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XK series RN

This Technical Guide introduces 1999 MY changes to X) Series sedan and XK Series sports range of
vehicles. 1t is intended to give Jaguar Dealer workshop personnel an overview of the changes which have
taken place and is for information purposes only. The contents of this Technical Guide must not be used
as a reference source for servicing procedures; all servicing must be carried out in accordance with the
appropriate Service Manual on the JTIS disc.

This Technical Guide will not be updated. While every effort is made to ensure accuracy, changes may
occur between going to press and the equipment being introduced to the market. Once the equipment is
in service, details of changes can be obtained from Service Bulletins and revisions to the JTIS disc.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or
transmitted, in any form, electronic, mechanical, photocopying, recording or other means without prior
written permission from the Service Division of Jaguar Cars Limited.
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The following abbreviations are used in this document:

Abbreviation Description

AAC air assist control (valve)

AAl air assist injection

AAP accelerator pedal position (sensor)
A/C air conditioning

AFR air fuel ratio

BTDC before top dead centre

°C degrees Celsius

CAN controller area network

CKP crankshaft position (sensor)
CMP camshaft position (sensor)

DTC diagnostic trouble code

ECM engine control module

ECT engine coolant temperature
EGR exhaust gas re-circulation

EMS engine management system
EOT engine oil temperature (sensor)
EWB extended wheel base

HC hydrocarbon

HO2 heated oxygen (sensor)

Hz Hertz (cycles per second)

AT intake air temperature (sensor)
in inch

JTIS Jaguar Technical Information System
Km kilometres

LH left-hand

m miles

MAF mass air flow (sensor)

mm millimetres

MY model year

N/A normally aspirated

NOx nitrous oxide

OBD I on-board diagnostic stage 2
ORVR on-board refuelling vapour recovery
PAS power assisted steering
PASCM power assisted steering control module
PWM pulse width modulation

RH right-hand

RPM revolutions per minute

SC supercharged

TCM transmission control module
TP throttle position (sensor)

VVT variable valve timing
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General

The major change for the 1999 model year is the introduction of the AJ27 N/A V8 engine for sports cars
and sedans. This engine is a development of the AJ26 V8 engine and retains the basic mechanical
specification and configuration. The main enhancements are in the engine control systems and
associated components and include continuously variable inlet valve timing, air assisted fuel injection,
and a full authority electronic throttle. The whole of the engine management system is revised with a
new engine control module, EMS sensors and modified software. To meet increasingly stringent
emissions targets, particularly in NAS markets, the focus of these changes is to reduce exhaust pollutants
both during cold starts and throughout the engine speed and load range. Engine power and vehicle
performance are un/affected.

On-board refueling vapour recovery (ORVR) is now extended to XK8 vehicles, bringing them into line
with the sedan in respect of evaporative emissions control.

Changes to the chassis systems include the fitment of larger front brakes to XJR and a new power
assisted steering assembly is introduced to all X) Series and XK8 models.
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AJ27 Engine Introduction

The AJ27 engine is a development of the AJ26 unit fitted to the X)8 sedan and XK8 sports and is in N/A
form only: some of the mechanical changes are, however, applied to the SC engine to rationalize
production. General on-going improvements and the introduction of new features has required a

number of detail changes:

* continuously variable inlet valve timing (VVT): the VVT mechanism is different to the previous
system and associated changes have been made to the camshaft, cam position sensors, pistons and
lubrication system. VVT is not fitted to the SC engines

* air assisted fuel injection: this feature has required changes to the fuel charging system and intake

manifold

* full authority electronic throttle control with cable operation and (limp home) mode: the main
effects of this feature are enhanced EMS control and the deletion of cruise control hardware
* engine sensors: some engine sensors have been replaced by improved or more cost effective types

and additional sensors are fitted

* modified engine management system: physical changes are limited to the module and engine

harness

* a number of changes are made to engine components to reduce weight, improve efficiency and

help production cost effectiveness.

Specification

The engine specification for all models is as given in previous Technical Guides with the exception of

changes to spark plugs and oil specifications.

Spark Plugs
4.0 Litre N/A

Unleaded fuel PFR5G-13E

Oil Specification

The recommended SAE viscosity for different
ranges of ambient temperature are shown in the
table. For maximum economy and in most climate
conditions, SAE 5W/30 is to be preferred but SAE
10W/30 or 15W/40 are acceptable in moderate to
hot climates.

4.0 Litre SC
PFR6G-13E

SAE/TEMPERATURE TABLE

" N n n 2 2

°C -30 -20 -10 ) 10 20 30 40 50
100 110 120 130
JLK-079

T T pr— r T pr— p— T
°F 20 -10 O 10 20 30 40 50 60 70 80 90
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Basic Engine

Bottom End

Cylinder Block

There are no functional changes to the cylinder block on this engine. Additional PAS and A/C
compressor mounting bosses are provided for future use and to commonise production.

Connecting Rod

The connecting rods have a new material composition but are otherwise unchanged.

4.0L N/A PISTON

D.303.1170

TRANSMISSION DRIVE PLATE

J.303.1247

Pistons

Modified pistons are fitted to the AJ27 4.0L N/A
engine to allow for the increased timing advance
of the new VVT system. The piston crown has cut
outs to provide extra clearance for the inlet valves
which, at full advance, open approximately 8°
earlier BTDC compared to the AJ26 engine. Four
cut outs are used to enable a common piston to
be fitted in both engine banks.

On the SC engines, small dimentional changes
have been made to the piston land regions.

Transmission Drive Plate

To achieve commonality across the V8 engine
range, longer bolts are used to fix the drive plate
to the crankshaft. To accommodate the extra
length, a spacer (arrowed) is welded to the
transmission side of the drive plate. Locating the
drive plate to the crankshaft is improved by the
use of a stepped dowel which replaces the
previous parallel dowel.




Cylinder Head

Inlet Ports

The introduction of the air assisted fuel injection
system (AAl) increases the convergence of the
injector twin spray pattern. To reduce wall
wetting, the inlet port divider walls are re-
profiled.

Camshaft Position Sensor

A camshaft position (CMP) sensor location hole is
now provided in the RH cylinder head on all
engines in addition to the existing location in the
LH bank. New type CMP sensors are fitted to both
banks of the 4.0L N/A engine.

On the SC engine, the CMP sensor in the LH bank
is unchanged and a blanking plug is fitted to the
new sensor hole in the RH bank.

Camshaft Position Sensor Rings

A four tooth sensor ring is fitted to the inlet
camshaft of both cylinder banks on the 4.0L N/A
engine. The sensor ring is a keyed pressed fit into
the rear end of the camshaft.

The SC engine retains the single tooth ring on the
left bank camshaft only, as before.

Camshafts

New inlet camshafts are fitted as part of the
continuously variable valve timing (VVT) system
used on the 4.0L N/A engine. Cam profiles are
changed and revised nose machining includes
oilways for the new VVT unit. To ensure
commonality, the changes to the camshaft nose
are also applicable to the SC engine, which does
not have the VVT system.

Valve Gear
Lighter tappets and modified valve springs are
fitted to all engines.

Combustion Chamber

On all engines, the valve seats are changed to a
three angle profile (more rounded) to improve gas
flow.

XJ/XK Series

CAMSHAFT POSITION SENSOR RING

N/A Sensor Ring

SC Sensor Ring
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CAM COVER

D.303.1187

OIL TEMPERATURE SENSOR - N/A ENGINES
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Cam Covers

The cam covers are modified for the new type
VVT oil control valve which projects upwards
from each cylinder bank. The top of the valve
protrudes through a hole in the cam cover to
enable connection to the engine harness. On the
SC engine without VVT, the new covers are used
but the hole is moulded closed.

Camsbhaft Drive

All engines have modified secondary chain
tensioner pivots. The SC engine has new sprockets
to mate with the modified nose on the inlet
camshaft.

Timing Cover
The solenoid oil control valves for the VVT system
are relocated from the front of the engine and the

access holes in the timing covers are now blanked
off.

Lubrication

Oil Cooling

The external oil cooler is no longer fitted to N/A
engines but is retained on the SC models. The oil
diverter valve is therefore not required on N/A
models.

Oil Pump

A new higher capacity oil pump is used to ensure
that adequate pressure is available for the new
VVT system. The pump is physically similar to the
previous model and requires no changes to the
engine.

Oil Temperature Sensor

The introduction of a fully oil controlled VVT
system requires continuous monitoring of the oil
temperature by the EMS. The sump is modified to
accept an engine oil temperature (EOT) sensor
which is fitted near the oil filter, immediately
above the pressure sensor.
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Air Induction System

Air Intake

The intake ducting and air cleaner are modified to
clear the new VVT oil control valve which
protrudes through the top of the cam cover.

Induction Manifold

The induction manifold is modified to suit the
new air assisted injectors and air feed system.
Integral tubular air rails are located on each side
of the manifold and fed at the centre point from
detachable hoses. The fuel injectors are seated
directly into the air rails and fuel is supplied to
the top of the injector (top fed) from separate fuel
feed rails bolted to the manifold. See ‘Air Assisted
Fuel Injection’ (page 27).

Induction Elbow
The induction elbow has re-positioned fixing
holes to accept the new throttle body.

Cooling System

Throttle Cooling Hoses
The throttle feed and return cooling hoses are re-
shaped to suit the new throttle body.

INDUCTION MANIFOLD AND ELBOW

J.303.1249
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Variable Valve Timing

The AJ27 variable valve timing (VVT) system is a
further development of the system used on the
A)26 engine where the engine management
system (EMS) selects one of two possible inlet cam
positions relative to crankshaft angle.

The new linear VVT system provides continuously
variable inlet valve timing over a crankshaft range
of 48° #2°, Depending on driver demand, engine
speed/load conditions and EMS requirements, the
inlet valve timing is advanced or retarded to the
optimum angle within this range. Compared to
the two position system, inlet valve opening is
advanced by an extra 8°, providing greater
overlap and increasing the internal EGR effect
(exhaust gases mixing with air in the inlet port).

The linear VVT system provides a number of

advantages:

* improves internal EGR, further reducing NOx
emissions and eliminating the need for an
external EGR system

* optimises torque over the engine speed
range without the compromise of the two
position system: note that specified torque
and power figures are unchanged

» improves idle quality: the inlet valve opens
10° later, reducing valve overlap and thus the
internal EGR effect (undesirable at idle speed)

» faster VVT response time

*  VVT operates at lower oil pressure.

XK series
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VVT Components

Each cylinder bank has a VVT unit, bush carrier
and solenoid operated oil control valve which are
all unique to the linear VVT system. The VVT unit
consists of an integral control mechanism with
bolted on drive sprockets, the complete assembly
being non-serviceable. The unit is fixed to the
front end of the inlet camshaft via a hollow bolt
and rotates about the oil feed bush on the bush
carrier casting. The bush carrier is aligned to the
cylinder head by two hollow spring dowels and
secured by three bolts.

The oil control valve fits into the bush carrier to
which it is secured by a single screw. The solenoid
connector at the top of the valve protrudes
through a hole in the camshaft cover but the
cover must first be removed to take out the valve.
Engine oil enters the lower oilway in the bush
carrier (via a filter) and is forced up through the
oil control valve shuttle spools to either the

advance or retard oilway and through the bush to
the VVT unit. Oil is also returned from the VVT
unit via these oilways and the control valve
shuttle spools, exiting through the bush carrier
drain holes.

Note that only the bush carriers are left and right
handed.

VARIABLE VALVE TIMING COMPONENTS
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Variable Valve Timing Unit

The VVT unit transmits a fixed drive via the
secondary chain to the exhaust camshaft. The
inlet camshaft is driven from the body of the unit
via internal helical splines: when commanded
from the EMS this mechanism rotates the inlet
camshaft relative to the body/sprocket assembly
to advance or retard the valve timing.

The VVT unit has three main parts: the
body/sprocket assembly, an inner sleeve bolted
axially to the nose of the camshaft and a drive
ring/piston assembly located between the body
and inner sleeve and coupled to both via helical
splines.

The basic operation is similar to that of the two
position unit: oil pressure applied in the advance
chamber forces the drive ring/piston assembly to
move inwards along its axis while rotating
clockwise on the helical body splines. Since the
drive ring is also helically geared to the inner
sleeve but with opposite angled splines, the inner
sleeve is made to rotate in the same direction,
turning the camshaft. The use of opposing helical

gears (the angle is more acute than in the two
position unit) produces a relatively large angular
rotation for a small axial movement, thus keeping
the VVT unit to a compact size. Note that the
inner sleeve does not move axially.

To move back to a retard position, oil pressure is
switched to the retard chamber and the piston
and rotational movements are reversed. The use
of oil pressure to move the piston in both
directions eliminates the need for a return spring
for VVT operation (as in the two position system).
However, a lighter pressure spring is fitted in the
retard chamber to assist the piston assembly to
revert to the fully retarded position with the
engine stopped. Note that rotating the engine
backwards from the stopped position will cause
the VVT unit body to move relative to the
camshaft, advancing the timing. To avoid the
possibility of incorrect timing being set after any
associated service work, reference must be made
to JTIS 5 for the correct procedures.

Due to the use of bi-directional oil pressure
actuation and light spring pressure, a much lower

VARIABLE VALVE TIMING UNIT

Anti-backlash Springs

Advance Chamber
Oil Feed/Drain

Advance Chamber

Drive Ring and
Piston Assembly

Retard Chamber
Oil Feed/Drain

Inner Sleeve

Piston Return
Spring

J.303.1167




