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Front End Accessory Drive

Components and Systems

FRONT END ACCESSORY DRIVE

A new front end accessory drive (FEAD) belt system
powersthe engine accessories. the generator and air con-
ditioning (A/C) compressor aswell asthe engine cooling
pump, power steering pump and —if equipped —the
supercharger and the Dynamic Response pump.

The accessory drive belts are automatically pre-loaded
by mechanicaly-sprung tensioners and routed over a
seriesof idler pulleysto help control belt run, and wrap
around the accessories (the power that can betransmitted
to each pulley depends on how far around it the belt is
wrapped). Theidler pulleys also help control belt noise,
by limiting the length of belt that can vibrate fredy. This
ensures dip-free drive of the accessory components.

The crankshaft pulley drives the primary and secondary
belts, and incorporates atorsiona vibration damper to
absorb vibration from the enginefiring loads.

All accessories are mounted directly to the base engine
gtructure to reduce vibration and weight.
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Components and Systems Front End Accessory Drive

Jaguar Variants

The maintenance-free primary belt drivesal of the engine-mounted accessories. The secondary belt drivesthe
supercharger.

Jaguar Naturally Aspirated L ayout
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IDLER \
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GENERATOR PUMP
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Front End Accessory Drive Components and Systems

Jaguar Supercharged L ayout
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Components and Systems Front End Accessory Drive

Land Rover Variants

The primary belt drives all of the engine-mounted accessories. The secondary belt is manufactured from an eastic/
stretchy materia to minimize weight and drives the viscous cooling fan and, on supercharged variants, the super-
charger. Where equipped, the Dynamic Response pump is mounted on a die-cast aluminum bracket on the right hand
sde of the engine; otherwise, this bracket supportsan idler.

Land Rover Naturally Aspirated L ayout
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Front End Accessory Drive

Components and Systems

Land Rover LS Supercharged L ayout

SUPERCHARGER

IDLER \

VISCOUS
COOLING FAN

DYNAMIC
RESPONSE PUMP

SECONDARY
BELT TENSIONER

IDLER

GENERATOR

CRANKSHAFT

NP10V8032

COOLANT PUMP PRIMARY BELT
TENSIONER

POWER STEERING
PUMP

A/C COMPRESSOR

2-6 04/14/2009 NP10-V8JLR: AJ133 5.0-Liter DFI V8 Engine Technical Training



Components and Systems

Front End Accessory Drive

Land Rover LM Supercharged L ayout
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Engine Cooling System

Components and Systems

ENGINE COOLING SYSTEM

Overview

The primary function of the cooling system isto manage
the heat generated by the engine at all operating and
environmenta conditions. The cooling system must pro-
tect the engine from overheating by keeping the combus-
tion chamber surrounding metal temperatures within
specified limits. To achieve this, the coolant pump, ther-
mostat, and radiator provide the required flow, control
and heat rejection.

The 5.0-liter V8 engine cooling system is also designed
to provide al the benefits of rapid warm-up:

* Lesswear

* Reduced emissions and fuel consumption

* Fast cold weather cabin warm-up

» Robust throttle operation with cold weather heating
Once warm, the cooling system thermostat modul ates
flow through the engine and radiator to maintain the

coolant temperature at itsideal operating range for effi-
ciency and durability.
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Components and Systems

Engine Cooling System

Cooling Circuits

Naturally Aspirated Cooling Circuit
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Engine Cooling System Components and Systems

Supercharger Cooling Circuit (ChargeAir Cooler Circuit Not I ncluded)
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Components and Systems

Engine Cooling System

Coolant Flow

From the coolant pump, coolant flowsinto the oil cooler
and each cylinder head, where the most heat is available
for rapid coolant warm-up. The thermostat controls flow
through the engine and the heater circuit until optimum
temperatureisachieved. At therear of the cylinder heads
the flow splits between the cylinder block and the heater
circuit. The cylinder block coolant then flows forwards
to the outlet ports and merges with the heater return flow
a the coolant pump inlet. When the thermostat i s closed,
the coolant returns directly to the pump through the
bypass on the thermostat housing. When the thermostat
is open, the coolant returnsto the pump viathe vehicle's
radiator. A coolant drain plug isinstalled on the rear |eft
side of the cylinder block.

Cold, low-pressure coolant isdrawn from the radiator by
abdt-driven water pump. Thisis distributed through a
coolant circuit that includes the engine, il cooler, cabin
heater, and coolant reservoir.

A multi-stage thermogtat islocated on the water pump
inlet side to provide good response and control for the
engine outlet temperature. When the cool ant temperature
varies, the thermostat reacts by changing its opening
position to control radiator coolant flow.

The operationa benefits of the multi-stage thermodtat are:

¢ Closad podition during warm-up contains the coolant
flow to the engine and hesater circuit for rapid warm-up

*  During warm-up and at engines speeds above 1800
rpm, abypass valve opensto control flow and pres-
sure, protecting engine components

¢ When the thermostat opens 6mm and the coolant is
approaching optimum temperature, the bypass flow
is shut off

e When the thermogtat opening exceeds 6mm, the
radiator coolant flow is further controlled up to the
point where the thermodtat isfully open. At this point
maximum cooling is required, so maximum radiator
flow isachieved
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Air Intake System

Components and Systems

AIRINTAKE SYSTEM

Overview

The air intake system has been designed to make avail-
able the appropriate air supply to the engine.

There are two rigid injection-molded air cleaner hous-
ings located inside the engine compartment. Each air
cleaner housing is supported on elastomer mountingsto
minimize noise transmission to the vehicle's body struc-
ture and contains a replaceable paper filter eement.

A poly-fiber duct designed to reduce intake noise directs
dirty air into the air cleaner housings and through thefil-
ter elements. The clean air duct then passes the filtered
air over the mass airflow sensor, through the electronic
throttle and up to the intake manifold where it is distrib-
uted to theindividud cylinders.

Intake Manifold (NA)

Theclean air duct of the normally aspirated (NA) engine
features afeedback tube and diaphragm device to
enhance engine sound quality. A symposer systemis
mounted on the rear of the supercharged engineand is
connected directly to the right hand intake manifold to
enhance engine sound quality.

Variable I ntake System (NA)

The NA engine employs an intake manifold, which is
manufactured from acomposite materia with metal
inserts and comprises a central chamber with eight run-
ners leading to the intake ports on the engine.

VARIABLE INTAKE
SYSTEM VALVES

NP10V8036

ACTUATOR ASSEMBLY

/ VACUUM PIPES
A /
B,

Ty

VACUUM
SWITCHING VALVE

The Variable Intake System (V1S) varies the length of
theintake tract in order to optimize power and torque
and is engine speed dependent (approximately 4000 to
5000 rpm).

Varying the length of the intake runnersfor different
engine and load conditions optimizes thefilling of the
cylinder and thus the engine's efficiency. At low engine

speeds, therate of air flow isincreased by directing the
air down alonger path to provide optimum engine
torque. The shorter path opens when engine speed
increases so that agreater amount of air can enter the
chamber to optimize engine power for the existing

engine speed range.
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Components and Systems

Air Intake System

Vacuum-operated actuators, located et therear of theintake
manifold, open and close the vaves viaa connecting rod.
The actuators respond to Sgnas received from the engine
management system viaavacuum switching valve.

The variable intake system is atwo-position system and
iseither fully open or fully closed.

VALVE CLOSED
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NP10Vv8037

VALVE OPEN

\

RPN
L

Theintake manifold tuning solenoid vaveisthe interface
between the varidble intake system unit and the engine con-
trol module (ECM). The variableintake system unit varies
theintake manifold runner length to improve the engine's
volumetric efficiency. Itsbasic condruction isavacuum
switching valve, which is opened through the gpplication of
andectrica supply to the coil. Whenthedectrica supply is
cut, the vacuum switching valve closes, cutting off theair
supply. The vacuum tank on the manifold is permanently
connected to the vacuum pump in the vehicle, which sup-
pliesaconstant level of 950mbar vacuum.

NP10V8038

The vave is mounted to the back of the intake manifold
bel ow the pneumatic actuators.

Valve Opening

At aset engine map point, the ECM providesasigna to
the solenoid, which energizes the coil. The vave opens,
permitting the flow of the vacuum supply into the hose
assembly and hence into the two actuators.

The vacuum pulls on the digphragm inside the motor
housing, compressing the spring and pulling in the actu-
ator arm. The linear arm motion creates arotation of the
lever arm, which is connected directly to the drive shafts
of the flap system. The complete flap assembly rotatesto
the stop position (flaps closed — long runner length) in
the manifold runners

Valve Closing

When the electrica signd is stopped, the needle valve
inside the solenoid closes, shutting off the supply of the
vacuum, and opens up the venting channel.

The vacuum air supply vents to atmosphere, restoring
ambient pressure to the system. The springsin the actua-
tor body push back the digphragm and the arm, forcing
the lever arm to rotate in the opposite direction. This
(due to the direct drive on the shafts) rotates the flaps
back to the open condition (short runner length) ready
for the next signal.

Technical Training
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Air Intake System

Components and Systems

Supercharger

On supercharged (SC) engine variants the supercharger unit and two water-cooled charge-air coolers essentialy

replace the intake manifold of the naturally aspirated variant.

/

SUPERCHARGER
ASSEMBLY

NP10V8039

CHARGE AIR COOLER

INTAKE DUCTS

The Roots-type supercharger, manufactured by Eaton,
with high hdlix angle rotorsis used to pump air into the
cylinder, which boosts the dendity of the air charge to
create amore powerful combustion inside the cylinder.
Thisincreases cylinder pressure upon ignition and cre-
ates more power.

Asthe supercharger pumpsthe air, itstemperature
increases. Thisrisein air temperature reducesthe potentia
for power gains. By employing water-cooled charge-air
coolers, theair iscooled to increase the charge air density.
The supercharger delivers pressurized air to the charge-

air coolers. The pressurized cooled air isthen fed
directly into each intake port.

The charge-air coolers are water cooled viaaradiator
and coolant pump.

The supercharger has afill-for-life internal lubrication
system and isaligned with the secondary accessory drive
belt. The belt drives the supercharger viathe crankshaft

at 2.1 engine speed.

A massair flow (MAF) sensor provides an input to the
ECM pre-supercharger, and atemperature/ manifold
absolute pressure (TMAP) sensor provides an input to
the ECM post-supercharger.
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Components and Systems Air Intake System

Symposer

Historically, automobile manufacturers have focused on Anintegrd part of this development isthe introduction of
reducing the level of engine acoustics within the cabin. asymposer into the engine air intake system of the SC
With the introduction of the new 5.0-liter V8 engine, engine. The symposer ismounted ontherear of theengine
development engineershave deliberately accentuatedthe  and is connected directly to the RH intake manifold.
acoudtic feedback into the cabin in an effort to further

increase the driving experience.

FEEDBACK
DEVICE

MANIFOLD
INTAKE PIPE

SYMPOSER
OUTLET PIPE
VACUUM

ACTUATOR
SYMPOSER BODY

NP10V8040

Engine order pulsations from the intake system are fed
into the symposer, which picks out the pulsationsthat are
within the target frequency range. These accentuated V8
engine acougtics are then directed into the cabin.

The symposer isamechanica devicethat is operationa
when the engine is running. However, avacuum operated
vave, whichis controlled by the ECM, only alowsthe
acousticsinto the cabin under certain conditions. Thisisto
achieve the desired engine sound qudity in the cabin.
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Fuel Injection System

Components and Systems

FUEL INJECTION SYSTEM

Overview

One of the most important challenges facing car manu-
facturerstoday isto offer vehiclesthat deliver excellent
fuel efficiency and superb performance while maintain-
ing cleaner emissions and driving comfort. Increasing
awareness of global warming as a threat to the environ-
ment has added another dimension to this challenge.

In response, ahighly efficient low-emission direct-injec-
tion system has been developed, which controls the mix-
ture formation under awide range of engine operating
conditions. Thisis essentia in reducing smoke and par-
ticulate generation and optimizing fuel economy, and in
doing so, demondtrates an ability to meet existing and
future emission legidation.

Thefud ishighly pressurized and injected directly into
the combustion chamber of each cylinder, as opposed to
conventiona multi-point fuel injection that happensin
theintake tract or cylinder intake port.

Combustion Requirements

In adirect -injection engine, theinjectors supply fuel
directly into the combustion chamber as streams of high-
velocity atomized fudl. For ideal combustion, these must
disperse to create a stoi chiometric homogenous mixture
of fuel vapor across the entire combustion chamber
before the spark ignites the mixture.

This process of droplet dispersal and vaporization is
especidly difficult a high engine speeds, asthereisvery
littletimefor vaporization to take place between the start
of fuel injection and the onset of combustion.

Among the many factors influencing mixture prepara-

tion, two are particularly important:

» Fue droplet size: the smaller the atomized droplets
of fudl, the faster they can vaporize

»  Gas motion within the combustion chamber: con-
trolled, rapid gas movement helps disperse fuel drop-
lets across the combustion chamber as they vaporize

By helping to address these issues, the new injection sys-
temisat the heart of the engine's comptitive advantage.
It offers an excellent balance between emissions, perfor-
mance, and efficiency.

Fuel Preparation

Thesizeof fud dropletsisaffected by both fuel injection
pressure and the size of theinjector’'s nozzle holes. The
smdller the nozzle, the finer the atomization of the fuel.
Likewise, increased fuel injection pressure aso helpsto
produce smaller fuel droplets.

There are clear limits to the amount of fuel that can

physicaly beforced through theinjector’sfine orificesin
agiven period of time; the engine's demandsfor greater
volumes of fud at higher operating loads places practical
limits on the extent to which orifice size can be reduced.

Fuel injection timing is critica too. Optimal injection
timing on a homogenous charge direct-injection engine
is primarily about achieving the right balance between
volumetric efficiency, adequate mixing, and minimal
fuel deposition on the pistorvliner.

A gratified charge strategy is used for cold sarts depend-
ing on climate conditions and engine temperature. The
fuel ddivery istimed with ignition at closeto TDC on the
compression stroke to give optimum driveability from
dart-upin al conditions. Thetiming strategy will vary
depending on ambient air temperature and engine condi-
tions. This rategy a0 aides catalyst warm-up.

Thefud system employs 6-hole injector nozzles and
pesk injection pressures of 150 Bar (2176 ps) to achieve
these objectives.

The new engine's 32-valve layout has been configured
with symmetrical inlet ports.

Mixture Requirements

To encourage rapid dispersal of fuel droplets throughout
the combustion chamber across a broad range of engine
speeds, the motion of air within the combustion chamber
must aso be carefully controlled.

The 32-vave combustion system has been developed to
cregte arepeatable ‘tumble’ mation of intake gasinside
the chamber. * Tumble’ motion deliversthe optimal ba-
ance between good mixing / combustion efficiency and
optima flow performance for good volumetric efficiency.
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Components and Systems Fuel Injection System

The new engine's Direct Fuel Injection (DFI) system has been specifically designed to achieve high standards of dura-
bility, combustion performance, and refinement.

Locating the fud injectorsinto the cylinder head and spraying directly into the combustion chamber requires fuel
pressures much higher than the 3 to 4 bar (44 to 58 psi) of conventional engines. This, in turn, demands a high-pres-
surefuel pump. The new direct-injection engine, which incorporates two auxiliary shaft-driven fuel pumps regul ated
by the engine management system, is capable of generating fuel ddlivery pressures as high as 150 bar (2176 ps).

LOW-PRESSURE
FUEL SUPPLY

HIGH-PRESSURE _— — \ /

FUEL INJECTORS y ~N .
1 ﬂx/
\/
ﬂ// \\ ;T = = \ /LL//
/ \ Y
N
/ !
AN
FUEL LINES \
N\
7

HIGH-PRESSURE
FUEL PUMPS
FUEL PUMP
DRIVE SHAFT

NP10V8042
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Fuel Injection System

Components and Systems

A single-plunger design is used in the high-pressure injection pumps to provide high volumetric efficiency at low
drivetorque and at low cost. The pumps have a built-in €l ectromagnetic control valve, and the control function varies
thefuel delivery amount by adjusting the timing of the drive pulses sent to the valve. The drive torque and pul sation
inside the high-pressure lines are minimal, since the pumps supply only as much fuel asthe engine actually requires.

FUEL PUMPS

NP10V8043

HIGH-PRESSURE /

AUXILIARY
DRIVE SHAFT

AUXILIARY
DRIVE SHAFT SPROCKET

CRANKSHAFT

™~

\ OIL PUMP

AUXILIARY DRIVE CHAIN

Ultra-precise machining of the high-pressure injectors
helpsensure afine, high-qudity spray to achieve optimum
combustion conditions both at cruising speeds and during
accdleretion.

The new engine uses ainless stedl high-pressure fue
rails. The fud pressurein therail is detected by a high-
pressure sensor, which controls flow into therail by
adjugting the electromagnetic fuel metering valvein the
high-pressure fuel pump’s outlet.

The pressurerelief valve (located in the high-pressure
pump) protectsthe high-pressure side of the system from
excessive pressure if thereisafailure of the fuel meter-
ing valve. If the pump delivery pressure increasesto 195
— 204 bar (2828 — 2959 ps), the pressure relief valve
opens and returns fuel to the inlet side of the plunger.

NOTE: The high-pressure fuel system can only be diag-
nosed using Jaguar Land Rover approved diagnostic
equipment.

Like other fuel injection components, the fuel railsare
used well below their design pressure limit of 350 bar
(5076 ps).
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Fuel Injection System

Fud Injectors

The nomina maximum operating pressure of the DFI
systemis 150 bar (2176 psi) absolute fuel pressure. The
injectors deliver the fuel mass directly to the combustion
chamber.

Theinjectors have 6 spray beams: 2 point below the spark
plug, the other four distribute fud to the rest of the cylinder.

FUEL
PASSAGEWAY

/

INJECTOR
BODY

I

ELECTROMAGNETIC

COIL

NEEDLE
VALVE

DIFFUSER
NOZZLE

RETURN
SPRING

/

‘O’ RING

/

NP10V8126

Theinjectors are similar to traditiona solenoid-based
fuel injection injectors, however, they operate on atwo-
stage power supply from the ECM. For theinitial trigger
they require 65V; once the boost current of 11A is
reached, the power supply is switched to battery voltage.

Thefud ral and fud injectorshave built-in non-servicegble
filters

Safety Precautions

A\ WARNING: Thefud system on both NA and
SC engines oper ates at a maximum nominal
pressure of 150 bar (2176 ps). Do not begin
wor k on thefud system without consultingthe
service manual.

/\ CAUTIONS:

» Itismandatory for the Teflon sealsto be
replaced if theinjector isremoved from the
engine. TheTeflon sealsare part of the
injector sealing to the combustion system.

« Donot contaminatetheTeflon sealswith ail.
Do not use oil and greaseto aid the assem-
bly of theinjectorstotheengine.

» Alwaysclean injector boresbeforefitting
fuel injectors.

» Do not tamper with the éectrical connec-
tions, asthe voltage will reach 65V during
operation and hasa high current require-
ment.

Failure Modes
« Failed Teflon sed —magjor exhaust gas leakage

¢ Injector deposit buildup
» Injected fuel mass variability

Failure Symptoms
* Undgableidle

» Poor NVH characteristics
« Poor emission performance

Specification Function
Power Source | 65V + 0.2V ECM 2-stage power supply
Resistance 1.5 ohms + 5 percent
Booster current | 11A
Holding current | 2.5A
Pinl Supply (Positive Polarity)
Pin2 Ground
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Fuel Injection System

Components and Systems

Injector Identifying Marks

BOSCH
TRADEMARK

MATERIAL

. CODE

s

PRODUCTION
PLANT CODE

POLARITY +
IDENTIFICATION 17_; TR f
% &
t? +
ORDER PART NUMBER
NUMBER
NP10V8044
Fud Injection Firing
— For full load operation the basic behavior issimilar,
Condition Degrees (approx.) however, there are two additional considerations:
Part load 270° —300° BTDC « Thereisthe additional requirement to phase thetim-
Full load 360° BTDC ing to maximize volumetric efficiency and minimize

For the mgjority of the part load operation, injection tim-
ing is between 290° and 300° BTDC, gpproximately one-
third into the intake stroke. Any earlier and too much fuel
is deposited on to the cylinder, resulting in increased
smoke production. If thetiming isany later, lesstimeis
availablefor mixing, which ultimately will result in higher
emissons and poorer combugtion efficiency.

knock sendtivity —at low speeds this generally
resultsin the start-of-injection timings similar to that
above

* Asengine speed increases, the time to complete mix-
ing dominates above al other requirements so that
the start-of-injection timing has to move earlier. At
peak power, the NA engine has a gtart-of-injection
timing of 360° BTDC (on compression stroke); for
SC, itiseven earlier —around 400° BTDC

The fully mapped strategy is ECM controlled, depend-
ing on:

e Enginetemperature

» Engineload

e Throttle position

» Engine speed
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Components and Systems

Fuel Injection System

Injector Removal

AWARNI NG: Thedirect injection fud sysem
can operateat a pressure up to 150 bar (2176
ps); thereisdanger of injury if thefollowing
precautions are not observed:

» Enaurethat thefue system isdepressurized

 Disconnect theunion for thefeed pipetothe
rail; catch any fuel that leaks out. Position
the pipes away from therailsto avoid dam-
agetothethreadsduring removal

» Removefud rail boltsand removerail by
hand. Someor all injectors may also come
out in the process; otherwisethey will sepa-
ratefrom therail and remain in the head.
Significant force, i.e. wiggling, isrequired to
releasethe O-rings, but do not lever againgt
the camshaft cover

» Beprepared for alarge quantity of fuel
(200 ml) to escape from therail asit is
removed. Ensurethat suitable protective
equipment isworn (protective goggles, suit-
ablefiltered face mask, gloves, €tc.)

» Placefud rail on a clean work bench.
Ensurethat dirt cannot enter therail —for
example, by capping the open holes

A WARNING: The spark plugs should have

been removed prior to pulling out theinjec-
torswith thedide hammer tool. Otherwise, it
ispossible (especially if the engine has been
turned over recently) for thereto bealittle
compression pressurein acylinder, and when
the seal isbroken with the cylinder head, the
fud that has collected around theinjector in
the head bore can beforcibly sprayed into the
operator’sface. Either removethe plugsor
removeall thefud from around theinjectors
to prevent thisfrom occurring

Position theend of dide hammer injector removal tool carefully under thethick stainless stedl flange located under the

top O-ring and support washer.

NP10V8045

LOCATE INJECTOR REMOVAL TOOL HERE

Jans

THICK STAINLESS
STEEL FLANGE SPLIT WASHER
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Fuel Injection System

Components and Systems

A CAUTION: Take careto ensure correct engagement of thetoal to the flange, as engaging thetool under

the grey plastic split washer may damage the washer, O-ring, and upper flange.

NP10V8046

jimi}

— Ensurethat thetool is kept aligned to the center line
of the injector during removal

— Hold the end of the tool to make sure that the engage-
ment between the tool and the injector is maintained
during dide hammer blows

An easy injector will only take 3 or 4 hammer blowsto
remove. A difficult injector may take several blowsto
extract. If atight injector is experienced, use agradualy
increasing force for the dide hammer blows

Oncethe injector isfree from the cylinder head, take
carewhen removing theinjector from theend of thetool,
asitispossiblefor fuel to flick into the face when the
injector breaks free from the tool end. Ensure that the
correct protective equipment is being worn.

Place a clean cap over the O-ring end of the injector to

prevent contamination by dirt.

When ingtaling injectors:

» Alwaysreingdl injectorsin the same location from
which they were removed.

e Usenew spring clipsif injector location is changed
or when installing new injector(s).

* Ingall and size anew teflon sedling ring whenever an
injector has been removed.

Injector Spring Clip

NP10V8127
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Fuel Injection System

Direct I njection High-Pressure Fue Pumps

To obtain the required fuel pressurefor adirect injection
system, additional high-pressure fud pumps are required.
The high-pressure pumps have three functions:

* Pressurized fuel

» Demand-controlled delivery

» Limited system pressure to ensure limp-home opera-
tion mode

Therearetwo high-pressurefue pumps on both NA and
SC engines. The high-pressure fud lines are connected
together before they feed the RH bank rall. Assuch, one
pressure sensor in RH bank monitorsthe pressure of both
rals. Fud pressureiscontrolled by the fud metering vave.

Thefue pumps are mounted on theright (RH bank) side
of the sump. Pump 1 isthe most forward pump; pump 2
isthe rear pump in vehicleinstallation.

FUEL METERING
VALVE:
NO CURRENT NO CURRENT

| | FUEL OUTLET | |
/\ E /\ VALVE E /\

‘ jJoooq|

oo

DELIVERY
CHAMBER

/
FUEL INLET
VALVE

FUEL METERING
VALVE:

T ]
o o
° °
9 s}

—_——

INT,

AKE STROKE

FUEL METERING
VALVE:
CURRENT APPLIED

FUEL METERING
VALVE:
NO CURRENT

FUEL METERING VALVE GROUND

FUEL METERING VALVE
CLOSES

FUEL METERING VALVE FEED

NP10V8047

The pump operates as per the principle shown. Thereare
two high lift lobes per camshaft for both fuel pumps on
the sump/windage mounted auxiliary camshaft, which
rotates at crankshaft speed.

Safety Precautions

AWARNI NG: Thefud system operatesat a
maximum nominal pressure of (150 bar (2176
ps), do not begin work on the fuel system
without consulting the service manual.

A CAUTION: Thefud metering valve hasvery
low resstance. If connected directly toa
power source(e.g. abattery), thefuel metering
valve will be destroyed after avery short time.

A CAUTION: Donat test thefunctionality of the
fuel metering valve by connecting directly toa
power source, asthereisadanger of major
damage.

Technical Training
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Fuel Injection System

Components and Systems

The start-up fud pressure of 150 bar (2176 ps) isinganta
neous on cranking and is mapped within the ECM for the
supercharged engine.

High-Pressure Fuel Pump Cross-Section

Failure Symptoms
* Nofue pressure

LOW
PRESSURE

NP10V8048

PRESSURE

4n

PRESSURE RELIEF
VALVE

HIGH

Specification (Fuel Metering Valve) Function

Resistance 0.47 ohms

MinVoltage 10.8v

Max Voltage 18.0v

Pin1l Power

Pin2 Ground

AWARNING: Beforeany work iscarried out on
thehigh-pressurefud sysem, the system must
be depressurized. Thisisachieved by using
IDSto disable the fuel pump and allowing the
engineto run until it stops, while monitoring
thefue rail pressureusing Datalogger to
ensurethat thefud pressure hasbeen
depleted.

A CAUTION: Great care must betaken when
refitting the high-pressure pumps. The fue
pump fastenersMUST betightened evenly.
Failureto follow the set procedure will result
in the mounting flange being stressed, which
will lead to failure of the pump. Alwaysuse
correct fageners.

NOTE: The high-pressure pumpsare noisy in operation.
The noiseis more pronounced when starting from cold —
thisisnormal and does not require any action. To avoid
unnecessary noise being transmitted, the pumps are
equipped with covers, which must always be refitted cor-
rectly if removed.
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Components and Systems Fuel Injection System

Auxiliary Drive Chain Ingtallation
The auxiliary shaft istimed for proper fuel pump operation. Failure to time the shaft properly will result in DTCs.

FRICTION
WASHER

/

/,

SPROCKET

NP10V8049

Align the auxiliary shaft to 45° ATDC using colored
links and the timing tools. COLORED
CRANKSHAFT LINK SPROCKET
SPROCKET TIMING MARK
/ BEARING CAP
A-BANK
FIXED GUIDE -,
TENSIONER
\ ASSEMBLY
COLORED
LINK
SPROCKET \
TIMING MARK OIL PUMP
AUXILIARY DRIVESHAFT ~ DRIVE SPROCKET
SPROCKET
NP10V8050
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Fuel Injection System

Components and Systems

Fud Pressure Sensor (High Pressure Side)

Thefud rail high-pressure sensor is mounted in rear of
the RH bank fuel rail and measuresthefue pressurein
the fud ralil.

The pressure measurement is based on the expansion of
agted digphragm, on which strain gaugesin metal thin
film technology are placed to form aWheatstone bridge.
The measured signal is proportiona to the pressure and
is processed in a custom-designed integrated circuit.
Thisinput isthen used to deliver the correct quantity of
fuel to theengine.

\

Fud Pressures (approx.)

NP10V8051

A WARNINGS:

+ Do not removethe sensor whileresidual
pressureisin thefud rail.

» Alwaysremove and clean away any fuel
that has spilled onto engine components
when working on thefuel system.

» Alwayswear prescribed personal safety
equipment when working on the high-pres-
sure system.

/\ CAUTIONS:

» Fud rail pressure sensorscan bereplaced
(if failed) in service, but care must betaken
to prevent dirt ingress.

e Thehigh-pressurefue linesmust not be
stressed if removed or replaced. The con-
necting unions must belightly lubricated
with engine oil when tightened and should
not beforced. If resstanceisfdt, then new
pipesmust befitted.

 |f thefud railsareremoved, special tools
must beused toalign thefue rail toinjector
when refitting. If thisprocedureisnot car-

Start-up Up to 150 bar (2176 psi) _ EL eaure
d 20 ber (435 05 ried out then theinjector issubjected to
e_ (435ps) _ excessive sde-loading which can causethe
Maximum load 150 bar (2176 psi) injector seal to become over heated and
burn. Thiswill cause major damageto the
Specification Function cylinder head.
Power Source SV £0.25v » DO NOT interchangeinjector spring clips,
Response Time <2ms asthiswill have an impact on theloading
Max Output Impedance 10 Ohms force of theinjector.
Operating Range OMPa—20MPa Failure M odes
Pin1 Ground *  Operateson low pressure (fudl tank pump pressure),
Pin 2 Signal approximately 6.5 bar (94 ps)
Pin3 Power Failure Symptoms
»  Poor high-speed performance
« Default 3000rpm (limp-home)
NOTE: The high-pressure fuel system can only be diag-
nosed using Jaguar Land Rover approved diagnostic
equipment.
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Components and Systems

Fuel Injection System

L ow-Pressure Fuel Pump

The engine has areturnlessfue system. The system pres-
sureismaintained a acongtant 4 bar (59 ps), with no ref-
erenceto intake manifold pressure. The fue issupplied to
the high-pressure fud pumps from afue pump fitted
within thefud tank.

Thefud systemis pressurized as soon asthe ECM is
powered up; the pump isthen switched off until engine
start has been achieved.

Opening avehicle door will causethefuel pump relay to
be activated for 3 -5 seconds.

A CAUTION: When measuring fuel pressure,
ensurethat fud isnot sprayed onto hot com-
ponents.

Failure M odes

» Relay drive open circuit

» Short circuit to vehicle supply or ground
»  Component failure

Failure Symptoms
» Engine stalls or will not start

* Nofue pressure at high-pressure fuel pumps

Fue Pump Driver Module

Thefud pump driver module (FPDM) receives a battery
supply from the fue pump relay. Therelay is energized
when arequest is received from the ECM. Two wires
connect the FPDM to the fuel pump motor and aground
through abody ground point.

The ECM outputs a pulse-width modulated (PWM) sig-
nal to the FPDM. Thefregquency of the signal determines
the duty cycle of the FPDM, which subsequently con-
trolsthe pump pressure output.

Engine Shutdown Under Vehicle Impact

Therestraints control module communicateswith the CIB
viaboth a high speed CAN message and a dedicated
PWM signd. These signds convey an Impact/No Impact
status (an impact statusis judged to require the deploy-
ment of airbags and pretensioners and to stop the engine).

Should the CJIB observe either of these signals at impact
date, or if both signas are missing, the CJB will deter-
mine that an impact has occurred, and will immediately
turn off the fuel pump relay. The ECM will log a“Crash
Input’ DTC.
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NP10-V8JILR: AJ133 5.0-Liter DFI V8 Engine

04/14/2009 2-27



Fuel Injection System

Components and Systems

Fud Pressure Sensor (Low Pressure Side)

The low-pressure sensor measures the fuel pressurein
the fud line from thein-tank fuel pump.

The measured signdl is proportional to the pressureand is
processed in acustom designed integrated circuit. This
input isthen used to ddiver the correct quantity of fuel to
the high-pressurefuel pumps. The sensor signd isused by
the ECM asfeedback for control of the fuel pump driver
module, which in turn controls the eectric fuel pump.

Fuel Pressure Sensor (X250 Shown)

\

NP10V8123

Pin Function
Pinl Ground
Pin2 Output signal
Pin3 5V reference
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Fuel Injection System

Safety Precautions

A\ WARNING: Donot carry out any repairstothe
fud injection system with theenginerunning.
Thefud pressurewithin the system can beas
high as 150 bar (2176 ps). Failureto follow this
ingruction may result in personal injury.

/\ CAUTIONS:

 Direct fud injection equipment is manufac-
tured to very precisetolerancesand fine
clearances. It istherefore essential that
absolute cleanliness be observed when
wor king with these components.

» Alwayscarry out the cleaning process
before carrying out any repairsto the fue
injection system components. Failureto fol-
low thisinstruction may result in foreign
matter ingressto thefue injection system.

» Do not re-usethe high-pressurefud pipes
under any circumstancesif the fud pumps
have been disturbed.

» Thisengine uses high-pressureinjection
components. Thiswill require careduring
servicework on the high and low-pressure
fud circuits. Pay attention to cleanliness
and tightening torques.

Prepar ation Before Starting Wor k

The work area must be clean, including the floor, hand
tools and clothing. Ensure adust-free ervironment. Bear
in mind that the whole engineis built in a clean environ-
ment and when carrying out any repair work, common
sense should be used as to the working conditions.

Any work on adirty engine requires cleaning in the
event of:

*  Opening of the high-pressure circuits

« Remova of the cylinder heads

The use of high-pressure cleaning is prohibited. Protect
the eectrica components from any spillage. Clean each
union to be opened and the parts using a suitable brush
and approved degreasing agent. Use avacuum machine
to collect residue.

NOTE: Alwaysrefer to current workshop literature.

Ingtruction for Cleanliness During Removal

As soon asthe high-pressure and |ow-pressure circuits
are opened, plug the open pipesimmediately using suit-
able plugs on the following parts:

* Pump supply pipe
* High-pressure pumps
* Fudralls

A CAUTION: Dismantling theinjectorsfor
cleaning (even ultra-sonic cleaners) isnot per-
mitted.

A WARNINGS:

« Do not begin work on thefuel system until
it has been depressurized. Thisisachieved
by using IDSto disable the fuel pump and
allowing the engineto run until it stops,
while monitoring thefue rail pressure
using Datalogger to ensurethat thefue
pressure has been depleted.

« Do not smoke when working on the vehicle.

» Donot placeyour handsin theregion of a
suspected leak in the high-pressure fud
system.
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Cylinder Heads Components and Systems

CYLINDER HEADS

The cylinder heads are manufactured in cast aluminum aloy, and are unique for each cylinder bank. Deep-seated bolts
reduce distortion and secure the cylinder heads to the cylinder block. Each cylinder head incorporates two overhead
camshafts, operating four valves per cylinder. Graded tappets enable adjustment of vave clearances. The intake side
incorporates hydraulic lash adjusters and Camshaft Profile Switching (CPS) for NA variants.

NP10V8052

The lightweight valve gear provides good economy and
noise levels and is chain-driven, via the crankshaft, for
durability.

The design incorporates many refinementsto help
reduce maintenance and improve engine operation.

Each cylinder is served by four valves. Fud issupplied to
the combustion chamber viaa centrally-mounted injector.

The cylinder head gasket isamulti-layer stedl construc-
tion with excellent servicelife and sedling properties.

2-30 04/14/2009 NP10-V8JLR: AJ133 5.0-Liter DFI V8 Engine Technical Training



Components and Systems

Cylinder Heads

Camshaft Installation (RH Bank shown; LH Bank similar)

EXHAUST FRONT INTAKE
CAP CAP CAP

NP10V8053

The camshaft caps must be maintained in their correct
positions and orientation as marked on their outer faces,
intake 0 — 4 from front, exhaust 5—9 from front. Ensure
that the camshaft caps are marked prior to removal from
cylinder head.

Ensure that the filter bush is present in camshaft prior to
assembly.

Camshaft End-Float

0.08t0 0.18mm

FILTER BUSH

NP10V8054
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Cylinder Heads

Components and Systems

ValveTrain

Twin overhead camshafts operate the engine's valves. A maintenance-free highly durable chain transfers drive from
the crankshaft to the camshafts, via the variable camshaft timing (VCT) units. The oil pump isdriven at 0.87 engine

speed by a separate chain, also from the front of the crankshaft, for reduced friction.

VARIABLE CAMSHAFT

TIMING UNITS
TIMING SOLENOIDS

-/

ALUMINUM BACKED
CHAIN GUIDE /

PRIMARY CHAIN
TENSIONER

AUXILIARY DRIVE
CAMSHAFT

OIL PUMP DRIVE

VARIABLE CAMSHAFT

N
R

AUXILIARY
CHAIN TENSIONER

AUXILIARY CHAIN DRIVE

NP10V8055

N

NYLON CHAIN GUIDE

CPS SOLENOIDS
(NA ONLY)

INVERTED
TOOTH CHAIN

Each camshaft chain has a spring-assisted hydraulic ten-
sioner aperated by engine dil pressure. The chain tenson-
ersaso incorporate aratchet mechanism to diminate
gart-up noise. The chainsare lubricated viaoil squirt
tubeslocated at the front of the engine block. Nylon chain
guides control chain motion on the drive side.
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CAMSHAFT PROFILE SWITCHING

Overview

The Camshaft Profile Switching (CPS) system for the NA engine features two completely different intake camshaft
profiles machined onto the same camshaft. The engine management system determines which camshaft profileto use,
depending on the engine's running conditions and driver’s torque demands. One profileisidea for low-speed/low-
load driving; the other, which gives higher valvellift, is better for higher speeds and loads. A two-piece hydraulic tap-
pet arrangement alters the camshaft profiles.

INTAKE CAMSHAFT

/

NP10V8056

The intake camshaft features three lobes per valve with
two different profiles, one centrally located for low valve
lifting height and two outer lobesfor high valvelift.
These are used by the CPS system to adjust the lift of the
intake valves from 5.5mm to 10.53mm. Prafile switch-
ing depends on the instantaneous engine running condi-
tions and the driver’s torque demands. The exhaust
camshaft isaconventional design featuring asinglelobe
per vave, giving aset 9.36mm valve lifting height. /

EXHAUST CAMSHAFT

INTAKE CAMSHAFT

NP10V8057
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Camshatft Profile Switching

Components and Systems

The tappets for the intake and exhaust camshafts differ
from each other in their design and function. The
exhaust tappets are mechanical with an adjustable valve
clearancethat is set using graded tappets. The intake
camshaft tappets are hydraulic, which compensates for
any wear —therefore the valve clearanceis0.

EXHAUST CAMSHAFT TAPPET

I

-/

/

INTAKE CPS TAPPET

NP10OVARNRR

Theintake tappets al so feature atwo-piece design which
allows switching between the two intake valve lifting
heights using an internal tappet locking mechanism.

Hydraulic | ntake Tappet

INNER TAPPET

INNER LOCKING PIN

OUTER WITH RETURN SPRING
LOCKING PIN
—_—
—

ANTI-ROTATION
LUG

OUTER
TAPPET

CPS FUNCTION N

S
OIL INLET / K

OUTER TAPPET
RETURN SPRING

HYDRAULIC
VALVE ADJUSTMENT
OIL INLET

HYDRAULIC
VALVE ADJUSTMENT UNIT
NP10V8059

CPS Operation

Varying the point at which the intake valve opensrela-
tive to the point at which the exhaust valve closes can
yield anumber of benefits. A high level of overlap (dur-
ing which the exhaust and intake valves are both open
simultaneoudly) encourages good cylinder charging at
high engine loads as the incoming rush of air purgesthe
cylinder of any residua exhaust gas.

While high overlap is good at high engine loads, the
minimal cylinder charge and high intake vacuum at very
low loads can lead to poor and unpredictable cylinder
charging, as exhaust back-pressure meansthe cylinder
will find it much easier to charge from the exhaust mani-
fold than the intake system. This causes combustion
instability, which manifestsitself as uneven idle and hes-
itation under very light load conditions.

At moderate |oads, overlap is beneficia, though for dif-
ferent reasons. Although the lower gas velocity €limi-
nates any tendency for theincoming rush of chargeair to
purge the cylinder, the modest charge volumes and
reduced manifold depression mean that asmall volume
of exhaust gasis drawn back into the cylinder. However,
higher intake gas speeds ensure good mixing of this
exhaugt gas with the fresh charge, so combustion stabil-
ity isnot jeopardized.

Thiseffect, known asinternd exhaust gasrecirculation
(EGR), actudly improves both the volumetric efficiency of
the engine by reducing thework the engine hasto do pump-
ing afresh ar chargeinto the cylinder aswell asitspart-
load emissions performance because the exhaudt gasis
inert, and does not interfere with the combustion process.

This conflict between low load stability and high power
output means engines with fixed valve timing must oper-
ate compromised valve timing. This compromise
attempts to balance the need for smooth and refined idle
performance (demanding little or no overlap) with good
high speed power and torque output (requiring signifi-
cant overlap).
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Components and Systems Camshaft Profile Switching

The new 5.0-liter V8 engine overcomes the need for compromise in two ways:

* Theintake and exhaust camshafts are equipped with » Using the CPS system, the engine can choose between

a continuous Variable Camshaft Timing (VCT) two completely different camshaft profilesthat vary

mechanism. The point at which theintake valve not only valvelift (between 5.5 and 10.53mm), but

begins to open can be dtered by up to 62° of crank asotheoverdl opening period of theintake valve over

rotation. The point at which the exhaust valve begins arange of approximately 175° to 310°. This capability

to open can be atered by up to 50° of crank rotation. provides exceptional control over intake valve opera
tion and yields significant benefitsin both engine
response and fud efficiency.

LOW LIFT OPERATION HIGH LIFT OPERATION

NP10V8060

The CPS system controls the lifting height of the intake valves. At engine speeds from idle up to the range of 2,800 —
4,825 rpm (load dependent), the intake valves have alifting height of 5.5mm. At speeds and loads outside of this
range, the high lift cam (10.53mm) is used.

Lifting Height Valve Opens Valve Closes
Intake—5.5 mm lifting height 27° BTDCto 35° ATDC 187° ATDC to 249° ATDC
Intake— 10.53 mm lifting height 37° BTDCto 25° ATDC 213° ATDCto 275° ATDC
Exhaust —9.36 mm lifting height 244° BTDC or 194° BTDC 6° ATDC to 56° ATDC

NOTE: BTDC = Before Top Dead Center; ATDC = After Top Dead Center

Whenthe CPS systemisusadin combination withtheVCT
function it is possibleto control the cylinders incoming air
quantity in such away asto optimize cylinder filling and
apply thethrottie asnormd. Theuseof CPSandVCT
dlowslarger than usud throttle openings during warm-up
to gain heet from the exhaust and, hence, catdyt light-off.
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Camshatft Profile Switching

Components and Systems

At low engine speedsfrom idle up to the range of 2,800 —4,825 rpm (load dependent), the center and outer sections of
the tappet are not linked. Only the centrally located |obe on the camshaft acting on the center section of the tappet
opensthe valve. The outer camshaft lobes act on the outer section of the tappet, compressing the return spring ensur-
ing the tappet is always in contact with the camshaft, but none of this movement istransferred to the valve, giving a

valvelift height of only 5.5mm.

LOW LIFT OPERATION

N

INTAKE CAMSHAFT

INNER TAPPET
(HYDRAULIC)

OUTER TAPPET

HIGH LIFT OPERATION

N

VALVE SPRING

INNER
OUTER
LOCKING PIN CAMSHAFT LOBES

(LOW LIFT)
N ./}

OUTER r

CAMSHAFT LOBES
(HIGH LIFT)

(S

INNER

\LOCKING PIN

OUTER TAPPET
LOST MOTION SPRING

LOCKING PIN
OIL PRESSURE INTAKE

NP10V8061

At engine speeds and loads outside of thisrange, the
center and the outer sections of the tappet are joined by
two hydraulically-controlled locking pins. The tappet
has an anti-rotation lug to maintain alignment of the ail
passages. The movement of the outer camshaft lobesis

To ensure that the switch from low lift (5.5 mm) to high
lift (10.53 mm) is seamless, the switching speed isload-
dependent to ensure that the volumetric efficiency of the
engineisthe samefor low and high lift. Switching is
only enabled at oil temperature above 20°C (calculated

now transferred from the outer tappet sectionthroughthe  internaly in the ECM). An engine speed limit of 5000

locking pinsto the center tappet section, giving avave
lift of 10.53mm.

rpmisimposed in low lift (e.g., at oil temperatures
below 20°C).

NOTE: Switching of al intake valves occurswithin one

complete camshaft revolution only when each tappet is
in contact with the base circle of the camshaft lobes and
the valves are closed.
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Camshaft Profile Switching Solenoids
The two CPS solenoids are located a each end of the cylinder head, adjacent to the intake camshaft.

CPS SOLENOIDS

NP10V8062

The CPS solenoids control the supply of ail pressureto
the hydraulic tappet locking pins, allowing the camshaft
profile to be changed to adjust the intake valve lifting
height from 5.5 mm to 10.53mm.

The CPS solenoids receive afused battery supply from
themain relay. The ECM provides aground for the sole-
noid, which actuates a vave within the solenoid alow-
ing il pressure to adjust the camshaft profile.

The ECM can diagnose the operation of the CPS sole-
noids and store fault related codes.

NOTE: If the CPS solenoidsfail, high vaveliftisdisabled.

NP10V8063

Specification Function
Operating voliege (rormel 135 05)
Supply current 0.8t0 1.85A
Functionality On/Off
Resistance 8.5 ohms+ 0.5 ohms
Movement of magnetic valve 2mm
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Variable Camshaft Timing Components and Systems

VARIABLE CAMSHAFT TIMING

Overview

The camshaft torque-actuated, dual independent Variable Camshaft Timing (VCT) system constantly controls cam-
shaft timing to ddliver optimum power, efficiency, and emissions. With dual independent camshaft phasing, theintake
and exhaust camshafts can be phased independently of each other.

INTAKE CAMSHAFT
POSITION SENSOR

INTAKE VCT SOLENOID

/

EXHAUST CAMSHAFT
POSITION SENSOR

EXHAUST VCT SOLENOID

NP10V8064

The chain-driven camshaft timing units are mounted on
the end of each camshaft, and advance or retard the cam-
shaft timing to thereby ater the camshaft-to-crankshaft
phasing. The control solenoids act on hydraulic control
vaveswithin each VCT unit to control angular position
using camshaft torsiona energy to dter the phase. This
provides the most flexible method of camshaft phasing,
allowing the overlap of exhaust valve closure and intake
valve opening to be varied.

VCT UNIT

N\

VCT SOLENOID

NP10VRNA7
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Variable Camshaft Timing

Variable Camshaft Timing Unit — Exploded View

VCT UNIT

N

BOLTS

N\

OUTER PLATE

SCREWS

CENTER PLATE AND
BIAS SPRING
SNAP RING

R

SPOOL VALVE

DOWEL PIN

SNAP RING \

RELUCTOR RING

REED PLATE

FILTER

N\
\

CAMSHAFT

INNER PLATE

\

SPROCKET

ROTOR ASSEMBLY \

SPRING AND
LOCKING PIN

~

SPRING AND
TIP SEAL
& SPRING AND
TIP SEAL
NP10VvV8117

/\ CAUTION: Donot reusetheVCT unitsif they

have been subjected to an impact (such as

being dropped on thefloor).
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Variable Camshaft Timing

Components and Systems

Camshaft torque-actuated VCT technology uses cam-
shaft torsional energy generated by the camshaft lobes
acting againgt the valve springs and inertia of the valve
train components to phase the camshafts, rather than
using oil pressure generated by the oil pump. Angular
phasing is achieved by the internal transfer of oil
between the chambers of the phaser, via check valves,
controlled by a hydraulic control valve—in essencea
controlled hydraulic ratchet device. Asaresult, camshaft
torque-actuated VCT technology has a much lower ail
demand than that of oil-pressure actuated VCT units
(approximately 15%). The reduction in oil demand
alowsthe engine oil pump capacity to be reduced,
resulting in fuel economy benefits.

As camshaft torque-actuated VCT technology isnot rei-
ant on engine oil pressure to phase the camshafts,
response rates at low engine speeds and high tempera-
tures—where engineoil pressureistypicaly low —issig-
nificantly improved. Thistrandates to improved
transient performance and response (performance fed).

Camshaft Torsional Energy (for a SingleValve Event)

VALVE PEAK
OPENING LIFT

i . i
| | |

VALVE
CLOSING

VCT Operation

The required position of each camshaft is controlled in
closed-loop from the ECM, by actuation of avariable
force solenoid againgt the VCT hydraulic control vave
at thefront of each unit, with reference to signalsfrom
the four camshaft position (CMP) sensors and the crank-
shaft position (CKP) sensor.

TheVCT solenoid forceis controlled with a pulse width
modulated (PWM) duty cycle at battery voltage. When
the VCT solenoid is hot energized, the phaser pintleis
fully extracted (viaspring force), locking the camshaft in
the base timing position.

Theintake camshaftswill bein full retard and the exhaust
camshaftswill bein full advance. Under operation, the
intake camshafts can advance 62° crankshaft angle; the
exhaust camshafts can retard 50° crankshaft angle.

To hold the camshaftsin any other position other than
the base timing lock position, the ECM partialy ener-
gizes the solenoids — holding them in the ‘null” position.
To retard the intake camshafts, the oppositeistrue,
wheretheVCT solenoid is powered with alower duty
cycle and then returnsto the null position once the target
angleisreached.

The exhaust camshafts operate in the opposite manner to
the intake camshafts, where the solenoid is energized to
retard the exhaust camshafts and underpowered to
advance the camshafts.

Inertia Effects |
from Rotating Mass
|
| Force Caused
/\A by Valve Spring
,\/\

2 Bias Torque |
= from Friction
I V7ANSNNY
= / R \

4 4 AN 2
e ) ¥
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T
/|
O
\\j/
CAMSHAFT ROTATION (°)
1000 rpm 4000 rpm 7000 rpm
NP10V8066
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Variable Camshaft Timing

The control from the ‘null’ position is exponentiad,
whereby the camshafts will advance or retard at afaster
rate with aduty cycle displacing the pintle further from
the ‘null’ position.

The mgjor components within the system are:

* A single-source oil feed viaacamshaft bearing
through the camshaft to the VCT

* Aninlet check valveto theVCT

* A common passage that always communicates with
the center of the control valve and leads to the high-
pressure check valves for the advance and retard
hydraulic chambers

» A control vavethat isused to control the direction and
rate of ail flow from one hydraulic chamber to another
and amechanical spring loaded locking pinthat is
released on command by hydraulic oil pressure

The oil supplied tothe VCT is necessary tofill theVCT
initialy and then supply a continuous amount of oil to
replenish any oil that leaks back from the VCT.

Oil Recirculation

RETARD

.
|
A

“
> ] ADVANCE /)
&% —

HYDRAULIC CONTROL SYSTEM

NP10V8065

NOTE: By supplying source ail to both chambersviaa
common passage theforce, dueto il pressure, isbalanced
on opposing Sdes of the vane. Therefore oil pressure does
not cause the rotor to move relative to the housing.

After theinitid filling theVCT isready to actuate and
control.

Thefirgt function of the control valve asit movesto the
right isto selectively apply source oil pressureto the
locking pin on command. In this control valve position,
thelocking pin has been commanded to release but the
control valve has not reached the position where the
VCT isbeing commanded to move yet. Therefore no
force biasis applied to the VCT before releasing the
locking pin.
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Components and Systems

Camshaft Advance

The camshaft torque-actuated VCT uses the camshaft
torque energy to move while recirculating the oil within
theVCT from one chamber to the other chamber. The
control valve will continueto moveto theright and open
an exhaugt port from the retard chamber to the common
passage. During each valve-closing event, when negative
camshaft torques are generated, the il inthe retard
chamber is pressurized. By opening the exhaust port dur-
ing vave closing events, il is allowed to flow from the
retard chamber, through the common passage past the
advance chamber check valve, to the advance chamber
via TheVCT advances an incremental amount with
each valve-closing event. During valve-opening events,
the advance chamber will be pressurized but no flow will
occur because the advance chamber check valveis
closed while the control valve has the advance chamber
exhaust port blocked.

Asaresult, with each vave-closing event, oil from the
retard chamber flows to the advance chamber, causing
theVCT to advance. During the valve opening events
when the camshaft torque is positive, the VCT holds
position.

The control vave not only controls the direction of flow
but also controlsthe rate of flow from one chamber to
the other chamber by means of avariable size opening at
the exhaust port.

NOTE: WhenVCT reaches the advance stop, the con-
trol valve returnsto the null or centered position.

Camshaft Retard

TheVCT retards during valve-opening events by mov-
ing the contral to the left and opening the exhaust port
from the advance chamber. TheVCT movesto retard
with each valve-closing event and holds position during
the valve-opening events. Since thisVCT is operated
under closed loop control motion, theVCT can be
stopped at any moment and in any position by returning
the control valve to the centered or null position. Even
though thereis pressure in both chambers from the posi-
tive and negative camshaft torque energy, theVCT isnot
moving because al exhaust ports from the hydraulic
chambers are blocked by the high-pressure check valves
and the centered control vave.

When theVCT is commanded to move to the fully
retarded position, the control valve movesto the left. At
the end of theVCT travel, the mechanical locking pin
will aign with its receiver and engage. The locking pin
is alowed to engage because the control vave, whenin
the extreme | eft position, simultaneoudly blocks source
oil pressure from reaching the locking pin and opensa
vent to alow the ail in the locking pin passage to vent.

Thisisthe default position for theV CT, which can occur
by command, or can occur as afailsafe modeif power to
theVCT contral system islost. This event can occur in
less than 300ms from any phase position and at any

engine speed.
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TheVCT solenoid is powered directly fromV battery (Pin 2) through the ECM controlled relay, with alow side driver
inthe ECM connected to Pin 1 on theVVCT solenoid.

Safety Precautions

A\ WARNING: TheVCT solenoids are heat gen-
erators, and can reach high temperatures.

Failure M odes
* VCT Solenoid Stuck

e VCT Phaser Stuck

Failure Symptoms
* NoVCT Control
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Lubrication System

Components and Systems

LUBRICATION SYSTEM

Overview

Castrol SLX A1 5W-20isadedicated engineoil that has
been co-engineered with JLR. Itslow viscosity and
advanced additive package help to reduce enginefriction
and maintain engine cleanliness.

By running a cleaner, more efficient engine, the cost of
ownership can be reduced and a saving on fuel can be
made. With thisimproved efficiency the serviceintervals
have moved to 15,000 miles/ 12 months.

The oil pump isdriven from the front of the crankshaft
by the auxiliary chain. It draws il from the aluminum
sump viaa centrally mounted pick-up. The oil pressure
isregulated using gdlery pressure feedback. Qil isthen
cooled by a plate-type oil-to-water cooler before being
filtered by areplaceable element, accessblefrom thetop
of the engine.

OIL COOLER ASSEMBLY

ANTI-DRAIN VALVE

I

OIL FILTER ASSEMBLY

/

PISTON COOLING JETS
C

(SC ONLY)

OIL EVACUATION TUBE

CHAIN
LUBRICATION JET

OIL PUMP
OIL PUMP
OUTLET TUBE
OIL PICKUP OIL LEVEL / TEMPERATURE
SENSOR
NP10V8068
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Lubrication System

The ail cooler isdesigned to ensure good control of
engine oil temperature under &l operating conditions.
Cooled ail isdigtributed through a series of interna gal-
leriesto the enging's critica bearing surfaces before
draining back into the sump.

Synthetic oil is pecified; thisis more resistant to tempera
ture-rel ated degradation than conventional minera ail. It
aso haslower viscodty at low temperaturesand improved
Iubrication performance at higher temperatures.

The specification of SLX Professional A1 5W-20 syn-
thetic ail isan important part of new engine’s oil change
strategy asit permitslonger oil-change intervalsthan
conventional lubricants.

NOTE: Jaguar Sump Shown

Oil Levd / Temperature Sensor

The new ultrasonic sensor, afirg for JLR, providesan
electronic indication as to when the oil in the engines
sumpislow or high. Thisalowsfor the deletion of the
mechanicd dipstick.

The sensor mapsthefill level of the oil continually dur-
ing trips. An advantage in comparison with the static
‘dipstick’ method isthat al margina influences are com-
pensated for by averaging. Marginal influencesinclude
the vehicle being on adope, the ail flowing back at the
end of ajourney, lateral and longitudina acceleration, or
even dipstick tolerances.

The values determined can be used to signal that the
minimum oil level has been reached or to display the
current oil leve if required.

NP10V8069

OIL LEVEL / TEMPERATURE
SENSOR

The continuous-mode sensor measures engine oil level
and temperature. The il level and oil temperature read-
ings are taken and turned into a pulse-width modul ated
output signal.

The measuring system consists of aflange, connector,
electronic circuitry and the temperature and oil level sen-
sor. Oil level metering is determined by the oil-to-air
interface layer.
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Theail level sensor hasthe following technica properties:

» Linear measuring range
» Continuous measuring under static and dynamic

conditions

»  Temperature signd and oil level signal 0.3s after

switch-on

»  Measuring frequency > 10 Hz
»  Customer-specific output signal
» Ingallsat bottom of cil sump

» Temperature measuring

The sensor is mounted to the underside of the sump, from
whereit sends an ultrasonic pulse verticaly upward
(engine position). It then measuresthetime for the pulse
to be reflected back from the top surface of the ail.

It compares thistime period with atime period of asec-
ond pulse which travelswithin the sensor across a refer-
ence distance. With both time periodsit can calculate the
ail height from the sensor flange, negating the noise fac-
tors which affect the speed of the pulse through the ail.

e nnn
- ==
N T — T
o= +-A
R $
- 5V
)
Jﬁﬂ i
TEMP. .
; o 1L
OIL LEVEL (a1} 3
ANALYSIS
NP10V8070
Specification Function Oil Pressures
Power source Battery voltage Engine Speed Temperature Pressure
+ + -30°
Level Accuracy +2mm (x4mm < -30°C) Idle 20°C (68°F) 2 bar (29 ps)
+ 0 O
TemperatureAccuracy | +2°C (35°F) 1500 rpm 20°C(68°F) | 6bar (87 psi)

. 18mm —116mm (Dynamic) N R :
Operating Level Range 116mm — 147mm (Static) 3000 rpm 40°C (104°F) 6.2 bar (90 ps)
Operating Temp. Range | -40°C — 160°C (-40°F — 320°F) 3000 rpm 110°C (230°F) | Sbar (72.5ps))
Pin 1 Power Supply 3000 rpm 130°C (266°F) | 4 bar (58 pd)
Pin2 Ground
Pin3 Output Signal
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Lubrication System

Oil Level Check

Theengineail leve isautomaticaly monitored and dis-
played in thetrip computer areaof the message center. The
current oil level can be viewed by pressing the trip button
with theignition on, with the engine sopped and the trans-
missonin park.

|

AAAA | EVEL OK

B R —
A2~ ADD 1.0 PINT

c Ryl I
250~ ADD 1.8 PINTS

D B ——
2SO SEE HANDBOOK

- I

AAAA SEE HANDBOOK

w NOT AVAILABLE

»rxan SEE HANDBOOK

NP10V8071

Key toillustration above:

* A: Qil level 50% to 100% of recommended level. No
top-up required.

* B: Oil level 12.5% to 50% of recommended level.
Add 0.5 litersof ail.

* C: QOil level 0% to 12.5% of recommended level.
Add 1 liter of ail.

» D: Qil above maximum for safe operation. Do not
drive vehicle. Seek qualified assistance.

* E: Oil level below minimum for safe operation. Add
1 liter of oil and re-check.

* F1: Qil drainin progress, oil level not available. Wait
5 minutes then re-check the ail leve display.

e F2: If thisdisplay is accompanied by the warning
message ‘ENGINE OIL LEVEL MONITOR SYS

TEM FAULT’, afault with the oil level monitor is
indicated. Seek qualified assistance.

Land Rover LM Display

Engine Qil Level
(0],¢

NP10V8116

On the Land Rover LM display, messages to the right of
the gauge advise of any action required.

» If theoil level iswithin the required operating range,
the message ‘ Engine Oil Level OK’ will bedis-
played. Do not add any additiona oil to the engine.

« Iftheail leve isbdow thereguired operating range, a
message will be displayed indicating the recommended
quantity of oil to add (eg. ‘Add 0.5L"). Add the recom-
mended quantity of oil then recheck theleve.

* If themessage ' Overfilled' isdisplayed, service may
be required. Do not drive the vehicle as thiswill
cause serious damage to the engine.
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Oil Level Message Center Warnings

Warningswill bedisplayed in the message center if the ol
level isnot maintained within the safe operating levels
(minimum and maximum). A warning will also bedis-

played thereisafault with the oil level monitoring system.

ENGINE OIL LOW (Amber)
Theail isat the minimum level for safe operation. Top-
up with 1 liter of ail.

ENGINE OIL HIGH (Amber)

Thiswarning is displayed when the engine is darted, if
the il is above the maximum level for safe operation.
Seek qualified assistance to have the engine il drained
before driving the vehicle.

ENGINE OIL CRITICALLY LOW (Red)

The ail isbelow the minimum level for safe operation.
Stop the vehicle as soon as safety permits and top-up
with 1.5 liters of oil. Wait for 5 minutes, re-check the oil
level reading and top-up again if necessary.

ENGINE OIL LEVEL MONITOR SYSTEM
FAULT (Amber)

A fault with the oil level monitoring system isindicated.
Seek qualified assistance as soon as possible.

Servicelnterval Indicator

The serviceinterval message will only be displayed
when the vehicle has less than 3200 km (2000 miles)
before the serviceis due.

When theignition is switched on and the vehicle has
started its service countdown,  SERVICE REQUIRED
XXXX km (XXXX miles)’ isdisplayed in the message
center. At the sametime the display will glow amber.
After gpproximately 5 seconds, the display revertsto
show the preset requirements.

When the service distance has been reached,  SERVICE
REQUIRED’ isdisplayed in the message center and the
display will glow red. After approximately 5 seconds,
the display revertsto show the preset requirements.

The distance countdown reduces in increments of 50 km
or 50 miles, depending on which display units have been
selected.

The distance countdown is controlled by the engine
management system and is automatically adjusted to
alow for driving style and conditions, which gauges
when the service becomes necessary.

Time-Based Countdown

This dement indicates to customers covering lessthan
the set mileagein ayear that the annud serviceisdue. It
works on a count-down from 365 days and will display
‘SERVICE REQUIRED’ in the message center 21 days
before the end of the period. The countdown restarts
from 365 days when the dedler resets the indicator as
part of the service schedule. The time-based message
will override the mileage-based message as appropriate.

Mileage-Based Countdown

‘SERVICE REQUIRED XXXX km (XXXX miles)’ is
displayed in the message center only at key-on for about
4 seconds and starts at either 3,200 km or 2,000 miles
(depending on market's measurement units) before ser-
viceisrequired. When the counter hits zero, ' SERVICE
REQUIRED’ isdisplayed.

Duty-CycleAlgorithm

The remaining distance to serviceis determined based
on either distance travelled or vehicle duty cycle. Both
methods are calculated and the lower value is used.
Therefore, if acustomer drivesin amanner that rapidly
deterioratesthe ail, thus requiring a service before the
nomina distanceistravelled, the serviceindicator would
be based on the vehicle duty cycle calculation.

After the completion of each service, the deder will
reset the distance display to commencethe countdown to
the next service.
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CYLINDER BLOCK AND SUMPASSEMBLY

The new engineisbuilt around avery stiff, lightweight, enclosed V-engine, deep skirt block. To achieve high strength
and good noise, vibration, and harshness (NVH) attenuation, the cross-ribbed block is manufactured from high-pres-
sure die-cast dluminum with cast-iniron liners and features cross-bolted and doweled cast iron bearing caps.

NP10V8072

A low volume open-deck die-cast coolant jacket To further enhance the stiffness of the lower engine
improves warm-up times and piston noise levels; the structure, a heavily ribbed aluminum sump body is
longitudinal flow design of the jacket, with asingle cyl- employed. Manufactured from high-pressure die-cast
inder head coolant transfer port in each bank, improves aluminum, the body helps reduce engine noise.
rigidity and head gasket sedling.

A high-pressuredie-cast aluminum structural baffle plate
is bolted to the bottom of the engine block to further
improve block stiffness, minimize NVH, and help
reduce oil foaming.
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Jaguar Sump Assembly
A cast duminum sump pan is bolted to the structural sump body.

CYLINDER BLOCK

/

N

SUMP BODY

/

SUMP PAN

NP10V8073

LA and LS Sump Assembly

LA and LS employ adeep single-piece sump with alarger oil capacity to cope with the extreme range of permitted
vehicle operating angles.

CYLINDER BLOCK

/

AN

SUMP BODY

NP10V8074
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LM Sump Assembly

The LM’s deep single-piece sump incorporates the mounting of the front differential, which islocated on theleft hand
side. Theright hand axle shaft passes though a cast tube in the sump.

FRONT DIFFERENTIAL

\ RH HALFSHAFT

LH HALFSHAFT

\
N\

SUMP BODY

NP10V8075
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Cylinder Block and Sump Assembly Components and Systems

Crankshaft

The heart of the new engineisavery strong, spheroidal graphite (SG) cast iron crankshatft, which has higher mechan-
ical strength, ductility, and increased shock resistance when compared with grey cast iron. The undercut and rolled fil-
lets dso improve strength. Eight counter-bal ance weights ensure low vibration levels and the large cross-drilled main

bearing journas are designed to help eliminate any risk of high mileage in-field failures.

NP10V8076

Forged sted connecting rods are manufactured from 36
MnV$4 stedl, chosen for itsvery high-yield strength.
These are fracture-split to ensure precision re-assembly
for bearing shell alignment.

At the front of the crankshaft, atuned torsiona vibration
damper has been incorporated into the crankshaft front
pulley. At the rear of the engine, apressed-sted drive
plate with a sted starter ring gear isingtdled supplying
drive from the engine to the automatic transmission.

An ail groovein the upper half of each main bearing
transfersthe oil into the crankshaft for lubrication of the
connecting rod bearings. A thrust washer isinstalled
each side of the top haf of the center main bearing.
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Cylinder Block and Sump Assembly

Service
Crankshaft | dentification

Main Bearing I dentification

MAIN JOURNAL
CLASSIFICATION

PIN JOURNAL CLASSIFICATION
AND PLANT IDENTIFICATION

NP10V8077

DATE AND TIME CODES

There are five grades of main bearing available, each
color-coded for identification.

Grade | Number | GradeColor | WERS Number
A 1 Blue 8W93-6331/3-AAA
Green 8W93-6331/3-ABA
Yellow 8W93-6331/3-ACA
Brown 8W93-6331/3-ADA
Red 8W93-6331/3-AEA

m|O| O
a|lpdlwiN

The main bearing cap must always be installed with the identification mark to the front of the cap, facing the front of
the engine. The bearing caps are also numbered 1 to 5, with 1 being located at the front of the engine. Used bearing
cap bolts must be returned to their original location.

NP10V8078

-

FRONT OF ENGINE

IDENTIFICATION MARK
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Rear Cover Installation

Therear seal isincorporated into the rear cover and is not serviced separately. An assembly splay tool and aseal aign-
ment tool are required for cover ingtallation.

~

FRONT OF ENGINE

ASSEMBLY SPLAY TOOL

\ REAR COVER

~

T~

SEAL ALIGNMENT TOOL

NP10V8079
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Front Cover Installation

Thefront crankshaft sed is serviced separately. A remover/installer tool is used to remove the seal from the cover. The
crankshaft seal should be assembled without lubricant.

FRONT OF ENGINE

N

FRONT COVER

ALIGNMENT TOOL
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Pistons and Connecting Rods
The cast pistonsincorporate a number of features designed to enhance durability, minimize friction, and reduce wear.

NORMALLY ASPIRATED SUPERCHARGED

NP10V8083

Only one piston grade is available. In avertica plane,
the pistons have adight barrdl form; thisis designed to
help assure ardliable ail film between piston and block.
A solid film lubricant coating is applied to both reaction
faces of the piston to hel p reduce wear and improve fuel
economy.
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Piston and Connecting Rod Assembly

NOTE: SC shown

OIL JET
(SUPERCHARGED ONLY)

TOP RING

/ % OIL CONTROL
"/ s RING
LOWER 1 e

COMPRESSION RING L pos

NP10V8084

For the SC engine, ail jetsat the base of the block supply
cooled engine oil to control piston temperatures at high
loads; ail is continually directed onto the underside of
the piston.

A three-ring piston-sedling system is used. The stedl top
ring istreated with a physical vapor deposition (PVD)
peripheral coating, avaporization coating technique
where materials can be deposited with improved proper-
tiesto ensure good cylinder bore compatibility and wear
resistance. A second Napier ring helps cylinder pressure
and oil management, while the lower three-piece ail con-
trol ring is produced from nitrided stedl.
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Connecting Rod Ingtallation

Connecting Rod Alignment Marks

ALIGNMENT
MARKS

RH Bank: Thearrow on the piston crown must face the
front of the engine and the cap and connecting rod align-
ment marks must face the rear of the engine.

LH Bank: Thearrow on the piston crown must face the
front of the engine and the cap and connecting rod align-
ment marks must face the front of the engine.

CONNECTING ROD
O \ LH BANK
ALIGNMENT
MARK /
BEARINGS \
O
o
/ ALIGNMENT
MARK
/ RH BANK
PISTON
NPLOVEOSS CONNECTING ROD CAP ORLEFL\‘RTSW\;\IION
FRONT ‘
OF ENGINE
NP10V8086
There are three grades of connecting rod bearings avail-
able, each color-coded for identification.
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