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.
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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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Components and Systems Camshaft Profile Switching

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.
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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.

Technical Training NP10-V8JLR: AJ133 5.0-Liter DFI V8 Engine 04/14/2009 2-35



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.
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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

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
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/\ 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.
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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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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)
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OUTLET TUBE
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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.
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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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