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PREFACE

This Delegate Information is a training pubication for comprehensive rining on the Ford Transic. It is
designed to provide practical training on the individoal Transit components o enable the service wechnician
1o accurately diagnose customer concerns and carmy oul repairs and change damaged or fanlty components,

The entire “Transit” training literature s divided into vanous individual publications (see Litersture
Overview). Each publication has its own OG number {order number).

To keep the training on all the components as uniform as possible. the literature is organised as follows:

Introsduiction
Creneral
Dresign and opertion

Important nodes (use of special tools, tightening torques) and correct procedures for removal and
installanon and for dismantling and resssembly of components

Checking and testing

Technical data

This appraach is designed 1o provide the course delegate wath the comprehensive product knowledpe
required o be able 1o give a sansfactory service 10 our Ford Transit costomers,

Flease remember that our training literature has been prepared solely for FORD-DEALER
TRAINING PURPOSES.

Repair and acjustment operations MUST always be carmied out according to the instructions amnd
specifications in the workshop lilerature,

Please make extensive use of the truining courses offered by the Training Centres in order (o gain
exiensive knowledee in both theory and proctice.
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INTRODUCTION

® This brochure describes the design and
operation of the diesel injection system {rom
Lucas used in the Ford Trunsit with the turbo

diesel engine.

# The publication starts by dealing with the fuel
system, the high pressure and low pressure
system and the cold starting aid.

# The publication then describes the operation ancd
diagnostics of the Lucas injection system.

# The elecironic vehicle immiobiliser or passive
anti theft system with kevooding (PATS ) wis
introduced 1o provide securily aganst thefe
Thix publication describes the design and
operation of the PATS as wsed in the Ford
Transit "97 with the Lucas injection pump.

"n

All the torgue figures listed in this publication
st only he used for training purposes. Refer
io the workshop literature (Service Micofiche
for the latest iwrgue Nigures when carrying oul

rEquirs.

Refer to the workshop lleriture (Service
Microfiche ) for the safety precautions 1o be
ohserved when handling fuel,

Refer 1o the workshop literature (Service
Microfiche) for the procedure 1o be emplaved
when carrying aul repiirs.

The description of the service checks and [ )
adjustments s provided sclely for training

purposes, Service checks and adjustments

should always be carried oul in conjuncion

with the Vehcle System Test Manual,

L
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GENERAL
53
Fuel supply
® Forthe 2.5 | DI diesel engine the fuel system = sensor for water-in-fuel indicator
i consists of o low-pressure system and a = and flame stan sysiem
| high-pressure system and a cold-stasting aid
; {flame start system), ® The high-pressure system comprises:
|
} ® The low-pressure system comprises: ~ distributor-type injection pump
! fuel tank —  pressure valves
— fuel supply pump fuel injection pipes
i — fuel filter for self-purging system - injectors

ST255%6
| Distributor-type injection pumyp 4 Fuoel filter
2 Fuel pipes 5 Fuel ank
3 Flame start system 6 Fuel supply pumgp {since "50) ﬁ

6 Service Training




GENERAL

Low-pressure system
Fuel supply pump
® Since "M the Transit has been fitted with a ® The fucl supply pump ensures a continwous

mechanical dinphragm fuel supply pump. This supply of fuel to the distributor-type injection

15 located on the side of the crankease and = pump.

driven from the cam. It pumgps fuel from the

fuel tank to the distributor-type injection pump Note: Bleeding the fuel system is

it low pressure (approximately 0.1 — 0,3 bar). UNNECEsSary.

‘ Fuel filter

& The fuel filter is balted o the inlet manifold and
located berween the fuel supply pump and the
distributor-type injection pump.

Note: The fuel filter retaining bolis are very
Ioag 1o withstand vibrations, They
must not be replaced by shorter bolis.

® The Transit has & fuel filter with a pressane
helding valve. This is located in the upper part
of the filter and builds up a constant pressure of

0.5 bar io supply fuel o the flame stant system, @
H-.,‘h

STr255T

I Pressure holding valve for flame stan system
2 Sensor for water-in-fuel indicator
3 Fuel filter for self-purging system

.
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GENERAL

Water-in-fuel sensor

® On the underside of the fuel filter there isa
senmsor for the water-in-fuel mdicotor It is
screwed in fmger tight and has 3 three-pin
eledirical conmeciog.

® When the acoumulation of water in e fuel flter
reaches an appropriate level, the water-in-fuel
sensor switches on a warning light in the
instrument cluster to indicate the need for

RETYICINE.

Mote: When the engine is started, the waming
light comes on for approximately 2
seconds.

High-pressure system

Fressure valves

® The high-pressure outlets of the distribulor-rype
injection pump are fitted with pressore valves to
which the fuel injection pipes are screwed,

® The pressure valves are non-retirn valves which
are designed 1o prevent pressure surges in the
fuel injection pipes, This prevents undesirable
dribbling from the injectors,

® The pressure valve also incorporates an
additional damping valve with a throttling
function because of the very high injection
pressure produced by the EPIC distnbutor-type
InjECticn pEmp.

ST/2558
|~ Sealing ring 3 Warning light
2 Water-in-fuel 4 lgnition switch
Leqsar 5 Batery
a \ (2)

ST/25R03

I Valwe zeat ¢one

2 Damping valve

€
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GENERAL

Fuel injection pipes

® The fuel injection pipes connect the
I distrbutor-type injection pump via the préssure
valves 1o the injectors,

® To avoid vibration fractures. the fuel injection
pipes are made of o thick-walled seambess steel
pipe with lurge-radius bends, The fuel injection
pipes are fixed and secured with clamps.

® The length, bending radii and inside diameters
af the fuel injection pipes are precisely matched
‘” 1o the particular fuel injection system and must

not be changed, e.g. by mixing Lucas and
Bosch replacement pans.

® The injection order determines the arrangemen
of the fuel injection pipes.

Mote:

The inside diameter of the fuel
injection pipes is matched 1o the
particular fuel injection system. When
changing pipes, make sure that fuel
injection pipes with the same inside
diameter are always fitted,

3 Fuel injection pipes
4+ Distributor-type injection pump

Service Training
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GENERAL

Injectiors

® Only Stanadyne slim hole-type injectors with 5
spruy holes are used on Transit diesel engines
with distributos-type injection pumps.,

® The reduced owside diameter enables the
injector to extend into the middle of the
combustion chamber,

® The injectors are needie valves which are opened
iwtomatically by the high pressure produced by
the distributor-type injection pump at
approximately 270 bar. The compression spring
in the injector determines the opening pressure,

® After some time in use, the spring tension of the
compression spring and the opening pressure
drop below the specified values. When an
injector has to be changed, always renew all the
inpecions,

® The rubber sealing ring (4] is located between
the injector and the cylinder head and prevents
ingress of dirt and moisture.

® The Teflon sealing ring (5) seals the injector 1o
the combustion chamber.

ST/2R811 |

L R R T S

Fuel connection

Leak-off connection

Needle stop

Rubber injector sealing ring (cylinder head)
Teflon inpector sealing ring (combustion
chumbser)

B Imjector needle
o T Injector with 5 spray holes
MNode: Bath sealing rings must only be used ; i
; & Compression spring
once. The sealing ings must always he
renewed whenever injectors are fitted.
10
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GENERAL

® Cold starting aid

Flame start system

® At ambient temperatures below -5 °C the Ford
Transit with the 2,5 | DI diesel engine uses a
flame start system as a cold starting aid, The
flame start system starting temperature can vary
depending on market destination.

® The flame stant system consists of a flame stan

bumer, a solenoid valve with its own Tuel supply
from the fuel filter and a control module.

ﬁ ® The flame start burner is located in the inlet
manifold and heats the intake air as it flows past.
Preheating produces an ignition lempernture of
400 "C during the compression stroke.

® On the Transit since '95 the ballast resistor of the
flame starl system was reduced in size and the
control mochele adapted io the increased curreni
comsumption of the flame start bamer, The
pre-heating phase was lengthened. | Flame start bumer 2 Solennid valve

ST/2e512

Flame siari burner

® The central pant of the flame stan burner consists
ﬂ- of & fuel inlet assembly with a vaporising tube
surrounded by the heating filament and an outer
flame tbe,

® The vaporised fuel mixes with the intake air in
the fiame tube and is ignited on the heating
Filarment.

® The throttling insert in the fuel connection
determines the quantity of feel supplied and is
matehed o the requirement of the diesel engine,

® On the Transit from "95 the thickness of the STie55
heating filament was increased. The curment

: I Heating filament 1 Fuel connect

consumption is now 40 amps compared with 23 .B i - HIE

’ amps in the coxe of the Transit “92 2 Electrical 4 Throtiling insent
~ . CONDECIInN 5 Flame mube

Service Training 11
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GENERAL

Distributor-type injection pump

® Because of their compact design,
distributor-type injection pumps are particularly
suitable for diesel engines used in passenger
cars and light commercial vehicles,

Distributor-type injection pump drive

® On the Ford Transit with the 2,5 1 D diesel
engine the distribior- type injection pump is
driven by means of a timing belt and pulleys.

® The distributor-type injection pumps are
completely filled with fuel. The fuel is also used
as o lubricant for all the moving pans. Becagse
of the high-precision fits, the fuel must be finely
filtered,

STiEAM4

LA da Rl el e

Injection pump timing pulley
Camshaft timing pulley
Timing belt

Crankshaft bel pulley
Timing helt ensioner pulley

12
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OVERVIEW

LUCAS INJECTION SYSTEM (EPIC)
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ST/225/58
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LUCAS INJECTION SYSTEM (EPIC) OVERVIEW

Layout of EPIC injection system in engine compartment

Transit engine compartment with 2,5 | DI turbo diesel engine
Key 1o illustration opposite:

Use of Lucas (EPLC) distributor-type injection pump

Imjection Control) distributor-type injection are controlled by the EDC module,
piimip is used on the 63 KW and 74 kW 2,51 DI
turbo diesel engnes,

ﬂ ® With its three closed loops for

= quantity of fucl, for the Transit "95 the excess fuel control for
= Imjection Hming starting was also improved as regards
= and exhuust gas recirculation, production of smoke (black smoke).

the EPIC injection system meets the
regquirements for high power, low fuel
consumpiaon and low exhaust emissions,

-

1 EDC module 10 Rator position sensor

2 16-pin diagnostic connector from 95 11 “Charging”™ rotor position regulating valve

3 Engine waming light 12 Shut-ofl’ valve

4 Power hold reluy I3 Cam ring position regulating valve

3 Accelerator pedal position sensor with idie 14 “Discharging” rotor position regulating valve
swilch 15 Inpection pump speed/position sensor

fr  Vicuum transducer 16 Engine coolant temperature sensor

Q (‘T‘-"\\‘_FManiEDEId pressUre sensor 17 Intake air temperature sensor

& Exhaust gas recirculation sensof 18 Crankshafi speed/position sensor

9 Cam ring position sensor with fuel temperature
SETISOT

® The Lucas EPIC {Electronically Programmed & The three control loops affect one another and

* Muodifications o the engine management sysiem
have produced an improved power and tomgue
characteriztic at low engine speeds. T addition,

Service Training
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OVERVIEW

LUCAS INJECTION SYSTEM (EPIC)

3

ST/256Mm4

16
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LUCAS INJECTION SYSTEM (EPIC) OVERVIEW
Schematic illustration of EPIC injection system //_.-
; s
Key o llustration opposite (2.5 1 DI turbo diesel engine: -
~
B Fuel supply (low-pressure system) and fuel [ intake air
returm
B Fuel supply (high-pressure system) Bl Tntake air, compressed
] Exhawst gases before catalvst Bl Exhaust gases after catalyst ==| =
ot T2 nol mader lich by Moel
colaer _whfrp_#ﬂ 2  Wires
I Air cleaner magnetic shut-odt valve
" 2 Intake air lemiperature sensor 16 Engine warning light
3 Crankshaft speed/position sensor 17 Diagnostic connector
4 Engine coolant temperaiure sensor & EDC module
5 Injector 19 Power hold relay
6 Rotor position sensor 20 Ignition switch
7 Pump speediposition sensor 21 Battery
£ Distributor-type injection pump 22 Munifold pressure sensor
% Cam ring position sensor 23 Oxidation catalyst
10 Fuel tank 24 EGR sensor
Il Fuel filter 25 Throdtle plate
12 Cam ring position regulating valve 26 Vacuum transducer
13 Rotor position regulating valve 27 Vacuum pump

14 Rator position regulating valve

L)
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OVERVIEW LUCAS INJECTION SYSTEM (EPIC)

Components of Locas EPIC distributor-type injection pump

5Ti255/M47
I Fuel inlet connection 8 Shut-off valve 14 Roller shoe
2 Pressure holding valve 9 Rotor position sensor 15 Transfer pressure regulating
3 Regulating valve 10 Pressure valve vitlve
4 Regulating valve 11 Rotor 16 Timing belt pulley mounting
5 Electrical connection |2 High-pressure plunger Mange
6 Fuel injection timing 13 Pamp speed/position sensor 17 Driving shaft

plunger { Hall sensor)

7T Regulating valve

18
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LUCAS INJECTION SYSTEM (EPIC) OVERVIEW

Location of type plate on injection pump
® The serial number of the injection pump is
shown on the type plate (inset, grey

Service Training 19
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OPERATION LUCAS INJECTION SYSTEM (EPIC)

Lucas EPIC distributor-type injection pump

® This is a completely elecironically controlled
| “fourth”™ generation injection pump. This
| injection pump is a completely new
' development

® The mechanical components have been reduced
by approximately $0% since the mechanical
control units have heen eliminated.

; - exgess fuel control for starting
I - allowance for all important perameters

il — magintenance of & g, 60 all operating
comditions

control of start of injection (injection timing )

® When the engine is switched on with the
ignition switch, the engine management sysicm
15 supplied with power through the EDC
module and a power hold relay.

® ‘When the engine is switched off the EDC
module performs a check and stops the engine
by means of the electromagnetic shut-off valve
Then the power supply is cut by the power hold
reluy from the EDC module,

® The following sections describe the operation of

the EPIC injection pump from "97, Most
functions are the same as those of the "92 and
"5 injection pungs,

The EPIC injection system was developed
further for the Transit from "97. As a resull, the
exhuust emissions have been improved further
and the engine operation is even smoother,
above all at idle.

The EPIC éngine management system performs the following range of functions:

— idle speed control

— smooth running control

= driveability and full-load characteristics
- self-dugnostics

— communications facility

While the engine is nmning the EDC module
continuously receives signals about the actual
state of the engine and distributor-type injection
pump from 12 sensors and switches.

These analogue frequency and switching
signals are processed in the EDC module and
compared with stored maps and charscteristics.
Dieviations from the set values are comectad by

myzans of the actuanors,

Service Training
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LUCAS INJECTION SYSTEM (EPIC)
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OPERATION

Excess fuel control for starting
® (n earlier models the fuel shut=aff valve was

activated by switching on. Fuel was delivered
immediately during the first revolution of the
pump, The pump rotor was still in the basic
(full load) seming: this meant that during the
first revolutions the maximum quantity of foel
was supplied, leading to formation of smoke.

® The excess fuel control for starting was already

madified in the Transit *95 to prevent black
smoke when starting. The fuel shut-off valve
only opens when the pump rodor is in the axial
position calculated by the EDC module. Thus,
maximum fuel delivery is prevented unbess it is
needed. The position of the rotor is determined

by the rotor position sensor,

Mt The fuel shut-off valve in the Transit
"G5 musl not be used in earlier

injection pumps,

Idle spewd contral

® In production an idle speed of 850 rpm is stoved MNarle:
in the EDC module.

The new generation STAR tester
{NGS) is only used in expon
territories in which the FDS 2000

® [n service the idle speed can be set with
tester still has not been introduced.

FDS 2000 wnd the new reneration STAR tester
(NG5 1o 4 value of between BOD and 900 rpm
{see section entitled Diagnostics).

ks
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OPERATION

LUCAS INJECTION SYSTEM (EPIC)

Smoath running control

& The high speed of adjustment of the quantity of
fuel injected allows the engine management
system (0 set a different quantity of fuel for
every single mjection process at low engine

Full-load control

® To ensure that the ain'fuel ratio does not drop
below the mintmam (A 5, ) in any
circumstances and (0 guaraniee smoke-free
engine operation, the quantity of fuel to be
mjected is limited according to a smoke map,

e

speeds. This means that fluctuations in engine
tpeed (uneven idling) are prevented before they
citn start, This smooth mnning control is
effective from approximately 1000 rpm.

This produces a tiny reduction in power from an
altitude of 1500 m., This can be as much as 13%

it an altitude of 3200 m above sea level, Full "
load control is effected using the signals of the

charpe (hoost) pressure and intake air

lemperature sensors. A mass air flow sensor is

nol necded.

"_'-]‘
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LUCAS INJECTION SYSTEM (EPIC) OPERATION

Fuel circuit in EPIC distributor-type injection pump

® The EPIC distributor-type injection pump is ® The spring-loaded valves are fuel-pressurne

completely filled with fucl.

#® The hyvdraulic fuel fow iz controlled in the
EPIC distributor-type injection pump by the

following regulating valves;

transfer pressure regulating valve,

- pressure holding valve,

—  none=relumn valves,

- electromagnetic regulating valves,

- eclectromagnetic shul-off valve,

regulating valves and non-return valves. The
non-return valves are used to damp the
auiomatic injection tming advance unit.

® The electromagnetic valves consist of a shut-off
valve and regulating valves for the quantity of
fuel. The electromagnetic valves are actuated by
simple pulses of variable duration from the
EDC module,

I_f?' :|
A Inler of distribator-type 3 Transfer pump 10 Injection timing advance
npection pung 4 Hall sensor regulating valve
B Returm 1o fuel 5 Pressure holding valve 11 “Charging” regulating valve
tunk 6 Shut-off valve 12 Non-return valve
C To injector T High-pressure plunger I ¥ Injection timing plunger
1 Fuel filier & Rotor 14 Cam ring position sensor
2 Transfer pressure regulating 9 “Discharging” repulating 15 Rotor position sensor
valve valve 16 Cam ring

Service Training
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OPERATION LUCAS INJECTION SYSTEM (EPIC)

Transfer pressure regulating valve

® The transfer pressure regulating valve forms a
bypass 1o the vane pumgp (transfer pump). When
fuel is delivered, the rising fuel pressure moves
the piston against the compression spring and
opens a bore through which the fuel flows back
i the intake pipe,

® The control function of the compression spring
allows the transfer pressure to rise

proportonately according to the pump speed. I:I [-"'2' J
e S
® The transfer pressure regulating valve is nof
adjustable. STi255/40
A Transfer pressure I Compression
B Tointake pipe Spring
2 Control plunger
FPressure holding valve

% The pressure holding valve is located in the i1
conmection for the return pipe 1o the fuel tank in
the wsual way.

® It is a spring-loaded ball valve which limits the
pressure inside the pomp o 0,5 bar.

—_

-— 11':&-_—'—_-'—1——_';_";

it

SThasas0

A Inlet to pump
B Return 1o fuel ank
C “Discharging” rotor position regulating valve

return
Compression spring
Wenl bore

1 Walve ball

Service Training




LUCAS INJECTION SYSTEM (EPIC)

OPERATION

Electromagnetic shut-ofT valve

® The shut-off valve is used o stop the diesel
e,

® The shut-off valve remains open while the
engine is nmning. When the engine is switched
off the EDC module closes the shut-off valve,
The engine stops because the fuel supply is cut.

® 1t is actuated by the EDC module when the
engine 15 started and opens the connecting
passage between the transfer pump and the
charging passages of the high-pressure system,

® To avoid black smoke when the engine is started,
the fuel shut-off valve only opens when the
pump rotar is in the axial position caleulated by
the EDC module.

Electromagnetic regulating valve

® The clectromagnetic regulating valves have a
valve plunger which always closes when
sctuated by the EDC module and cuts the flow
of fuel 1o the actuator in guestion.

® For hydraulic damping the fuel passages in the
injection pump have throttling inserts in front of
the regulating valves.

® The regulating valves are actusted by the EDC
msdule with pulses of variable duration
wccording to the application,

3

ST 2E5/34
I Compression 4 Seal

SpEINE 5 Shut-off valve
2 Caoil 6 Power hold refay
3 Armature

o %
_‘ .= ﬂ-‘f
> e |~
CY all i
sl i |chg a5
» ot e
— !
LS a8
S§Ti255/35 Frr—
Armilure
Cail
Valve plunger

“Chirging” regulating valve

4

"Discharging” regulating valve
Cam ring regulating valve

TN B L B e
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OPERATION

LUCAS INJECTION SYSTEM (EPIC)

Operation of EPIC distributor-type injection pump

High-pressure production
® The EPIC distributor-type injection pump is
completely filled with fuel.

® The driving shaft is driven by the engine at the
same speed as the camshaft by means of 4
timing belt. The rear end of the shafl is bored
oul with an internal taper and provided with
cross-shaped guide tracks (shots), The intesnal
end of the shaft carries the high-pressure pan
which consists of the distributor rogor,

high-pressure plungers, roller shoes and rollers,

® The roller shoes have laterally milled sloping
faces which bear against the guide faces of the
tapered dnving shafl. The roller shoes are
adjusted by axial movement of the distributor

rotor through the inclined (lapered) contuct face
W vary the stroke of the high-pressure plungers,

Above the driving shaft there is a cam ring
which is turmed radially depending om the stan
of fuel injection. The driving shuft drives the
distributor rotor by means of the cross-shaped
recesses in which the roller shoes sit,

When the distributor rotor turns, the mollers roll

ot the cams of the cam ring and press the
high-pressure plungers inwards through the m_
rillers and roller shoes. In this way 4 pressure is
gonerated thot makes the fuel run through the

hore of the distributor rotor 1o the particulur

injector,

BT/256/81
A Cam ring adjustment, 2 Driving shaft T Drisarbutor rotor
radial 3 Guide faces 8 Compression spring
B Distibutor rodor adjustment, 4 Rollers 9 Camring
axial § Roller shoes 10 Transfer pump
| Adjusting plunger t High-pressure plungers r
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LUCAS INJECTION SYSTEM (EPIC) OPERATION

Control of quantity of fuel injected

® The quantity of fuel injected is adjusted to the ® The quantity of fuel injected is determined by

different engine operating conditions with the: stroke of the high-pressure plungers. The

maximum precision so as to achieve the desired stroke is dependent on the axial position of the

power and exhiust emissions with optimum distriburor rotor. While the distributor rotor

combustion and low fuel consumption, moves axially in the direction of the driving
shaft, the roller shoes slide along the slope mn
the direction of the driving shafi. The stroke of
the high-pressure plungers becomes smaller and
as a result the quantity of fuel injected is
reduced.

ST/266/52 .
A Full-lond position 3 Roller shoes T Zero-delivery stop
B Zero delivery 4 Rator chamber 8 Cam ring
I Return spring 5 Full-load stop 9 Dnving shaft
2 High-pressure plungers & Distributor rotor
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OPERATION

LUCAS INJECTION SYSTEM (EPIC)

® When the engine is al a standstill, the retum

spring presses the distributor rotor axially into

the initial position in which the high-pressure

plungers schieve their gremest stroke (full koad)

® In operation, a pressure chamber at the end of
the distributor rotor is filled with fuel and the
guantity of fuel introduced moves the

distributor rofor against the compression spring

tiv the stop (zero delivery ), This pressure
chamber is comnected to two electromagnetic
regulating valves which are controlled by the
EDC module.

® The precise axial position of the distributor

o is trunsmitted to the EDC module by an
electrical signal from an inductive sensor (rotor
position sensor). [n the EDC module the acnal
signal of the rotor position sensor is compared
with calculated set vidues and constantly
régulated by altemately actuating the “charging”
regulating valve io the pressure chamber and the
“ihischarging” regulating valve to the fuel tmk,
The EDC module always only opens one of the

regulating valves il the same time.

Axial movement of the distributor rotor can
only take place between injections when no load
is present. Both regulating valves are closed
during the injection process.,

8Tre55/53 =
| “Discharging™ regulating 4 Coil 7 Rotor chamber
valve 5 Soft iron armature B Distributor sotor
2 EDC module 6 Rotor position sensor

} “Charging™ regulating valve

9 Ketorn spring

28
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LUCAS INJECTION SYSTEM (EPIC)

OPERATION

Control of start of injection (injection timing)

® The stan of inpection or injection timing s
continuously controlled by the EDC module in
the closed loop according 1o load wwd engine

speed using stored maps.

® The cam ring is moved in the “advance™ or

“retard” direction by the injection liming
plunger. The cam ring position sensor

recognises the precise position of the cam ring

and sends an inductive signal 1o the EDC

module. The temperature of the fuel is also
measured by the cam ring position sensor.

® For synchromsation purposes the EDC module
receives the identification signal for evlinder no,
| and the rotary angle positions from a
crankshafi speedfposition sensor on the engine
and o Hall sensor (pump speed/position sensor).

HT/255/54

A Cam ring adjustment for injection timing
| Crankshaft position before TDC

2 TDC (top dead centre )

i EDC modale

-4 ¢ Lh e

[njection point

Cam ring position sensar

Pump speed/pesition sensor
Crankshaft speediposition sensor
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OPERATION

LUCAS INJECTION SYSTEM (EPIC)

® The position of the imection timing plunger is
regulated by the transfer pressure, the
compressicn spnng and the electromegnetic
regulating valve,

® The injection iming plunger is exposed to the
transfer pressure from side A and 2 control

pressure from side B.

® This control pressure is denved from the
transfer pressure. The EDC module uses
grounding pulses (C) to actuate the
eleciromagnetic regulating valve which can
open varably

® This allows the fuel to flow into the

compression spring chamber which s connected
to the: interior of the pump by a throtthing bore
(3 06 i)

The different chamber pressures (A and B)
adjust the imjection timing plunger and hence
the cam ning continuously to the appropriste
pesition between maximum advance and
maximum retardation. When the chamber
pressures are the same, the injection timing
plunger remains in a sel position

Both chambers have non-return valves which

prevent undesired pulsing of the cam ring r

"l'..

STI2ERER

A Transfer pressure

B Comrol pressure

C Grounding pulses

I} Variable throtthe

I Mon-retum valve

2 Electromagnetic regulating valve
I EDC module

S R

oS oo

Cam nng position sensor
Compression spring
Throttling bose (& (LA mim}
Cam ring

Injection ming plunges
Transfer g

€
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LUCAS INJECTION SYSTEM (EPIC) OPERATION

Static injection timing

® ‘When the static injection timing of the EPIC ® The crankshaft speed/position sensor must be
injection pump is sel, the cam ring is positioned removed first before the timing pin for the
geometrically in relatron 1o the position of the flywheel can be inserted.
engine crankshafi

Mote: When tensioning the timing belt insen
the timing pin for the injection pump
tming pulley. Then, tension the

® This setting 15 produced mechanically by
inserting timing pins in the

—  camshaft, timing belt and tighten the retaining
- fywheel and bolts of the injection pump timing
= injection pump, pulley islots).

— and adjusting the retaining bolts of the
inpection pump timing palley (in the slos).

I Timing pin Tor injection pump timing pulley

2 Retaining bolts of injection pump tming pulley (slots)

3 Timing pin of camshaft timing pulley (TDC position for cylinder no. 1)
4 Crankshaft speed/position sensor

5 Timing pin for flywheel (crankshaft position)
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DIAGNOSTICS  LUCAS INJECTION SYSTEM (EPIC)

Diagnostics and service

Mote: Dhagnostics can only be run on the
EFIC injection system with the
FDS 200 or the new generation
STAR tester (NGS),

Idle speed setting

® The idle speed can be set to a value between
B081 and S rpm with one of the above-namd
testers and the accelerator pedal,
Test conditions:
enging coolant temperature above 70 °C,

— air conditioning switched off,

Fuel leakage compensation

® Fuel leakage compensation offsets a high level
of fuel leakage caused by wear in the injection
pump or injector or by fuel with a very low
VISCOSITY,

Possible consequences of an excessive fuel leakage
Fille are:
—  paosir starting when the engine is hot,
= poordling,
birmited operation strategy with fault code.

'

Two adjustments ¢an be made to the EPIC

injection sVsiem:

= jdle speed seting,

- fuel leakage compensation,

Mote: When the air conditioning 15 switched
on, the e speed is boosted o r
approximaely 950 rpm

® These problems can be climinated by the fuel
leakage compensition,

Test conditinns:
~ injection pumgp iemperature above 20 °C, f.

- cnp'm: coolant temperature ahove 70 °C.
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LUCAS INJECTION SYSTEM (EPIC)

DIAGNOSTICS

Compensating for incorrect static timing

# The EPIC injection system is oble to
compenssbe or errors of up o4 ° crunkshaft in
the static timing of the injection pump, With an
error of 2 — 4 ® crankshaft o fault code appears,
with an errar of more than 4 * crankshaft the
system awitches (o the limited operation
stralegy.

EDC module

® The EDMC module has 55 connecting pins. There
is cnly one EDC module for all vehicks variants.

®. The EDC modube assists the operation of the air
conditioning by hoosting the idle speed and
switching on the auxiliary electric fan.

The EDC module has 1o be individualty d
to the particular vehicle with the FDS 2000
tester or NGS (diagnosis tester for other markeis)

depending on.

= F'I.'I-'l.'r'll!l'.
e

# This is done by evaluating the signals from the
crunkshaft speed sensor and the pump
speedfposition sensor in the injection pump.

CImissioas,

STESENE

—  Iransmiission

and air comditioning.

Mode: The EDC module can only be
programmed “once for one vehicle”
with the FDS 2000 or NGS: it must nod
be fitted 10 other vehicles, for test
purposes for example.

| EDC module

2 A5-pin multiplug

Service Training
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DIAGNOSTICS  LUCAS INJECTION SYSTEM (EPIC)

Location of ED{C module in vehicle

® The EDC module is always located in the ® The connecting plug is connected in the engine

interior of the vehicle on the passenger side. compariment and screwied 1o the bracket of the
{ ® [t is fitted into the bulkhesd with the brscket EDC module.
J from the interios.

N ST/2E55T

l I Coonecting plug 3 Brackel
l:r" 2 Bulkhead 4 EDC mclule

o
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| DIAGNOSTICS  LUCAS INJECTION SYSTEM (EPIC)

Wiring diagram of EPIC injection system #
!
|
i
i
(i
ST/268E0
€
36
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LUCAS INJECTION SYSTEM (EPIC)

DIAGNOSTICS

Note: For security reasons the wiring
diagram is shown without the PATS.

Pedal demand sensor

Switch - uir conditioning

1 Pressure eycling switch - air conditioning
11 Hydraulic - air conditioning

19 Kickdown solenoid assy

20 Connestor — diagnostics

21 Current 10 vacuum transducer (CVT)
22 Kickdown hold relay

I'\-l-':I L 1_,3-"" 1 [;.I-T_r-'l 3
i' ---\xl £ 7 A
L2 (15 )
= o
3 (16
s s i, -
Iua_,l "lr.- -\-la |.mll ]-ria:‘r i
Sy By R__2i 11 h
o -"'-1 l:‘ -y I
12 ) (T (1) i |7:|f :.i 7
i & e |
ST/26570
I EDC moduale 12 Engine coolant temperature { ECT)
2 EPIC injection pump 13 Exhaust gas recirculation (EGR)
3 Crankshaft position (CKP) 14 Relay - air conditioning
4 lgnition keylock cylinder 15 Intake air temperature ([AT)
3 Vehicle speed sensor 16 Manifold absolute pressure (MAP)
& Power hold relay I'7 Throdtle pressure valve
7 Battery 18 Kickdown pull in relay
B
b
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DIAGNOSTICS  LUCAS INJECTION SYSTEM (EPIC)

Test possibilities for EPIC injection system

General

® The main functions of the EDC are control of
the EPIC injection system and detection of
system Faules,

® T a system fault occurs, a corresponding fault
code is detected inside the EDC. These fault
codbes can be read out wsing the FDS 2000 and
NGS (diagnosis tester for other markets)
diagnostic equipment.

& A fault detected by the EDC is a “coded fauli™
(see Faull code tablae), all other Faults are o
coded Fuulis™.

® Intermittent faults are faults which are detected
by the EDC but do not occur during the
diagnostics. These cun be cansed by i logse

WIS,

Test procedure

& Caution These test possibilities are only
listed for completeness. They are
only emploved when a test carmied
pail with the FI¥S 2000 or NGS
diagnostic equipment indicates
ultimately that the injection pump
i% Tty

The most frequent faults in the EPIC injection
system which indicate a faulty injection pump
are atiributichle to air in the injection system.

Adr in the injection system nlways has an effect
on the injection pump cam and rotor positions,
However, then the fault cannot be found in the
injection pump and is usually put down 1o a
faulty fuel supply.

Mobe: When a faull code indicates thas the

e

injection pump is faulty, it is impera-
tive to make sure first that no air has
got into the injection system throagh
the fuel supply. To do this, please pro-
ceed as follows.

The following steps should then be carried out:

Mo the fault codes indicated in the dingnostic
menu,

Newver remove the injection pump at this point,
Exit from the diagnostic programme, When exi-
ting. note the instructions given by the diagno-
stic equipment.

Hetore the pump is rémoved, proceed as descri-
bed below,
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LUCAS INJECTION SYSTEM (EPIC)

DIAGNOSTICS

® To gliminate a fault in the fuel supply, it must be
bridged. The following steps should be carred
oul Tor this;

[isconnect the injection pump supply and
return pipes and connect them with a hose.

Connect two iransparent hoses (o the
connections on the pump.

Place the ends of the hoses in a Tuel con filled
with diesel fuel. Make sure that no air 12
sucked in through the hoses.

Start the vehicle.

Run the vehicle at various engine speeds,

® If the injection pump is now working correctly,
there is a fault in the fuel supply.

Check the fuel supply using pressure test
gauge 23-(k6,

Check the supply pipe for & blockage.
Check the retumn pipe for a blockage,
Check the fuel filier for w blockage and
change it if necessary.

Check the fuel filter housing.

Check the operation of the fuel supply pump,
Check the fuel pipes for damage.

Observance of the safety precamtions
and cleanliness are imperative during
all work on the fuel supply {(see service
literature).

® |{ the injection pump is still not working
comectly, read out the fault code and check it
with reference 10 the following fault code table.

A | N III"'“«.,_h_

Service Training




—=

: - — o i S i T T ‘_ﬁ
. LUCAS INJECTION SYSTEM (EPIC) DIAGNOSTICS
™

Connector assignment (EDC)

® The EDC module 15 always located on the Moate: : Make surc that no pin 15 damaged or
passenger’s side in the interior on RHD and broken when disconnecting and it
LHD vanants {see Location of EDC module in connecting the connector. -
vehicle). :
®  First the retainer must be unfocked 1o E
disconmect the connector from the ERC module. :
It

(a8) '#5_5‘ -fh_i'j-
T - Gl
- ¢ ' |
-.--' -I
— |” A P AL '_ﬁ_f‘ 'I';
EHL F""f G T T T & ‘{ :
l | AR AR A AR ==
LT — ——-1.//'
[ |
(1) 19
sT/2sa/02
Connector assignment (EDC)
1-19  Boitom row 20-37 Middle row 3 -55 Toprow
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DIAGNOSTICS LUCAS INJECTION SYSTEM (EPIC)
Fault code table
Fault code Cause Remarks
0105 Boost pressure sensor Mo power, poorinon existent
throttle response
(R Intake air temperature (LAT) sensor No power, poor idling
0112 Intake mr temperature (LAT) sensor low Poor idling
0113 Intake air temperature (LAT) sensor high No power, poar idling
0116 Enging coolant lempersture (BECT) sensor See ECTYIAT table
0117 Engine coolant temperatire {ECT] sensor See ECT/AT able
bovaw
O118 Engine coclant temperaiure {ECT) sensor AL no cooling
high
185 Pump temperature sensor Mo power, pooninon existent starting
SCTeening Poorfmon existent thratthe response
1335 Crankshafi position (CKF) sensor Mo poweer
0336 Enpine speed drop Mo power
(00 EGR control Poor idling, severe smoke production
Y EGR sensor, low Severe smoke production
Current o vacuym transducer (CVT)
402 EGR sensor, high Severe smoke production
Current to vacuum transducer (CVT)
(300 Wehicle speed sensor Mo kickdown
D65 EDC Engine stills, poonhon existent starting
0745 EDC Mo kickdown
(7 5L Elx Mo kickdown
1108 Boost pressure sensor, high Mo power, podrinon exisient
throdtle response
42 Service Training
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LUCAS INJECTION SYSTEM (EPIC)

DIAGNOSTICS

Fault code table (continued)

Fault code | Measure- |Measure- |Resistance | Resistance | Remarks
meni ment (L2} min. {52} max
Pin + Pin -
o10s a5 52 500 ik Currend (o viscuum transducer
(CVT). disconnect
11 52 1k A0k b4
0 10 15 S0 See ECT/ACT table
o112
0113
06 17 50
0117
G118
0185 19 f GO |7 25 a1 20 °C
Screening 3 19 Chpen circuit
0335 14 53 300 | 1.2k
Screening 3 14 Open circuit
3 33
11336 3 53 w0 | L%
Screening 3 14 Open circut
3 53
() 47 40 4 10
0401 35 52 I.5k 24k Boost pressure sensor, disconect
2 52 300 Lk
b2 35 52 1.5k 24k Boost pressure sensor, disconect
2 e ) M) 1k
(K5} Renew sensor, check wiring
0605 Benew EDC
0745 Transmission shifi valve, renew
TS50 Transmizsion shift valve, rencw
1108 11 52 10k 00 Current to vacuum transducer
(CVT), disconnect
35 52 SO0 ik X
Service Training 43
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DIAGNOSTICS LUCAS INJECTION SYSTEM (EPIC)
Fault code | Canse Remarks

1a Boost pressure sensor, low Mo power, poannon exiztent
throatle response

Lo Shut off valve current Engine stalls, poos/non existent slarting,
delayed stopping

1171 Rotor position Poor idling, engine stalls,
poormon existent starting

1172 Rotor control, too much fuel Engine sialls, poor/inon existent starting

1173 Rotor calibration No power, poor idling, poorfnon existent
starting

1174 Position of injection advance unit No power, poor idling, severe smoke
progducinin

Shielding

175 Control of injection advance device Mo power, poor idling. severe smoke
production

HL76 Calibsation of inpection advance device No power, poor idling. severe smoke
produciion

1177 Engine/pump synchronisation No power, poor'non existent starting

1178 Pamp ficted incorrectly No power

1180~ 1184 | Fault in accelerator pedal position sensor, Engine sialls, poar/non existent throttle
pedal switches (1 and 2) [ESpOTSE

1185 Pump temperature sensor, high Mo power, poornon existent starming,
poosinon existent throttle response

1186 Pump temperature sensor, low No power

1E7 Incorrect EDC version selected

11849 Pump speed not available

1190 Calibrating resistance

1191 Power hold relay voliage

192 Supply voltage Mo power

Service Training
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LUCAS INJECTION SYSTEM (EPIC) DIAGNOSTICS
Fault code  |Measure- |Measure- |Resistance | Resistance | Remarks
ment ment {£2) min. (£2) max.
Fin + Pin =
1109 35 52 500 3k
il 52 10k 3k
1170 47 38 | 3
171 9 L 45 il
9 12 160 50
1172 a 6 48 )
g 12 160 150
41 47 23 35
42 47 25 15
1173 9 12 160 350
1174 18 f 50 75
Screening 3 18 Open circuit
1175 43 47 25 35
1176 §. (] S0h 75
1177 3 7 Cipen circuit Check start of fuel delivery
1174
1180 - 1154 4 51 3k Tk Measure with accelerator pedal
rebeased
10 Al Ik Tk Measure with accelerator pedal
depressed
13 51 1.5k 3.5k Measure with accelerator pedal
released
31 Ground Crpen circuit
1185 19 & 00 35k AL 20 °C
11586 19 i i1 35k
1187 Check whether correct EDC is
fitted and programmed
1189 Send injection pamp to Lucas
11590
11491 Bam. + 45 ] L
1492
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DIAGNOSTICS  LUCAS INJECTION SYSTEM (EPIC)
Fault code | Cuunse Remarks
193 EGR actuation overload
1195 Drata transmission nof instulled
1196 [gnition off. voltage high Delayed stopping
1197 lgnition off, voliage low
198 Ratar control, too hittle fuel Poor idling. engine stalls
1252~ 1255 [ Accelerutor pedal balance between
accelerator pedal position sensor and pedal
swilches
{1 and 2)
1256 - 1257 | Accelerator pedal balance between AT no coaling, no kickdown
accelerator pedal position sensor and pedal
switches (1 and 2)
il and 2)
I 258 Accelerator pedal balance between pedal Posrinon existent throttle response
switches (1 and 2)
1300 Boost pressure calibration No power, poorfnon existent
throtle response
1301 Bowst pressure calibration upper limit
1302 Boost pressure calibrution lower limit
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LUCAS INJECTION SYSTEM (EPIC) DIAGNOSTICS
ment ment (L2} min, (LX) max.
Pin + Pin -
L1493 Bait. + 45 A 1080
y 47 40 4 10
1195 Batt. + 45 Rib 100y Enter data anew. check module
o Check lead voltage, reloy and
ground
1197
1198 L) o] 43 il
q 12 164} 350
41 47 25 35
42 47 25 15
1252 — 1255 4 51 3k Tk Measure with accelerstor pedal
released
10 51 ik Tk Measure with sccelerntor pedal
depressed
33 51 1.5k 3.5k Measure with acceleratnr pedal
rebeased
51 Ground Chpen circuit
1256 — 1257 29 5l 3k Tk Measure with sccelerator pedal
released
10 a1 Ak 7k Measure with accelerator pedal
depressed
33 51 1.5k 3.5k Measure with accelerator pedal
relensed
51 Grround Oipen circuil
| 258 29 51 Ik Tk Measure with accelerator pedal
relensed
10 51 3k Tk Measure with accelerator pedal
depressed
33 51 1.5k 35k Mensure with accelermtor pedal
released
] | Gircand Oipen circuit
1300 as 52 500 1k Current (0 vacuum transducer
(CVT) discomnect
11 a2 10k A0k
301 35 52 SO0 Ik
i1 32 10k MK
1302 35 52 500 Ik
i 52 10k 300K X
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DIAGNOSTICS  LUCAS INJECTION SYSTEM (EPIC)
Fault code | Cause Hemarks
1 306 Operation of kickdown actusting relay No kickdown
1307 Actuation of kickdown holding relay
1308 Operation of air conditioning relay ASC no cooling
402 EGR sensor, valve position
1605 EDC. EEPROM monitoring Engine stalls, poor/non-exisient starting
1 GO EDC, power hold relay
I G038 EDNC, monitoring Engine stalls, poorfnon-existent starting
1644 Pump speed sensor No power
%
a7 Battery voltage too high
9318 Battery voltage too low Poor/non-existent throttle response
0671 Banery voltage Poor/non-existent throtile response
Fault code Measure- | Measure- | Resistance | Resistance Remarks
meni ment (£2) min. 1£2) max.
Pin + Pin —
13006 3 50 i 3 Measure with accelerator pedal
46 47 T0 o) relensed
L30T £l 11 ] 3
49 47 o) 1o
L5008 47 2 L1 L4k
1402 o 52 |5k 24k Drisconnect hoost pressure sensor
Pl 52 IH} [k
1605 B, + 45 Bl 1 Renew EDC
Tl {1 Batt. +
[ 50 Blaii. «
164 Check wiring foom., send
injection pump o Lucas
9317 Bait. + 45 &0 (M) Check power supply
9318 Ba. +
0T Batt, +

48
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LUCAS INJECTION SYSTEM (EPIC) DIAGNOSTICS

Temperature resistance table (ECT/IAT)

® The following table shows the temperature values for the engine temperature (BCT) and air lemperature -t
(AT} with the associated resistance figures,

Temperature ('C) | Resistance (Q)
10 5875 ,
30 00 |
a0 24.27
ET] i6. 15
el 10,97
60 700
T 537
w0 T
Q) 2 =il
I0h 207
114 1.55
T30 1%

Non-coded faulis

® The engine warning light iz nal switched o,

~ Bulb foulty

o

— Bulb eglectrical connections

= Check circuit at pin 44 and 47 for continuity with ignition switch “On” {battery <),
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DIAGNOSTICS LUCAS INJECTION SYSTEM (EPIC)
‘ Non coded faolts (continued)
1 ® The engine stalls while motoring or a idle and ® Reduged power with severe smoke production.
will not start again,
= Check the fuel level and type of fuel, ~ Check the pipes to the air cleaner and
i - Check the pipes to the air cleaner and HBOtaEE - binckage.

twrhocharger for obstruction.
— Check the ik vent,

— Check whether the water in fuel sensar is
working correctly,

£ 2 — Check whether there s waler in the fuel,

— Check the fusel pipes (or possible fuel leaks
[ Ll (lonse connections),

® The engine refuses to start or starts hadly after
being stopped.

— Check the starter motor cranking speed and
condition of the battery,

— Cheek the fuel delivery during starting

- Check the operation of the flame start
sy sLeam.

Check the engine/pump synchronisation.
* Rough idling when warm, low power,

insufficient acceleration, engine stalling when
pulling away.

= Check the pipes to the air cleaner and
trbocharger for blockage.

— Check ihe fuel level and type of fuel (no
peetrol ).

= Check the operation of the EGR system.

Check the compressions,

— Check the operation of the throttle plate.
— Check the exhaust system fior obstruction.

- Check the load sensor hose for leoks and

SCCURITY,

- Check the operation of the EGR system.

® Reduced power, no smoke production,

- Check the pipes to the air clewner and
turbocharger for obstruction.

- Check the air cleaner.

— Check the delivery and return pipes for
ohsrcEion.

® The engine does not stop immediatelv after

being switched off.

— Short-circuit from pin 38 to pin 47
(huttery +}, hence shut off valve overheating
(hlawm ).

— The spring loaded piston is not closing
possibly doe to dir.

S0
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OPERATION EXHAUST GAS RECIRCULATION

Control of exhaust gas recirculation

# The exhaust gas recirculation is used to reduce manifold. At the same time, a throttle plate in
the emission of NCky (oxides of nitrogen) in the the intake mr passape 15 adjusted by a vicoum _
exhaust by limiting the quantity of oxygen diaphragm unit in order 10 assist the exhaust gas
availuble for combustion at partial load. The recirculation by throttling the fresh intake air.

reduction in the quantity of oxygen is achieved
by recirculating a controlled quantity of exhaust ® The EGR valve and the vacuum diaphragm unit

gas inko the inlet manifold. controlling the throdtle plate are actuated by the
vacuum from the OWT valve {vacuum
® The exhaust gas 15 recirculated by means of the transducer). Proportionately up to 50 % of the
vacuum-contralled exhaust gas recirculation exhaust gas can Mow into the inlet manifiokd
vilve (EGE valve) which opens a bypass behind the throttle plate through the opened |
between the exhaust munifold and the nlet EGR valve.

A
1
-
ST255M3
Schematic lastration of exhaost gas recircnlation control
552 Exhaust gases 1 EGR sensor T Oxidation catalyst
BE Combustion 2 Exhaust mantfold {optional}
B3 tniake air 3 EGR valve & Vacuum transducer
] 4 Vacuum diaphragm unit [
B iniake air, compressed
e S Inlet manifold 9 Turbocharger |
6 Connecting pipe 10 Throttle plate |
L
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EXHAUST GAS RECIRCULATION

OPERATION

To control the exhawst gas recirculation, a set
value for the opening of the EGR valve is
calculated in the EDC modube from a map for
the engine speed and quantity of fuel injected
and the characteristics for the
- engine icmperamure,
—  manifidd pressure and

intake air lemperaure,
and a dynamic anticipatory allowance
tawceleration or decelerntion according 1o the
accelerator pedal position),

® By actuating the vacuum transducer (CVT
valve) through ground, the effective vacuam in
the vacuum transducer is altered by the EDC
module so that the calculated set value matches
the signal at the EGR valve,

® The controlled vacuum alters the position of the
throttle plate through the vacuum diaphragm
urit i parallel. The adjustment of the throtile
plate is hirmited by stops on the housing.

GT/255/M5

A Grounding palses

1

E R S T

Crankshafl speediposition sensor
Engine coolant iemperature sensor
EDC module

WYacunm transducer (CVT valve)
Exhuust gas recireulation sensor

6 EGR valve
7 Inlet marfold pressure sensor

B Rodor position sensor
9 Accelerator pedal position sensor
10 Intake air temperature sensor

Service Training
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OPERATION

Exhaust gas recirculation sensor

#® The EGR valve contiins an exhaust gas
recirculation sensor.

® The exhaust gas recirculation sensor is a
potentiometer hased om a carbon film resistor,

® The movement of the push rod is transmited 1o
the contact of the potentiometer. The EDC
miodule recognises the opening value of the EGR
valve from the incoming voltage signal.

‘g- n L |: ! f-u_,f

ST/256M1E

I Contact
2 Carbon filin resistor
3 Exhaust gas recirculation sensor

Effect of exhaust gas recirculation on emissions

® Exhaust gas recircalation and optionally an
oxidation catalyst are employed 1o be able to

meet the required emission limits, E:]
® The exhaust gas recirculation reduces the level
of NOy (3) in the exhaust gas. At the same time, ke
when the volume recirculated is high, the level
of hydrocarbons HC (1) and particles (2) rises, f
100
® The additional use of an oxidation catalyst B : | f ":"' |
allows the hydrocarbons to be reduced further \\\;_
and the emissions to be kept optimally within 5 | | =
limiis. (1} 1 0 a0 40 |
A—
ST/256MT 1
A Volume of exhaust 1 Hydmocerbons
gas recircu led 2 Particles
B Emissions 3 Level of NO, il
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EXHAUST GAS RECIRCULATION

—rwr

OPERATION

EGR cooler

® For oplimum exhaust emiszions, the 63 kW
2.5 1 DI arbo diesel engine is equipped with a
new water-coaled BEGR system.

® The EGR cooler is located in the engine coolant
circuit,

L s

® The recirculated exhanst gas flows through the
EGR cooler and is cooled before it passes into
the inlet manifold.

® Cooling the recirculated exhaust gas lowers the
combustion tempersture and reduces the
formation of NOy (oxides of nitrogen).

ET/255/%50

I EGR cooler 4 Coolani connections

2 EGR valve 5 Inlet manifold

3 EGE pipe
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VEHICLE IMMOBILISER

"

Passive anti-theft system (PATS)

® The passive anti-theft system (PATS) is an
electronic vehicle immobiliser.

® The PATS is activated directly by means of the
ignition switch through the ignition key in
which an electronic code is stored,

® Each ignition key has an integral transponder
which exchanges information with the
transmitienireéceiver (transceiver) on the lock
eylinder of the ignition switch,

® While the ignition key is turned from position ()
o position T1 fo siar the engine. the code
enlered is received by means of the transceiver
and transmitted 1o the PATS module,

Keys

® The vehicles are delivered with three kevs: a red
“master key™ which should be kept in a safe
place and two “duplicate keys™ each marked
with a red dot.

® Only the two duplicate keys should be used for
the vehicle,

® It one of the duplicate keys is lost, a replacement
key can be coded using the master key,

® The plastic housing of the keys contains an
electronically coded transponder. There are
L8 trillion possible codes.

® [I'the code entered matches the code stored in
the PATS module, the PATS module allows
starting and the engine fires,

Nuote: For security reasons, wiring diagrams
for the PATS are only available on
request. They do not form pant of the
service literamire,

(2)
rd
m @_ J
ST(25520
I Master key 2 Duplicate key
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! VEHICLE IMMOBILISER
& LED indicator light
i ® The red LED indicator light is located between — =
] the sun visors abowve the rear mirmor, | 12’5{.' @ '@, |
® The LED indicator light indicanes the current | (ﬂh‘i}. e |
b Y 1} i | >
; status (activated or deactivated ) of the electronic RS, 'ﬁé@; II o/
| vehicle immailiser. In addition, the LED | —— ,'|“
Sl . s ; | f; e
| indicator light indicates fault codes. || .TI 1 é&fﬁf@? I|
: | || A B ,] (
A W, e | M
| bl | =
| e -
ST2ESNE tH
ODperation
® When opemting comectly, approximately 3 ® When the LED indicator light blinks, the
seconds after the engine is switched off the LED vehicle immobiliser 15 activaled, The engine can
indicator light begins 1o blink with 0.2 second only be started again with a key in which a
long flashes at intervals of 1.8 seconds, permissible code is stored.
E |
|
|
: 02s
: 5 3 {1 1.Ba
STI255.28
A Starter position *TI™ € LED indicator light “on"
B Swarier position “0r I LED indicator hight “off™
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VEHICLE IMMOBILISER
Operation (continued)
® When the ignition is switched on, the PATS ® The engine can only be started when the '
carries out 4 self-lest. This checks the operation keycode matches the code stored in the PATS :
of the system including the key and the LED miodule.
indicator light, The LED indicator light comes
on for 3 seconds during the sell-test. & With diesel engines the PATS acts on the fuel

shut-off valve and the starler motor.
® When the ignition is switched on, the PATS

module reads the code stored in the key ® (On the Ford Transit with the EPIC injection
(transponder) by means of the receiver system the fuel shut-off valve is controlled by
(transceiver), means of the EDC module.

P e

s

| Il“-\- d
= e
) | i ol
L8 o IE I: 5 )
ET/ASE2
I Key with coded transponder 5 Starter motor 1
2 Recerver (tansceiver) 6 EIN module
3 LED indicator light 7 Dingnostic connecior [
4 PATS module 4
1
i
I
Service Training 57 i




Ty

VEHICLE IMMOBILISER

Fuult indication

& If the LED indicator light comes on for one
minuee in ignition switch positon “I7" this
means that either bess than three keys are

programmed or that there is 0 malfunction in the
system.

1 min

i [—

STi25550

A Switch position “TI"
B Switch position 10"

C LEDvindicator light “on™
D LED indicator light “off™

58
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VEHICLE IMMOBILISER

Fault indication { continued)

® When the system has detected a fanl the LED
indicator light Nashes for a minute with a
frequency of 4 He

1 min

_035s

“ T g

STi255:

A Swdtch position “IT" C LED indicator light “on™
B Switch position 0" D LED indicater light “off™

Service Training
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VEHICLE IMMOBILISER

Fault indication {continued )

® After this minute the LED indicator light
displays a two-digit faull code by flashing with
il frequency of 1 He.

® [First, the first digit of the fauli code is indicated

by the LED indicator light. A pause of 1 second
lellows. Then the second digit is indicated.

® After a further pavse of 3 seconds the fault code
is repeated,

® The following illustrition shows the fanlt code
“ZI" (see the fault code able),

e

-
15 ‘!5|15 ‘|,=.tI 3s
T e .
e e | |
ettt || ]
ET/2s832

A Switch position <117
B Swilch pasition “0

C LED indicator light “on”™
D LED indicator light “off"

60
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Fault code table
Fault cde | Canse Remark
1 Transceiver (receiver) not connected Wiring or plug connection between PATS
module and trimsceiver
12 Transcever not working correctly Transceiver is faulty
13 Mo keycode received Wrong or faulty key
‘. 14 Keycode only partially received Wrong or faulty key
15 Keycode received does not match eode Wrong or faulty key
stored in PATS module
21 Less than 3 keys stored Reprogrumme keys
31 Code transmission error between EDC The EDC module must be adapted anew
module and PATS module
32 No answer from EDC module PATS module is fanlty
13 Transmission error
Mote: Please refer to the Yehicle System Test Manual for the precise description of the diagnostic

options and the procedure for fault finding,

"
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Programming kevs for the first time

® When programming for the first time all three
keys must be programmed at the same time.

e ——

® For this, first the red master key must he
inserted m the ignition switch and the switch
turned to position “117, When the master key has

i been checked and accepied by the PATS, the

| information 15 resd and stored, Remove the

mister key.

o — —

® I the programming has been completed
successfully the LED indicsior comes on faor
oawe second at intervals of one secomd,

® Now the two duplicate keys can be programmed
in the same way,

MNote: If one of the steps is not carried out
completcly the progrmmming is
terminated. This is indicated by
flashing of the LED indicator light as
soon as the third key is used to furn
the switch to position “[I", The
programming can be repeated after a
delay of 20 seconds.

O

=

ST/255'3

A Starter position 11"
B Starter position 0"

C LED indicator light “on™
v LED indicator light *“off”

[/
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Programming a replacement key

® When replacement keys are required or a
mislaid duplicate key is to be replaced up 1o 15
kevs can be programmed for ane vehicle with
the master key by “reprogramming™ or
“extension programming”.

® The programming of a replacement key can
only be carried out after successful
programming of the master key and the
duplicate keys.

® To programme an unprogrammed key, first the
red master key must be inseried in the ignition
switch and the switch turned 1o position
switch “TI". When the master key has been
checked and accepted by the PATS the
mformation is read and stored. Tum the switch
1o position “11" with the master key.

® Within 10 seconds the unprogrammed key must

In switch position “I1" the information is
transmitted by the PATS 1o the new key.

I the programming has been completed
successfully the LED indicator light comes on
for one second &l intervals of one second.

The keys can also be programmed using
FDS 2000 and the KGS (diagnosis tesier for
other markets),

Programmed keys can only be deleted with the
diagnostic testers,

&Clutiun IFa key is lost all the kevs should

b reprogrammed by a Ford dealer.
be inserted in the ignition switch and the switch This renders the mislaid key
mmed to position “11". ineffective.
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Checking PATS after programming keys
® Remaove the key.

& Wait until the LED indicator hght Mashes o
imnlicate that the svsiem is secure.

® [nsen the reprogrammed key in the ignition
switch and turn the switch to position 117,

Changing PATS module

® [If the fauli code 327 is indicated by the LED
indicator hight thene 15 o foull in the PATS
moskule. It must be changed.

# The PATS module 15 located under the ED}C,

#® In switch position 11" the PATS carries oul &

self-test. This checks the operation of the
system including the keyvs amd the LED
indicator light. During the self-test the LED

imficator light comes on for 3 seconads;

Remove the key. After 5 seconds the LED
inchicator light begins to Nlash. The system s in
Cperation,

After changing the PATS module, all the vehicle
kovs must be reprogrammed with the master
key.

Mote: Pease refer to the service literafure for

a precise description of the procedure.
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ABBREVIATIONS
® The abbreviations conform to standard SAE ® Abbreviations which do not conform (o SAE
Jl9), 1930k bot are used within Ford are marked *.
BDCE Bottom Dend Center FD&*  Ford DMagnosis Sysiem
CKP  CranKshaft Position HC*®  Hydro Carbon
(CPS*) o
CVT*  Current to Vacuum Transducer i Rk St Rermy -
(ACT*)
.‘. LED*  Light Emitting Dicde
5] Direct Injection i
MAP Manifold Air Pressure
ECT Engine Coolant Temperature i
MA* MNaturally Aspirmted '
EXC* Electronic Dhesel Control F

EGR Exhaust Gas Recirculation

". EPIC*  Electronically Programmed Injection
Control

ESO*  Engine Shut Off

=
1,[:

MNGE* Mew Generation Star

KOy*®  Dxides of Nitrogen

B .

PATS*  Pussive Anti-Thefi System

i

TDC*  Top Dead Centre
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