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TRANSFER BOX

Transfer box component layout

WMd1 Tadd

High/low switch (Manual vehicles only)
BaCM

Selector lever assambly (Automatic transmission vehicles only)
EAT ECU (Automatic transmission vehicies only)

Transfer box ECU

Transfer box

Gearbox (Automatic fransmission shown)
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Transfer box control schematic
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TRANSFER BOX @{3

1. Automatic transmission and transfer box selector 9. BeCM Fuse 4 Battery supply o Transfer Box
2. Speed sensor ECU and ratio contral mator
3. Ratio control motor 10. BeCM Fuse 6 Ignition supply to Transfer Box
4. Transfer Box ECU ECU
5. ECM (NAS vehickes only) 11. BaCM
6. EAT ECU {Automatic transmission only) 12. Diagnostic socket
7. Neutral switch (Manual transmission only) 13. Instrument pack
8. High/Low fascia switch (Manual transmission
only)
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41 TRANSFERBOX

NEW RANGE ROVER

TRANSFER BOX - DESCRIPTION

Eanaral

All models are fitted with a Borg Wamer transfer bosx
The transfer bax is a four wheel drive, two speed ratio
reducing gearbox with high and low range outputs
selacted electrically by the driver.

A differential is fitted batwean the front and rear output
shafts to allow the propellar shafts 1o rotate at differant
speeds when the vehicle is comering. Drive to the
front propeller shaft is through a viscous coupling,
which eliminates the requirament for a differential

lock.

The high and low ranges are sslected by the driver.
On manual transmission vehicles a switch is located
on the fasca and when pressed selects low range. On
automatic transmission vehicles high and low ranges
are selecied by moving the auto transmission selector
levar across the H-gate to the required position,

Cn all waehicles, whan tha transfar box has changad 1o
high range, 'HIGH' is displayed momentarily in the
instrumant pack message cantre. On automatic
transmission vehiclas, if kow range is selacied, tha
message centre momentarily displays 'LOW and then
permanently displays 'L’. On manual fransmissicon
vehicles the message centre permanently displays
O

The high and low range selection is pafformed by a
ratio controd motor lacated on the transfer box. The
motor is controlled by a Transfer Box ECU located
balow the LH front seat. The ECLU is connectad
elacirically to olhar ECU's to ensure that all condibons
for a successful range change are cormact The
transfer box ECL receives inputs and provides
outputs toffrom the following ECL's:

* Body electrical Cantral Module (BeCM)
+ Elacironic Aulomatic Transmission (EAT) ECU
= Engine Control Module (ECM) (NAS only).

Highflow range selection - Automatic transmission
wvahicles

i automatic transmission wehicles, high and low
range selaction is peformed using the transmission
selactor lever. The salacior lever assambly consists of
g lever and a cover atlachad ta a cast base. Tha basa
is locatad on a gaskat and secured to the
transmission tunnal.

The base has an 'H’ pattem for the lever to move in.
The lever is hinged to the base and is moved across
the 'H’ pattern to select HI or LO range operating a
micraswitch located in the base. The driver's side of
the 'H’ pattem is the high range selection in all
markets.

The cover incorporates LED lever position indicators
far high and low range gear selection. Operation of
the LED indicators are controlled by the BaCM. The
selected range is displayed by the LED's being
illuminated brightly, with the unused range LED's
dimmed. An elecirical connector at the rear of the
cover connects the salector lever assambly to the
vehide wiring.

A4MT023

Highlow range selection - Manual transmission
wehicles

On manual transmission vehiclas, high and low range
salection is performad using a latching pushbution
switch on the fascia. The switch has an indicator lamp
which flashas when the transfer box is changing ranga
and is permanently illuminated in low range.
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Transfer Box

Md1 Tedq

Epicyclic gear sat
Reduction hub
Dirive gear
Salacior fork

CHl pump

Morse chain

Balt

Spead sensor

"0 ring

R N R R

10.
11.
12.
13
14.
15
16.
17,

Ratio control motor
Temperature sensor
Sealing washer

Rear output shaft
Differential unit
Viscous coupling unit
Front output shaft
Selecior spool
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41 TRANSFERBOX

NEW RANGE ROVER

MOTE: For a detailed description of the
transfer gearbox refer to the Borg Wamer
Owearhaul Manual.

The transfar box comprises:
- a front and rear casing
- an apicyclic gear set
- B viscous coupling
- a differantial unit
- 8 ratio contral motor
- & lubrication pump.

The epicyclic gear set is located in the front casing
and comprises a sun gear and four planat gears. The
sun gear receivas the drive from the gearbes output
shaft and transfers the drive directly 1o a redwction
hub. The reduction hub is located on a splinad
intermediate shaft which rolates at the same speed.

The reduction hub is moved along the intermediate
shaft by the selector spoal and the ratio control motor
to one of three positions; high, low and neutral.

In the high position, the reduction hub is driven
directly from the sun gear and rofates the intermediats
shaft at the same speed as the gearbox output shaft.

In the low paosition, the reduction hub is engaged with
the planest carmar and rotales at a lowear spaed than
the gearbox cutput shaft.

In the neutral position, the reduction hub is not
engaged with aithar the sun gear or the planet carrier
and no drive is passed from the gearbox output shaft
to the intermediate shaft.

Differential unit

Drive from the intermediale shaft is ransfermad by a
morse chain to the differential unit. The differential unit
comprisas sun and planet gears. The rear output
passes through the differential unit sun gear shaft and
engages with the planet camier. The splined forward
end of the rear output shafi provides location for the
viscous coupling unit inner spline. The ouler diameter
of the sun gear shaft engages with tha outer splines of
the viscous coupling unit.

41700

Viscous coupling unit

The viscous coupling operates in conjunction with the
differential unit to contral the proportion of drive torque
transfemed o the front and rear drive shafts. The
viscous coupling is a saalad unit filked with a silicon
jally which sumounds discs within the wnit. The silicon
jally has properties which increase its viscosity and
resistance o fow when agitated and heated.

During normal driving conditions, slight variations in
the relative speed of each drive shaft is insufficient to
increasa the viscosity of the silicon jelly. Therefare the
resistance within the viscous coupling is low.

In off-road conditions, when the wheels lose grip on
kase or muddy surfaces, a greater differenca in the
rotational speeds of the front and rear drive shafis
axists. The slippage, dua to the differance in rotational
speads of the drive shafts, within the viscous coupling
agitates the silicon jelly causing heat which increases
the viscosity. The increased viscosily increases the
drag batwean the discs forcing both sets of discs to
rotate at similar speeds, reducing axe slippage and
increasing fraction. The viscous coupling removes the
need for a manually controlled differential lock.
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Selector mechanism

Tha salactor machanism comprisas a selector fork
and an interlock spool. The salector fork s mounisd
on a shaft babwean tha front and rear casings. The
interiock spool is mounted on a spindle through the
rear casing and is positively connected to the atio
controd molor. The selacior fork is engaged in a cam
track on the spoal. When tha ratio control motor
rotates the spoal, the rotational movement of the
spool is converted 1o linear movemeant of the selecior
along the shaft.

Tha salactor is engagead with the reduction hub. Tha
limear movamant of the salactor moves the raduction
hub in the epicyclic gear set changing the ratio
betwean high, low or neutral.

Lubrication

Lubrication is provided by a low gerotar plunger type
oil pumnp which is driven from the epicyclic gear sal.
Tha il pump passes ail through il ways in the
compoaneants to lubricate the epicydic gear sat. Tha
differential unit and morsa chain are partialky
immarsed in oil and are lubricated as the componants
rotate.
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41 TRANSFERBOX

NEW RANGE ROVER

Transfer Box Electrical Componants
Ratio conirol motor

The ratio control mator is located on the rear casing of
the transfer box and secured with four balts. The
mator comprises a canvenlional single spasad
parmanant magnet type molor. The motor spindle has
a worm which engages with & worm wheel in a
howsing at the end of the motar. The worm wheal is
attached to the spindle of the selactor interlock spool
inside the transfer box.

Tha worm whael also drives a motor encodaer which
comprisas four position switches. The transfer box
ECU providas a 5 V' signal io each switch and
intferprets the transfer box range by monitaring the
condition of aach switch.

The transfer box ECU reads the molor position in the
form of a binary code with aach swilch asither open or
iclosed circuil. The ECU meaasures babwean tha

swiltches and an aencodar ground on connector pin 19,

By using the combinations of the switches, the
trarsfer box ECU can calculate the transher box
position and how the motor should operata to salact
the dasirad range. If the transfer box should movea to a
position outside the normal condition, i.e. lefl of high
ranga, tha ECU can move the matar to the comact

The table balow shows the molor swilch states and
e cormesponding motar position for each state.

Switch 1 Switch 2 Switch 3 Switch 4 Motor position

Pin 17 Pin 32 Pin 31 PinT

Open DOpan DOpan Closed Left stop
DOpen Closad Dpan Closed Left of high
Closed Closad DOpan Clased High rangea
Closed Cleesad Closed Clased Right of high
Open Closad Closed Closed Zana 1
DOpen Closad Closed Opan Meutral
Closed Closad Closed Opan Zana 2
Clased Opan Closed Opan Low range
Closed Dpan Closed Closed Right stop

Spead sensor MOTE: The speed sensor is dedicated to

Tha spead sansor is located in the rear casing and
secursd with a screw. A loothed reluctor Ang is
intagraled on the rear oulput shaft. The inductive
speed sansor senses tha reluctor ring and produces a
sina wave, impulss type signal as each tooth on the
reluctor ring passes the sensor.

Tha transfer box ECU processas the signal from tha
speed sensor and comparas this to a stored spead
valua in the memory to determina if @ range change is
allowad.

the transfer box ECU to determine if a
range change can be parmitted.
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Temperature sensor

Tha tamperature sensor is scrawead into the rear
casing. The sensor has two Lucar connectors. One
connector is attached to an earth eyelet conneclor,
the other is connected io the BaCM.

When the transfer box cil reachas a temperature of
betwean 140 and 150 °C (284 and 302 °F}, contacis
in the swilch close, completing an earth path to the
BaCk. Tha BeCM uses the completed earth path as a
signal io generate a ‘TRANSFER OVRHEAT®
message in the message centre. The TRANSFER
OVRHEAT' message is displayed alternately with a
'REFER HANDBOOK™ message. When the transfar
box gl cools o babwean 126 and 134 °C

{258 and 273 °F). the swilch contacts open and the
TRANSFER OVRHEAT massage is extinguished.

Transfor box ECU

Transfer box ECU

Tha transfar bax ECU is located below the front LH
seat and is identified from the other ECU™s located
undear the saat by its single 36 pin hamess connecior.
The connector supplies power, aarth, signal and
sensor information ioffrom the ECU and other ECLI's

Thea BeCM, locatad balow the right hand front saat,
contains its own intagral fusabax. The transfer box
ECU receives a battery power supply from the BeCM
via fuse number 4. An ignition on signal is also
supplied from the BeCM via fuse &. The igniticn on
signal is supplied to different ECU connector pins for
manual and automatic transmission vehiclas.

On MAS only vehicles, if a fault occurs which prevants
the transfer box maving from low to high rangs, the
transfer bax ECL outputs a signal to the ECM which is
inferprated as an OBDII faulk flag.

The transfer box ECU provides feed and return paths
to the ratic control mofor to operate the motor in the
required direction. Two pins are used to supply power
to the mator in each direction. The feed is supplied
from two pins o avoid overload and heat generation
which would occur if one pin was used. A 5 V signal
current is supplied ta the four motor encoder switches
which are used by the ratio control motor to determine

motor position.

Speed signals from the transfer box speed sansor are
recaived as an input to the transfer box EGU which
calculates whether the speed is below the threshald to
allow a range change.

Range change request signals are received from the
H-gate sedecior switch on automatic transmission
wahides or the high'low switch on manual vahicles.,

On automatic transmission vehicles, a park/neutral
signal is transmitted from the BeCM to the transfer
box ECU. On manual transmission vehicles, a neutral
switch located in the transmission provides an earth
signal which is used by the ECU and BeCM 1o
determine that the transmission is in neutral. The
parkineutral and neutral signal are used by the ECU
{0 allow a range change only when the transmission is
in neutral.

Outputs are provided by the transfer bax ECU o the
BeCM for high and low range status. The BeCM uses
the signals for instrument pack message centre

display of range status.
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41 TRANSFERBOX NEW RANGE ROVER

Transfer box ECU connector face view
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Transfer box ECU connector pin details

Pin Mo. Description Input/Output
L Motor drive - Counter clockwisa Cutput
2 Molor driva - Counter clockwisa Chuitput
3 Mot usad -
4 lgnition - Manual vehiclas only Input
5 Pawer aarth Inpat
i Mot usad -
T kMolor position switch 4 Irpaut

Bilo12 Mot usad -
13 Vehicle spead signal Inpat
14 Low range statues Dutput
15 Transfer box neutral salect Input
16 Mot usad -
17 Molor position switch 1 Input
18 Mot usad -
18 Muotor encoder earth Cutput
20 Mot usad -
21 IEr'ri'I}ur': - Automatic wehiclas only Input
22 Mot usad -
23 Batiary supply Input
24 Batiery supply Inpaut
25 Maotor drive - Clockwise Cutput
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TRANSFER BOX
Pin Mo. Dascription InputiOutput

26 Mator drive - Clockwise Dwutput
27 Mot usad -
28 Transfar box OBD link Cwitpat
28 Pawer earth Inpui
30 Vehicle speed signal eanth Input
31 Molor posilion switch 3 bnput
32 kotor switch positicn 2 Inpaut
33 HiEh.'Lml.r range selact Input
34 Park/Meautral (Auls) Nautral (Manual) Signal Input
a5 High range staius line Chutput
38 Meufral range status line Chutpait
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41 TRANSFERBOX

NEW RANGE ROVER

TRANSFER BOX - OPERATION

Transfer Box

Driva is transmitted to tha transfer bax from the
gearbox output shaft which is parmanantly engaged in
the sun gear of the epicydiic gear set. In high range
the sun gaar transmils drive directly to the saledclor
sleave. In low range, when the selector spool has
movad the selecior sleevea, the sun gaar fransmits
drive through the planed carmier.

The rotation of the selacior sleeve is transfarrad to the
intermediate shaft. A gear attached to the
intermediate shaft cames the morsa chain which
transfars the drive to the differantial umit.

The rear cutput shafl passes through the differential
unit and rotates al the same spesad. Tha viscous
coupling passes drive from the rear output shaft to the
front output shaft. When the silicon fluid in the viscous
coupling becomeas warm its resistance fo shear
increases passing maore drive to the front drive shaft
increasing traction.

Electrical Operation
Range change

MNOTE: Range changes should be

performed with the vehicle stationary and

although range changes are possible at
vary low speeds, this practice is not
recommended.

Automatic transmission

Teo change range the vehicle speed musi be reduced
to below 5 mph (8 kmvh). Move the gear selector o
neutral and then across the H-gale into the neutral
position in the selected range. The appropriala LED
illuminations on the salected range side of the salector
cover will flash and an audiblea waming will sound. The
flashing LED's and the audible waming will continua
while the ratio control mator is moving the ransfer boo
to the selected range,

When the ratio contral molor has moved the transfer
box into the selected range the LED's will stop
flashing, the audibla warning will stop and a messagea
is displayed in the message centre. The desired gear
can bea selacted and the vehicle can be driven as
resquired.

If the vehicle is moving above 5 mph (B kmvh) or the
selectar lever is moved into gear before the range
change is completa, the change will not occur and a
"SLOW DOWN' or ‘SELECT NEUTRAL® message will
be displayed in the message centre.

HOTE: The "SLOW DOWN' message is
generated by the BeCM, not the transfer
box ECLU.

The transfer box can be placed in the 'Neutral’
position by moving the selector lever into the 'PARK’
position. Insert a spare fuse (minimum 5 Amp) into
fuse position 11 on the BaCM. After 5 seconds the
transfer box moves to the neutral position, an audible
waming will sound, a TRANSFER NEUTRAL'

message is displayed in the message centre and the
high and low LED illumination on the selector cover

will extinguish.
Manual fransmission

To change from high to low the vehicle speed must ba
below 5 mph (8 krih) ar from low to high the vehicle
spead must be below 15 mph (24 Km/h)

Select neutral with the gear lever and press the
highfliow switch on the fascia. The indicator lamp on
the switch will flash as the range change takes placs.
If the change is fram high to low the lamp will
continuously illuminate when the change is
successfully complated. If the change is from low to
high the lamp will extinguish when the change is
complete. The message cenfre displays the selected
ranga.

If a range change is requested and the vehicle is
moving oo fast or neutral has not bean salected, the
indicator lamp on the switch will flash and a "SLOW
DOWN' or "SELECT NEUTRAL" message will appear
in the message centra.

NOTE: The "SLOW DOWN' message is

generated by the BeCM, not the transfer
box ECU.

The fransfer box can ba placed in the 'Mautral’
position by placing the gear lever in neutral and
insering a spare fuse (minimum 5 Amp} into fuse
position 11 on the BeCM. After 5 seconds the transfer
box moves o neutral, an audible warming will sound
and a 'TRANSFER NEUTRAL' message is displayed
in the message centra.
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Range information - Automatic transmission

High range

When the transfer box is in high range the message
centre only displays the selected gear and the high
range side of the selector lever cover is illuminated in
greean.

High to low range
When a change from high to low range is requested:

= The low range selector cover LED's Rlash in
orange

= The high range selecior cover LED's remain
illuminated in grean

= The transfer box amber waming lamp in the
instrument pack flashes while the range change
is taking place.

When the range change is complate:

= The low range salector cover LED's ara
continuously illuminated in cranga

= The high range seledor cover green LED
illumination goes off

+ The transfar box warning lamp goas off
+ The message centra displays LOW and after
saveral seconds displays 'L in front of tha
salactad gear.
Low fo high range
When a change from low o high range is requesied:

* The high range seledior cover LED's flash in
graen

= Thea low range salector cover LED's remain
illuminated in oranga

* The transfer box warning lamp in the instrument
pack flashes while the range change is taking
place.

When tha range change s complaia:

« The high range selector cover LED's are
continuously lluminated in green

* The low range selecior cover orange LED
dlumination goas off

= The transfer bax waming lamp goes off

* The message centre displays 'HIGH' for several
saconds, then 'HIGH' is remowed and only the
selected gear is displayed.

Range selection parameters incorrect

If a range change is requested and the vehicle spead
is toa high:
* The LED ilumination on the selectad side of the
cowver will lash

« A 'SLOW DOWN' message is displayed in the
massage cantra

= The transfer box waming lamp in the instrument
pack flashes.

If a range change is requestad and the selecior laver
is moved bafore the range change is complata:

The LED dlumination on the selecied side of the
cover will flash

A 'SELECT NEUTRAL' message is displayed in
tha message centra

* The BaCM will iniiate an audible waming

The transfer box waming lamp in the instrumeant
pack flashes,

Transfer box fo neutral

When a spare fuse (5 Amp minimum) is inserted in
BeCM fuse position 11 to select transfer bax neutral:

+ A five second delay is initiated before the
transfer box moves to neutral

= The BeCM initiates an audible waming

» A TRAMNSFER NEUTRAL' message is displayed
in the messagea canira.
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Range information - Manual transmission

High range
When the transfer box is in high range, the message
centre does not display any transmission information
and the high/low requast switch indicator lamp is off.
High to low range
¥When a change from high o low is requested:

= Tha highflow switch indicator lamp flashes

+ The transfer bax warning lamp in the instrument
pack flashes.

When the range change is complete:

+ The highflow switch indicator lamp is illuminated
continuously

= The transfer box wamning lamp goes off

= A 'LOW' message is continuously displayed in
the massage centre.

Low fo high range
When a change from low o high range is requested:
= Thea highflow switch indicator lamp flashes

= The transfer bax warning lamp in the instrument
pack flashes.

When the range change is complete:
+ The high/low switch indicator lamp goes off
+ The transfer bax warning lamp goes off

+ The message centra displays HIGH' for saveral
saconds.

Range selection parameters incorrect

If a range change is requested and the vehicla spead
is too high:

= The highllow switch indicator lamp will flash

* The fransfer box waming lamp in the instrumeant
pack will flash

= A 'SLOW DOWN' message is displayed in the
massage cantra.

If a range change is requestad and the transmission is
in gear or a gear selaclad before range changa is
complete:

= The highllow switch indicator lamp will flash

+ The transfer box waming lamp in the instrument
pack will flash

+ A 'SELECT NEUTRAL' message is displayed in
the message centre for saveral seconds. If the

vehicle remains in gear the message will not be
rapeated.

Transfer box fo neutral

When a spare fuse (5 Amp minimum) is inserted in
BeCM fuse position 11 to select transfer box neutral:

= A five second delay is initiated before the
transfer box moves o neutral

* The BeCM initiates an audible warming

+ A TRANSFER NEUTRAL' message is displayed
in the message cantra.
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