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M 
OST LAND Rover au-
tomatic gearboxes are 
made by the German 
manufacturer ZF, rang-

ing from the ZF4HP (four-speed) in 
early Range Rover Classics through 
to the ZF8HP (eight-speed) used in 
the current model line-up. Excep-
tions include Nissan’s Jatco box in 
Freelander 1, the GM box in some 
Range Rover L322 models, the 
Japanese Aisin six-speed transmis-
sion in early Evoque and the current 
nine-speed ZF box (also used in the 
Jeep Cherokee). There’s a variety 
of transmissions here from various 
manufacturers but, from the point 
of view of maintenance and repair 
they all have one thing in common: 
they are so-called wet clutch boxes, 
all working on the same basic prin-
ciples. That means similar preventa-
tive maintenance, repair, and good 
driving habits apply to them all.

ZF boxes are fairly bulletproof, 
given good maintenance and a good 
driver. The Freelander’s Jatco box 
also gives little trouble, but we all 
know L322 Range Rover’s GM box 
has been known to suffer major 
failure without warning. Apart from 
good maintenance, one of the best 
ways to keep any Land Rover 
component trouble-free is by driving 
sympathetically, and to do that, it’s 
essential to understand what’s going 
on inside the box.

An automatic box does 
most things for us, but 
to gain the most benefit 
and promote its life span, 
we need to understand 
what’s going on inside. 
Ed Evans explains

Understanding your auto box
TECH EDITOR

ED EVANS 

HOW IT WORKS

How an automatic gearbox works

THE PICTURE above shows a generic 
cutaway view of a ZF eight-speed 
automatic gearbox. It’s not necessarily the 
exact layout in the eight-speed Range 
Rover and Discovery models, but it 
illustrates the basic internal components 
that also apply to the six- and four-speed 
ZF, and other Land Rover auto boxes.

It’s obviously a complex piece of 
engineering, but we can simplify it down a 
bit. To better understand the illustration, 
the torque converter, the epicyclic gears 
and the mainshaft running though the 
centre, are all as we would see them with 
the casing cut away. For clarity though, 
the multiple clutch discs are cut away in 
the image, so you have to imagine that 
these clutch discs are actually fully 
circular discs running concentrically 
around the main shaft. We’ll deal with 
each section in turn, following the power 
flow through the gearbox.

Torque converter
That plate at the right hand end of the 
illustration is attached to the engine, and 
it transmits the drive to the torque 
converter (TC). The torque converter is in 
two sections: one connected to the drive 
from the engine, the other connected to 
the gearbox. Inside the TC are vanes and 
blades in the form of a turbine, and fluid 
within the TC transmits the drive between 
the two sections. Because the medium is 
a fluid (gearbox oil) the drive through the 
torque convertor can be varied and the 
incoming engine torque can be increased 
(hence the name). A torque converter will 
perfectly apply the drive when pulling 

The casing is cut away on this 2010 Range Rover Sport box (between the torque converter and the transfer box) to expose the stacked rows of clutch plates. 
Below there, is the solenoid pack and control system

away with a heavy load with no chance 
of stalling. It’s why autos are so 
competent off-road.

The torque converter has an internal 
lock-up clutch which causes its two 
sections to work together. This 
eliminates slip from the fluid drive, 
producing a direct drive from the engine 
via the torque converter to the gearbox. 
Lock-up improves the drive efficiency, 
reducing heat, fuel consumption and 
thus emissions. The lock-up clutch is 
automatically applied hydraulically by an 
electronically-controlled solenoid valve 
according to the driving conditions.

Epicyclic gears
Auto boxes use epicyclic gear sets. In the 
illustration you’ll see gear sets just to the 
left of the torque converter and a further 
set towards the rear. These provide all 
eight ratios for this gearbox. Epicyclic 
gear sets are made up of a central ‘sun’ 
gear, around which three planet gears 
(rigidly spaced on a carrier) revolve. 
Around the outside of the planet gears, 
an annulus gear revolves, and its teeth 
are on the inside so they mesh with the 
planet gears, therefore all gears are 
interlinked. The trick with epicyclic gear 
sets is that if one gear, such as the sun, 
the three planets, or the annulus is 
slowed or stopped, the final output 
speed will change, in other words, the 
gear ratio varies. So, by restraining the 
annulus or the planet gears, we can 
change the gear ratio. Drive is 
transferred via the gear sets from the 
input shaft to the output shaft.

The clutch packs are made up of multiple steel 
plates which have a friction layer applied.

Electronic control
The whole system is orchestrated 
electronically. In the eight-speed example 
shown here (and in six-speeds) a 
Mechatronic unit inside the gearbox 
casing comprises the solenoids, valves 
and electronic control unit. The control 
unit receives information relating to 
accelerator position, engine speed and 
load, engine temperature, road speed, 
and in later Land Rovers, driving style, 
road gradient, traction and braking 
systems. It controls torque converter 
lock-up, gear selection and the 
characteristics of the gear change.

As internal components wear, the time 
taken for a gear change can increase. This 
unwanted effect is countered by the 
electronic system which calculates the 
new pressures required to restore the shift 
speed and stores this data for subsequent 
gear changes – a process known as 
adaptation. Adaptation also modifies the 
shifting characteristics to suit the current 
driving style.

Transmission fluid
Automatic transmission fluid operates 
throughout the gearbox. It is inside the 
torque convertor, it provides bearing 
lubrication, and it transmits the hydraulic 
power to operate the multi-plate clutch 
packs. The fluid is pressurised by a pump 
driven from the mainshaft and passes 
repeatedly through a filter in the fluid pan 
(sump) underneath the gearbox. Much of  
the auto box’s reliability, smoothness and 
longevity depends on the condition of  
the fluid.

Protecting your 
auto box
We’ve seen that this is a complicated 
piece of kit, finely engineered and 
massively dependent on the oil inside, 
and on the way it is used by the driver. 
In future issues we’ll look in detail at 
the various types of automatic 
transmission, how best to look after 
them, and what maintenance is 
needed, even on ‘maintenance free’ 
units. Right now though, in this same 
issue, turn to the feature on servicing 
the gearbox fluid system.

To control its temperature, the 
transmission fluid is circulated through a 
cooler, usually integral with the engine 
coolant radiator.

Manual and Sport options
These are simply an override arrangement 
in which the driver can signal the control 
unit which will activate the appropriate 
solenoids to operate the necessary clutch 
packs for the required gear selection and, 
in the case of Sport mode, of altering the 
points at which the gearbox changes up 
and down and perhaps hold a gear for 
longer before changing up. Manual mode 
does not give the driver full control 
because the system will override the 
driver if a low gear is held at too high an 
engine speed, or if a high gear is causing 
the engine to labour.

Wet clutches and brakes 
As we said above, it’s the wet clutch 
system that defines the type of gearboxes 
in our Land Rovers. The clutches are 
formed of packs of circular metal discs 
with a friction coating. They are operated 
hydraulically, and they work in oil, hence 
wet clutch. It is these clutches that 
operate on the epicyclic gears to brake, or 
alter, their rotational speed to provide the 
different gear ratios. Their application is 
progressive, allowing smooth gear 
changes, and they are the heart of 
automatic transmission, allowing the gear 
ratios to be changed without 
disconnecting the engine drive.

Solenoid pack
The clutches are controlled by solenoid-
operated valves that send hydraulic fluid 
under pressure to apply and release the 
clutches and brakes according to the gear 
changes required.
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O 
UR SIX-SPEED Range Rover 
Sport is about to have its auto-
matic gearbox internally cleaned 
and refilled with fresh fluid by 

Tektronic, the transmission and 4x4 spe-
cialists in Stirling. An advanced Brainbee 
8200 gearbox cleaning and filling machine 
is being used to completely clean the 
internal components of the gearbox, thor-
oughly flush out the cleansing treatment 
and old oil, and finally refill the system 
with the correct amount and specification 
of new automatic transmission fluid.

A particular advantage of the BrainBee 
is its ability to ensure no cross-
contamination of old and new fluids as 
they are being exchanged, ensuring the 
final fluid fill is wholly to the required 

Various standards and levels of servicing are available for automatic gearboxes – 
Our Range Rover Sport receives a bespoke treatment from Tektronic

Servicing a ‘sealed for life’ 
automatic gearbox

specification. To achieve this, the machine 
has two pumps, so that while removing 
old fluid or cleaning treatment it is also 
introducing new fluid through a separate 
line, and continually measuring the flow 
rate and quantities. Removed fluid is 
discharged into a separate tank for 
disposal, while a second tank is used 
solely for new fluid. The measurement of 
fluid flow rates and volumes during the 
exchange ensures a continual safe 
working level of fluid in the gearbox, 
allowing it to be driven during the process 
to achieve complete circulation, whilst 
avoiding any risk of partial seizure.

Service requirements
The Land Rover service schedule states 

Internal clean

THE GEARBOX will be treated internally 
using a cleaning agent, after which the 
old oil and cleaning agent will be removed 
and separated by the BrainBee into a 
catch-tank for disposal. As this fluid is 
removed, a new basic mineral ATF fluid 
will be added and circulated to flush out 
all traces of the previous fluids (the use of 
a mineral ATF for this stage of the process 
reduces costs). The amount of ATF used 
for flushing is discretionary, though 
Tektronic recommends using at least 120 
per cent of the original fluid volume. 
During the process, the BrainBee’s sight 
glasses show this oil in circulation in the 
gearbox, alongside the new oil from the 
machine’s internal storage tank. Thus, 
Tektronic can assess the result and add 
more new oil as necessary to complete 
the flushing process.

BrainBee Integrated Fluid view

Transmission access Point of entry

3  The cleaning and filling machine is 
brought up to the Range Rover; note 

the twin sight glasses (centre). Before 
connecting, it flushes its own hoses to 
ensure cleanliness.

4  The machine’s hoses are connected 
to the pipe we removed from the 

cooler, and to the cooler itself. The 
machine is now part of the gearbox  
fluid system.

5  We now start the engine. The 
gearbox fluid circulates normally, 

but also flowing through the BrainBee 
where we see the dirty black oil in the 
sight glasses.

1  With the Sport on the lift, we first 
remove the engine undertray followed 

by the transmission undertray, seen here,  
to reveal the underside of the gearbox.

2  Transmission fluid passes via hoses 
from the gearbox to a cooler at the 

side of the radiator. The upper hose is 
unclipped from the cooler.

has been done inside the gearbox.
Fluid deterioration and accumulation  

of debris within the fluid are known to 
cause juddering during gear changes.  
The symptoms usually occur after  
around 140,000 miles and often the  
more advanced service shown here can 
return the auto box to normal smooth 
service before serious damage is caused. 
In reality, it’s better to play safe and  
have the system serviced before the 
symptoms develop.

Transfusion service
Simply draining and refilling the autobox 
via the drain and level plugs does not 
achieve a full removal of the old fluid, and 
the old fluid filter will still be in place. The 
filter is an integral part of the fluid pan 
and, due to the position of the filter’s 
vertical internal pipe, the fluid pan cannot 
be removed without raising the engine 

and transmission, which involves 
disconnecting the right engine mounting 
(plus cats and heat shield on petrol V8s). 
This is because a chassis crossmember 
(which locates the rear of the front 
suspension) prevents the fluid pan being 
lowered. A transmission crossmember at 
the rear of the fluid pan also restricts 
access to the screws holding the pan to 
the gearbox, but access can be improved 
by releasing the transfer box mounting 
here to raise the assembly slightly. 
Incidentally, this transmission 
crossmember can be unbolted and 
removed from the chassis, though that is 
not necessary for this job.

During the service, the BrainBee 
cleansing and filling equipment will be 
connected with the vehicle’s gearbox fluid 
system, allowing the engine (and thus the 
gearbox components) to be run during 
the process. By working the gearbox 

during the treatment, its fluid system will 
be thoroughly cleaned, including the 
surfaces of gears, fluid channels, valves 
and clutch packs. Although this gearbox 
clean and refill is being performed on a 
2006 Range Rover Sport with the ZF 
six-speed gearbox, the work is applicable 
to all wet clutch automatic transmissions 
on other Land Rover models.

Filter conversion
The gearbox’s internal fluid filter will also 
be changed, along with the fluid, and in 
the case of this vehicle we’ll be 
accomplishing this by fitting a filter 
conversion kit. This allows the filter to be 
replaced without lifting the engine, and 
will make the job easier in the future. This 
filter conversion applies only to the 
ZF6HP gearboxes in Range Rover Sport 
2005 to 2013, Discovery 3 and 4, and 
Range Rover L322.

automatic transmission fluid should be 
renewed every 150,000 miles or ten 
years, whichever comes first (though the 
workshop manual states the fluid is ‘fill 
for life’). In my case, the Range Rover 
Sport is 12 years old with 127,000 miles 
covered, and the gearbox still works fine. 
But I want to keep it that way, so the oil 
change and flush is timely.

The standard service procedure is 
simply a draining and refilling of the fluid 
by removing the drain plug from the fluid 
pan (sump) under the gearbox and, after 
complete drainage, replacing the fluid via 
the level plug hole. The gearbox’s 
standard oil filter is integral with the fluid 
pan and is normally only renewed if the 
fluid is known to be contaminated or work 
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Transfusion

Fluid removal Torx wrench

Incision Twist and go Extraction

Comparison Particle trap Full flow

Down but not outSpaced outTight squeeze

DebrisWork-out

11  The BrainBee now removes the old 
fluid and cleaning agent for 

disposal, and feeds a new, mineral ATF 
fluid in to flush the transmission.

12  The ATF fluid used for the flush is 
now partially recovered by the 

BrainBee, then the fluid pan is emptied by 
removing its drain plug.

13  The series of Torx head screws 
holding the original plastic fluid pan 

to the gearbox are now removed along the 
sides and front of the unit.

17  With the fluid pan partly dropped, 
it’s possible to get a hacksaw blade 

inside to cut through the fixed plastic pipe 
which prevents the pan being removed.

18  With the plastic pipe cut through, 
the fluid pan can be turned through 

90 degrees and lowered between the two 
chassis crossmembers.

19  This remaining stub of the suction 
pipe is then simply pulled out of the 

underside of the gearbox where it is held 
only by the O-seal on the enlarged end.

20  Right: a standard plastic fluid pan with 
integral filter and fixed connecting 

pipe. Left: conversion kit with steel fluid  
pan and separate filter with fixed pipe.

21  Both types of fluid pan contain two 
round magnets which attract and 

trap fine metallic wear particles 
circulating in the gearbox fluid.

22  This is the underside of the filter 
showing the second aperture which, 

with the stub pipe, achieves fluid flow 
through the element, which is visible inside.

16  The fluid pan is carefully prised from 
the gearbox. It drops at the rear, but 

is restricted at the front by that forward 
crossmember, and the internal pipe.

15  With the mounting bolt removed, the 
transmission jack is used under the 

transfer casing to tilt the complete trans-
mission so the rear screws can be removed.

14  The chassis crossmember is close 
below the rear of the fluid pan. To 

improve access here, the single bolt is 
withdrawn from the transfer box mounting.

10  After six minutes of circulating the 
cleaning agent, the fluid is 

becoming progressively darker with 
contaminants – four minutes to go.

9  All gears, neutral and reverse are 
selected using Command Shift and full 

auto to ensure valve blocks, clutch packs and 
torque convertor are worked and cleaned.

Gearbox filter conversion
THE GEARBOX is now cleaned inside, and 
filled with mineral ATF fluid which has 
flushed out the cleaning agent, old oil and 
contaminants. We now need to fit a new 
fluid filter in the gearbox, then refill with 
new high quality ZF-approved fluid.

As we said earlier, the existing fluid pan 
with integral filter and suction pipe cannot 
be lowered sufficiently, due to the chassis 
crossmember and the length of the filter’s 
fixed suction pipe. To install the filter 
conversion, the fluid pan will be lowered 
sufficiently to get a hacksaw in to cut the 
plastic suction pipe, then the fluid pan 
can be removed and the remaining part of 
the suction pipe extracted.

The filter conversion kit comprises a 
new steel fluid pan and a detachable filter 
with integral pipe, plus bolts and gasket. 
So for future filter changes, the new fluid 
pan can be removed and the filter pulled 
out and replaced with ease.

Cleaning formula Progress Virtual driving

6  A measured dose of cleaning agent 
is added to the machine, to be 

circulated through the system and 
throughout the gearbox.

7  The BrainBee shows the progress of 
the ten-minute cleaning phase. The 

cleaning agent will remove varnish and 
other contaminants from internal surfaces.

8  Supported on the wheels-free lift, 
the engine and transmission are 

driving the wheels. Sight glass shows the 
circulating old fluid with cleaning agent.
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Tell-taleHands-on check

27  If no fluid leaks out with the level 
plug removed, more fluid is needed. 

A steady drip of fluid indicates the level is 
spot on.

26  The autobox fluid level plug is on 
the right side of the unit in a handy 

location and easily accessed using an 
allen key.

Fluid fill and workout

Result

WITH THE cleaning, flush and the filter 
conversion completed, the gearbox is now 
re-filled with the same measured volume 
of oil that was removed earlier (to protect 
the gearbox oil pump at the next start-up) 
plus an extra litre. The Sport is then driven 
through the gears again on the wheels free 
lift for a second flush, and the BrainBee is 
programmed to exchange this oil for new 
OE-approved fluid. It is essential to use the 
correct fluid if smooth gear changing and 
torque converter lock-up are to be 
preserved over the long term. The gears 
are again worked with this final fluid and 
the level checked at the gearbox level plug 
with the vehicle running. Further fluid is 
added in one-litre increments until the 
level is confirmed correct.

BEFORE STARTING this work, Tektronic 
used an Autologic diagnostic tool to 
check the vehicle for existing recorded 
faults. Pleasingly, it was all clear, but this 
was necessary to identify any issues with 
the transmission first. On completion, the 
gearbox electronic adaptations (see 
previous ‘Understanding your auto box’ 
feature) were purged to allow the gearbox 
to perform new adaptations from the base 
line. This ensures maximum benefit from 
the new oil and the improved conditions 
inside the serviced gearbox.

My Sport had covered 127,000 miles, 
though the gearbox had been operating 
perfectly. So this wasn’t a rectification job, 
but purely preventative maintenance to 
ensure the gearbox stayed that way for 
much longer. A thousand miles later, the 
gear change remains slick and responsive.

Tektronic
Tektronic is an independent 
transmission and 4x4 specialist 
based in Alva, Stirling. With 35 years 
experience as an in-house re-
manufacturer of automatic 
gearboxes, the business caters for 
most makes of auto transmission, 
plus other driveline components 
including transfer boxes, diffs and 
manual gearboxes. Tektronic’s 
pristine workshop facility offers full 
servicing and repair using Land 
Rover dedicated diagnostics and OE 
quality parts.

Tektronic does not have fixed 
prices for the work shown in this 

Push fit  Cleanliness Easier next time

23  The new filter is easily positioned by 
locating its stub pipe into the 

gearbox and simply pushing up until the 
seal holds it in place.

24  The new steel fluid pan is a simple 
bolt-on, using the hexagon bolts and 

gasket from the kit. Mating faces need to 
be totally clean before fitting.

25  At the next filter change or pan 
removal, the pan can be easily 

unbolted and lowered, leaving the filter to 
be simply pulled out from the gearbox.

feature. Each job is tailored to the 
individual vehicle with consideration 
to its mileage, previous maintenance 
standards, the operating condition  
of the transmission, the type of use 
the vehicle is subjected to and, of 
course, the customer’s specific 
requirements.  Contact Tektronic to 
discuss the most appropriate 
treatment for your Land Rover.

CONTACT:
Tektronic, Alva, Stirling, FK12 5DQ
Tel: 01786 625624
tektronic.co.uk   
4x4-specialists.com


