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Preface

With the 1999 model year the Escort is superseded by a new generation vehicle, the FOCUS. This new innovative
medium-sized vehicle incorporates the latest technical developments and modified components and systems from
existing Ford vehicles.

The object of the “FOCUS” course is to present the vehicle and familiarize you with the vehicle components and

systems. To this end, the training literature has been split into the following publications based on the main areas:

® New Product Introduction 00/269 “Focus”, CG 7745/S
® New Product Introduction 00/270 “Focus — Body”, CG 7746/S

® New Product Introduction 00/271 “Focus — 1.8L Endura-DI Turbocharged Intercooled Diesel Engine”,
CG 7747/S

® New Product Introduction 00/272 “Focus — 4F27E Automatic Transmission”, CG 7748/S

® New Product Introduction 00/273 “Focus — Overview”, CG 7749/S

This New Product Introduction gives an overview of the new four-speed automatic transmission developed for the
Focus. The design and operation of the different assemblies of the transmission and the components of the

transmission control system are described in detail.

Electronic synchronous shift control (ESSC) is used for the first time in the Focus and guarantees extremely

smooth gear shifting over the entire life of the transmission.

The automatic transmission has been designed for front wheel drive vehicles and is available with the new
1.6L Zetec-SE petrol engine from the 1999 3/4 MY onwards.

Please remember that our training literature has been prepared solely for FORD TRAINING PURPOSES.
Repair and adjustment operations MUST always be carried out according to the instructions and
specifications in the workshop literature.

Please make extensive use of the training courses offered by Ford Technical Training Centres to gain

extensive knowledge in both theory and practice.

Service Training 1



Contents

Page

PEBIEER. co sre v e s S worae B S0 0 0 AN e E A M e R % i R R S AR N 1
CONtENES s cusns vus wwvns s nnn ws B P 5 R AT R e TS A O M 008 R B R RS 2
Literatore/VIdeo OVEPVIEW .. s s ssow sm vws s s 5o aas s nus w5 anin ss o8 68 950 65 6oy nuves nyen 5
GETEPAL « o o0 ous wm sms 56 ©ow U S5 B8 FxS FH4HE HES 65 RHES HE B85, 8% 508 0B C0T XS GES HEHT HED D 6
Ataglance ......ociiiiiiiiiiii i ittt it ittt ittt 8
Design and operation ........... R T TR T 10
OVEEVICW & i vcivvio s osi sme s sin s e aos s smsos o8 e s as o0 6 mee s semnsesssasoesssnseessnssssssosnssse 10
ASSCINDIICS i i oo a6 s aos 880w 504 185 05100506 6 5 5% 515 5 566 505 015,516 16040 918 1816 165 60 83 8 o 09 56 15 60 81 018 1808 1 90018 00 00 (0 0 o 12
Torque converter and torque converter lock-upclutch ........ ... ... .. .. ... . ol 12

Fluid pump and Stator SUPPOTE . . . . oottt ettt e et e e e 13
Plangtary gear §ELS ... : s samps s s smmuess s om@s s ¥ S WuGEF S FRHMEFS FSEMTF Y IRHABE L SRREYI 3L GG F P 14
Clutches and brakes . . .. ..ottt 15
TranSmiSSION FANEES ...ttt tieeneesenresenosssassssassacssssonssnasnssaasnasasassnss 16
TEE AL v v e cmcmois « vondiomn o« mormumure o x wmmmn o e d § G EE RS EAREES  AMEES K S AEEEE I AEBRNE 6 16

20 BEAL o5 s s cmmwas sommmmns s EHMEHS £ S ERMMES 5 SEBAE D fUWAE P 2 SHWE S ¢ SN 8 b e+ @ s o 17

236 I (- | RTINS P P P 18

HEh @EAF o v coamuns e ambmes s VERRSS ¥ FWTHSE 3 ARERS 5§ IHBHE X3 SHEAHTT 3 EHEETT ¢ VB WHL o 5 wmmms oo 19
REVEISE AT . . oottt e 20
Assemblies (CONtINUEA) .. ...vuieiiuieiiun et inneetueeneeseseosessaseasanssesscassnsanennns 21
ValVE DY . o ocwnn fcrmmces o i B s 5 AETEE S5 MRS F ¥ SHBYE T FEEREE § FSBEF Y S ATAEEL AT EETE L 2 21
Internal shift MeChanism . ... .. ... o 22
External Shift MEChamISIL ...« vcwws v o smmmss s cimmmis inmias s8 sums 6§ s0Ems 5 FHmENs 5 sommDs 5 ¢ 8 23
Intermediate gear stage and final drive assembly .......... .. ... .. . L 24
B0 BB 5 s s dean wm o o wm s sore o s e s g § s B 2wss 2 e i 25

2 Service Training



Contents

Page

POWEE TIOW wuwsnonn amemw asinsn eun s swm sim am a8 686 005 BN 554 08 AEs 58 b8 0o bEs o8 506 s 26
] 2 | P 26

AL BEAT & 6is s caiiinie . ammmmos bammmrs fommeen s ommmme 5 vmmne s e ammmn 2o 8 mmae 5 o e o o 27

BEd BaT . .o e 28

At gear ..o 29
REVEISE.ZEUAT 1 swmmss s smmmps s sumes s EEeos it 2EHNE S TERRSI I FEBNEET FeBAREs §5 56 0E § G485 HS 5 30
TransmiSSION COIEEOL « o w s nem ws veswn sns 50 sms we 608 Ees 0F 506 0% 0F R R 32
ADNRTFUEIN vx 0010 00 0 1700 0 00 0 0 A 0 9 100 5 0 0 ) 0 0000 595 15 00 00 1 3 60 BT S et o 32
Powertrain control module (PCM ) . ....itititiitiiitieteteeneeeenenseesensesensossasensanas 34
Emergency operating program .. ... ... .......utie ettt 34
Manual selector lever POSItIONS ... ...ttt iiteieeneireneeeeueeneneenesesnesneneensassnoas 35
Electronic synchronous shift control (FESSC) . ..iuiititiiiiiii ittt it teetereneerontessnseneenas 36
Control of shift Operations . . .. ... .. i 36
SVORURIIES s o000 000 00000 00 0 00 856 e 000 6 006 B0 6500 508 660 e o o o 38
Throttle position (TP) SENSOT . . . .. ..ot e 38

Mass air flow (MAF) and intake air temperature (IAT) SENSOIS . .. ... ..ot 39
Crankshaft position (CKP) Sensor . . ... ... 40
Turbine shaft speed (TSS) SENSOT . .. ... i 41
Vehicle Speed SENSOE (VISS) avs ¢ v awmms s vowass s s cmmmot s samais s sobmns s s ommmn s simmas o omommn s 42
Transmission range (TR) Sensor .. ... ... . 43
Stoplamp switch .. ... 44
Transmission fluid temperature (TFT) Sensor . .. ...ttt e 45
Overdrive (O/D) SWItCh . . . ... 46

Service Training 3



Contents

Page -
ACHIALOTS & o v vt e et eeenensasnsassossossssesesssssssssosasasssososososasasosasasasasasasas 47
PWM s0lenoid valves 1 — 3 .. . e 47
Shift solenoid (on/off) valves 1 and 2 ......c.ciiiiuriirmmnesisreneeammvnsnsmnnasoenneses 48
Main regulating valve (variable force solenoid — VFES) ... 49
Manual selector lever shift lock solenoid . ........ .. .. 50
Adr corBAINS TEIAT « soxsms posmmas s tpamnss vommuas o awmmnn > cmamas s sk b §5 FREHE 55 1HHE 2 51
Starter INHIBIOr TEIAY .+« « vcv v v vvcas v cmmmss i Ee s s E RS R F KRS EEEAS R ey ¢ e 52
Ignition key lock SOIBNGTA & 5 xs v cumsns e samams s sruman s s commmas s sommns s commnss smamen s sadahss 53
O/D IBAICATOT . &« ov e v« vommw o o vwmmore + o v o s Siom i b & FEREE 65 8 s 855 3 FMmass o smwmms s wawens 54
Powertrain warnigindiGator .. « sssmus s sammms s sramps s s smmmes s cmmmmn s cmmmna s wwmmmn s oninns s 54 @
Service Information ..................... ¥ R NS EE R AR B pes mw e b R 55
Manual selector lever cable adjustment ......... ... . 55
FIOId1eVEL ChETK . vvv v v iimme e vmms 2 5 s miss 3 § £ S8 5§ FEEEDS  SREEEE § RIS o 0 mrwie v wia e 56
TTEARATE: o smiss 6 6 3mAEE 5 ¢ SEEES § R A B E § BN fo i+ don e % e es Ky B AEREET (S EEAEE 56
List of abbreviations .............. Cheeeeeeeaen e 8 BB GEA R HER R SR W 57

-

4 Service Training



Literature/video overview

Technical Service Training

Focus

4F27E Automatic Transmission

Student Information

<

New Product Introduction 00/272

CG 7748/S en 6/98

New Product Introduction 00/269
“Focus”, CG 7745/S

New Product Introduction 00/270
“Focus — Body”, CG 7746/S

New Product Introduction 00/271
“Focus — 1.8L Endura-DI Turbocharged
Intercooled Diesel Engine”, CG 7747/S

New Product Introduction 00/273

“Focus — Overview”, CG 7749/S

Video
“Focus”, CG 7751/V

Service Training



General

The automatic transmission used in the Focus is a

new development.

It is a fully automatic, electronically controlled
four-speed transmission designed for front wheel

drive vehicles.

Its abbreviated designation 4F27E means:

4 — four-speed transmission
F — front wheel drive
27 - maximum input torque after torque

converter: 270 Ib-ft (365 Nm)

E — fully electronic control

Mazda in Japan has developed the transmission

specifically for use in the Focus.

It is produced by Ford in Van Dyke, Michigan
(USA).

From the 1999 3/4 MY it is initially offered solely

in conjunction with the 1.6L Zetec-SE engine.

The individual ratios are achieved through two

planetary gear sets connected one behind the other.

The individual components of the planetary gear
sets are driven or locked by means of three
multiplate clutches, a multiplate brake, a brake

band and a roller one-way clutch.

The torque is transmitted to the final drive

assembly through an intermediate gear stage.

The transmission fluid is designed to be used for
the life of the transmission and must not be

changed.

Initially, no repair operations are planned for the
automatic transmission, apart from changing

various seals.

The electrical and hydraulic functions are carried
out by a 104-pin EEC V powertrain control

module.

The manual selector lever gives the driver a choice
Of G‘P’,’ “R)?, G‘N”, 6‘195’ €£279 and 4‘D?7.

In drive range “D” it is also possible to operate an
O/D switch on the manual selector lever to prevent
the transmission shifting into 4th gear or to shift

down to 3rd gear.

To minimize fuel consumption, the torque
converter lock-up clutch is closed by the PCM in
3rd and 4th gears depending on the throttle position

and vehicle speed.

The transmission has electronic synchronous shift
control (ESSC) which guarantees extremely
smooth gear shifting over the entire life of the

transmission.

A hydraulic emergency operating program
maintains limited operation in the event of failure

of important electrical components.

The transmission can be tested using FDS 2000
through the data link connector (DLC) in the

passenger compartment.

Service Training
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At a glance
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At a glance

Transmission design
® Four-speed automatic transmission (for front wheel drive vehicles)
® Two single planetary gear trains connected one behind the other

® The components of the planetary gear trains are driven or locked hydraulically by means of multiplate clutches

and brakes, a one-way clutch and a brake band
® Intermediate gear stage and final drive assembly incorporated in the transmission housing
® Electronically controlled, hydraulically closed torque converter lock-up clutch

® Stator made of synthetic resin (to reduce weight)

Ratios in the individual transmission ranges

® st gear: 2.816:1
® 2nd gear: 1.498 : 1
® 3rd gear: 1.000 : 1
® 4th gear: 0.726 : 1

Reverse gear: 2.649 : 1

Transmission control
® Electronic synchronous shift control (ESSC)
® [Integrated in the EEC V PCM

® (/D switch to deselect and select 4th gear

Diagnosis and testing

® Diagnosis and testing with FDS 2000 through the data link connector (DLC) in the passenger compartment

Service Training 9



Overview Design and operation

7748/01/VF

.
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Design and operation Overview

Key to the illustration opposite

1 2nd/4th gear brake band
2 Planetary gear sets

3 Reverse gear brake

4 1st - 3rd gear clutch

5 Fluid pump and stator support
6 Torque converter

7 Transmission input shaft
8 Differential

9 Intermediate gear stage
10 Transmission output gear
11 1st gear one-way clutch
12 Reverse gear clutch

13 3rd/4th gear clutch

Service Training 11



Assemblies

Design and operation

Torque converter and torque converter lock-up clutch

The torque converter transmits the engine torque

hydraulically to the transmission input shaft.

The stator boosts the torque to the clutch point
(approx. 85% difference in speed between the

impeller and the turbine).

The stator is made of synthetic resin to reduce

the weight.

To increase the efficiency of the automatic
transmission, the torque converter has a closable
torque converter lock-up clutch. When the torque
converter lock-up clutch is closed, the torque is
transmitted directly from the crankshaft through
the torque converter housing to the transmission

input shaft.

The torque converter lock-up clutch is closed
hydraulically by the PCM by means of the
solenoid valves in the valve body in 3rd and 4th
gears depending on the throttle position, vehicle

speed and manual selector lever position.

7748/07/VF

Converter housing and impeller
Turbine

Stator

Torque converter lock-up clutch

[, T SR U T NS T

Transmission input shaft

12
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Design and operation

Assemblies

Fluid pump and stator support

® The fluid pump is a crescent gear pump and is
driven directly from the crankshaft by means of
drivers on the converter housing. The fluid pump

is bolted to the transmission housing.

® The stator support is bolted to the fluid pump. It
engages by means of splines in the stator and

serves as support for this.

7748/08/VF

B WY =

Stator support
Fluid pump
Converter housing
Stator

Service Training
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Assemblies Design and operation

Planetary gear sets

7748/09/VF
1 Sun wheel (2nd set) 4 Sun wheel (1st set)
2 Planet carrier (2nd set) and annulus (1st set) 5 Transmission output gear

3 Annulus (2nd set) and planet carrier (Ist set)

® The individual gears are shifted by means of two ® At the output end the drive always passes from the
planetary gear sets connected one behind the other. planet carrier of the first planetary gear set through
The following fixed connections exist between the the transmission output gear to the primary gear of
planetary gear sets: the intermediate gear stage.

— Planet carrier (1st set) — annulus (2nd set)

— Planet carrier (2nd set) — annulus (1st set)

14 Service Training



-Design and operation

Assemblies

Clutches and brakes

7748/10/VF

1 2nd/4th brake band
2 Reverse gear brake
3 1st—3rd gear clutch

® The individual ratios are selected by means of three
multiplate clutches, a multiplate brake, a brake

band and a roller one-way clutch.

4 1st gear one-way clutch
5 Reverse gear clutch
6 3rd/4th gear clutch

® The components concerned receive the required
pressure from pulse width modulation (PWM)

solenoid valves.

Service Training
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Transmission ranges Design and operation

1st gear

7748/11/VF

Illustration of principle

1 Sun wheel (1st set) 3 Annulus (1Ist set) and planet carrier (2nd set)
2 Sun wheel (2nd set) 4 Planet carrier (1st set) and annulus (2nd set)
® At the input end the drive passes through the sun ® The planet gears roll on the annulus (1st set) (3).

wheel (1st set) (1).
® At the output end the drive (not shown) passes

® The annulus (1st set) and planet carrier (2nd set) through the planet carrier (1st set) (4)

(3) are locked by means of the 1st gear one-way
; i i i in . .
clutch. No-engime braking effect 15 produced NOTE: The relative movements in the second
manual selector lever position “D” in overrun.
planetary gear set have no effect on the
® In manual selector lever position “1” engine gear ratio.
braking effect is obtained through the additional

operation of the reverse gear brake.

16 Service Training



- Design and operation Transmission ranges

2nd gear

7748/12/VF

Iustration of principle

1 Sun wheel (1st set) 3 Annulus (Ist set) and planet carrier (2nd set)
2 Sun wheel (2nd set) 4 Planet carrier (Ist set) and annulus (2nd set)
® At the input end the drive passes through the sun ® The planet carrier (2nd set) and the annulus
wheel (1st set) (1). (1st set) (3) are driven.
® The planet gears roll on the annulus (1st set) (3). ® As the annulus (1st set) (3) turns in the normal
This drives the planet carrier (1st set) and the direction of rotation of the engine, the relative
annulus (2nd set) (4). movement of the planet gears (1st set) is reduced.
® The sun wheel (2nd set) (2) is locked. The planet ® At the output end the drive (not shown) passes
gears (2nd set) bear on it. through the planet carrier (1st set) (4).

Service Training 17



Transmission ranges

Design and operation

3rd gear

7748/13/VF

Ilustration of principle

1 Sun wheel (1st set)
2 Sun wheel (2nd set)

® At the input end the drive passes firstly through the
sun wheel (1st set) (1) and secondly through the

planet carrier (2nd set) and the annulus (1st set) (3).

® At the input end the drive in the first planetary gear
set passes simultaneously through two components.
Therefore, no relative movements take place. The

planetary gear set turns as a whole.

3 Annulus (1st set) and planet carrier (2nd set)

4 Planet carrier (1st set) and annulus (2nd set)

® At the output end the drive (not shown) passes
through the planet carrier (1st set) (4).

18
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-Design and operation

Transmission ranges

4th gear

7748/14/VF

Mlustration of principle

1 Sun wheel (1st set)
2 Sun wheel (2nd set)

® At the input end the drive passes through the planet
carrier (2nd set) and the annulus (1st set) (3).
® The sun wheel (2nd set) (2) is locked.

® The planet gears roll on the sun wheel (2nd set) (2)
and drive the annulus (2nd set) and the planet
carrier (1st set) (4).

3 Annulus (1st set) and planet carrier (2nd set)

4 Planet carrier (1st set) and annulus (2nd set)

® At the output end the drive (not shown) passes
through the planet carrier (1st set) (4).

NOTE: The relative movements in the first
planetary gear set have no effect on the

gear ratio.

Service Training
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Transmission ranges

Design and operation

Reverse gear

7748/15/VF

Illustration of principle

1 Sun wheel (1st set)
2 Sun wheel (2nd set)

® At the input end the drive passes through the sun
wheel (2nd set) (2).

® The annulus (1st set) and the planet carrier (2nd
set) (3) are locked.

® The planet gears of the second planetary gear set
drive the annulus (2nd set) and the planet carrier
(1st set) (4) counter to the normal direction of

rotation of the engine.

3 Annulus (1st set) and planet carrier (2nd set)

4 Planet carrier (1st set) and annulus (2nd set)

® At the output end the drive (not shown) passes

through the planet carrier (1st set) (4).

NOTE:

The relative movements in the first

planetary gear set have no effect on the

gear ratio.

20
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Design and operation Assemblies

Valve body

7748/16/VF
1 PWM solenoid valves 3 Main regulating valve (variable force solenoid —
2 Shift solenoid (on/off) valves VES)
® The valve body contains six solenoid valves: ® The PWM solenoid valves allow direct actuation of

the clutches and brakes to be switched and ensure

— three PWM solenoid valves (pulse width extremely smooth gear shifting through precise

modulation solenoid valves), pressure regulation

— two shift solenoid (on/off) valves, ® The shift solenoid (on/off) valves switch the

- qite main repulating walve (arible forge hydraulic path to the clutches and brakes. They

; reduce the number of modulating valves required.
solenoid).

s The individial clntchis and hrakes are sopplisd ® The main regulating valve (variable force solenoid)

. ; ; ensures th fficient hydrauli e is
with pressure with the PWM solenoid valves and 4 at suthicient hydraulic pressure 1

the shift solenoid (on/off) valves and thus the gears avgilible in, 41l operding wand o,

are shifted.

Service Training 21



Assemblies Design and operation

Internal shift mechanism

7748/17/VF
1 Lever on shift shaft 4 Actuating lever of manual selector slide
2 Shift shaft 5 Manual selector slide (in valve body which is not
3 Parking pawl engaging lever shown)
® The shift shaft lever is secured on a square on the ® The manual selector slide, a valve operated entirely
shift shaft. Axial movement of the selector lever manually, is moved by means of the manual
cable is changed into rotation of the shift shaft. selector slide actuating lever in the valve body.
® The transmission range (TR) sensor is seated on the ® The manual selector slide guarantees the functions
outer part of the shift shaft. during hydraulic emergency operation.

® In the transmission the shift shaft operates firstly
the parking pawl engaging lever and secondly the
actuating lever of the manual selector slide.

22 Service Training
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Design and operation

Assemblies

External shift mechanism

7748/18/VF

® At the transmission end the manual selector lever
cable is attached to a ball on the lever on the shift
shaft through the TR sensor.

® The cable abutments are secured firstly to the
transmission housing and secondly to the bracket

of the manual selector lever.

® The adjuster for the manual selector lever cable is
located at the transmission side of the sheath.

® At the manual selector lever end the cable is

clipped onto a ball.

Service Training
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Assemblies

Design and operation

Intermediate gear stage and final drive assembly

7748/19/VF

1 Automatic transmission output gear

2 Primary gear of intermediate gear stage

® The automatic transmission output gear is splined
to the planet carrier of the front planetary gear set
and drives the primary gear of the intermediate gear

stage.

® The secondary gear of the intermediate gear stage

drives the final drive assembly.

® The torque is transmitted to the halfshafts through

the final drive assembly.

3 Secondary gear of intermediate gear stage
4 Differential

® The differential offsets differences in the speed of
rotation of the halfshafts.

® The intermediate gear stage is designed so that the
final drive ratio can be adapted to requirements
when the automatic transmission is used in

conjunction with different engine variants.

24
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Fluid circuit

7748/41/VF

Ilustration of principle

1 Fluid pan 7 Reverse gear clutch

2 Fluid filter 8 3rd/4th gear clutch

3 Fluid pump 9 Reverse gear brake

4 Main regulating valve (variable force solenoid) in 10 1st — 3rd gear clutch
the valve body 11 Torque converter

5 PWM solenoid valves and shift solenoid (on/off) 12 Torque converter lock-up clutch
valves in the valve body 13 Fluid cooler

6 Servo piston for 2nd/4th gear brake band

Service Training 25



Power flow

1st gear

T

S|

7748/02/VF

Impeller (1) NOTE:

w turbine (2)
w 1st — 3rd gear clutch (3)

w drives the sun wheel (1st set) (4)

The annulus (1st set) (5) bears on the 1st gear
one-way clutch (6) (no engine braking effect).
In manual selector lever position “1” the reverse
gear brake (7) is also actuated (engine braking
effect).

At the output end the drive passes through the
planet carrier (1st set) (8) to the intermediate

gear stage (9) and the final drive assembly (10).

As no component in the secondary
planetary gear set is locked, this has no

effect on power transmission.

26
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Power flow

2nd gear

7748/03/VF

® Impeller (1)
w turbine (2)
w ]st — 3rd gear clutch (3)
w drives the sun wheel (1st set) (4)

® The sun wheel (2nd set) (5) is held by the
2nd/4th gear brake band (6).

® At the output end the drive passes through the
planet carrier (1st set) (7) to the intermediate
gear stage (8) and the final drive assembly (9).

Service Training 27



Power flow

3rd gear

@\\

7748/04/VF

® [mpeller (1)
w turbine (2)
w st — 3rd gear clutch (3)
w drives the sun wheel (1st set) (4)
w 3rd/4th gear clutch (5)

w drives the planet carrier (2nd set) (6)

® At the output end the drive passes through the
planet carrier (1st set) (7) to the intermediate

gear stage (8) and the final drive assembly (9).

NOTE:

NOTE:

As two components are driven

simultaneously in the first planetary

gear set, the planetary gear set turns as

a complete unit.

If the torque converter lock-up

clutch (10) is closed, the power flow

from the torque converter housing

passes directly through the

transmission input shaft to the 1st — 3rd
gear clutch (3) and to the 3rd/4th gear

clutch (5).

28
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Power flow

-
4th gear
!
-
7748/05/VF
® Impeller (1) NOTE: As no component is locked in the 1st
w turbine (2) planetary gear set, this has no effect on
w 3rd/Ath gear clutch (3) the power transmission.
5’ w drives the planet carrier (2nd set) (4)
NOTE: If the torque converter lock-up
clutch (11) is closed, the power flow
® The 2nd/4th gear brake band (5) holds the sun passes directly from the torque
wheel (2nd set) (6). converter housing through the
® At the output end the drive passes through the transmission input shaft to the 3rd/4th
annulus (2nd set) (7) and the planet carrier (1st gear clutch (3).
‘J set) (8) to the intermediate gear stage (9) and the
i final drive assembly (10).
»>

|

:

|

|

l
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Power flow

Reverse gear

7748/06/VF

® Impeller (1)
w turbine (2)
w reverse gear clutch (3)

w drives the sun wheel (2nd set) (4)

® The reverse gear brake (5) holds the annulus (1st
set) (6) and the planet carrier (2nd set) (7).

® At the output end the drive passes through the
annulus (2nd set) (8) and the planet carrier (1st
set) (9) to the intermediate gear stage (10) and
the final drive assembly (11).

30
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Overview Transmission control

7748/38/VF

32 Service Training



Transmission control Overview

1 EECV PCM

2 Data link connector (DLC)

3 Throttle position (TP) sensor

4 Mass air flow (MAF) and intake air temperature (IAT) sensors
5 Crankshaft position (CKP) sensor

6 Turbine shaft speed (TSS) sensor

7 Vehicle speed sensor (VSS)

8 Stoplamp switch

9 Transmission fluid temperature (TFT) sensor

10 Transmission range (TR) sensor

11 Overdrive (O/D) switch

12 Solenoid valves in the valve body

13 Selector lever shift lock solenoid

14 Starter inhibitor relay

15 Ignition key lock solenoid

16 Air conditioning relay

17 Powertrain warning indicator in instrument cluster

18 O/D indicator in instrument cluster

Service Training 33



Powertrain control module (PCM)

Transmission control

Location

® The PCM is located under the trim panel on the
right-hand A-pillar.

Function

@ On vehicles with automatic transmission the
EEC V PCM controls the transmission in
addition to the engine management system. In

this case a module with 104 pins is used.

® The PCM evaluates the incoming signals from
the individual sensors and actuates the solenoid
valves in the valve body of the transmission

directly according to the operating state.

Diagnosis and testing

® Diagnostic checks can be carried out the
transmission through the data link connector
(DLC) above the central junction box (CIB).

Emergency operating program

® If correct gear shifting can no longer be guaranteed
due to failure of certain signals, the PCM changes

to an emergency operating program.

® The driver is informed of the operation of the
emergency operating program by the illumination
of the powertrain warning indicator in the

instrument cluster.

7748/20/VF

1 EECV PCM
2 Inertia fuel shutoff (IFS)

e Continued motoring is guaranteed in the following

limited conditions:
— maximum main line pressure,

— 3rd gear in manual selector lever positions “D”,
“2” and “1” without the torque converter

lock-up clutch,

— reverse gear in manual selector lever position
S‘R?’

34
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Transmission control

Manual selector lever positions

Manual selector lever position “1”

In manual selector lever position “1” only first gear

is selected.

In addition to the 1st gear one-way clutch the
transmission control closes the reverse gear brake

to produce engine braking effect in overrun.

If the manual selector lever is moved to position

“1” at an excessive vehicle speed for 1st gear, the
transmission control only allows the downshift to
take place when the corresponding vehicle speed

has been reached.

Manual selector lever position ‘2”

In manual selector lever position “2” only 2nd gear
is selected. The transmission control does not allow

shifting into 1st gear.

If the manual selector lever is moved to position
“2” at an excessive vehicle speed for 2nd gear, the
transmission control only allows the downshift to
take place when the corresponding vehicle speed

has been reached.

Manual selector lever position “D”

In manual selector lever position “D” and when the
O/D switch is not pressed, the transmission control

allows all the gears to be selected.

When the O/D switch is pressed, shifting into 4th
gear is prevented or the transmission shifts down to

3rd gear.

Manual selector lever position “N”

® In manual selector lever position “N” no gear is

selected.

® The drive line is not locked.

Manual selector lever position “R”

® In manual selector lever position “R” reverse gear

is selected.

Manual selector lever position “P”

® [n manual selector lever position “P” no gear is

selected.

® The parking pawl is engaged manually by the

manual selector lever cable and the shift shaft.
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Electronic synchronous shift control (ESSC) Transmission control

Control of shift operations

During a shift operation certain shift elements are
released while others are actuated with pressure.
Ideally this process takes place simultaneously
(synchronously) to avoid jerky gear shifting (refer

to diagram A opposite).

Where possible the time for the shift operation

should remain within the time limits provided.

When the shift operation is controlled
conventionally, the pressure build up and reduction
at the shift elements are set and defined for ideal

conditions (synchronous shifting).

As there is no way of influencing the control in the
event of different levels of wear in the shift
elements, when the transmission has been used for
a fairly high mileage it is possible that the pressure
build up and reduction may no longer be

synchronous.

The result of premature pressure reduction (B) at
the element to be switched off is an unwanted rise
in the turbine shaft speed as the element to be

switched on cannot transmit the input torque.

The result of delayed pressure reduction (C) at the
element to be switched off is an unwanted decrease
in the turbine shaft speed as both shift elements
transmit the input torque. In the process the torque
is transmitted to the transmission housing through

internal locking.

In both cases a jerk will be felt during the shift

operation.

In addition, wear in the shift elements leads to a
lengthening of the shift operation. Therefore,
shifting takes longer when the transmission has

covered a higher mileage.

Control of shift operations with ESSC

@ In the 4F27E automatic transmission electronic

synchronous shift control (ESSC) is used.

e ESSC monitors the shift operations and is able to
adapt these to the wear in the shift elements over

the life of the transmission.

® This is possible since the individual shift elements
are actuated by means of the modulating valves

directly or through accumulators.

® The system monitors firstly the shift time and
secondly whether the shift operation is

synchronous.

® [f the PCM detects a deviation from the stored
values for the shift time and synchronisation of the
shift operation, the pressure build up or reduction is

adapted accordingly.
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Transmission control

Electronic synchronous shift control (ESSC)

@

7748/36/VF

@ A

Shift operation

1 Pressure of component to be switched off
2 Pressure of component to be switched on
3 Turbine shaft speed

4 Synchronisation range of shift operation

A Synchronous gear shift

B Non-synchronous gear shift (premature reduction
of pressure at element to be switched off)

C Non-synchronous gear shift (delayed reduction

of pressure at element to be switched off)
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Sensors Transmission control

Throttle position (TP) sensor

Location

® The TP sensor is located on the throttle body.

Function

® It supplies the PCM with information about the
position of the throttle plate.

® [t also detects the speed of actuation of the
throttle plate.

/O/ ~-
Signal use 7748/22/VF

® The PCM uses the signals for the following

functions among other things:

to determine the shift timing,

to control the main line pressure,

to control the torque converter lock-up clutch,

for kickdown.

7748/40/VF

Substitute signal

® In case of absence of the TP signal the engine
control uses the signals of the MAF and IAT
sensors as a substitute signal. The main line

pressure is increased and hard shifts may occur.

-
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Transmission control Sensors

>
Mass air flow (MAF) and intake air temperature (IAT) sensors

Location

® The MAF sensor is located between the air
cleaner housing and the air intake hose leading

to the throttle housing.

® The IAT sensor is incorporated in the housing of
the MAF sensor.

Function

- ® The MAF sensor in conjunction with the IAT
sensor provides the PCM with the primary load
signal. 7748/21/VF

— |

Signal use (_W
| -
® The PCM uses the signals for the following %\\

functions among other things: éﬁ )

— to control the shift operatigns,

— to control the main line pressure.

7748/39/VF

» Substitute signal )
1 Intake air temperature (IAT) sensor

® If the MAF sensor fails, the signal of the TP 2 Mass air flow (MAF) sensor

sensor is used as a substitute.
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Sensors

Transmission control

Crankshaft position (CKP) sensor

Location

® The CKP sensor is located on the

engine/transmission flange.

Function

® The CKP sensor is an inductive sensor which
provides the PCM with information about the
engine speed and position of the crankshaft.

Signal use

® The signal is used for the following functions

among other things:
— to control the torque converter lock-up clutch,
— to check the torque converter slip,

— to control the main line pressure.

Substitute signal

® No substitute signal is available for the CKP
sensor. If the signal is not present, the engine

stops.

7748/23/VF
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-Transmission control

Sensors

Turbine shaft speed (TSS) sensor

Location

® The TSS sensor is located in the transmission

housing over the transmission input shaft.

Function

® The TSS sensor is an inductive sensor which
senses the speed of rotation of the transmission

input shaft.

Signal use
® The signal is used for the following functions:

— to control the shift operations,

— to control the torque converter lock-up clutch,

— to check the torque converter slip.

Substitute signal

® f the TSS sensor fails, the signal of the vehicle

speed sensor (VSS) is used as a substitute signal.

7748/24/VF
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Sensors

Transmission control

Vehicle speed sensor (VSS)

Location

® The VSS is located in the transmission housing

above the rotor in the differential.

Function

® The VSS is an inductive sensor which detects
the vehicle speed by means of a rotor on the

differential.

Signal use

® The signal is used for the following functions

among other things:
— to determine the shift timing,

— to supply the vehicle speed input signal for
the PCM.

Substitute signal

® If the VSS fails, the signal of the TSS sensor is

used as a substitute signal.

7748/25/VF
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Transmission control

Sensors

-

Transmission range (TR) sensor

Location

® The TR sensor is located on the shift shaft on the

transmission housing.

Function

® When the shift shaft is moved by means of the

manual selector lever cable, an engagement pin

in the inner ring of the TR sensor moves through

the different positions. The signals are

transmitted to the PCM, the reversing lamps, the

starter inhibitor relay and the ignition key lock

relay.

NOTE: Correct operation of the TR sensor is

only guaranteed when the manual
selector lever cable is adjusted

correctly.

Signal use

® The signals of the TR sensor are used for the

following functions:

> -

to recognise the manual selector lever

position,
to actuate the starter inhibitor relay,
to actuate the reversing lamps,

to actuate the ignition key lock.

Substitute signal

® No substitute signal is available for the TR

SEnsor.

® [f the connection is cut the vehicle cannot be

» started.

7748/26/VF
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Sensors Transmission control

-

Stoplamp switch

Location

® The stop light switch is mounted on the brake

pedal bracket.

Function

® [t switches the stoplights on and tells the EEC V
PCM when the brakes are applied.

Signal use

® The signal of the stoplamp switch is used by the
PCM for the following functions:

— to release the torque converter lock-up clutch

when the brake pedal is depressed,

— to switch off the manual selector lever shift

lock when the brake pedal is depressed in 7748/97/NF
4‘P’9.

Substitute signal

® No substitute signal is available for the stoplamp \

switch.

® If the connection to the stoplamp switch is cut
the manual selector lever cannot be moved out
of “P”.
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Transmission control

Sensors

Transmission fluid temperature (TFT) sensor

Location

® The TFT sensor is located on the internal wiring

harness to the solenoid valves in the fluid pan.

Function

® [t is an NTC resistor and measures the

transmission fluid temperature.

Signal use

® The transmission fluid temperature is used by
the PCM for the following functions:

— closure of the torque converter lock-up clutch
is not permitted until the transmission fluid

reaches a certain temperature,

— engagement of 4th gear is prevented in
extreme sub-zero temperatures until the

normal operating temperature is reached,

— if the transmission fluid temperature is
excessive, a pre-set fixed shift curve is
selected and the torque converter lock-up
clutch is closed in “2”, “3” and “4”; if the
transmission fluid temperature continues to
rise, the transmission warning indicator is

activated.

Substitute signal

® No substitute signal is available for the TFT

Sensor.

7748/30/VF
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Sensors Transmission control

Overdrive (O/D) switch

Location

® The O/D switch is located on the side of the

manual selector lever.

Function

® The O/D switch transmits a signal to the PCM to
select or suppress 4th gear in manual selector

lever position “D”.

Signal use

® The signal of the O/D switch is used for the

following functions:

— as an input signal to convey the drivers’
wishes to the PCM,

— to display the drivers’ wishes with the O/D 7748/29/VF

indicator in the instrument cluster.

Substitute function

e No substitute signal is available for the O/D
switch. If it should fail, it is always possible to
shift into 4th gear in manual selector lever

position “D”.
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- Transmission control Actuators

PWM solenoid valves 1 -3

7748/31/VF
® PWM solenoid valves 1, 2 and 3 control the ® The pressure acts either directly on the clutches and
pressure to the brakes and clutches. brakes or is smoothed by accumulators.

® They alter the pressure by pulse width modulation.
This means that the current is determined by the

PCM by grounding pulses.
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Actuators Transmission control

Shift solenoid (on/off) valves 1 and 2

7748/32/VF
® The shift solenoid (on/off) valves switch the ® The use of the shift solenoid valves means that
different oil passages in the valve body to direct the only three PWM solenoid valves are needed for
pressure to the individual clutches and brakes. direct actuation of the individual clutches and

brakes.
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Transmission control Actuators

Main regulating valve (variable force solenoid — VFS)

7748/33/VF

® The main regulating valve (variable force solenoid) ® The main line pressure is controlled dependent on
controls the required main line pressure for the the current engine load.

individual transmission ranges.
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Actuators

Transmission control

Manual selector lever shift lock solenoid

Location

® The manual selector lever shift lock solenoid is

located in the manual selector lever bracket.

Function

® When the ignition is switched on, the manual
selector lever shift lock solenoid is actuated by
depressing the brake (signal from the stoplamp
switch). This retracts the locking pin so that the
manual selector lever can be moved out of

position “P”.

Substitute function

® [f the brake signal should fail due to a

malfunction, manual unlocking is possible.

® For this the cover of the release mechanism must
be removed and a suitable object (ignition key)
pressed into the opening until the manual

selector lever can be moved out of position “P”.

NOTE: If “P” is selected again the manual

selector lever is locked again.

7748/34/VF

1 Solenoid
2 Locking pin

3 Manual release mechanism

7748/48/VF
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Transmission control Actuators

Air conditioning relay

Location

® The air conditioning relay is located in the

battery junction box (BJB) in the engine

compartment.

Function

® If the PCM registers a kickdown signal (WOT,
throttle plate opened 95%), the air conditioning

7748/46/VF

is switched off for a maximum of 15 seconds. 1 Battery junction box (BJB)
2 Central junction box (CJB)

R2

e
it

R4

kA

20 |[ 10 ] [ &4 |] 65

RO [} R ) R | Y
AW N —

&
(o]

R12/|R13| |R14

[ R15 R16

PRI N
OO ||IN|[[O||o||||L[|IN|]|—
—

(6]

—_ ||| =
[CoR e NE R N|

7748/35/VF

Battery junction box (BJB)
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Actuators Transmission control

Starter inhibitor relay

Location

® The starter inhibitor relay is located in the

central junction box (CJB).

Function

® The relay prevents the engine starting in manual

selector lever positions “R”, “D”, “2” and *“1”.
7748/46/VF

® The relay obtains the information about the | Battery junction box (BJB)

position of the selector lever direct from the TR 2 Central junction box (CJB)

Sensor.
3\
R21
52 Py 30 =
I: 53 31 R18
[ 54 32 hed
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7748/37/VF

Central junction box (CJB)
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Transmission control Actuators

Ignition key lock solenoid

Location

® The solenoid is incorporated in the ignition lock.

Function

® In manual selector lever position “P” the ground
connection to the solenoid is cut. The locking

pin does not engage in the ignition lock.

® In all the other manual selector lever positions

the ground connection to the solenoid is closed

and the locking pin engages in the ignition lock.

7748/28/VF
® When the manual selector lever is not in position
“P”, removal of the ignition key is prevented. Illustration of principle
1 Rotor
2 Solenoid

3 Locking pin
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Actuators

Transmission control

O/D indicator

Location

® The O/D indicator is located in the instrument

cluster and is coloured green.

Function

® The O/D indicator is actuated by the O/D switch
on the manual selector lever. It tells the driver
that shifting into 4th gear is prevented by the

transmission control.

Powertrain warning indicator

Location

® The powertrain warning indicator is located in

the instrument cluster and is coloured orange.

Function

® Tt flashes to tell the driver that the transmission
control has switched to the emergency operating
program or that the transmission fluid

temperature is too high.

7748/42/VF

7748/43/VF
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Service information

Manual selector lever cable adjustment

7748/45/VF

Manual selector lever cable adjuster

1 Adjuster in closed position; turn in the direction

of the arrow to open

® A quick-release fastening on the manual selector

lever cable allows adjustment of the cable relative

to the conduit.

® Adjustment is required if the transmission or the
manual selector has been removed, if the engine
does not start in “P” or “N” or in case of shift

quality concerns.

® To adjust the manual selector lever cable the

manual selector lever must be in position “D”.

® First open the manual selector lever cable adjuster

(see illustration).

2 Adjuster in open position; turn in the direction of

the arrow to close

® To make sure the transmission is in position “D”

the cable should be removed from the lever on the
shift shaft, the transmission should be shifted in
“D” and the manual selector cable should be

clipped again onto the lever on the shift shaft.

The manual selector lever cable must not be
stressed. This can be checked through smooth
shaking of the shift shaft lever.

The manual selector lever cable is locked by
turning the cable adjuster (see illustration) after

making sure again the shift mechanism is in “D”.
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Service information

Fluid level check

® The transmission fluid level is checked while the

engine is running.

e With the brakes applied, the manual selector

lever should be moved slowly through all the C MIN

L§<

manual selector lever positions to make sure that
the complete hydraulic system is filled with
transmission fluid. The check should be carried

out in manual selector lever position “P”.
7748/44/VF

® The transmission fluid temperature must lie in a
determined range during the fluid level check.
The range is to be taken out of the current

service literature.

® The difference between the “Min” and “Max”

marks is 0.4 liters.

NOTE: The right fluid level is essential for

correct operation of the transmission.

NOTE: The transmission fluid is designed for

lifetime use and must not be changed.

Towing

® The vehicle may be towed up to a speed of 50 km/h
(30 mph).

A CAUTION: The vehicle must only be towed in
the normal direction of travel. If towed
in the reverse direction, transmission
lubrication is no longer guaranteed
and may result in transmission
damage.
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List of abbreviations

The abbreviations conform to the standard SAE J1930 with the exception of those marked with an asterisk (*).

BIB*

CIB*

CKP

DLC

EEC V*

ESSC*

FDS*

[AT

IFS

MAF

MY

NTC*

Battery Junction Box

Central Junction Box

Crankshaft Position

Data Link Connector

Electronic Engine Control,

5th Generation

Electronic Synchronous Shift Control

Ford Diagnostic System

Intake Air Temperature

Inertia Fuel Shutoff

Mass Air Flow

Model Year

Negative Temperature Coefficient

O/D*

PCM

PWM

TFT

TP

TR

TSS

VFS*

VSS

wWOT

Overdrive

Powertrain Control Module

Pulse Width Modulation

Transmission Fluid Temperature

Throttle Position

Transmission Range

Turbine Shaft Speed

Variable Force Solenoid

Vehicle Speed Sensor

Wide Open Throttle
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