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Grand 
Transmission
Ricardo develops and manufactures the 
transmission for Ford’s born-again GT supercar —
to a timescale everyone else believed impossible



So rapturous was the reception given to Ford’s new 320 km/h GT at the 
2002 Detroit show that the company resolved to build the car in time for its
Centennial celebrations just 16 months later. Jesse Crosse reports on how
Ricardo, as first-choice transmission supplier, successfully designed,
developed, tested and began manufacturing the high-performance 
transaxle to a timescale everyone else believed impossible
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When the covers slid off the
Ford GT40 concept at the
2002 North American

International Auto Show in Detroit,
the entire Cobo Hall was transfixed.
The tumultuous applause took some
time to subside and the assembled
international press went wild – so it
came as no surprise that the decision
to go into production with the ‘GT’
was announced soon afterwards.
However, Ford had rarely attempted
such a bold project and if the new
supercar was to be ready for the
Centennial celebrations in June 2003,
the project would have to be
completed from scratch in just 16
months.

Following the Detroit Show, William
Clay Ford asked Ford veteran Neil
Ressler (by now retired) to look at the
feasibility of producing the GT for real
– and the rest is history.

Once Ressler had given the green
light, John Coletti, director of Ford
SVT Programs, quickly set up a crack
team of designers and engineers to
bring the GT to reality. ‘40’ had
already been dropped from the name
because although the new car would
be a 21st century embodiment of the
legendary 1960s original, all of the
dimensions would be different
including the height. The original
GT40, remember, was so nicknamed
because it measured exactly 40 inches
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from the ground to the roofline. The
new car would measure 44.3 inches. 

The choice of engine was, perhaps,
a straightforward one. It would be
based on the largest member of
Ford’s modular (MOD) engine family,
the all-aluminium 5.4 litre V8, but it
would be modified to such an extent
that 85 percent of the moving parts
would be new. It would also sport an
Eaton screw-type supercharger,
escalating the power output to
550bhp and torque to 500lb ft [678
Nm]; very similar, in fact, to the
original Le Mans-winning, 7-litre
racing engine. Performance would be
staggering, with a top speed of
200mph [320 km/h] and 0-60mph
acceleration of 3.8 seconds.

Transmission choice: Ricardo

The choice of transmission was not so
straightforward. A transaxle of the sort
demanded by the GT would, by its
very nature, need to be of a bespoke
design in view of packaging
considerations and also the immense
torque it would have to deal with. At
the same time, the heavy shift quality
that such a robust transmission
implies would not be acceptable any
more than a heavy clutch action. But

despite the inherent difficulties, any
purpose-built transmission would not
only have to be designed and built in
a matter of months, but the process
would have to run in parallel with the
development of the car itself.

With that in mind, it was not
surprising that Ford quickly began
looking around for a supplier with a
proven track record in developing
world class, high performance
transmissions. The search began and
ended with Ricardo. “Because of the
compressed nature of the project,”
explained Ricardo’s technical director
of driveline and transmissions, Lee
Sykes, “it wasn’t feasible to wait 10
months for the first vehicle
prototypes. However, we were able to
use a six-speed variant of a previous
Ricardo product as the mule car
transmission.” As a result, Ford was
able to run vehicles complete with a
prototype transmission by July 2002,
just six months after the concept’s
unveiling at Detroit.

Ricardo is well known for a range of
high performance transmission
products including those for the
McLaren F1 sportscar, the racing
Dodge Viper and, of course, the
transaxle transmission it designed
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Ford GTfacts
• The decision to take the new GT 

from concept to reality came just 45 

days after the Detroit show unveiling

• Bringing the GT from concept to 

production in time for Ford’s 

centennial celebrations meant 

completing the project in 16 months

• The GT is four inches taller and eight 

inches longer than the original GT40

• The hybrid aluminium space frame 

chassis is constructed using 35 

extrusions, seven complex castings,

two semi-solid formed castings and 

various stamped aluminium panels

• The top speed of over 320 km/h 

made it necessary to introduce 

ground effect race technology to 

provide high speed stability

• The GT is outfitted with aluminium 

four-piston Brembo brake calipers 

and ventilated disc brakes on all four 

wheels

• Suspension parts are precision cast 

in aluminium

The born-again Ford GT is unveiled to an ecstatic reception at the January 2002

Detroit show.Within 30 months the car was in full production 

Project 

commencement

March 2002

Completion of 

concept design

June 2002

Completion of 

detailed design 

September 2002

Ford GTTimeline
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In the early 1960s Ford was a newcomer to Le Mans and started work on what
came to be known as the GT40 in 1963 at Ford Advanced Vehicles in Slough, a
company specially created for the task and headed by John Wyer, Eric Broadley
and Roy Lunn. 

The first prototype was simply called the “Ford GT” and was shown to the
press in March 1964. Chassis numbers 101 and 102 made their public debut at
the pre-race Le Mans testing the following month but there were problems
with aerodynamics, causing Jo Schlesser to crash chassis number 101 after
becoming airborne on the Mulsanne straight. 

Reliability problems robbed Ford of victory in 1964, although Phil Hill did
succeed in setting a new lap record. In 1965, chassis 103 scored its first victory
in the Daytona Continental on February 23rd but success eluded the works
team, now run by Carroll Shelby, when all six Mk 1 GT40s failed to finish at Le
Mans. Four had been powered by the original 289cu in (4.7-litre) Ford V8
engines but two were fitted with the 427cu in (7-litre) V8s destined for the Mk II
GT40. Tellingly, one of those cars broke the lap record before retiring. 
Finally, in 1966, GT40s took first second and third, breaking Ferrari’s run of six
wins in a row. GT40s went on to win at Le Mans in 1967, 1968 and 1969 as well,
to make it four wins in a row. It was probably only Ford’s withdrawal from
motor racing in 1969 that put an end to the winning streak. 

The winning GT40 of Ken Miles and

Denny Hulme at Le Mans, 1966

The Ford GT’s sensational ancestor

and manufactured for Audi’s 2000,
2001 and 2002 Le Mans-winning R8R.
There’s another reason why Ricardo
fitted the bill so perfectly too. Ford
was aware that Ricardo had its own
programme, the GT800 transaxle
transmission for high performance
vehicles. The company originally
started that programme without
having a customer defined because it
felt there was a general need in the
market for a transmission and
transaxle arrangement for
performance vehicles. 

“I think Ford also realised they
needed a supplier who would take a
strong analytical approach because
there simply wasn’t any time to get it
wrong,” said Sykes. “Ford believed
that with enough CAE input we could

pretty much get it right first time. The
Job One prototype vehicle had to be
delivered in June 2003 but our
nomination was not confirmed until
the end of March 2002.” 

There would be a further twelve
months before full vehicle production
was to start in March 2004. Ricardo’s
responsibility was to act as the
designer and manufacturer of the new
transmission. What was unusual,
recalls Sykes, was that his firm’s
responsibility would extend beyond
that. “We would be wholly
responsible for the subsystems
related to the transmission. As such
the clutch system was our overall
engineering responsibility, the
actuation system of the clutch was
also our responsibility, the external

gearshift system back to the cabin
was our responsibility, too, and so
were the drive shafts.”

Strong track record

In one sense, Ricardo is no stranger to
this process. The work it did on the
MINI, the Jaguar X-Type 2.0D and the
Renaultsport Mégane 225 effectively
defined it as a powertrain engineering
integrator, in charge of a number ofTier
1 and 2 suppliers. But on this occasion
Ricardo would be assembling the
product as well. Traditionally, the
transmission supplier may only supply
the mechanical transmission unit and
the manufacturer can sometimes be
completely responsible for all of the
shift mechanism, the routing and the
drive shafts. In order to complete the
project in two years Ricardo had to
move away from that traditional model.

“The gearshift quality has been
rightly praised,” Sykes elaborates,
“but I think if we’d had separate
responsibilities for the transmission,
the external shift system and the cable

“As a result, Ford was able to run 
vehicles complete with a prototype
transmission by July 2002, just six months
after the concept’s unveiling at Detroit”

Delivery of 

prototype parts

January 2003

Prototype 

vehicle assembly  

March 2003

Engineering 

sign-off 

November 2003

Full transaxle 

production  

December 2003

Full vehicle 

production  

June 2004



Sykes confirms, “if you don’t consider
these factors in the design, you will
fail, for sure. If we threw motorsport
materials at it, then we would see
another 25 per cent added to its
torque capacity. But the big focus for
us was to achieve a bill of materials
that met the pre-agreed price and to
be able to assemble one transmission
per hour. Usually with specialist
motorsport transmissions the rate is
more like one a week.”

Design for manufacture: hybrid of

Ricardo skill sets

For Ricardo, one of the biggest
challenges was the manufacturing,
which, in terms of volume, would be
an order of magnitude higher than
previous, highly specialised, racing or
specialist projects. However, neither
were the volumes high enough to
warrant the cost of automating the
process in any way. The project would
prove to be a hybrid of two Ricardo
skill sets which, until now, had
remained separate. The company
knew how to manufacture specialised
transmissions in very small numbers
and it also knew how to design for
larger volume manufacturing, but so
far it had not been required to
combine the two. “Effectively, it still
needed to be a labour-intensive
prototype build process in many
respects, but done in a quicker, more
consistent and easier form,” 
explains Sykes. 

On the other side of the Atlantic, the
customer was under just as much
pressure to deliver and very much
dependent on major Tier 1 suppliers,
such as Ricardo, not to let them down.
As powertrain supervisor, Curt Hill
was the man in the hot seat at Ford.
Formulating the transmission
requirements for the GT, Hill knew
that durability would be an issue,

Grand Transmission

system, then I’m not sure we would
have achieved such a good result.”
Generally speaking, Ricardo’s forward
planning, analysis, close integration
with its partners and Ford, plus the
ability to begin delivering prototypes
early, added up to a smooth-running
programme. “We needed to be
pragmatic all the way through,”
explains Sykes. “Everyone agreed that
we should adopt a ‘no surprises’
approach in the programme. Nobody
wants to raise problems unless
absolutely necessary, but Ford’s
approach was, ‘if you see a problem,
flag it up immediately and let’s
manage it’.”

Establishing the duty cycle of the
transmission early on was a crucial
aspect of the design. “What level do
you design to for a vehicle like this?”
asks Sykes. “Do you design for one in
a thousand drivers who will give it
serious abuse? Or do you strike the
balance which says it’s probably not
going to do more than two thousand
miles a year at relatively modest
torque levels? If you go too far one
way you end up with a design that’s
not feasible in terms of cost, weight
and sophistication, but go too far the
other way and you’ll end up
damaging the product every so often
because it doesn’t have enough
fatigue life.” In the end, Ricardo
engineers decided to err on the side
of safety, particularly with the limited
timescales involved. 

Although the transmissions would
be assembled at its manufacturing
facility in England, many of the
components would be coming from
suppliers rather than being
manufactured in-house by Ricardo, as
they might be for a racing application.
The balance between relatively high
volume production and high quality is
an extremely delicate one and, as

12 RICARDO QUARTERLY REVIEW • Q1, 2005



even more important element was the
company’s willingness to take on
design responsibility for the total
driveline from the shifter all the way
back to the half shafts – something
unusual when vehicle development is
outsourced.

Once the programme got
underway, the pressure remained
high. Ford engineers admit to having
been somewhat concerned, initially
at least, that they were imposing a
requirement for two significantly
different levels of transmission
design: the first to support the
original work-horse vehicles by
redesigning a previous product, and

a second, parallel effort working on
the final design for the production
version. For Ricardo it meant a
design task of a significant
magnitude, not just running the two
programmes but also supporting the
hardware for both of them.

It would have been so easy for such
a demanding project to end with a
few tears being shed, especially as the
GT was an all-new car from the
ground up, there was no surrogate
hardware available, and Ford had to
produce the whole package from
scratch. And, as with all too many
programmes where time is tight, a
worrying problem cropped up at an

given the torque capacity that was
required. The packaging would also be
a challenge because the gearbox
would have to be an all-new design.
Not unnaturally, there were questions
within Ford as to how capable a single
company would be in picking the
whole thing up.

With regard to Ricardo being
selected for the job, it was
immediately clear that Ricardo’s track
record in specialised transmissions
had been a key factor, but that an

Gearshift quality of Ricardo transmission

in Ford GT has come in for universal praise

(far left); packaging V8 engine, gearbox and

shift mechanism (left) was a challenge 
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Customer expectations exceeded

Were the customer’s expectations
met? The answer must be a definite
‘yes’, with Ford clearly impressed by
the level of testing carried out on the
transmission – especially the severity
of some of the tests such as driveline
impact testing. All of these standard
tests, much tougher than would be
normal for a low-volume product,
were passed with flying colours – yet
Ricardo chief engineer Bob Janzac
was insistent on the driveline passing
absolutely every test in the engineer’s
handbook, even though Ford was
already satisfied and had been willing
to sign it off with one test incomplete . 

So, the end result is no ordinary
car, and part of its success is due to the
outstanding transmission system

developed to the
highest standards in

record time. The
compressed timescales

provided a further challenge that most
suppliers would find impossible to
cope with and which left no room for
error. In addition to those pressures,
the transmission design not only had
to handle the immense performance of
the 200mph Ford GT, but have tactile
properties in both gearshift and clutch
operation appropriate to a production
car. 

For Ricardo, the Ford GT project
was quite unlike any other, and one
whose completion was a moment to
be savoured.

Grand Transmission
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“Our brief was to produce a low volume, low cost, high

torque capacity, six-speed manual transmission.The

obvious choice was to follow on with the same sort of

architecture that we had with a previous product,” recalls

Bob Janczak, Ricardo’s chief engineer on the project. “We

also had some performance targets, which included a

200mph (320 km/h) top speed in fifth gear, with sixth as

an overdrive.”

“One key aspect of the design target was to achieve
world-class gearshift quality, so we opted for triple cone
synchronisers on first, second, third and fourth gears,”
explains Bob. Keeping cost under control was a priority
since this was, after all, a production car. But after some
careful research, the team tracked down some high quality
‘off the shelf’ synchronisers perfectly suited to the tasks. 

The final drive is a hypoid double gear set and is very
robust. The choice of limited slip differentials, remembers
Bob, was enormous and crucial. “It’s so key to the
performance and handling of the vehicle. What we were
looking for was a very compact unit, of low weight, with
the correct bias ratio and the sort of performance we felt
would enhance the car.” 

High quality taper roller bearings ensure a long life for
the transmission. Overall it’s a truly international
mechanism, explains Lee Sykes. “If we consider a list of,
say, 200 parts, a high proportion of those are from Japan
or mainland Europe.” Ricardo maintained full control of
the supply base throughout the project. The ‘right first
time’ aspect was even more critical than usual. In
mainstream production it is common to go back to
suppliers later in the development cycle and engineer a
component ‘down’ to a lower cost. In this case, that would
be impossible. So, explains Sykes, “a huge amount of
work was done early on to get the cost down to a pre-
planned level.”

The result? Not an exotic transmission, but one which is
of high quality and which underwent substantial durability
testing both in and out of the cars, despite the short
timescales. A year into the project and after the mules were

produced, Ricardo needed to have transmissions ready for
vehicle Jobs One and Two. “Ricardo had to show that it
could produce this transmission within the time frame, that
it could deliver the shift quality, refinement and also the
durability. But by that point, there had been no vehicle
testing, except for prototype transmissions fitted to mules,”
says Janczak. Within weeks of having a production level
transmission ready for fitting into the car, it would be
assessed to see if it met all the requirements. Seven or
eight months after that event, the transmissions would be
signed off for production.  

Design

early stage: packaging difficulties
meant that the whole powertrain had
to be raised one inch – a move
guaranteed to have knock-on effects in
many other areas. 

In the end, it helped the powertrain
team in providing more room for the
clutch but the relocation of a cross
member made it necessary for Ricardo
to completely revise the shape of the
casing. The shifter cable package was
also a difficult area to engineer and
shift quality was somewhere both
Ricardo and Ford had grave concerns
– on the early work-horses the shift
quality clearly needed improvement.
In the end, the cable was routed
through the void between the engine’s
cylinder banks to smooth the
mechanical path of the linkage. 

Early ‘work-horse’ GT

transmission goes on

display at the 2004 SAE

show (above) 

Test rig (right) allowed 

accelerated 

evaluation of 

the complete 

system at 

key stages  



Programme facts
• The project commenced in March 

2002. Prototype vehicle assembly 

started exactly one year later

• Engineering sign-off was in 

November 2003 and full vehicle 

production started in June 2004 

• GT transmissions are manufactured 

by hand at Brackley, UK, at the rate 

of one per hour

• Ricardo had to run two design 

programmes in parallel for the 

project; one for the prototype mules 

using a modified existing Ricardo GT-

800 transmission and the other for 

the final production transmission 

design

Other current Ricardo high 
performance transmissions

• Super 1600 sequential rally 

gearbox with a capacity of 250Nm;

weight, 35kg 

• Sequential transaxle gearbox for 

single seaters. Capacity 500Nm;

weight, 35kg

• Transverse transaxle gearbox for 

LMP675 and LMP 900 SR1 or 

SR2 vehicles. Capacity 750Nm;

weight, 60kg

• Mitsubishi Evo Gp N straight-cut 

dogbox conversion

• Porsche GT2/3 transaxle running to 

ALMS or FIA-GT regulations.

Capacity 750Nm; weight 65kg

• GT-800 generic transaxle 

transmission being developed 

in-house

• Ricardo DCT-800 as used in the 

Chrysler ME Four-Twelve

Historical roll of honour 

• Jaguar XJ220 transaxle transmission

• McLaren F1 sportscar transmission

• Audi R8R Le Mans transaxle 

• Mitsubishi Pajero Evolution / 

Montero Evolution Paris Dakar 

transmission

• VW W12 endurance speed record 

sports prototype transmission
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Adrian Turner is Ricardo’s manufacturing manager in charge of making

this small, bespoke transmission manufacturing line work efficiently.

“Essentially, we keep a week’s worth of components at the line and a

week’s worth in the stores,” he says.

Managing that is much more difficult than it sounds because ‘volume’
in supplier terms generally means ‘high volume’, so the quantities
Ricardo is obliged to take vary from component to component.
Differentials come from Fuji in Japan and economics dictated that, at one
point, Adrian had 1200 units in stock. One the other hand, stocks of the
main cases manufactured locally (and soon to be machined in-house at
the Ricardo Midlands Technical Centre in the UK) need refreshing on a
weekly basis. 

Assembly takes place at eight separate stations. The first six stations
handle basic assembly of the transmission, from adding dowels to the
case, through assembling crown-wheel, pinion, shafts, gears,
synchronisers and selector mechanisms. Preloads are set to high levels
of accuracy and, despite the manual assembly, a computer workstation is
also present on the line to check shims have been selected to the correct
thicknesses before assembling the differential. Station seven is for
testing, and the completed transmission is checked for leaks by filling to
5psi (0.35 bar) with compressed air. If any leaks are suspected, the unit
may be submerged in a tank to pinpoint the problem. 

Then it’s on to the test rig where, although assembly takes just under
an hour, testing occupies some 62 minutes. Gear shift tests are
exhaustive and based on Ricardo’s Gear Shift Quality Assessment
(GSQA) system. This includes assessment of synchro impulse, out of
gear force, double bump ratio, cross gate force, cross gate displacement,
in-gear void overlap and H-gate overlap. Once the tests are carried out on
all six forward speeds as well as reverse at high, low and medium load, a
thorough NVH test is undertaken in all gears, before the transmission
moves to station eight for ‘pack and wrap’ and final dispatch.

Manufacture and assembly




