strong spark 1o ignite the air/fuel mixture.

in the mid-1980's, engine management sys-
temns began to cormbine both fuel and ignition
control to better control enging opgration.

Today's engine management system controls
the airffuel mixture, ignition timing and emis-
sions. Shared sensor technology allowed the
signal from a temperature sensor, for exam-

pie, to be used for several different functions.

Mixture contro! Teadback through the use of
oxygen sensors allowed more precise meter-

i, ing of the fuel.

fgnition systam feedback through the use of
knock sensors allowed optimurm spark timing
{feedback loops).

Digital data processing and micro-processor
technology made it possible to take extensive
operating information from sensors and other
input sources, and convert it 1o program-map-
controlled fuel injection and ignition data.

Today, technology enables engine manage-
ment systems to control not only emissions
and driveability, but to constantly optimize
gngine torque as well,

The itlustration below shows how shared sen-
sor technology has evolved from separate
fuet and ignition systems, 1o a modern, com-
pined engine management system.

e Ao e
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Four-stroke engine operation

An internal combustion engine requires the
proper ratios of air and fuel, combined with a
nroperly timed spark for efficient combustion.

Several support systems are required to
make the combustion process ocaur continu-
ously. The valvetrain operates the valves, the
lubrication system supplies the oil, the cool-
ing system regulates the operating tempera-
ture, and the electrical system supplies the
voltage. The engine management system
detivers fuel and spark to match the air
demands of the engine.

The mechanical systems must all wark
together to draw the combustibla mixture
into the cylinder, 1o compress it, to extract
maximum power from combustion and to
expel what remains after the compustion pro-
cess. These systerns work together to pro-
vide the support necessary 10 ke?p the
engine running,

if there is a mechanical matfunction in the
engine, it will directly affect the operation and
influence of the engine management system.
A malfunctioning engine management sys-
tem can also be mistaken for a mechanical
engine malfungtion.

Te eliminate the possibility of a mechanical
engine malfunction, cylinder leakdown, com-
pression tests, and vaive timing can be done
1o determing the internal condition of the
engine. For more detsiled information, refer
to the Aud! Engine Management SSP
#941003, page 4. '

337 6430/00
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Introduction to the Basics

Overview of Charge Air Path

Eor the engine management system tc oper-
ate correctly, the supply of air must be consis-
tent, The charge air path in a normally
aspirated engine consists of the following
components:

« Airinlet

» Air filter and housing

* MAF

* Air Intake Duct

* Throttle vaive

* |niake manifold

« Ports and valves

The charge air path in a turbocharged engine
consists of the following components:

» Airinlet

» Air filter and housing
« MAF

* Turbocharger

» Charge air cooler

* Air intake Ducts

* Throttle valve

+ Intake manifold

= Ports and valves

The illustration shown below follows the
compiete charge airpathina 77 witha 1.8
liter turbogharged engine.

Overrun shut-off
valve

Turbocharger

77

Wastegate Regulator
bypass valve N/b

Adr
Eilter
hayUsing

&
gé
1
[

Mass Air Flowy (MAF)
sengor G7

™, intake
mantfold

Hecirculation vajve

for turbocharger N249

digipl e BT
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Introduction to the Basics

Variable intake manifoid

Two multi-path intake manifolds were developed for the Audi VB and VB engines. The benefits
of these styles of intake manifolds are high torgue at low engine speeds, and increesed power
at higher RPM. Audi uses a Two stage variable intake manifold on the V6 engine and a
Three stage variable intake manifold on the V8 4.2 Liter engine.

Two stage variable intake manifold Longer, narrower path at - Dual paths combine at
) ) . low rpm for high veloeity, tigth rom for high veloeity,
The two stage variable intake manifold on the loww volurne sir flow and high valurne air flow and

VG enginge has six flaps (rotary change-over
valves) that are opened and closed by a vac-
uum servo. They are closed up 10 47100 RPM
{longer path is open) for maximum torque and
above 4100 RPM they open completely for
higher power output, The servo is electroni-
caily activated by the Engine Control Module.

QOO CYHNTE T i merm

Long path: Long, narrower diameter intake
manifoid runners supply the combustion air at
lower engine speeds to provide optimum
torque.

Rotary change-over valve rotates to open
and close the additional high-spead passage

Short path: Short larger diameter intake
ranitold runners ensure large volumes of air
at high RPM for maximum performance.

The "Ram effect” is based on the principle
that air moving through a longer but smaller
diamater column will cause the velocity to
rise. This quickly moving mass of air contin-
ues to fill the cylinder after the piston has
reached Bottom Dead Center (BDC). As
engine speed and intake air velogity increase,
the narrow diameter of the intake tube
restricts airflow, As a result a larger, shorter
tube is used at higher engine RPMs.

intake manifolg
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Introduction to the Basics

Three stage variable intake manifold

The three stage variable intake manifold is
used on the VB engine. The congcept uses two
intake manifeld flaps to produce three differ-
ent intake manifoid lengths,

intake: Manifoid Flap
Stage 3

intake Manitold Flap
Sragel

Stage 1. Lower speed range. When the
engine is switched off, both flaps are open. If
the engine ig idiing, the two vacuum units are
evacuated by the appropriate intake manifold
change-over solenoid valves. Tha intake mani-
fold flaps are closed betwsen idle speed and
switching speed.

Stage 2: Middle speed range. intake manifold
change-over vaive N156 aliows atmospheric
pressure into the vacuum unit of the stage 3
intake manifold flap, The stage 2 flap is
opened, and the intake path is shortenad.

8tage 3: Upper speed range. The stage 3
manifold flap is opened. The intake air takes
the shortest path to the combustion chamber.

11
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introduction to the Bésics

Turbocharger

Some engines use turbochargers to provide
additional air. This additional air is mixed with
additional fuel to provide greater power under
some conditions.

Turbochargers compress the air, concentrat-
ing the heat in the air, raising ils temperature.
The hot air is directed through the charge air
cooler {intercocler) whare the haat is
removed.

e L e e g
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Introduction to the Basics

Fuel delivery

For the engine managsment system 1o oper-
ate correctly, the fue! must be delivered con-
sistently, The fuel delivery system consists
of:

» Fuel tank {including filler neck and vent
system)

* Fuel pump
ruel filter
* Fuel pressure and return lines

E 3

Fuel raif
* Fugl injectors
* Fuel pressure reguiator

MO URAMA M IO ALK O

The fuel must be delivered with sufficient vol-
ume and pressure. The fusl pump must keep
up with the varying demands of the engine’s
fuel requirements, and the fue! pressure regu-
lator must maintain 8 constant fuel pressure
in relation to manifoid pressure.

Gasoline properties

For the engine management system to allow
the engine to operate at peak efficiency and
power, the gasoline used in the vehicle must
meet required octane specifications.

Aiso, if gagoline sits for an exiended period of
time octane gan evaporate form the fuel, and
the resulting "varnished rasidua” can clog the
fuel system. This can contribute to hard start-
ing, reduced performance and driveability
complaints.

1. Fuel tank

2. Eugl pump
3. Fuel filter

4. Fuei rail

E; 5. Fuel pressure
b regutator

8. Fusl injector
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Fuel pressure regulator W%
o When the engine is at idle, the rmanifold vae- The chamber above the diaphragrm and spring
! uum is high. When a fuel injector opens, fuel  assembly connects to the intake manifoid
. pressure forces the fuel out of the nozzls. through a hose. When manifold vacuum is
o Manifold vacuum also helps draw fue! out of high (idle or deceleration), the vacuum is
. the nozzle. As the throttle opens, manifold applied to the diaphragm in the fuel pressure
- vacuum drops off, making less of a contribu- regulator, working against the spring tension
: tion to the guantity of fuel being injected. To on top of the diaphragm. This causes the dia
i) compensate for this loss of fuel volume, the phragm to [ift off the port at a lower fuel pres-
3 fuei pressure regulator must raise fuel pres-  sure. As manifold vacuum drops off on
o sure so that a consistent volume of fuel is acceleration or cruise, fuel pressure
. delivered. increases.
To ensure consistent fuel volume for any Turbocharged engines
iver: injector pulse width, fue! pressure must ,
\%rv witjh the ghanging mamfnlt? vacuumjpres. O turbocharged engines, as the system
sure, For this reascn, a manifold pressure line 9785 110 boost, when the injector opens,
is attached to the top of the fuel pressure reg- there is manifold PressUre 0pposing the fuel
UIator, pressure. 1o ovarcome this resistance, the
boost pressure is applied to the diaphragm
Fuel pressure is centrolled by a spring loaded and sprfng‘assembfy to raise fuel pressure to N
diaphragm, closing off the port to the fuel counteracting the manifold pressure. Fue vol- @W%\
return line. As the fuel pump pushes fuel into  YMe remains constant for any fuel injector o
the fuel rail, the pressures rise to the pointof ~ PUISe width, regardless of manifold vacuum
lifting the diaphragm off the port, bleeding Or pressure.
o excess fuel pressure into the fuel retum line.
This maintains a constant pressure differen-
. tial.
1. Intakevmanifold conneetion
Z. Spring
3. Valve holder
4, Diaphragm
5. Valve
B. Fuel supply
7. Fuel refiirn
Higher Engine Load Lower Engine |Lcad
{Closed) ({Open)
14
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Introduction to the Basics

Air/tuel mixture formation

The function of the fuel system is to deliver
the correct air/fuel mixture to the engine at &ll
times. The optimal air/fuel ratic for complete
combustion is 14.7 parts air to 1 part fuel by
mass. This is referred to as the stoichiomet-
ric ratio.

The air/fuel mixture is referred to by the
Greek letter A (Lambda).

On an engine at normal operating tempera-
ture, it is important to maintain A = 1. This
aliows for optimal catalytic converter opera-
tion.

Mixture corrections must be made by the
enging management system as required to
satisfy the differing engine demands encoun-
tered under any given driving condition,
Because of the importance of the fuel mixture
under a varigty of operating conditions, the
air/fuel mixture must be adjusted constantly.

In modern systems, a feedback loop using
oxygen sensors for the primary input is used
for this adjustment.

The period of time after an engine start when
the oxygen sensor is not at operating temper-
ature, and therefore not used, i called open
loop operation. This condition can occur
after either a cold or warm start. Conversely,
engine operation with a valid oxygen sensor
signal is called closed loop operation,

For rmore information on open loop and closed
loop operation, please refer to the Audi
Engine Management Systems SSP # 941003,
page 9.

Closed Loop Operation

Oz sensor
shows fich mixture

Control madule
enriches mixtura ‘

V GContol module
" leans mivture

{0z sensor

shows lean mixture

551 8410/08
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Adaptation

Ail Audi engine management systems with an
oxygen sensor adjust to changing conditions
while the engine is running.

The ECM uses the oxygen sensor signal to
determine the oxygen contant of the exhaust
gases. It then determines if the injector dura-
tion needs to be lengthened or shortened to
achieve the optimum airffuel ratio of 14.7: 1.
This fine control range is referred to as short
term fuel trim.

The Engine Control Modula {(ECM) eontaing
information, or pre-prograrmmed values, o
contral fuel mixture based on the oxygen sen-
sor signal, Certain operating conditions, such
as componant wear or maffunction, un-
metered alr (leaks), and fuel pressure abnor-
malities extend beyond the ability of the sen-
sar to control the airffuel mixturs. In this case,
the ECM miakes adiustments to the mixture
based on the pre-programmed values. This
coarse control range is referred to as long
term tuel trim, or adaptive learning .

For more detailed information, refer 1o the
Audi Engine Management Systerms SSP #
841003, page 46.

System Adaptation - Balanced

Coarse
100%

0% —Lh

Fine
— 100%

WY

—ppel

-H0%

D— ‘100%

Control
Range

SEF 84107185

System Adaptation - Lean

Coarse

Fine

100%

0% g,y

=

- 1009,

100%

-V

—— _1{}0%

Control
Range

SSP 84107186

System Adaptation - Rich

Coarse

100%

0% —

S\

Fine
—  100%

-100%

-100%

{orntrol
Range

S3ERF BA10A18T
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Introduction to the Basics

Ignition systems

The function of the ignition system is to
ensure delivery of a correctly timed and suffi-
ciently strong spark to ignite the airffuel mix-
ture,

Early systemns were electro-mechanical using
a mechanical switch (ignition points), white
later systems substituted eiectronic in place
of the pecints. Both of these systems usa a
mechanical distributor 1o insure delivery of
the spark to the correct cylinder.

For more detaited information regarding the
ignition system and spark plug functionality,
refer to the Audi Engine Management Sys-
tems SSP # 941003, page 12,

- Distribanten
-G

=
- Dyar cap
SRP dafle
o Lismibuior
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Introduction to the Basies
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Emissions systems
o The function of the emissions system is to * Three-Way Catalytic Convertar (TWC)
T minimize all unwanted vehicle emissions. {reduces Hydrocarbons [HC], Carbon

Menoxide [COJ and Nitrogen Oxides [NOy))
The following systems are all considered

components of the emissions system: * Positive Crankease Ventilation (PCV)

i * Fvaporative Fmissions (EVAP) ireduces Hydrocarbons [HC])

E freduces Hydrocarbons [HC}) Of the above systerns, only EGR and EVAP
ok * Leak Detection Pump (LDP) directly contribute to the combustion process,
reduces Hydrocarbons [HC)) where the other systems reduce emissions

) after combustion has ocourred.
* Exhaust Gas Recircuiation (EGR)

(reduces Nitrogen Oxides [NOxl) Maintaining Lambda within the operating win-
* On Board Refueling Vapor Recovery (ORVR) ~ dow of between 0.97 snd 1.03 results in min-
(reduces Hydrocarbons [HC]) imum leveis of Hydrocarbong [HC)) and
L Carbon Monoxide [CQJ. This represents the
* Secondary Air Injection (AIR) best compromise in averall performance vs.
{reduces Hydrocarbons [HC]) and Carbon emissions (see graph below)
Monoxide [CO])
L0, COz 02 (% vol)
14* ”"ﬂ?w“
i
NOx HC(PPMI A | i§ i
Q\ T . Carbon Dioxide
P 2000 12 prmm—itpe v i {COat
- 3 E
ok 10 ‘ [Richy &' el an) - Garbon Monoxide
b \’{\ i D col
G 1560 4 / ;j‘i’ L . -
o £ ) ]
) ) ", N ¢ ! : ﬁ‘"”%i
‘\”ﬂh’;\‘ f i § .;w' . = Oxldes of Nitrogen
0004 & i AV, : ‘ “3 ;f"” o (NOd
i%\‘\ \3{\ 1 ‘ 5 .
He M .“ﬁ 5 \ % ™y, - Hydrocarbons
4 “ - ; R
;ﬂh\‘\ ! ' Mgt
500 1 F ' s :
2 ‘ Wl\“”%. st "" ‘.,w""'w(
o 7 i M' “ ;:.:-W o e mgﬁn
m\bhn R . “ rrw
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Introduction to the Basigs

Oxygen sensors

Pre-catalyst oxygen sensors monitor combus-
tion afficiency, and are located in the exhaust
before the catalytic converter, Oxygen sen-
sors measure the oxygen content of the
exhaust 1o obtain an indication of instanta-
neous engine cperation,

Post-catalyst oxygen sensors {OBD 1) moni-
tor catalytic converter efficiency, and are
locate in the exhaust at the outlet of the cata-
lytic convertar, Post-catalyst oxygen sensors
measure the oxygen ievels in the catalytic
converter to obtain an indication of converier
efficiency and condition. if the levals are out
of specification, the post-cat sensor will iillu-
minate the MIL.

Oxygen sensors must be at operating tempera-
e 10 be accurate. Because the oxygen sensor
needs to reach operating temperature quickly, a
heating element is integrated into the sensor,
This enables the temperature 1o be maintained
despite changing operating conditions.

In; |}

i Daze matarial
(subatrated

Catalytic converters

A Three-Way Catalytic (TWC) converter is so
named because it takes the three major
exhaust pofiutants and changes them through
reduction and oxidation. The pollutants are:

* NOy {Oxides of Nitrogan)

* HC {Hydrocarbons)
* CO {Carbon Monoxide)

The output from a nermaily operating TWC
consists primarily of:

* N, (Nitrogen)
» (O, (Carbon Dioxide)
* H,0 (Water)

These substances are much less harmful than
untreated exhaust gas.

Tl BN
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OoBD Il

Emissions reductions brought about as a
result of OBD | technoiogy evolved into the
next generation of on board diagnostics, OBD
H.

Beginning with the 1996 mode! vear, all Audi
passenger vehicles are equipped to meet the
new OBD #l diagnostic standard. OBD Il is a
refinement of the older OBD ! standard.
These new standards encompass more than
engine operating parameters alone. Additional
engine management components, engine
and fuel systams, and non-engine systems
are monitored as part of the OBD 1l system.

08D Il standards include:
* Standardized diagnostic connection and
location in the driver's area

* Standardized BTCs for all manufacturers

*+ Retrieval of DTCs by commercially available
diagnostic equipment (generic scan toois)

* Retention of operating conditions present
during a monitored malfunction

+ Standards governing when and how &
monitored malfunction must be displayed

» Standardized names for components and
systems

The monitored components and systems
include:

» Three-way catalytic converter

® Oxygen sensors

* Engine misfire deteetion

* Secondary air injection

» Exhaust gas recirculation

» Evaporative emissions control and system
integrity

ruel distribution system

All sensers, components, and inpyts
associated with the ECM

* Automatic transmission {emissions-related
functions}

[

For more detailed information regarding OBD
t, refer to the Audi Engine Management Sys-
terns SSP # 941003, page 107.

20
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Safety

Warnings and Cautions

Before proceeding with this course, a review
of several possible hazards, along with safety
precautions, is necessary. AESIS containg a
comprehensive list of these safety precau-
tions and warnings. In this section we will
summarize some of them. Always consult
AESHS for the specific Warnings and Cautions
relating to the tasks you are performing.

On the AESIS control panel, within the row of
vertical buttons, is a button with red text
labeled Warnings and Cautions (see illustra-
tion belowj. When you select this option,
Warnings and Cautions appear on screen.
These items cover general shop and personal
salety, as well as safety for specific svstems
and procedures.

Before starting a task or repair, always check
the AESIS table of contents for Wamings and
Cautions that are specific 10 that particular
Repair Group. The illustration below shows
the A6 Fuel Supply Safety Precaution sereen,
listing specific Wamnings and Cautions refating
to Fuel Supply.

For Warnings and Cautions relating to specific
tasks, select applicable vehicle from vehicle
screen, choose a system and Topic {Repair
Group). then select the Safety Precautions
topic from the Table of Contents. Not all
Repair Groups list separate Safety Precau-
tions, For those that do, always observe
thase extra precautions, in addition to the
general items listed.

Bafety precautions when working an the fuel
supply system

WARNING !

Flag! LR MESs 8o Lhdor pressuiet Ratere
FRMOVING TrOMm HOGE CORNBntian wran 3 sioth
WOUNY Ttha LonnEeHen. Thar raieane prassuys by
narerully puliing hose off connesting,

Wwrien removing and installing the fuel paugs 2enasy oy
Tuel durng fuet detivery unit) from a full or nath ful
Tued tard the folowing must be ohservid.

*

Before commencing work, switeh on exagst
extraction gyatem and place an exdragtion hose
cinse 1 the senger apsming in 1he fuel ek io
aedract BsCaping petrot fAumes, If no exhaus)
extraction system s avaliadie, a radial fan {as tong
as motor e nod i S fow) wth 7 tspasement
grester tiwan 15 m¥n ean he ysed,

Prevent akin eortast with tus!l Wear fustresisiant
gloves!

e T




Gasoline is highly flammable. The atiributes
of gascline that make it a good fuel for motor
vehicles also makes it hazardous. Fue! sys-
tem safety invoives the following areas:

Fire protection

* Fuel supply lines are under pressure!

* When working on the fuel system, the
battery ground strap should be
disconnected. Where this is not possible
{sueh as when checking fue! pressures), it
is advisable to be prepared to quickly
disconnect the ground strap.

* Never smoke when working on the fug!
syster, and never work near equipment
with a pilet light (such as & shop heater or
water heater).

* Use caution with drop lights. Broken
incandescent bulb filaments can ignite
spilled fuel and oil. Only approved designs
with protected buibs shouid be used.

* Always keep at least one inspected and
approved fire extinguisher of the correct
type handy and ready for immediate use.

* If a vehicte will be stored with an open fuel
system, take appropriate precautions 1o
insure that the fuel does not leak out,
particularly if the vehicle is parked indoors.

° Use care with the storage of gasoline-
soaked shop cloths duse to the danger from
spontaneaus combpustion. As with fiquid
gasoline, store only in containers designed
for this purposa.

Eye protection

Eve protection ig vital. Fus! spiashed inte the

eyes can ¢ause blindness,

 Always wear approved eye protection.

* Know the location of the nearest inspected
and approved eyewash station before
starting work on a fue! system.-
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Safety
Fuel Systam Safety Hand and skin protection

Fue! spilied onto exposed skin can be painful,

Fuel sprayed onto the skin from high pressure

sources (such as fuel injectors) can be forced

through the skin and directly into the blood
causing blood paisoning.

* Suitable hand protection should be womn at
all times when working around fuel,
particularly when working around fuel under
ftessure.

* Always wear appropriate clothing, such as
shirts with fong sieeves, aprons and other
protective clothing

Breathing protection

Aside from the weli-known dangers of carbon

monaoxide {CO) poisoning associated with

engine operation, fuel vapors are also hazard-

OLs,

* Never work on any part of the fue! system
in an enclosed area.

* Avoid breathing fue! vapors by working in a
weil-ventilated area. Never work in an
enclosed area.

* Always use the shop exhaust and
ventilation systems when running an
engine inside & building.

Summary

Safety is an ongoing process involving many
people. Take a few minutes and ioecate the
hazards and safety devices mentionad. Look
up, write down and post ths phone numbers
for the emergency services in your area, In
many areas dialing 911 will bring assistance.
Gheck your local area for specific numbers.

Being aware and being prepared can elimi-
nate rmany hazards.

22
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AESIS

AESIS functionality

The Audi Electronic Service Information Sys-
tem (AESIS) could be the most valuabie tool
in your toolbox. AESIS is organized according
to the same principles as the paper version of
the Audi Worldwide Repair Information Sys-
tem.

The repair information is divided into;

* Repair Manuals

* Wiring Diagrams

= Technica! Bulleting

* Suggested Repair Times
* Warnings and Cautions
+ Component Locations

The three basic components of the AESIS dis-
play are:

= Main Viewing Window: displays repair
information. The main viewing window is
the white window that fills most of the
screan.

+ Title Bar: provides context for Repair
Information. The title bar is located at the
top of the screen.

+ Control Panel: access to functions within
AESIS. The Control RPanel is located on the
right-hand side of the screen, it is made up
of buttons.

For information regarding AESIS navigation,
reter to the Audi Electronic Service Informa-
tion Systermn (AESIS) User Reference booklet
that is delivered with each subscription.

Updated CD-ROM sets containing new Repair
Manual information and newly issued Techni-
cal Bulleting will be deliverad approximately 4
to 6 times per vear, as the volume of new
data requires.

Throughout this class you will be using AESIS
1o identify component iocations, wiring dia-
gram info, Warnings and Cautions and spe-
cific diagnostic procedures.

User Notes

While in AESIS, it is possibie to highlight the
text in areas of interest and make notes
within AESIS for future reference. For
instance, while in the oxygen sensor section,
you can highlight the words “oxygen sensor”
and make a user note like “do not use silicone
based iubricants to test the fuel system, or
OXygen sensors can be damaged.”

Refer to page 172 in the Audi Fngine Man-
agernent Systerns SSP # 941003 for specifics
reiating to:

+ Help Line/Tech tip line
+ AESIS Feedback Form

Discussion questions:

What are some of the ways you use AESIS
at the dealership?

Have you ever called the HELP line?

Can you think of an error or omission in
AESIS that if corrected could save some-
one time and energy during a ropair?

R e e e
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Scan Tool Overview
Scan Tool {(ST) overview Note:

One of the most powerful troubleshooting
tools available to the technician is the
VASB051 Vehicle Diagnostic Testing & infor-
mation System and the VAG 1551 Scan Tool
(ST). These scan tools can also operate as a
“generic” scan tool using address word 33,
though the preferred method of communica-
tion for Audi technicians is via address word
01,

The key to using the scan tool effectively is
understanding all available operating modes
and the menu structure. The foltowing illustras
tion outlines the VAG1551scan tool menu
structure, as well as that of the generic scan
tool.

Address word 33 allows access to the generic
scan tool function of the VAGT55T or
VAS5051, and allows for several expanded
functions.

One of the most helpful functions is access to
“Fragze Frame” data. This data documents
the exact operating conditions under which g
Diagnostic Trouble Code (DTC) is stored.

Additional address words affecting the
engine management system:

* Automatic Transmission, address word 02
* Air Conditioning, address word 08
» Anti-lock brakes, address worg 03
» Comfort & Convenience, address word 46

* Airbag (crash signal to disable fuel pump),
address word 15

* Instrument Cluster, address word 17
» CAN-Bus, address word 19
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Data | lode
’ Imlﬂ
0% Engine 2% ORE I Generie]
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Acddruss ) H I T - I 1
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Motronic System

Learning Objectives:

* Identify and locate Motronic system components using AESIS,
* Review VAG1551 scan tool and generic scan too! functionality and menu structure.
* Monitor specific Motronic component signals using VASE051{DSO) with VAG1 598/31,

VAG1851, multimeter,

*+ Understand relationship between all Motronic components and the engine management

systam,

Motronic sensors and actuators

ECM inputs (M5.9 and ME 7)
» Mass Air Flow (MAF) sensor

* Engine Speed (RPM) sensor

* Camshaft Pasition (CMP) sensor

* Engine Coolant Temperature (ECT) sensor
* |ntake air temperature sensor

* Charge air pressure sensor (ME 7 only)

* Additional signais from other systams

Combination systems
* Flectronic throttle contro

- Accelerator pedal module
- Throttle valve control module J338
- ME 7 throttle angle sensors
- ME 7 throttle angle motor
* Leak detection pump

ECM outputs
* Fuel injector

* Fuel pump relay

* ignition primary switching

* EVAP canister purge regulator valve

* Intake manifold change-over valve

* Secondary Air injection {AIR) relay

* Secondary Air Injection {AIR) solenoid valve
* Charge air pressure regulator vaive

* Re-circulating valve for turbocharger

Additional signals
The Motronic ECM also recaives inputs from

and provides inputs to other system control
units. This interaction is iliustrated below.

kock Airbag
and Cantral
Alarm Maodule

ABS Control
Unit

A/C - Heating Transmission
Conmrol Controd
Unit Modula

Instrument
Cluster

Coolant Fan
Control
Modle
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Motronic System

Sensors
Mass Al Flow Sensor G70 I
Engine Speed (RPM) Sensor G2g
i
Engine Contro
Camshaft Fesition (CMP) Sensors ™ Moduls (ECiv)

{Bank 2) G40 and (Bank 1) G183 J220

Heated Oxygen Sensors HO2S)
39 and G108: 8130 and G131

Throttle Valve Control Module S8

with Angle Sensor (1) G187 and (2) G1as
for Throttle Drive (Power Accelerator
Actugtion} G186

Intake Air Termperature {IAT} Sensor (42

Engine Cootant Temperature {ECT)
Sensor (37 and GB2

Charge Air Pressure Sensor G371 Data Link Connector”™

{OLG) :
Knock Sensors (KS) {Bank 1 (61
and (Bank 2) GE

Accelerator padal module with accelarater
POSITion senders G78 and 8185

3

Brake Light Switah F ang Brake Padal
Switeh 47

Ciuteh Vasuum Vent Valve Swvitch F36

Additional Signals

SEP 8420108
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Motronic System

Aectuators

Fual Pump (FP} Relay J17 and
Fuel Pump (FP) G6

W

Fual injectors N30, N31, N3Z, N33

Pawer Qutput Stage N122 and lgnition Coils
N (Cyl. 1)

NT28 (Cyh.2)

NIBB {Cyl.2)

N162 (Cyl.4)

EVAR Canister Purge Regulator Valve NEG

Wastegate Bypass Regulator Valve N75

Thrattie Valve Control Module J238
with Throttie Drive {(Power Accelerator
Actuation) G186

Racirculating Valve for Turbochargers N249

Oxyaen Sensor (O78) Haatars
219 and 228, 798 and 230

Fault Light for Electronic Throtte
Controf K132

Additongl Signals

SHP BAz08
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System Authority

Contrary 10 popular betief, the oxygen sensor
s not always responsible for a fual mixture
problem.

Actually, injector on-time |s primarily a func-
tion of both RPM and air flow. RPM deter-
mings the frequency of injection, and air flow
detarmines the duration of the injector pulse,
Aithough other sensors have an affect on mix-
ture, RPM and air fiow have the greatest infly-
ence during almast all operating conditions.

Under certain operating conditions, specific
5eNsors have a greater influence on the air/
fuel mixture. To disgnose a malfunetion prop-
erly, it is critical that the technician knows
which sensors have the greatest authority
during each operating condition. By analyzing
the aperating condition relating to the mal-
function, you can save time and maximize
your troubleshooting effort,

The operating conditions are as fallows:
Open loop

In apen loop the engine is cold, and the oxy-
gen sensor is not yet up to operating temper-
ature. During open loop the coolant
temperature has greater authority than other
sensors in the system,

Closed loop

When the oxygen sensor is Up to temperature
and operating properly, the system goes into
cloged loop aperation. The oxygen sensor
maintains the fuel mixture at 14.7-1 by
increasing and decreasing injector on time,
but does not necessarily have the greatest
influence on fua! flow.

Warm up enrichment

The engine coolant temperature sensor and
the intake air temperature sensor control
warm up enrichment (cold operation).

Before the engine is at operating temperature
the injector pulse will increase o enrich the
mixture. As the engine warms up, the injector
pulse decreases, At normat operating temper-
ature there is no need for fue! mixture correc-
tion,

If & warm-yp driveability problem exists, pay
particuiar attention to the engine coolant tem-
Rperaturs and intake air temperature Sensors.

Acceleration anrichment

The signals from the throttie position sensor
affect enrichment. This enrichment pravents
hesitation at initia! acceleration,

Deceleration (injector cutoff)

During deceleration {engine braking), the
throttle position sensor sends g signal to the
ECM, shutting off fuel delivery to the cylin.
ders.

ldie/cruise

Although the accelerator pedal position hag
authority over the airffuel mixture during con-
ditions of low ot stable engine loads (idle or
Cruisel, the oxygen sensor has the highest pri-
ority.

Complete the table on the next page during
the discussion on system authority in clags.

28
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Motronic System
System Authority for Engine Management
- Loop: Base Injector Greatest Some
Condition Open/Closed Pulse Width Authority Authority
Coia st open AL ger AT
.7 , pr
Warm-up C l & ‘»U{ / e T ] AT / /./(j b}g
Warm idie C( O5d g H 015 Fe’T
Warm Cruise C’ ’ 040 ﬂg’ﬁ H /') 0») S T} 75
Qpea i ey o)
Warrn WOT Trp ) ( HO5 S
Ch e %ﬁﬂk o /
Acceleration 5 A«
Clo i;(_?; { ﬁ/ HO2 5 )
oy / TP /TP A
Daceleration # (- (. ee ﬁ ’ TF“}/ ( /L}} (9;1 g )
Ao G4 Ves

Notes:
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Motrnnh Heyiew Notes
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Fault Generation

Learning Objectives:

* Given a list of symptoms and test readings, the technician will demonstrate proficiency in
“critical thinking" by diagnosing the most ikely cause of a specific probiem description.

* After participating in a classroom discussion en how faults are genarated, inciuding hard/
sporadic, range/perfarmance, implausible signal, single trip, and miss-fire and random miss-
fire, the technician will se able to diagnose 5 out of 7 faults set in the training vehicle, and
document the steps to the instructor's satifaction.

Engine Control Module (ECM) fault
recognition

Audi engine management systems have the
ability to diagnose and identify the following
failure conditions: ‘

s High input

* | ow input

* impiausible signals

ECM inputs (sensors) and outputs {actuators)
are powered in one of two ways;

* The ECM suppiies a ground signal and the
B+ is supplied from the fuse/reiay panel.

* The ECM provides a reference voltage and
monitors the voltage drop across the
Sensor's resistance (e.g. engine ooolant
temperature sensor),

The Motronic ECM monitors component
functionality by measuring the voltage drop
across the component,

5 Volts

Operational Voltage Range

Each sensors operational voitage range is
tound within the total voitage range of the
Sensor. In the graphic below, the total voltage
range of the sensor is 5 Volts, and the normal
operating range of the sensor is between.5
Voits and 4.5 Voits, When the control madula
measures a signal that is outside of the nor-
mal operating range a Diaghostic Trouble
Code {DTC) is set,

Note:

Voitage threshelds discussed here for DTC ;
generation may vary, and are used for exame
ple only. :

For more information, refer to the Audi
Engine Management Systems SSP #8641 003,
page 22,

4.5 Vplt

Total Voltage Range

5 Volts
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Component Monitoring Exercise

In this exercise you will build the circuitry for
three types of sensors and actuators;

* NTC sensor (engine coolant temperature)
* Potentiometer (throttle position)
* Solenoid valve (fuel injector)

Materials needed:

* Breadboard

* Bag of components and hardware
* Styrofoam cup with hot water

& Multimeter

NTG {2-wire sensor)

In the case of a two wire NTC sensor, the
self-diagnosis circuitry measures the returned
reference voltage from the sensor.

The Engine Coolant Temperature {(ECT) is an
example of an NTC sensor, As the tempera-
ture &t the sensor increases, the internal
resistance of the sensor decreasss. Ag g
resuit, the voltage drop across the Sensor also
decreases.

NTC Sensor Cireuit

. Control
odule

Low Resistance/
~LOW Voltage

High Resistance/
High Voltage

ﬁ‘ Gl i,
w

Refer to the schematic diagram projected by
the instructer in the classroom, Build the nor-
mally operating cirouit shown at bottom, left,

At ambient or room temperature, what is
the voltage drop across the sansor?

Dip sensor in a cup of hot water What is
the voltage drop acrozs the sensor?

When the ECM measures 3 voltage above 4.5
Velts, it is identified as an implausibie signal.
Because of the high voltage input, the ECM
sees this as either an Open circuit or a short
cireuit to battery positive, A "High Input” DTC
is set.

Open NTG Sensor Circuit

B

_Break in the Wire
High Reslstancs

Low Resistance/ I
¥ Low Voltage }

High Resistance/
High voltage

After opening circuit. what is the voltage
drop acrass the circuit?

32
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Fault Generation

When the ECM measures & voltage below
200 mV, it is aisc identified as an implausible
signal. Because of the low voltage input, the
ECM sees this as either a short ¢ircuit to
greund, or a low input voltage, A “Low Input”
DTC is set.

Shorted NTC Sensor Circuit

Sharted 1o Ground
Low Resistance

Low Resistance/
1" Low Voltage

 High Resistance/
| High Voltage

After shorting the ECT sensor, what is the
- voltage drop across the circuit?

Potentiometer (3-wire sensor)

In the case of a three-wire potentiometer, the
first wire is the voltage drop across the vari-
able resistance sent 1o the ECM, the second
wire is Ground, and the third is a reference
voltage.

The throttle position sensor is an example of
a three-wire potentiometer, As the throttle
opens, the resistance varies, causing the
resistance to change,

Refer to the schematic diagram projected by
the instructor in the classroom. Build this nor-
mally operating potentiometer circuit.

What is the voltage drop voitage drop
across pins 1 and 2 on the potentiome-
tor?

Three-wire Sensor

33

T R



2003-01-16

11:53

Fault Generation

(512) 728-0406

80406

P 35/61

When the ECM measures a voltage below
200 mV, it is also identified as an implausible
signal. Because of the low voitage input, the
ECM sees this as either a short cireuit 10
ground, of & low input voltage. A “Low Input”
DTC is set.

Short to Ground

- Controt
- Module |

Shott pins 1 and 2 together. What is the
voftage drop voitage drop across pin 2 on
the potentiometer and Groundy

Open the circuit at pin 3 of the potentiom-
eter. What is the voltags drop voltage drop
across pins 1 and 2 of the potentiome-

ter?

Whan the LCM measures a voltage above 4.5
Volts, it is identified as an implausible signal,
Because of the high vaoltage input, the ECM
sees this as either a short circuit to battary
positive or loss of Ground. A “High Input”
DTC is set.

Loss of Ground

Short to Power

Open the circuit at pin 1 of the petentiom-
eter. What is the voltage drop voltage drop
across pin 2 of the potentiometer and

Gmuqd?

34
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Fault Generation

Output circuit (actuators) monitoring

The fuel injector circuit or actuator regeives
power typicaily from a relay or fuse. The ECM
supplies the Ground that turns the actuator
on.

The ECM detscts faults internally by monitor-
ing the voitage drop of the actuators on and
off eyeles with self diagnosis circuitry within
the ECM. When the injector is not energized,
the ECM expects to see supply voltage at
output stage circuit inside the ECM.

When the ECM closes the Ground circuit, the
ECM expects to see a voltage drop between
0.2 and 0.8 Voits. i the wrong voltage is mea-
sured, a DTC will be set.

A fuel injector is an example of an output
actuator.

Refer to the schematic diagram projected by
the instructor in the classroom. Build this nor-
mally operating actuator circuit,

With the switch open, what is the voltage
drop across the switch?

With the switch closed, what is the volt-
age drop across the switch? _

Open the switch. Disconnect wire from the
fuse to the fuel injector (open ecircuit).
What is the voltage drop across the
switch?_ :

Close the switch. What is the voltage drop
across the switch? —

Short circuit the switch with the switch
open. What ie the voltage drop across the
switeh?

Reconnect the wire from the fuse to the
fuel injector. Keep short across switch.
What is the voltage drop across the
switch?

Summary

The ECM monitors both sensors and actua-
tors, continually measuring the voitage drop
across the compohents. If the voltage drop is
incorrect for the given operating conditions, a
DTC is set.

Qutput Monitor Circuit

---------- —12v

Davice OFF

b W

Valtage HIGH
12v

Devics ON

l WYolthge LOW
iz

35
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Notes
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Fuel Delivery

Learning Objectives:

* After being instructed in class how to safely and effgctively test fuel pressure and volume,
the technician will, given the required tools (VAS 5051, VAG 1318 fuel pressure gauge wy
adapters, VAG 1602 graduated cylinders) and vehicle, perform fuel psi and volume tests ona

vehicle, and document alf measurements,

Fuel pressure and volume

it is critical that the fuel system can consis-
tently provide fuel in the correct quantity and
pressure.

When a vehicle exhibits driveability problemns,
fuel pressure end volume tests must be per-
formed 1o identify the condition of the fusl
system. These tests include:

* Fuel delivery volume test (rate checking)
* Fuel pressure test |

* Residual pressure test

* injector leakage test

* Injector quantity test

« Current draw test

* Current draw test for fuel pump

What kinds of symptoms may indicate
that a fuel system test should be per-
formed?

* driveability problems

* hard of no starting {hot and cold)
* mistire

» current draw

* staliing

* Cutout

* adaptation problems

Example of fuel volume ve, pump voltage

. e SH1/308
Nl [ L. } 750
J 700

: P Ay
f s 1600
— e E‘. 550
- {500

g t r {480
400
a5t
1 300

ENEEER

H v

10.2

Note:
Always refer to the latest repair information
for specifications.

Affects of fuel pressure on system
adaptation

The engine management system uses the
feedback from various sensors (including the
oxygen sensor) 10 adjust the injector pulse
duration for optimurm mixture formation. If
the fuel system is not functioning corractly,
the angine management system attempts to
adapt 1o these conditions. If the malfunction
is minor, the system will adapt, and operation
wili not be affected. If the malfunction is
major, the adeptation could exceed adaptation
limits and cause a DTC to be storad in mem-
ory. The engine managemen! system will
then attémpt fo protect the engine by defauit-
ing to pre-programmed values (emergency
running maodey.

Some possible problems can include &
plocked fuel filter, malfunctioning fuel pump,
clogged fueld tank vent line, malfunctioning or
clogged fuel injector, and malfunctioning fuel
pressyure reguiator,

37
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Fuel Delivery Quiz

The following questions apply 10 & m.y. 2000
Audi A4 with the 1.8 T engine.

. Voitage to the Motronic System fuel
pump is supplied by:

A. The Engine Contral Moduls
~B. The ignition switch
C. The fue! pump relay

D. The load reduction relay

2. When installing the fue! delivery unit in
the fuel tank, the flange seal:

A. Should be coated with engine oil to
@ase assembly,

B. Shouid be instalied dry to prevent shift-
ing of the seal.

C. Should be lubricated with gassfine.
D. Should always be replaced.

3. Allof the foilowing tasks must be per-
formed to check fuel delivery EXCEPT:

A. Measurs battery voltage

B. Engine must be at operating tempera-
wure,

C. Disconngot the vacuum fine from the
fuel pressure regulator,

P. Connect a remote contro! switch in the
fuel pump circuit.

4.

ﬁmmﬁ’u

P
#

If the fuel delivery rate tast shows a low
delivery rate when tested at the fuel line
connection in the engine compartment,
what should vou do?

A. Replace the fuel pump.

B. Check the delivery rate bafore the fuel
filter,

C. Check the fuel pressure.
D. Perform an injector quantity test.

Which of ths following DTCs could stig-
gest the need for a fuel pressure and vol-
Ume test?

A.Both Cand D,

8. Oxygen sensor no signal.
C. Fuel system too rich.

L. Fuel systam too iean.

The vehicle fails a residual fue! pressure
1est,

Technician A says that the fuel pressure
regulator could be faulty,

Technician B says that the fuel pump
check valve couid be Jeaking. .
Whe is right? H
A. Technician A only ‘
B. Technician B only

C. Both technician A and B

D. Neither technician A nor B
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Fuel Delivery Quiz

A fuel injector guantity test can be used 9.
to locate the causes of ail of the following
conditions EXCEPT:

A, Lean mixture probiems

B. Engine misfire problems

C. Low engine performance probiems
D. Oxygen sensor probiems

A 2000 A4 is experiencing leakdown dur-
ing a residual fuel pressure test. The tech-

nician notices that one injector drips fuel 10,

at a rate of ane drop every two minutes.
What should be done?

A. The injector should be replaced,

B. The search for the drop in residual
pressure should focus slsewhere,

C. Substitute the injector with a known
good component and perform the test
again.

[. Replace the fusl pressyre regulator.

How are the injectors activated when

conducting a fuel injector quantity test?

A, Using a remote control switeh hooked
up between the battery and the injer-
tor.

E. Using the Output state test with VAG
1551,

C. Ground one terminal of the injector,
[ Both A and C.

Fuef pressure drops during a residual fuel
pressure test after the fuel return line s
pinched shut, Technician A says that the
fuslinjectors should be checked for leaks.
Technician B says that the fue! pressure
regulator is leaking,

Who is right?

A. Technician A anly

B. Technician B only

C. Both Technician A and B
D. Neither Technician A nor B

T W E————
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Fuel Delivery Answer Sheet

Audi Engine Management Systems, Level One
Course # 941002
Fuel Delivery Quiz Answer Sheet

Name: Date: _

Recard the answars to the questions by blackening the letter of your chaige for sagh gueation.
Fill in blanks whare appropriais,
DO NOT CIRCLE THE LETTERS]

DO ®®®®
DEPEPPEE® O @
DAORORORDAVAOROIDED
SESNORORORORORSRDRS)

10,
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lwéarning Objectives:

lgnition System

* The technician will be able to identify and diagnose the two common ignition systems used

in Audi vehicles.

System descriptions

The 2.8 8V VB use double ended {waste
spark} coils, and the 1.8T and V8 engines use
a single coil for each eylinder (spark piug
mounted). Both systems are distributorless,
have cylinder selective knock control, and the
ground signaf is controlled by the ECM.

Waste spark ignition system

Each ignition coil suppiies spark 1o two spark
plugs. One spark plug fires during the com-
pression stroke, the other firas during the
gxhaust stroke {waste spark).

lgnition system components include:

* Power output stage

* Double ended (waste spark) ignition coils
* ECM

* Ignition wires

The Motronic ECM operates each double-
ended ignition coil via the Power output stage
{(Power stags). The Power stage, along with
the heat sink, is attached to the ignition coils.,
{As of model year 2000, Audi no ionger uses
an external power output stage).
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1.8 Turbo

Due to the increase in combustion pressurs
individual coils are used. Each cylindar has its
own;

* Spark plug mounted coil assemblies

¢ Power output stage integral with coile

* ECM spark plug with resistor connector

System troubleshooting .

There is no direct monitoring of the primary or
Secondary ignition circuits by the ECM for
fault recognition. Therefore, it is critical that
the technician understand the function of the
ignition system, and the influence it can have
on the engine management system.

Mg,

When troubleshooting the ignition system,

focus is on the primary and secondary cir-
Cuits,

Primary circuit
* Power
* Ground
* Trigger signal

Secondary circyit
* Secondary coil winding resistance
* Secondaty ignition wire resistance

BE
-@W%
%

WE = W
aw o= by
mw =
b oy
gn =g
B o=b
gr =g
k o=y
ga =y
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Mixture Control

Learning Objectives:

* After participating in an instructor led demonstration of oxygen sensor monitoring using the
PEO, the technictan will be able to interpret oxygen sensor signals and their etfect on
emissions.

4

As previously discussed, the engine manage-  The engine management system uses these

ment system contrals the air/ffuel mixture inputs to maintain the mixture within the

based on inputs from various sensors, includ-  Lambda window. if there is a change in apsr-

ing the oxygen sensor, ating condition for sither fusl or air, the
Motronic ECM modifies the actuators accorgs
ingty.

Oxygen Sensor Voltage vs. Air/Fuel Ratio

A window

1000mV,__ Y b

T

i
!
|
u
b
!
!
|
9
?
-I-lg- RNk ke e e Y EE Ew m
l
!
!
1
1
1
:
i
:

Rich Iy Lean
W‘ , SSF 8410198
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Measuring Value Blocks

l.earning Objectives:

* This exercise will introduce the technician to troubleshooting using 4 field display groups.

4 field display groups

Function 08 of the scan tool alows the techni-
clan 1o view operating parameters and associ-
ated signais of the control module. This
aliows the technician 10 view any influences
on the function of the system in real time.

This function i$ a necessary too! for diagnos-
ing OTCs in any engine management system.

Depending on the controi module, there can
be up to 140 measuring value blocks, each
displaying up to 4 windows of information.
Often times the information can be viewed in
several different windows. Groups are laid
out to include associated information
together.

The "indieated” row
describas how the
informatiors will

Example:

Often times viewing engine load (MAF] and
injector duration may need to be done
together, Engine load may also be shown in a
different group with the axygen sensor out-
put. This alfows for the viewing of pertinent
data without having to navigate to a different
group. '

AESIS documents each group atong with the
specified values for each window. This allows
the technician to compare the reading on the
scan tool with the correct value, Many of
these values are displayed in a scale of 0-255,
with 128 being the mid-point.

The iilustration below is an example of a 4
field display group, with caliouts describing
the function of each section of the table.

The row designated as "Range” provides
minimum and maximum parameters obiainabla.

be dispiayed.

Digpilisy wxxx RPM KK.XK M5 XXX & toxt
. Enging snast: . Time pencd of heated axyoen Diagnostic status
Frdicated  lingnarnants of AD RPMY  FP9NG 1089 | cananr (HO2S) heform TWE "Diagnoetic rasult
Range 0106800 APM | 0001 BSOMS 00010 5,008 NGRSO 4
Spacified value . i : R
10 perform ARG 1800 10 2200 BEM [ 0.8010 200 ms 080t 880 s B1-8Y K

T : T
ﬁm\::ﬁhlﬂ—ﬂ'"‘_'ﬂ

T

The "Specified Value" row cortaing the Genditional informationrequired to achieve a B1-§1 OK siatus.
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Display Group 000

Learning Objectives: W%

* Given the VAS 5051 and a "bugged” test vehicle, the technician will call up measuring value
biock 000 and demonstrate/document how muitiple value blocks (10 fields) relate to the

proplem.
Display group 000
Display group 000 differs from the Measuring o I e
Value Blocks. Instead of displaying 4 fieids, H
MVB 000 displays 10 fields. e

: . . . . dn Add dse HBE 13 B
This group is extremely useful in diagnosing o Totel range s 24310 13 .
atde ' tath v Spesifirations for Mixturs ¥ i it Y
adaptation faults. Adaptation values for Long | Spestations for Wi nif';‘;.“ff‘éi!?p'?‘éi"%;'im

term, Short term, and Idle adaptation are g &
shown, along with key engine management g &
components. :

4

This field, if read properiy, can tefl a technician 8
immediately where an adaptation fault is hav- P
ing the largest effect on the system. This can

Spacifications for Mixtunz Praparation Muyltiplicativi
Learned Value (Part Thyotsie Renge), Dispizy Figid 10

narrow down the diagnosis substantially: . ‘”’-‘I 1
Note: %W \%
, ] . , |
Display group 000 varies with mode! year and oy %H?'}H%\Q e *
R oy 4
vehicle mode. Always consult AESIS for the man
correct infotrmation.
+ Enping idling
Read masmring value ook 0 | 4 inaisatan on dimplay
AX X X XA MM N OX
¥ 2 oy ] ’l i ‘Nmplw Zonee Sppecil [ 0 ;
= IR -
Cwygen sansar control Tto 174 0 e 1% :
i
idie Ar Conteot 120 to 136 o4 10 & Kgglhr i
Enghite Contral Maide supply valtage 170to 208 12 to 4.5 Volts
Engins tont 10 1o dty 0.5 to 2.0
48
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Display Group 000 Quiz

Measuring Value Block, Display
Group 000

Use the chart on the previous page 1o answer
the questions balow:

1. When would Display Group 000 be most
heipful in diagnosing a problem in the
gngine management system?

A. When there is a "high input” DTC for a
Sensor,

B. When there is an engine performance
problem with no DTC recorded.

C. When a DTC for "Adaptation Limit
Exceeded’ is set.

D. Both B and C.

2. Onthe 1.8 liter A4, display field & displays

110 and display fieid 7 digplays 106
What does this mean?

A. The air conditioner has bean left an.
B. The air filter is very dirty.

. There is a vacuum igak somewhere in
the intake after the throttle valve,

D. The intake air duct has become discon-
nected from the throttlé contre! valve.

3. Which of the following values would you

axpect to see in display fisld 8 if the Cxy-
gen Sensor was leaning out the mixture?

A. 72

B. 199
€. 128
D. 241

4, Which of the following values would be in

specification for display field 97
A 241

B.-2

C.12

D15

Display field 8 reads 128, The value does
not fluctuate. What does this mean?

A. The ECM does not have to adapt mix-
turas for either an excess of air or fusl.

8. The Oxygen Sensor control has been
blocked.

C. The Oxygen Ssnsor is adiusting for a
rich mixture.

D. The Oxygen Sensor is adjusting for a
lean mixture.

Dispiay field 1 reads 118. Technician A
says the engine is at operating tempera-
ture and display group values should be
nrinted for evaluation.

Technician B says the engine is overheat-
Ing.

Wha is right?

A Technician A only

B, Technician B only
C. Both Technicians A and B
0. Neither Technician A nor B
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Display Group 000 Quiz

7. Which of the following conditions could 2. Where is information for display group

cause display field b to read 16 at idia?
A. Accelerator cable misadjusted,
B. Throttle valve stuck.

C. Throttle valve potentiometer malfunc-
fioning. :

D. Alf of the above.

Which of the following display fields
would show the effects of an automatic
transmission that was in a driving range
(not Park or Neutral)?

A. Display field 2
B. Display tieid 2
C. Display field 6
D. Display fields 2 and 3

10,

000 found in AESIS?

A. Repair Group 01 in the Fue! Injection
and Ignition section

B. In the General, Engine section
C. In Repair Group 24
D. In Repair Group 20

What is the first thing 1o do if display field
3 18 not within 82-807

A. Check the Throttle Valve Control Mod-
ule.

B. Check intake air systerm for leaks.
C. Perform idie speed check.
L. All of the above.
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Display Group 000 Answer Sheet |

Audi Engine Management Systems, Level One
: Course # 941002
Display Group 000 Quiz Answer Sheet

Name: . Date:

ftacord the anewars to the guestions by blackening the fetter of your choice for esch quastion.
Fitlin blanks where appropriate.

DO NOT GORCLE THE LETTERS!

AORDAORDIAIRRORORD,
OEONORSEONODRORORORC)

ORIESEIASEIRORORIRD,
DRORIRDRORIROREINC)

10.
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Emissions Systems

Learning Objectives:

* After viewing the EVAP videg and an instructor-led demonstration on a vehicie with an intact
EVAP system and one with a leak, the technician will expiain how to diagnose an EVAP

system leak.

* (iven an EVAP video, ESIS, hand tools, test equipment, and a vehicle with an evaporative
emissions prablem that lights the MIL, the technician will find the problem and decument the

test steps to the instructor's satisfaction.

Emissions systems overview

This section is designed to reinforce the emis-
sions systems section of the Engine Manage-
ment 85P by including diagnosis, The
emissions system wili be separated into three
groups; *

» Evaperative Emissions (EVAP)

* Secondary Air Injection

» Three-way Catalytic Converter

s Ppsitive Crankease Ventilation (PCV)

Braather Valve

Rollover Valve
Float Valve i

Fressure
Holding
Valve

Operating
Breathar
) Bottle  Filier
Filler
Breather4/
Roftle |

Evaporative Emissions (EVAP)

Evaporative Emissions includes Leak Detec-
tion Pump (LDP) and On-Board Refueling
Vapor Recovery (ORVR) systems.

The illustration below identifies all the compo-
nents of the EVAP system.

Evaporative Emissions (EVAP)
Canigter Purge Regulator

Breather |

-~ Valve N80
LECM
] {ntake
:_: Operating Manifold

Breather

Vacuum
Reservoir

EVAP canister

{if applicable)
|.eak Detection Pump (LDP}
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Secondary Air Injection (AIR)

After a cold start (engine in open loop mode),
the secondary air injection system adds extra
alr into the exhaust stream just past the
exhaust valves to aid in the afterburning of
compustion gases,

Components of the Secondary Air (AIR) sys-
tem include the Secondary Air Injection (AIR)
solenoid vaive N112, pump motor V101, and
pump relay J299.

The system not only provides for a quicker
warm-up for the three-way catalytic con-
verter, but it improves driveability and reduces
exhaust emissions.

Jensor

B
=

Three-way Catalytic Gonverter

A Three-Way Catalytic (TWC) converter is so
named because it takes the three major
exhaust poliutants and changes them through
reduction and oxidation. The poliutants are:

* NOy (Oxides of Nitrogen)
s HC (Mydrocarbons)
* CO (Carbon Monoxide)

The output from a normaily operating TWC
consists primarily of:
s N, (Nitrogen)

= CO; (Carbon Dioxide)
* H.0 (Weter)

The workshop exercises arg designed to
demonstrate the functionality of the Three-
Way Catalytic {TWC) using the 5-gas Analyzer
10 monitor exhaust emissions.

My

i




2003-01-16 12:03

(512) 728-0406

80406 P 56/61

Readiness Code

Readiness Code

After chacking and erasing a DTC, the readi-
ness code must be set 1o verify the repair.

The readiness code is a seriss of internal test
procedures that are performed by the engine
control module.

The readiness code is displaysd in an 8-oit
binary code format, with each bit containing
specific infarmation refating to a monitor, A
binary code of “1" indicates a completed test,
while a binary code of “0" indicates that the
system has passed, or the vehicle is not
equipped with that systam.

Example of readiness code:

Setting the readiness code

The readiness code can be accomplished by
completing a driving cycle, or "long trip,” in
which all systems are monitored and no addi-
tional failures are detected. Since this is
impractical for the workshop technician, the
“short trip" method was created, The short
trip enables the technician to set the readi-
ness code (using the scan tool) in a reason-
able period of tima by selectively running the
diagnastic routines for spacific systems under
the proper condition.

The Readiness Code is generated only when all digplay fields show 0

¢ Catalyst

0 Catalyst heating (not installed / always “0%)

0 Activated charcoal filter system {tank venting system)

0 Sacondary air system [nat installed / always "0")

0 A/C (currently, no diaghosis / always "0}

0 | Oxygen sensors

0 Oxygen sensors heating

0 Exhaust Gas Recirculation (EGR) system
{not installed [/ always "0}
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Readiness Code

The following is an example detailing the i
steps nesded to set the readiness code in a
2.8 Liter 5V VB. Read through the steps listad

In the workshop, ook up vehicle specific
information in AESIS and perform the readi-

ness code procedurs worksheet using the
scan tool,

Quick Reference: How to Set Readiness Code

8 Cyl.4.2 itr. MY 2000 ! ‘
enary orin 0 . ‘ P ; .
2 Chear DTC Mawnry Ignitien ON i : o =
¥ Aduptatin Theothe Vakvg Exging OFT GHOG § T 0% 1 WL B t-F ADPOK™] |
Catizel Madile / Fgnition N

h AdRpIMEON Rith Domwn Fonfime GEF SO ATee s T 18R [ K Dows | ADPOR |

i only AG Tgnitipn ON ] |

] Fadl Sywer Leakage Enaion U (v s p Check EAB T B B

Cheth M
% | BVAF Canistor Ynvge Ruguiator Eogine GN BiETe T . e BEUAFOR | |
Ve Cherlc {de
¥ Lawildy Control Engine U AT LN T A Py I SHL GR ;
baw JREM i #1Pe

¥ Hewted Uhigen Saniti A9% Engine TR [P 1 g FC TN | G- o9 HigaCOR i
] THO0..,. XM bt iz SOhm WOhm g
W] Uhperational Baditnmy 47 Fugine UK [T O 1 T T e | s e T ‘ i

Oy Sen, bebdng Ciat, Conv, Tdde

T Respansd Tiair Front Hinkted LML A e X BLATOR |

14 Oueygeit Sermor RPM oo B2-$1 8
135 Unygen Sensar Contiod DyThnn [ LT T T T iy Sys ORK et :
14 ) N0 o :
FE) Chlypens Seiiar aging [ e .1V RS OR :
1 bchind Cat, Loy, Ryas IXRC BEI0K | )
17T TR Wy ERtAlytie ©oaverier 90000 2¥00 1 i e el T CATBIOK | I ;
2] Ripagee X ] CAYBLOK | i !

Ty Beeondury Al Systents O WO | merethal | 300 0% Sym. OK ] !

i RPM* 1o :
T Chek Reodiness {ods Setimg iy D000 TR  DOnen |

Requiromant: Coolant Temprroture niere than 80°C @8/00112)

* to warm up enging It necessary, test is complets when values are presant In channal 1 snd 3 iR i
** only during Diagnnstic Perfonmance : ;

N

i ' AR ! o ve
i ; i

T Skt i i o g pelact
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Readiness Code Worksheet

Learning Objectives:

* After participating in a classroem discussion on how the readiness cede and the short trip
monitor can be used for diagnosis, the technician will use the VAS 85051 to set the readiness
code on a vehicle and diagnose system fauits to the instructor's satisfaction.

Readiness code exercise

What vehicle/engine type are you working on?

ftecord the readiness code.

Record the data from each display field during all steps of the readiness code procedure,

1.

b

ol | N|loi;

10.

12.
13.
14.
15.
16.
17.
18.
19.
20.
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Notes
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Turbocharger System

# " Learning Objectives:

» After participating in a classroom discussion regarding turbocharger operation, controls, and
testing, the technician will be able to complete a shop exercise on monitoring the
turbocharger system using the VAS 5051 and VAG 1397A turbocharger tester to the
instructer's satisfaction,

Turbocharger operation

Exaust gases leave the combustion chamber  Recirculation components inciude:
under great pressure and reledses energy into :

the exhaust systern. This normally wasted * Motronic £CM J220
energy drives the impeller on the compressor  * Al recirculation valve N243

side of the turbocharger, acting as apump to  * The charge pressure gontrof system

otressurize the air required for cormbustion. prevents the turbocharger form siowing
This causes the volume of air entering the cyl- down unnecessarily if the valve ¢loses
inders per cycle 1o increase. suddenly. Maintaining high turbocharger

speed in this circumstance allows it to
Air temperature is increased by compression, deliver power quickly and without turbo
but reduced again in the charge air inter- “lag.”

cooler. Coal air has a higher density, so the
airffuel mixture entering the engine is greater
also, This results in an increase in power Qut-
put for the same displacement and engine
spesd.

in the case of the 1.8 fiter, b-vaive engine, tuf-
tocharging is also used to provide high torque
in all RPM ranges. Charge pressure ingreases
in proportion to turbocharger speed. To pro-
jong the life of the engine, the pressure is fim-
ited by the charge pressure control system.

For the system to operate properly, charge air
pressure control s used to maximize effi-
ciency at all timas, as well as limit overall
charge pressure.

Components of the charge pressure control
system include:

¢ Motronic ECM J220

» Wasteyate bypass regulator valve N75

* Charge air pressure sensor G31Ar charge
ie recircuiated to enhance the efficiency of

the turbocharger during light loads and
deceleration.
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Notes
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