


Volkswagen of America, Inc.
Service Training

Printed in U.S.A.

Printed 10/2003

Course Number 851303

©2003 Volkswagen of America, Inc.

All rights reserved. All information contained in
this manual is based on the latest information
available at the time of printing and is subject to
the copyright and other intellectual property
rights of Volkswagen of America, Inc., its
affiliated companies and its licensors. All rights
are reserved to make changes at any time
without notice. No part of this document may
be reproduced, stored in a retrieval system, or
transmitted in any form or by any means,
electronic, mechanical, photocopying, recording
or otherwise, nor may these materials be
modified or reposted to other sites without the
prior expressed written permission of the
publisher.

All requests for permission to copy and
redistribute information should be referred to
Volkswagen of America, Inc.

Always check Technical Bulletins and the
Volkswagen Worldwide Repair Information
System for information that may supersede any
information included in this booklet.

Trademarks: All brand names and product names
used in this manual are trade names, service
marks, trademarks, or registered trademarks;
and are the property of their respective owners.




Table of Contents

(0o Y1 1 Y- N € 1o Y 1 PR ii

(@ LV =Y Y=,V 1
Introduction, Evolution, Transmission Identification

Mechanicals/Hydraulics ...........ccooriiimiiiiicccceeee, 7
Hydraulic Torque Converter, Torque Converter Lockup, Torque
Converter Clutch (TCC), Clutches and Brakes, Power Flow:

Phase 0 and Phase 1, Phase 2 and Phase 2 ETA

Electronic Controls.........ccooeeuiiiiieiiiiieci e e 36
Component Identification, Transmission Control Module (TCM)
J217 Determining the Shift Point, Fuzzy logic

ST =Y 3 13 o ] 42
Throttle Position (TP) Sensors, Transmission Vehicle Speed Sensor
(VSS) G38, Vehicle Speed Sensor G68, Transmission Fluid
Temperature Sender G93, Engine Speed Sensor G28, Kick Down
Switch F8, Motronic Kick Down Strategy, Multi-function
Transmission Range (TR) Switch F125, Brake Light Switch F, Cold
Neutral Control (CNC)

ACTUATOIS ... e e e e e e 52
Solenoid Valves N88 to N94, Clutch and Brake Apply Charts,
Solenoid Apply Charts, Cruise Control System, Shift Lock Solenoid
N110, Park/Neutral Position (PNP) Relay J226, Selector Lever

Display
Function Diagram ... 60
On-Board Diagnosis..........ccccevieeeeeiiiiiii e e e e ee e 62

VAS 5051/5052, Function 04, Basic Settings Display Group 0O,
Function 08, Reading Measured Value Blocks

Knowledge Assessment..........ccccorieeeeecciiiiiinccscceeencneee e 67

The Self-Study Program provides you with information
regarding designs and functions.

The Self-Study Program is not a Repair Manual.

For maintenance and repair work, always refer to the
current technical literature.

Important! / Note!




Course Goals

Course Goals
This course will enable you to:

e Discuss the history of the fourspeed
automatic transmission

e | ocate the four-speed automatic
transmission components

e Discuss the purpose of the fourspeed
automatic transmission components




Overview

Introduction
The fourspeed automatic transmission has These changes resulted in different versions
received many upgrades since it was first (phases) of the transmission; the first of which

introduced in 1990. Changes have been made to s referred to as ‘Phase 0 (zero).
the way range shifts are controlled, the method
used to mechanically bypass the torque
converter, to the internal gear ratios, and to
many other systems, all the while maintaining
the basic external appearance of the original.

The fourspeed automatic transmission utilizes
just one planetary gearset. Combined with three
clutches (K1, K2, and K3), two brakes (B1 and
B2), and one freewheeling clutch (F), this
Ravigneaux gearset produces four forward and
one reverse range, plus Manual Low.




Overview

Evolution

The main differences from one version to the
next are the shift patterns and how the
transmission applies the converter clutch.

Currently, there are four main versions of the
four-speed automatic transmission:
Phase 0

This is the first phase of the fourspeed
automatic transmission. Phase O includes
these units:

e (096 — Golf, Jetta, Passat, and Corrado
e (098 — Eurovan

The main characteristics of the Phase O unit are:

e |tuses an ECO/SPORT switch to control the
transmission shift pattern

e The K3 clutch pack controls the torque
converter lockup

e The basic shift pattern* is 1H, 2H, 3H, 3M,
4M. It provides an additional range, 3LT2,
during downshift

e There is no speed sensor for the sun shell

e The transmission is equipped with a fluid
level dipstick

1992 - 098 installed
in the Eurovan

1990 - Four-speed automatic
transmission introduced as
the 096 in the Passat and
Corrado

1993 - Phase 1: ECO/SPORT switch
eliminated, shift programs selected

electronically
1990 - Phase 0:
ECO/SPORT switch

Phase 1

This is the second version of the four-speed
automatic transmission. Phase 1 includes these
units:

e (096 - Golf, Jetta, Passat, and Corrado

e (098 - Eurovan

The main characteristics of the Phase 1 unit are:
e The ECO/SPORT switch is no longer in use

— The transmission computer develops this
signal internally, based on vehicle
operating conditions

e The K3 clutch pack still controls converter
lockup

e The basic shift pattern* is 1H, 2H, 3H, 4M
e There is no speed sensor for the sun shell

e The transmission is equipped with a fluid
level dipstick

The only way to tell the difference between the
Phase 0 and Phase 1 externally is by looking at
the connector on the multi-function switch.

1993 - 096 installed in
the Golf lll and Jetta lll

1995 - 01M installed in the Passat,
Golf lll, Jetta lll, and Cabrio

1995 - Phase 2: ECO/SPORT programs replaced with
“Fuzzy Logic”, lockup clutch moved to torque
converter, dipstick eliminated, new, “yellowish” color,
synthetic ATF




Overview

Phase 2 Phase 2 ETA

This is the third version of the four-speed This is the fourth and current version of the four

automatic transmission. Phase 2 includes speed automatic transmission. Phase 2 ETA

these units: includes these units:

e 01M - Golf, Jetta, and New Beetle e 01M - Golf, Jetta, and New Beetle

e O1P - Eurovan e 0O1P - Eurovan

The main characteristics of the Phase 2 unit The main characteristics of the Phase 2 ETA unit

are: are:

e The converter now has a built-in clutch for e The B2 brake is new, utilizing “wavy” clutch
lockup; the K3 clutch is used for third and disks to provide less drag when the brake is
fourth gear operation disengaged

e The basic shift pattern* is TH, 1M, 2H, 2M, e A new fixture is used to set the clearances
3H, 3M, 4H, 4M on the B2 brake

e A speed sensor was added to the top of the — This fixture is now used to set the B2
transmission case to monitor the sun shell brake on all previous phases
operation

e The basic shift pattern remains unchanged
e Phase 2 transmissions no longer include a

dipstick for checking the fluid level The operation of valves in the valve body is

modified

1999 - 01M installed
in the Golf, Jetta, and
New Beetle

1998 - Phase 2 ETA: New B2 brake * Gear ranges are designated as H (Hydraulic)
with “wavy” clutch disks or M (Mechanical), referring to the state of
the torque converter.
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Transmission ldentification Phase 0 and 1 transmissions are identified by
Depending on the year and model of the the date of manufacture (location 1) and type

. . (096, location 2).
vehicle, the transmission could have one of a
few different designations, including 096, 01M, For example, CFF 03 01 4:
01P etc. While not identical, all of these units
are part of the four-speed automatic
transmission family. 03 Day (3rd)

CFF Transmission code letters

By phase, we mean that this transmission has 01 Month (January)

4 Year (1994)

undergone several modifications since it first
appeared in Volkswagen vehicles.

While each phase is similar, there are specific
differences. More importantly, these different
phase transmissions are not interchangeable;
you must use parts and components for the
transmission phase that came with the vehicle.
Crossing components from one phase to
another will cause problems — some of which
will damage the transmission.

Identify the transmission from its serial number
to ensure you are using the right components
for the vehicle you are working on. The serial
numbers and data tags are in different locations,
based on the phase. 90010650.EPS

Phase 0 and Phase 1Tag Locations

90010648.EPS 90010649.EPS
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Phase 2 and Phase 2 ETA codes are deciphered
in the same way as the Phase 0 and 1 codes.

For example, CKX03015:

CKX Transmission code letters

03 Day (3rd)

01 Month (January)

5 Year (1995)

The type, 01M, is shown in location 2.

Phase 2 and Phase 2 ETA Tag Locations

B
I
J

90010651.EPS

90010653.EPS

90010652.EPS
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Overview

Phase 0 Multi-function Switch

90010426.EPS

Phase 1 and 2 Multi-function Switch

Hall Effect Style Multi-function Switch

90010427.EPS

90010428.EPS

Shortly after the introduction of the Phase 2
transmission, the Hall Effect-style multi-function
switch was introduced. This switch is a direct
replacement for the Phase 1 and Phase 2
design switch. The signals on the VAS 5051 will
be the same with this switch as they were with
the older design, but the test procedure for the
switch will be different. Refer to current service
information for the test procedures for this
multi-function switch.

Determining the transmission version
Is critical to obtaining the correct parts
and specifications. Always identify the
transmission from its serial number.

6



Mechanicals/Hydraulics

Hydraulic Torque Converter

The torque converter transfers power from the
engine to the transmission. This is done
hydraulically, allowing the vehicle to come to a
full stop without shifting into neutral or releasing
a clutch.

The basic torque converter consists of the:
e |mpeller or pump

e Turbine

e Stator

The impeller mounts to the converter housing,
which bolts to the flywheel. The turbine is
splined to the transmission input shaft.

When the engine is running, the impeller slings
the oil in the converter into the fins on the
turbine. The pressure of the oil being thrown
against the turbine transfers the torque to the
transmission input shaft. From there, the torque
is passed through the gearset to drive the
vehicle.

However, once the oil leaves the turbine, it is
moving in the opposite direction of the impeller
blades. The stator changes this condition. It is
mounted between the turbine and the impeller
and redirects the oil so it is moving in the same
direction as the impeller. By changing the
direction of the oil as it leaves the turbine, the
stator actually increases the overall torque in the
system. This process is called torque
multiplication.

When the engine is applying power to the
torque converter assembly, the stator is locked
against its one-way clutch. The stator will unlock
and begin to rotate slowly when the impeller
and turbine have reached similar speeds.

The torque converter has the ability to multiply
the torque of the engine up to 2 1/2 times.
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90010612.EPS




Mechanicals/Hydraulics

Torque Converter Lockup In the Phase 0 and Phase 1 units,
Due to the slippage between the turbine and this was accomplished by connecting
: a shaft to a damper welded to the torque
impeller, a torque converter can only transfer : o
. converter housing. The other end of this impeller
about 85 percent of engine power through to :
. o : shaft is connected to the K3 clutch.
the transmission at cruising speeds. To increase
fuel economy, reduce emissions, and reduce When the clutch is applied, power is transmitted
heat buildup, a means of mechanically directly to the planetary gearset, ‘bridging’ the
connecting the transmission to the engine was  torque converter.
needed.

Impeller Shaft

Turbine

Stator Impeller

(T

Torsion Damper
(for converter lockup)

Turbine Shaft

90010556.EPS

ATF Pump Drive




Mechanicals/Hydraulics

Phase 0 and Phase 1 Hydraulic Operation (K3 Clutch Not Applied)

Turbine

Impeller K3 Clutch (Not Applied)

.

Torsion Damper
(for converter lockup)

Impeller Shaft

Turbine Shaft Impeller Shaft

90010669.EPS

Phase 0 and Phase 1 Mechanical Operation (K3 Clutch Applied)

h i
(m— _ |mpeller K3 Clutch (Applied)

Torsion Damper

(for converter lockup)

T

Impeller Shaft %
Turbine Shaft Impeller Shaft

90010679.EPS




Mechanicals/Hydraulics

Torque Converter Clutch (TCC)

Beginning with the Phase 2 units, the lockup
clutch was moved inside the torque converter
and renamed the Torque Converter Clutch (TCC).
The TCC performs the same function as the
combination of the K3 clutch and impeller shaft,
but with fewer parts and less weight.

The TCC locks the transmission input shaft
directly to the housing of the torque converter,
eliminating the fluid coupling and driving the
transmission directly from the crankshaft. This
eliminates all slip from the torque converter.
Since the torque converter produces most of
the heat in the transmission, the application of
the TCC greatly reduces heat production in the
converter.

Components of the TCC

TCC with
Torsion Damper

Torque Converter
Housing

The TCC in the Phase 2 and Phase 2 ETA has
three stages of operation: not applied, control,
and applied. These stages can be viewed
through the VAS 5051 under the Read Data
Block function.

The TCC is inactive during the not applied stage.
This is normally in the lower gears under high
load.

The TCC is applying, but not fully, during the
control stage. This usually happens in the lower
gears and under heavy throttle.

The TCC is fully applied during the applied stage.
This condition occurs in the higher gears and at
light throttle. This also may happen in the lower
gears in mountainous regions to increase the
engine braking effect on the vehicle.

The torsion damper at the TCC reduces the
transfer of the engine’s torsional vibrations
through the transmission.

Stator

Turbine Impeller

90010615.EPS
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Mechanicals/Hydraulics

Operating Principle of the TCC

There are three ports in the turbine shaft that
carry oil to and from the torque converter. Port B
supplies oil to the planetary gearset, while ports
A and C are pressurized alternately to open and
close the TCC.

The TCC is operated by a modulation valve in
the valve body. If the Transmission Control
Module (TCM) decides, based on engine speed
and torque, that it would be more economical to
apply the TCC, it activates valve N91. Because
N91 is a modulation valve, it is possible to
specifically increase and/or reduce the pressure
when closing and opening the TCC, allowing for
smooth, comfortable operation.

ATF Ports

90010619.EPS

TheTCC is Not Applied

The TCC is held open by a diaphragm-type
spring. The Automatic Transmission Fluid (ATF)
flows through ports A and B. Port C is closed.
Pressure on both sides of the TCC is equal, thus
pressure from the diaphragm spring holds the
TCC open.

Rear of TCC

Friction Lining

Torque Converter
Housing

TheTCC is Applied

ATF is fed through port C while port A is
opened. As a result, the oil pressure on the rear
of the TCC is higher than on the front,
overcoming the spring pressure. The friction
lining moves against the torque converter
housing and creates a positive connection from
the engine to the transmission.

Front of TCC

90010621.EPS

11




Mechanicals/Hydraulics

Phase 2 and Phase 2 ETA Hydraulic Power Flow (TCC Not Applied)
TCC o Turbine
Not \F I Impeller

Torque Converter

Housing \

——
==

1 I\
—

Torque Converter

Housing \

Turbine Shaft

12



Mechanicals/Hydraulics

Clutches and Brakes
Volkswagen uses three different methods to hold or turn the different geartrain components:
e (lutches

e Brakes

¢ Freewheeling Clutches; also known as one-way clutches, or overrunning clutches. Volkswagen
uses one-way roller clutches for its freewheeling clutches

The multi-plate clutches and brakes in the fourspeed automatic transmission are operated by the
ATF forcing a piston against spring pressure to apply the clutch. Clutches and brakes operate in the
same manner; the only difference is their function. Clutches couple two components together,
while brakes prevent rotation by holding components to the transmission case.

Effective with Phase 1, the multi-plate clutches K1 and K3 are balanced in respect to the centrifugal
force. This enables the gearshifts to be performed smoothly and softly with a uniform quality.

Clutch Plates
Piston Cover

Piston

Upstream of Piston

90010628.EPS

The Clutch is Not Applied

The spring holds the clutch open, regardless of
engine speed. The ATF upstream and
downstream of the piston does not have
pressure. The redesigned piston cover in the
Phase 1 and later transmissions prevents
centrifugal force from compressing ATF into the
clutch disks, creating drag. Preventing this
pressure results in uniformly smooth gearshifts.

13



Mechanicals/Hydraulics

The Clutch is Applied

ATF is forced under pressure
into the chamber upstream of  Pressurized ATF
the piston to apply the clutch.
The ATF pressure overcomes
the spring tension and

compresses the clutch plates.

Power is now transmitted
through the clutch plates.

Freewheeling Clutch

The third type of clutch used in the four-speed
automatic transmission is the freewheeling
clutch. This type of clutch permits rotation in one
direction only, through the use of rollers under
spring tension.

O =X

Outer

Race \

Inner Race

Clutch Plates
Compressed

90010629.EPS

Roller

Spring

90010668.EPS
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Mechanicals/Hydraulics

Power Flow

Power flow in the four-speed automatic transmission varies with the different phases. The earlier
versions (Phase 0 and Phase 1) use a separate shaft, engaged by the application of clutch

K3 (solenoid valve N90), to provide a direct, mechanical connection between the engine and
transmission.

Beginning with Phase 2 and continuing with Phase 2 ETA, this mechanical connection is achieved
with a TCC inside the torque converter. The TCC is controlled by modulation valve N91.

. Input Gear
&Turbme Impeller (input to final drive)
Y/
Planet Carrier
Torsion _— B2 K2 K1 k3  Freewheel B1
Damper
A v

A LN

Stator

=

Stator __H|||
Freewheel

/ e

Impeller
Shaft \ =

|

=

Large Sun Small

Turbine Shaft Gear Planet Gear

Large (long) Small

Planet Gear Sun Gear
90010678.EPS

15



Mechanicals/Hydraulics

Phase 0 and Phase 1

Power flow is illustrated on the following pages
using schematics similar to the example below.

Only the active components are ‘called out’ in
the schematics.

Turbine

/ Impeller
B2

Freewheel M
K2 \ T

Gear ratios are given as examples only.
Actual ratios vary with application.
Always refer to current service
information for the most accurate
specifications.

Planet Carrier
Input Gear

(input to final drive)

B1

K1 Planet

Carrier

Stator

Stator
Freewheel ————r=tma

Turbine

Impeller Shaft Shaft

90010630.EPS

Large Sun
Gear Small Sun

Gear

Large (long)
Planet Gear

Small
Planet Gear

16



Mechanicals/Hydraulics

1st Gear Hydraulic, Phase 0 and 1 Transmission ratio of 1st gear is 2.714:1
Selector Position “D” (example only).

K1 Clutch Freewheel Clutch

\ e/ LI
i L 51'& llé.g

'EE =— =

[[[[[[[[[[ [[[[[[[[[

90010680.EPS

Turbine Planet Carrier

Impeller Freewheel

Planet Carrier

|
L. .
Turbine 90010632.EPS

Impeller Shaft

Small Sun Gear

% Turbine
Clutch K1 (solenoid valve N88) drives the small sun gear

Planet carrier is held by the freewheel

17



Mechanicals/Hydraulics

2nd Gear Hydraulic, Phase 0 and 1 Transmission ratio of 2nd gear is 1.551:1
Selector Position “D” (example only).

B2 Brake K1 Clutch

90010680.EPS

Turbine

Impeller

Turbine 90010633.EPS

Impeller Shaft IC-iaer:re sun Small Sun
Lo 1oine Gear
|: Clutch K1 (solenoid valve N88) drives the small sun gear
|—_> Brake B2 (solenoid valve N89) holds the large sun gear

18



Mechanicals/Hydraulics

3rd Gear Hydraulic, Phase 0 and 1 Transmission ratio of 3rd gear is 1.00:1
Selector Position “D” (example only).

K2 Clutch K1 Clutch

i

90010680.EPS
Turbine

Impeller

W

K2

Planet
Carrier

g\ I { 90010634.EPS

Impeller Turbine
Shaft

Small Sun
Large Sun Gear Gear

Turbine

» Clutch K1 (solenoid valve N88) drives the  As the small sun gear and the large sun gear are
small sun gear driven, the entire planetary gearset rotates.

» (Clutch K2 is closed by the selector lever
and drives the large sun gear

™ Planet carrier

19



Mechanicals/Hydraulics

3rd Gear Mechanical, Phase 0 Only
Selector Position “D”

K2 Clutch

Transmission ratio of 3rd gear is 1.00:1
(example only).

K1 Clutch K3 Clutch

'NI
—l

-EGLI 1 .|| — ﬂ

=  —]

||'|| B - T

|

Turbine
Impeller

Impeller Impeller Shaft

Turbine

— Clutch K1 (solenoid valve N88) drives the
small sun gear

— (Clutch K2 is closed by the selector lever
|: and drives the large sun gear

Planet carrier

90010680.EPS

Torque Converter Housing

| B1

Planet
Carrier

90010635.EPS
Small Sun Gear

Large Sun Gear
Clutch K3 (solenoid valve N90) locks the planet
carrier to the torque converter housing through
the impeller shaft.

As the small sun gear and the large sun gear are
driven, the entire planetary gearset rotates.

20



Mechanicals/Hydraulics

4th Gear Mechanical, Phase 0 and 1 Transmission ratio of 4th gear is 0.697:1
Selector Position “D” (example only).
B2 Brake K3 Clutch

y

=

\\

Il
I
L]
i

|

90010680.EPS

Torque Converter Housing

Planet Carrier

90010636.EPS

Torque converter housing Impeller Shaft Large Sun Gear

Impeller shaft

Clutch K3 (solenoid valve N90) drives the planet carrier

111

Brake B2 (solenoid valve N89) holds the large sun gear

|—_> The planetary gearset orbits around the large sun gear

21



Mechanicals/Hydraulics

Reverse Gear Hydraulic, Phase 0 and 1 Transmission ratio of Reverse is 2.111:1
Selector Position “R” (example only).

K2 Clutch

90010680.EPS

Turbine

Impeller

3

Planet Carrier

Turbine 90010637.EPS

Impeller Shaft

I: Turbine

I—_> Brake B1 (solenoid valve N92) holds the planet carrier
I—_> Clutch K2 is closed by the selector lever and drives the large sun gear

Large Sun Gear

22



Mechanicals/Hydraulics

1st Gear Hydraulic, Phase 0 and 1 Transmission ratio of 1st gearis 2.71:1
Selector Position Manual Low (example only).

K1 Clutch B1 Brake

: |n|r||

I|'|I
ﬂ
\ n“-lg‘.‘ :ﬂl - %‘_

|§- ‘§|

90010680.EPS

Turbine

Planet Carrier
Impeller Freewheel — ——~ (i

B1

Planet Carrier

Turbine / 90010638.EPS

Impeller Shaft Small Sun Gear

I: Turbine

|: Clutch K1 (solenoid valve N88) drives the small sun gear
|—_> Brake B1 (engaged by the selector valve) holds the planet carrier

23



Mechanicals/Hydraulics

Phase 2 and Phase 2 ETA

The clutches and brakes are operated by the
TCM through the solenoid valves in the valve
body.

Beginning with Phase 2 transmissions, torque
converter lockup is accomplished using the TCC
within the torque converter.

Lockup is possible in all gears, but is limited by
the TCM to 2nd, 3rd, and 4th.

Power flow through the planetary gearset
remains the same, regardless of mechanical or
hydraulic operation.

_ Turbine

I Impeller

TCC \

Clutches K1, K2, and K3 pass the power to the
planetary gearset.

e Brake B2 holds the large sun gear
e (lutch K2 drives the large sun gear
e (Clutch K1 drives the small sun gear
e (Clutch K3 drives the planet carrier

e Brake B1 holds the planet carrier

Input Gear
(input to final drive)

Planet

K1 K3 B1 Carrier

Stator
Stator
Freewheel

Impeller Shaft

Large Sun
Gear

Small Sun
Gear

Planet Gear

Large (long)
Planet Gear
90010647.EPS
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Mechanicals/Hydraulics

Power flows are illustrated using the same type
of schematics used for the Phase O and Phase 1
transmissions.

Only the active components are ‘called out’. Gear ratios are given as examples only.

Actual ratios vary with application.
Always refer to current service
information for the most accurate
specifications.

Planet Carrier
Freewheel

Turbine

Input Gear
(input to final drive)

IJ

Impeller

TCC \I

Stator

Stator

Freewheel Il
o
|

——

K1 Planet

Carrier

90010631.EPS

Small Sun

Large Sun Gear

Gear
Large (long) Small Planet

Planet Gear Gear

25



Mechanicals/Hydraulics

1st Gear Hydraulic, Phase 2 and Phase 2 ETA  Transmission ratio of 1st gearis 2.71:1
Selector Position “D” (example only).

K1 Clutch Freewheel

nj{ §

1—=

||
—_—

—— ]
=1
=

i

90010681.EPS

Turbine

Freewheel

Impeller

e pne

Pump wheel Small Sun Gear
|: Turbine Wheel

|—_> Clutch K1 (solenoid valve N88)

|—_> Drives the small sun wheel

The planet carrier is held by the freewheel

26



Mechanicals/Hydraulics

2nd Gear Hydraulic, Phase 2 and Phase 2 ETA Transmission ratio of 2nd gear is 1.44:1
Selector Position “D” (example only).

K1 Clutch

90010681.EPS

|: Pump wheel
L
Turbine wheel arge Sun Gear
| ] Small Sun Gear
Clutch K1 (solenoid valve N88)
|: Drives the small sun gear

Brake B2 (solenoid valve N89)
|—_> Holds the large sun gear

90010640.EPS
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Mechanicals/Hydraulics

3rd Gear Hydraulic, Phase 2 and Phase 2 ETA  Transmission ratio of 3rd gear is 1.0:1
Selector Position “D” (example only).

K1 Clutch K3 Clutch

i il
&Tﬁﬂiﬁ@ﬂ ?ﬁ& ,f

i

90010681.EPS

Turbine

Impeller

Planet Carrier

|: Pump Wheel
Turbine wheel Small Sun Gear

|: Clutch K1 (solenoid valve N88)

|: Small sun wheel

| Clutch K3 (solenoid valve N9O) As the_: small sun V\_/heel and the planet carrier
I: are driven, the entire planetary gearset rotates.
Planet carrier

90010641.EPS
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Mechanicals/Hydraulics

3rd Gear Mechanical, Phase 2 and Phase 2 ETA  Transmission ratio of 3rd gear is 1.0:1
Selector Position “D” (example only).

K1 Clutch K3 Clutch
\ /
TCC Applied —

—

= —
- =—= &
—_— \
IS\

90010681.EPS

Torque Converter Housing
TeC % Turbine
Impeller

Planet Carrier

90010642.EPS
Small Sun Gear

Torque converter housing
» TCC (modulation valve N91)

» Remaining power transmission is identical to the hydraulic power flow for 3rd gear

29



Mechanicals/Hydraulics

4th Gear Hydraulic, Phase 2 and Phase 2 ETA  Transmission ratio of 4th gear is 0.74:1
Selector Position “D” (example only).

K3 Clutch

:@E _

B2 Brake

i

90010681.EPS

Turbine

Impeller

Planet Carrier

90010643.EPS
Pump wheel Large Sun Gear

|—_> Turbine wheel

Brake B2 holds the large sun wheel (solenoid valve N89)
Clutch K3 drives the planet carrier (solenoid valve N90)

The planetary gearset orbits around the large sun gear

30




Mechanicals/Hydraulics

4th Gear Mechanical, Phase 2 and Phase 2 ETA  Transmission ratio of 4th gear is 0.74:1
Selector Position “D” (example only).

B2 Brake K3 Clutch

TCC Applied /

—

=

\\
/

i
L1
i

N
1]

[
=

90010681.EPS

TCC Turbine

Impeller

B2

Planet Carrier

90010644.EPS
Large Sun Gear

Torque converter housing
TCC (modulation valve N91)

|—_> Remaining power transmission is identical to the hydraulic power flow
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Mechanicals/Hydraulics

Reverse Gear, Phase 2 and Phase 2 ETA Transmission ratio of Reverse gear is 2.88:1
(example only).

K2 Clutch B1 Brake

W!—! ||'|||'||

i

90010681.EPS

Turbine
Impeller B1
KZ% Planet Carrier
"'1. ____________________________________
90010646.EPS
|: Pump wheel Large Sun Gear
Turbine wheel

|: Brake B1 holds the planet carrier (solenoid valve N92)
I—_> Clutch K2 is closed by the selector lever

The large sun gear is driven
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Mechanicals/Hydraulics

1st Gear Hydraulic, Phase 2 and Phase 2 ETA  Transmission ratio of 1st gearis 2.71:1
Selector Position Manual Low (example only).

K1 Clutch B1 Brake

H

U [l
M
LI
i

|

il

90010681.EPS

90010645.EPS

Small Sun
Gear

Impeller

|: Turbine

|—_> Brake B1 holds the planet carrier (solenoid valve N92)
|—_> Clutch K1 is closed by the selector lever and the large sun wheel is driven
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Mechanicals/Hydraulics

Final Drive (all phases)

Drive Pinion Planetary Gear
Input Gear
Pinion Shaft
G
&
7
7,
S
&Y | ,
u -
Differential

Bevel Gear
Planetary gear
Input gear (ring gear of planetary gearset)

Drive pinion

[,
I: Pinion shaft
[,
[,

Differential

I—_> Axles

Torque Converter

90010654.EPS
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Mechanicals/Hydraulics

Notes:
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Electronic Controls

Component Identification (example)

Sensors
Sensors and actuators shown are typical. Actual components will vary by application.

Throttle Position (TP) Sensor G69

Transmission Vehicle Speed Sensor (VSS) G38
(Phase 2 Only)

Transmission Control
Module (TCM) J217

Vehicle Speed Sensor (VSS) G68

s Z /4
y  S— \ 7
2R 2P ..—
: /////éfxfa%%g%‘z%f
1‘-‘—
"2~ o

Engine Control Module (ECM)
(engine speed)

Multi-function Transmission Range (TR)
Switch F125

Brake Light Switch F

OO000000O

[eXeXoXoXoXoXoXe)

Kick Down Switch F8

Data Link Connector (DLC)

Transmission Fluid Temperature
Sensor G93
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Electronic Controls

Actuators

Valve Body with the
Solenoid Valves N88-N94

Shift Lock
Solenoid N110

Park/Neutral Position (PNP) Relay J226

Additional Signals

Engine Control Module (ECM)

Cruise Control System

Air Conditioning

Selector Lever Display

90010611.EPS
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Electronic Controls

—

/7"

é _ _.
722 awm/"’ 777, y, Sw L]
(900285555 #azw/;ZZZZgg 1
A

T

90010655.EPS

90010601.EPS

Transmission Control Module J217

The Transmission Control Module (TCM) J217 is
the electronic command center of the four
speed automatic. It controls all the electrical,
and thus all the hydraulic operations of the
transmission.

The TCM also establishes driving programs
based on an individual’s driving style and driving
situations. Determined by “fuzzy logic’ shift
points are moved to higher or lower engine rpm,
based on the individual’s driving style.

Various types of driving resistances such as
climbing a hill, towing a trailer, driving into a stiff
wind, as well as descending a hill are recognized

[ 1"

and accounted for by the TCM's “fuzzy logic”
Self Diagnosis

The fourspeed automatic computer systems
include self-diagnostic capabilities. These self-
diagnostics use the computer to examine many
of the parameters in the system and identify
problems.

The TCM can check the electrical system during
normal operation and store codes in memory to
identify any faults it encounters.

Emergency Running Mode

Failures in certain sensors and/or actuators can
result in damage to the transmission. The TCM

will recognize this and default to an emergency
running mode. By operating the selector lever,

the following gears engage mechanically in the
valve body:

e st gear hydraulic
e 3rd gear hydraulic
e Reverse gear

When the selector lever is in the Drive position,
the vehicle will start off in 3rd gear hydraulic.
First gear hydraulic is available by moving the
selector lever to “1°"
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Electronic Controls

Determining the Shift Point

Phase 0 and 1

In the Phase 0 transmission, gears are selected
on the basis of shift maps. A shift characteristic
curve is stored for each gear change based on
the position of the accelerator pedal and the
speed of the vehicle.

In 1990, the Phase 0 transmissions used an
ECO/SPORT switch, which allowed the driver to
choose between two shift maps:

e The ECO shift map provided early upshifting
and late downshifting, for better fuel
economy

e The Sport shift map provided shifting up and
down at higher vehicle speed and rpm level,
for higher performance

This selection was automated in 1993 and the
switch between “ECQO" and “SPORT" was
based on the speed at which the accelerator
pedal was operated. The manual switch was
replaced by an electronic program switch in the
TCM.

As with the previous system, this was still a
strict decision between “ECO" or "SPORT"

ECO

=== SPORT

Vehicle
Speed

=== ECO

Position of Accelerator Pedal
90010562.EPS

This diagram illustrates only the 3rd to 4th
gearshift.

Shifting up early and shifting down late =

low rpm level = good fuel economy

With the same accelerator pedal position,

SPORT

shifting up and down at a higher vehicle speed =

higher rom level = greater performance
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Electronic Controls

Model Year 95 to Current

The electronic program switch in the TCM has
been replaced by a shift program based on the
driver’s style and the driving situation.

The driving resistance-based shift program
recognizes driving resistances such as climbing
or descending a hill, towing a trailer, and driving
into the wind. The TCM calculates the driving
resistance on the basis of the speed of the
vehicle, the position of the throttle valve, the

=

N —

=

90010558.EPS

engine speed, and the acceleration of the
vehicle and uses this as the basis for specifying
the shift points.

The calculation of the gearshift point based on
the driver’s style and driving situation is
conducted on the basis of the “fuzzy logic”
principle.

Fuzzy Logic

“Fuzzy logic” is defined as “A form of logic used
in some artificial-intelligence applications in
which variables can have degrees of
truthfulness or falsehood represented by a
range of values between 1 (yes) and O (no)." It
forms the basis for programming designed to
allow computers to mimic human intelligence.

When we make use of “fuzzy logic’ we
eliminate the classical hard operating states,
and allow tolerance in assigning quantities.

Classical Division

The classical, rigid allocation of quantities in a
computer without “fuzzy logic” results in only
two choices: On or Yes (1) and Off or No (0).
When provided with a fixed limit for
comparison, the computer can distinguish only
between hot and cold. Any measurement below
the fixed limit is interpreted as cold, and
measurements above are hot. This rigid
classification does not allow the computer any
tolerance in allocating quantities.
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Electronic Controls

Fuzzy Logic

“Fuzzy logic” makes allowance for an intentional The upper limit of “hot” and the lower limit of
out-of-focus (fuzziness) which does not operate  “cold” as well as all the intermediate levels, are
with two values, but instead with result assigned to precise temperatures.

guantities. What we then have is an infinite
variety of intermediate values such as “almost

"o "o

cold” “cool” “lukewarm’ or “too warm”

Consequently, 90% of the blue area is assigned
to “cold” at a temperature of 10°C and 10% of
the red area is assigned to “hot” The “fuzzy
logic” recognizes “almost cold”

HOT
almost hot
too warm
warm
lukewarm
cool
almost cold
COLD

10 20 30 40 50 60 70 80°C Temperature

90010559.EPS

The speed at which the driver operates the oriented toward good fuel economy or
accelerator pedal produces a sporty factor, performance. It is possible to have any number
which is determined with “fuzzy logic” This of shift points between the ECO and the SPORT
sporty factor is used to determine a floating shift characteristic, reacting much more
gearshift point between a shift point design responsively to the individual’s driving style.

] ECO 100%

(ON)

SPORT
0 -
(OFF) Accelerator Pedal Speed GRS
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Sensors

Sensors are components that relay the transmission fluid temperature, transmission input speed,
transmission output speed, and many other signals to the TCM.

The TCM interprets this information and uses it to control the actuators. The TCM also uses this
information to make the correct shifts at the correct time, and to tailor the shift points to
complement the individual habits of each driver.

Throttle Position (TP) Sensors

The throttle valve position signal supplies
information to theTCM regarding both the
accelerator position (implied load), and the
speed at which the accelerator pedal is
operated.

TP Sensor G69

00010564.EPS Vehicles using Motronic Engine Management
5.9, and earlier systems with a cable operated
throttle, use TP Sensor G69 to sense throttle
valve position. The signal goes to the ECM and
is passed on to the TCM.

mg On some Phase 0O units, TP Sensor
/ G69 contains two separate

potentiometers, one each for the ECM
and the TCM.

Accelerator Pedal Position Sensors
e TP Sensor G79

e Sender 2 for APP Sensor G185

90006801.EPS Vehicles using Motronic Engine Management
ME7 and Electronic Power Control (EPC) use
APP Sensors G79 and G185, which are
mounted in the accelerator pedal module. The
ECM calculates engine torque and sends the
information to the TCM through the Controller
Area Network (CAN) data bus.
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Sensors

Use of Signal

In all versions, the signal is used to calculate the The ECM then retards ignition timing, reducing

gearshift moment in-line with engine load and engine torque and allowing the TCM to close

set the ATF pressure in-line with engine load the clutches at low pressure. This results in soft,

and the gear selected. jolt-free gearshifts.

In the Phase 2 and Phase 2 ETA units, the TCM  Effects of a Signal Failure

determines the shift pressures required. The The control module assumes a moderate engine

gearshift Sequence 1S structgred in such a way load for the gearshift points. This will result in

T[hj,t thgTCE/I first ;ehnds a signal to the Ecwﬁ harsher shifts, as the ATF pressure is set to full

indicating that it wishes to execute a gearshift. throttle pressure. The shift programs can no
longer be performed by the control module.

Accelerator Pedal Module Throttle Valve Potentiometer 2nd Throttle Valve Potentiometer

(ME?7 vehicles) (vehicles with a throttle cable) (some vehicles only)

/ /

L2 —
D277 e =8
o227, S dedTgss
llo&l'/,f,',’///lllzzg;ll’

Engine

Control =
Module (ECM) 2 Shift Request

(77774

90010565.EPS

Transmission Control
Module (TCM)
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Sensors

Transmission Vehicle Speed Sensor
(VSS) G38 (Phase 2 and Phase 2 ETA
units only)

This inductive sensor is positioned in the

transmission case. |t detects the speed of the
large sun wheel in the planetary gear.

90010567.EPS

The connector is white.

Use of Signal

The speed of the large sun wheel enables the
TCM to accurately recognize the moment at
which the gearshift is performed.

The speed signal is used by the TCM to
accurately calculate the following functions:

e A reduction in engine torque during the
gearshift by retarding the ignition angle
(timing)

e Controlling the speed of the gearshift (shift
quality)

Effects of Signal Failure
The TCM moves into emergency running mode.

90010568.EPS

44



Sensors

Vehicle Speed Sensor (VSS) G68

This inductive sensor is mounted in the
transmission case. It calculates the output
speed of the planetary gearset by measuring
the speed of a pulse rotor mounted on the input
gear to the final drive.

90010570.EPS

The connector is black.

Pulse Rotor at Final Drive
Input Gear

Use of Signal

Information regarding vehicle speed is required
for:

e The decision as to which gear should be
engaged

e Cruise control system

e Torque converter slip control
e Shift quality

Effects of Signal Failure

e The control module uses the engine speed
as a substitute signal

The TCC is no longer closed

Shift quality is no longer measured

fx@%

/

’

’\
/

A\

@ﬁ
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Sensors

Transmission Fluid Temperature
Sender G93
This sensor, mounted on the printed conductor

at the valve body, measures the temperature of
the ATF.

90010574.EPS

Use of Signal

The ATF Temperature Sender G93 is a Negative
Temperature Coefficient (NTC) resistor. Its
resistance drops as the fluid temperature rises.

If the ATF temperature reaches the limit of
148°C, the TCC is engaged. The stress on the
torque converter is reduced, and the ATF cools
down.

If engaging the TCC doesn’t cool the ATF to an
acceptable level, the TCM commands a
downshift to further reduce stress within the
transmission.

Effects of Signal Failure
e No substitute functions exist

90010576.EPS
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Sensors

Engine Speed Sensor G28

The TCM uses the engine speed signal from the
vehicle's ECM.

90010579.EPS

Use of Signal

The TCM compares the engine speed and the
vehicle speed. The TCM then determines the
amount of slip of the TCC based on the
difference of the two signals. If the difference is
significant (too much slip), the TCM increases
the contact pressure of the TCC and thus
reduces the slip.

The TCM also uses the signal of the engine
speed sensor as a substitute parameter for the
signal of the VSS.

Effects of Signal Failure

¢ The control module moves into emergency
running mode.
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Sensors

Kick Down Switch F8

The kick down switch detects the accelerator
being depressed beyond the full throttle point.

On the TDI engine, the switch is incorporated in
the APP Sensor.

On vehicles that are not equipped with ME7
engine control, the kick down switch is
integrated into the accelerator cable. The switch
is located in the engine compartment in front of
the passenger compartment spray guard.

Use of Signal

When the switch is operated, the transmission
shifts down immediately into the next lower
gear (e.g. from 4th to 3rd gear). The TCM takes

account of the engine speed. Upshifts will occur

at higher engine speeds.

If a high power output is required from the
engine in the kick down mode, the air
conditioning system is switched off for up to 8
seconds.

Effects of Signal Failure

e The kick down shift point occurs when the
accelerator pedal is depressed 95%.

90010581.EPS

On vehicles with a throttle cable, make
sure the cable is adjusted correctly.
Incorrect adjustment can cause
drivability concerns. Check current
service information for the correct
adjustment procedure.

Vehicles with ME7 do not have a
throttle cable. The ME7 kick down
strategy is explained on the next page.
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Sensors

Motronic Kick Down Strategy

Vehicles with ME7 engine control do not have a
throttle cable or kick down switch. These
vehicles use an accelerator pedal module to
determine the position of the accelerator pedal.

The accelerator pedal module consists of two
independent potentiometers: G79 and G185. If
one sensor fails, the other acts as a substitute.

Automatic transmission vehicles have a
pressure element in place of the accelerator
pedal stop. This pressure element generates a
mechanical pressure point which gives the
driver a kick down feeling.

Pressure Element
(to convey kick down feel)

90006801.EPS

When the driver pushes the throttle pedal to
this point, the internal components of the
accelerator pedal module will exceed the full-
load voltage normally sent to the ECM. The
ECM interprets this excessive voltage level as a
kick down action and will transfer this
information to the TCM.

The kick down switching point can only be
tested using diagnostic testers.

If the accelerator pedal module or
ECM is changed, the throttle valve
adaptation function must be
performed using the VAS 5051/5052.

Kick Down Range

Accelerator Pedal Travel /
5.0

G79
/ ~
— _
2 |
&
S
§ 7 L G185
= // e =T | Accelerator Pedal
5 ™ Final Sto
(=] 4 — p
2 || I
[77) =
-74/ _—

| 1 | 1 | 1 |
20% 40% 60% 80%

J
1 0|0%

Driver Torque Range

1
90010670.EPS

Full-throttle Stop
(Mechanical)
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Sensors

Multi-function Transmission Range
(TR) Switch F125
The multi-function switch is located in the

transmission housing and is operated by the
cable of the selector lever.

90010586.EPS

Use of Signal

Depending on the gear selected and the
corresponding signal from the multi-function
switch, the TCM initiates the following
functions:

Switches on the reversing lights

Locks-out the starter if a position other than
Park or Neutral is selected

Provides information to block cruise control
operation in Park, Neutral, Reverse, and at
speeds below 24 mph

Effects of Signal Failure

The TCM moves into emergency running
mode

The TCM assumes gearshift selector lever
position “D"

90010587.EPS
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Sensors

Brake Light Switch F
The brake light switch is installed at the pedal

bracket. The TCM is supplied with the

information “brake operated’ through this
switch.

Use of Signal

The information of the brake light switch is
required for the selector lever lock function

The gearshift selector lever cannot be moved

out of the Park or Neutral position when the
vehicle is stationary, unless the brake pedal
has been operated

Effects of Signal Failure

If the contact is interrupted, the gearshift
selector lever lock function is no longer
performed

The TCM moves into emergency running
mode

The TCM assumes gearshift selector

lever position “D”

\

90010591.EPS

Cold Neutral Control (CNC)

The 2.0L 2002 and up and the 2003 Super Ultra
Low Emission Vehicles (SULEV) with the four
speed automatic transmission are equipped
with CNC. This control serves to lower
emissions when the engine is first started by
keeping the transmission in Neutral until the
catalytic converter warms-up a little.

The function for CNC in Drive (and Reverse for
SULEYV) is as follows:

e |gnition "ON"
e ATF temperature below 40°C

e Brake pedal pressed (brake light switch
activated)

e Throttle pedal =0

e Speed=0

e Shiftlever in “D" for the first time after
ignition “ON"

e CNC is activated

If one of the above conditions does not exist,
CNC will not be active.

The CNC is activated only once after ignition
“ON" as long as the ATF temperature is below
40°C.

The CNC is necessary only as long as the
catalyst is cold; that is why CNC is needed only
at the very beginning.
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Actuators

The actuators are valve body solenoids, Solenoid Valves N88 to N94
pressure control valves, shift lock solenoids, and
many other components. They do the work and
move when commanded.

The solenoid valves for all phases are located in
the valve body, and are operated by the TCM.
Two different types of solenoid valves are used:

e On/Off solenoid valves open or close an ATF
port

¢ Modulation solenoid valves make it possible
to set the level of the clutch pressure
required

— The TCM specifies the amperage
— Allow amperage means high pressure

Solenoid valves are assigned different functions
based on the transmission phase.

Phase 0 and Phase 1

Solenoid valves N88, N89, N90, N91, N92 and
N94 are On/Off valves.

e The gears specified by the TCM are engaged
by valves N88, N89, N90, and N91

e The gearshift transition (smoothness) is
influenced by valves N92 and N94

Solenoid valve N93 is a modulation valve. The
main pressure is controlled by the electrical
current in the valve, depending on the gear, the
shift program ECO/SPORT, the load, and the
vehicle speed.

90010673.EPS

Manual Valve

52



Actuators

Phase 2 and Phase 2 ETA

Solenoid valves N88, N89, N90, N92, and N94
are On/Off valves.

e The gears specified by the TCM are engaged
by valves N88, N89, and N90

e The smoothness of the gearshift is
influenced by valves N92 and N94

— In Phase 2, N94 changes position of the
diverter valve for the B2 brake and K3
clutch

— In Phase 2 ETA, N94 changes position of
the K1 diverter valve to relieve oll
pressure rapidly in the K1 during 3rd to
4th gear shift

Solenoid valves N91 and N93 are modulation
valves.

e Solenoid valve N91 controls the clutch
pressure for the TCC

e Solenoid valve N93 controls the pressure of
the multi-plate clutches and multi-plate
brakes

Effects of Signal Failure

If a solenoid valve fails, the TCM moves into
emergency running mode.

U

& The printed conductor can be replaced
" separately. Please use special tool
3373 for this operation.

N89
N88
N92
NS0

90010594.EPS
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Actuators

Phase 0 Clutch and Brake Apply Chart

Gear B1|B2| K1|K2[K3| F

Man
Low

Reverse| ® L]

Dr. 1H

Dr. 2H ®

Dr. 3H

Dr. 3LT1

Dr. 3M

Dr. 3LT2 o

Dr. 4aM ®

Phase 1 Clutch and Brake Apply Chart

Clutch and Brake Apply Charts

These charts show which clutches and brakes
are applied for each of the gear ranges.

Problems in one gear can be diagnosed by
having an understanding of which clutches and
brakes are in use at that time. Also, comparing
when other gears are using the same clutches,
and using the solenoid charts on the next pages,
can help pinpoint the source of a concern.

If there is a clutch problem, the ATF is likely to
be burned, especially if the transmission feels
like it is trying to engage.

If the transmission does not respond to
gearshift commands at all, the problem may be
in a solenoid, valve, or valve body — not a clutch.

Phase 2 and Phase 2 ETA Clutch and Brake
Apply Chart

Gear B1|B2| K1|K2|(K3| F | LC

Man

Low ° ¢

Reverse| ® o

Dr. 1H

Dr. 1M

Dr. 2H °

Gear B1|B2| K1| K2| K3| F
Man

Low ° ¢

Reverse| ® ®

Dr. 1H ) °
Dr. 2H ) °

Dr. 3H ° °

Dr. 4aM ) °

Key

Clutch, Brake, or Freewheel Applied

H = Hydraulic*
M = Mechanical*
LT1 = Load Splitting**

LT2 = Load Splitting**

Dr. 2M °

Dr. 3H

Dr. 3M

Dr. 4H °

Dr. 4aM °

* Hydraulic and Mechanical refer to the state of the K3 Clutch (Phase 0 and Phase 1) or the TCC

(Phase 2 and Phase 2 ETA).

** | T1 and LT2 are used in the Phase 0 transmissions to help smooth the shift into mechanical

gear ranges.
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Actuators

Part |Name Pumpose Gear Range Controls
Phase 0 Phase 1 Phase 2/ETA
Reverse [Holds planet

B1 )

Brake carrier R, Man Low |R, Man Low |R, Man Low |Manual Valve
2nd/4th )

B2 Gear Holds large 2 4 2 4 2 4 EV2-N89 apphes
sun gear when energized

Brake
1stto 3 Drives small Manual valve EV1-
K1 Gear sun gear 1,2,3 1,2,3 1,2,3 N88 blocks apply
Clutch g when energized in 4™
Manual valve: Phase
Reverse [Drives large 0 and 1 only EV4-N91
K2 Clutch sun gear R, 3H, 3M IR, 3M i blocks apply in 1, 2, 4
when energized
Phase 0/1, EV3-N90
applies when
Wi : energized.

k3 |3 omves L |amaM [am 3,4 Phase 2/ETA manual

P valve EV3-N90 blocks
apply when energized
iNnPR N, 1,2

Holds

turbine to Possible in all Phase 2/ETA only.

LC TCC torque N/A N/A forward qears EV4-N91 apply (pulse
converter 9 width modulated)
housing
Prevents

One Way |planet carrier | .
F Clutch from turning Drive 1 —all phases

backwards
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Actuators

Solenoid Apply Charts

The solenoid application charts show which
solenoids are energized for each gear.

If a solenoid is inoperative electrically, a code
will set and the system will go into emergency
running mode. If a solenoid fails mechanically,
the computer may not set a code and shifting
problems will occur.

By analyzing the information provided by the
solenoid and clutch application charts, you can
focus your road test and improve your
diagnostic accuracy.

Phase 0 Solenoid Chart

Phase 2 Solenoid Chart

Gear Gear Solenoid Pattern
Selection | Range 2|1 3|4|5|6]7
Park 0 ° °
Reverse R ] o
Neutral 0 o o
Dr. 1H 1H ° o
Dr. 1M ™M oo °
Dr. 2H 2H o e °
Dr. 2M 2M e |o o °
Dr. 3H 3H e | o
Dr. 3M 3mM o e | o
Dr. 4H 4H ° L)
Dr. 4M M ° ° oo
Phase 2 ETA Solenoid Chart

Gear Gear Solenoid Pattern
Selection | Range 213|14|5]6]|7
Park 0 ° °
Reverse R ° °
Neutral 0 ° °
Dr. 1H 1H ° °
Dr. 1M ™ oo °
Dr. 2H 2H L °
Dr. 2M 2M e | o e °
Dr. 3H 3H o
Dr. 3M 3M o o
Dr. 4H 4H ° oo
Dr. 4M M ° ° oo

Gear Gear Solenoid Pattem
Selection| Range | 1| 2| 3[4 (5| 6| 7
Park 0 [ ° °
Reverse R °
Neutral 0 ° ° °
Dr. 1 1 ° °
Dr. 2 2 [ ° °
Dr. 3 3 o
Dr. 4 4M eo|eo|o |0 °

Phase 1 Solenoid Chart

Gear Gear Solenoid Pattem
Selection|Range| 1| 2| 3|4 | 5| 6| 7
Park 0 ° ° °
Reverse R L
Neutral 0 o ° °
Dr. 1H 1 ° °
Dr. 2H 2 ° ° °
Dr. 3H 3H o
Dr. 3M 3M ° °
Dr. 4M 4M | e (e | e | @ °
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Actuators

Solenoid [Purpose Gear Range
Phase 0 Phase 1 Phase 2 |[Phase 2 ETA
EV1-N88 [Blocks pressure to K1 PR 4 PR 4 PR 4 PR 4
EV2-N89 [Applies B2 2,4 2,4 2,4 2,4
i Phases 0/1 applies K3

EV3-N90 Phases 2/ETA blocks K3 3M, 4M 4M PR,N,1,2 |[PR,N, 1,2

Phases 0/1 blocks K2 (on/off)
EV4-N91 [Phases 2/ETA applies TCC 1P 2 [A\rl 1P 2 [A\rl I1D F; [A\rl I1D F; [A\rl

(pulse width modulated) n n n n

All phases ON in 1st when stopped
EV5-N92 [On/Off shift comfort valve Flashes between all gear shifts except Phases 0/1
3-4 up-shift

Electronic pressure control Regulates main line pressure in valve body by duty
EV6-N93 cp cycle signal, based on shift program, throttle position

(pulse width modulated) (load), and vehicle speed

Flashes on

On/Off shift comfort valve 2-3 up-shift
EV7-N94 rlashes between 34 |and down-  {On in 4th

* See Note P shift; On in

3rd and 4th

* Note: [In Phase 2, N94 changes position of the diverter valve for the B2 brake and K3 clutch.

In Phase 2 ETA, N94 changes postion of K1 diverter valve to relieve oil pressure

rapidly in the K1 during 3rd to 4th gear shift.
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Actuators

90010598.EPS

90010601.EPS

Cruise Control System

The power for the cruise control system is
supplied by the TCM.

The TCM will make power available to the cruise
control system when the system is switched on
and the vehicle speed is greater than 30 km/h
(about 19 mph). The cruise control system
operates in selector lever positions D, 3, and 2.

The TCM interrupts the power supply if the
selector lever is shifted into P R, N, or 1.

Shift Lock Solenoid N110

The gearshift selector lever lock is located on
the selector lever.

The solenoid is switched on with the ignition
and prevents a drive position being engaged.
The lock is overridden by derepressing the brake
pedal. The selector lever then can be moved into
a Drive position.
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Actuators

Park/Neutral Position (PNP) Relay J226

This is a combination relay and is integrated in
the electrical center. This relay:

e Prevents the engine from starting when a
Drive position is engaged

e Supplies power to the reversing lights when
Reverse gear is selected

The relay is activated by a signal from the multi-
function switch F125.

Selector Lever Display

A selector lever display is integrated in the dash
panel insert, indicating the position of the
selector lever at that moment.

If a fault is stored in the fault memory that is not
covered by a substitute function, all the range
indicator lights in the selector lever display will
be illuminated.
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90010607.EPS
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Function Diagram (example)
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Components G68  Vehicle Speed Sensor (VSS)
B/50 Starter (terminal 50) G69 Throttle Position (TP) Sensor
D/50 Ignition/Starter Switch (terminal 50) G93 Transmission Fluid Temperature Sensor
F Brake Light Switch J226 Park/Neutral Position (PNP) Relay
Fs Kick Down Switch J Engine Control Module (ECM)
F125  Multi-function Transmission Range (TR) J217  Transmission Control Module (TCM)
Switch L19 Automatic Transmission Console Light
G28 Engine Speed Sensor M16-17 Left and Right Back-up Lights
G38  Transmission Vehicle Speed Sensor (VSS) M9-10  Left and Right Brake Lights
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Function Diagram
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N88
N89
N90
N91
N92
N93
N94
N110
S14

Solenoid Valve 1

Solenoid Valve 2
Solenoid Valve 3
Solenoid Valve 4
Solenoid Valve 5
Solenoid Valve 6
Solenoid Valve 7

Shift Lock Solenoid

Fuse

Additional Signals

1 Selector Lever Display
2 Cruise Control System
3 Air Conditioning

Color Codes
I Input Signal
I Output Signal
I Positive
I Ground
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On-Board Diagnosis

VAS 5051

Vehicle diagnostic-, measuring- and information system
Version -U

DN-/V03.20 02/09/2002

Vehicle Self-Diagnosis 02 - Gearbox electronics
01P927733CM
== AG4 Getriebe 01P 4973
Select Coding 0
diagnosis function Dealership number 0

02 - Interrogate fault memory

03 - Final control diagnosis

04 - Basic settings

05 - Erase fault memory

06 - End output

07 - Code control unit

08 - Read data block

09 - Reading individual measuring value
10 - Adaption

11 - Log-in procedure

The on-board diagnosis function monitors the
signals of the sensors, the electrical (not
mechanical) operation of the actuators, and
performs a self-test of the TCM.

If a fault occurs, substitute functions are utilized
and fault descriptions are stored in the non-
volatile memory of the TCM. The faults are
stored in memory even if the battery and TCM
are disconnected.

When faults are stored, the TCM distinguishes
between static and sporadic faults. If a fault
occurs only once within several driving cycles, it
is stored as a sporadic fault.

Sporadic malfunctions are stored in the memory
and are displayed as “sporadic malfunctions”
when retrieved by the VAS 5051 scan tool.
"Sporadic” appears on the display in such
cases. If the printer is switched on, sporadic
malfunctions are printed out after the
malfunction is addressed.

If the fault is no longer recognized over a
distance of about 1000 km (625 miles) or 20
hours, it is automatically erased from memory.
If the fault continues to exist within the stored
drive cycles, it is stored as a static fault.

Inoperative CAN-Bus signals will be detected by
the control module on vehicles equipped with
CAN-Bus. Faulty CAN-Bus wiring e.g. open
circuits, can be directly detected. Conclusions
cannot be drawn as to where the CAN-Bus
wiring is faulty until all control module DTC
memories have been interrogated.
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On-Board Diagnosis

VAS 5051/5052

The following functions are available by
selecting 02 Gearbox Electronics:

02 Interrogating fault memory

04 Starting basic setting

05 Erasing fault memory

06 Ending output

08 Reading measured value block

Function 02, Interrogating Fault Memory
The sensor/actuators in color are monitored by the TCM.

& G38
ﬂ G68
‘ ECM
F125

ECM

ey
F8
g\ G93
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On-Board Diagnosis

Function 04, Basic Settings Display Group 0

After performing certain repairs to the
transmission or to the engine, it is necessary to
erase the adaptive-shifting values. An example
would be after replacing the throttle valve
control module, transmission hardware,
software, or TCM.

Vehicle Self-Diagnosis 02 - Gearbox electronics
01P927733CM

AG4 Getriebe 01P 4973
Coding 0

Dealership number 0

02 - Interrogate fault memory

03 - Final control diagnosis
sic settings

05 - Erase fault memory

06 - End output

07 - Code control unit

08 - Read data block

08 - Reading individual measuring value

10 - Adaption

11 - Log-in procedure

Always refer to current service
information for the exact procedure
of when and how to initiate the
Basic Settings.

Vehicle Self-Diagnosis g?l‘-’ fzg!grg;é ;llecimnlcs
i St sl | AG4 Getriebe 01P 4973
Coding 0
Dealership number 0

Read data block

Display
group

Basic settings

64



On-Board Diagnosis

Function 08, Reading Measured Value Blocks

The signals of the components shown in color
can be tested in Function 08, Reading Measured
Value Blocks.

~ G69
© (© @\
N88-N94 ¥
N110
G68 3
o
ECM
F125
F crui
ruise
Control /
@
F8
A/C
G93
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Notes
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Knowledge Assessment

An on-line Knowledge Assessment (exam) is available for this Self-Study Program.

The Knowledge Assessment may or may not be required for Certification.

From the vwwebsource.com Homepage, do the following:

You can find this Knowledge Assessment at:

www.vwwebsource.com

Click on the Certification tab
Type the course number in the Search box
Click "Go!" and wait until the screen refreshes

Click “Start” to begin the Assessment

For Assistance, please call:

Certification Program Headquarters
1-877 - CU4 - CERT
(1-877 - 284 - 2378)
(8:00 a.m. to 8:00 p.m. EST)

Or, E-Mail:

Comments@ VW_Certification.com
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