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Industry News

Biofuels
gain traction
S

aab’s presentation of its
glamorous Aero X coupé
concept (right) at the Geneva
show in March was a dramatic
way of bringing the world’s
attention to the performance
advantages of CO2-friendly
bio-ethanol power.

But the 9-3-based BioPower Hybrid
concept unveiled a month later in
Stockholm (above), gives a much more
realistic preview of how future CO2neutral production cars could be.
Claiming to be the world’s first fully
fossil-free hybrid, the BioPower
concept is based on the 9-3 convertible
and runs on E100 – 100 per cent pure
bioethanol. This fuel alone allows for
substantial power and torque increases
in the two-litre, direct-injection flex-fuel
engine; the two electric motors add still

more to the
powertrain’s
output, and
efficiency is
aided by
electrically
driven
auxiliaries such
as the water pump, power steering and
air conditioning.
A 42 volt integrated starter generator
is built into the flywheel ahead of the
automatic transmission, while a 38 kW
motor powers the rear wheels to give
four wheel drive capability. Saab
estimates the engine stop-start system
alone achieves fuel savings of 5 to 7 per
cent, and the battery provides an
electric-only range of up to 20 km.
Saab is riding a wave of enthusiasm
for biofuels in Sweden, where a

comprehensive network of E85 fuelling
stations has sprung up and the
BioPower 9-5 model is selling strongly.
Earlier this year the European Union
launched its BEST (BioEthanol for
Sustainable Transport) project that is
hoping to create an infrastructure of at
least 140 bioethanol pumps at ten
selected European sites outside
Sweden.

New AudiTT mixes steel and aluminium

News in brief

Though its exterior style is very clearly a development of the outgoing model, the new
Audi TT is very different in its architecture. Breaking new ground in combining both
aluminium and steel, the TT’s structure is largely comprised of an ASF space frame in
aluminium, but steel is employed in the rear sections to achieve optimum weight
distribution. Overall, says Audi, 69 per cent of
the superstructure is aluminium.
The TT’s engines now begin
with a 2.0 litre TFSI directinjection turbo, linked to
front wheel drive; the 3.2
litre V6 powerpack
comes with quattro
four wheel drive. Both
models can be
ordered with Audi’s
six-speed dual clutch
transmission, now
renamed S tronic.

Audi’s diesel race win
Motorsport witnessed a
historic moment in March
when Audi’s R10 won the
Sebring 12 hours – the firstever victory for a dieselpowered racing car.

Invest, says R&D chief
General Motors must invest
heavily to move hydrogen
power from the laboratory to
the development phase,
research head Larry Burns
told the FT.
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Volvo hybrid trucks
due by 2009
The new Volvo FH16 (pictured) is
Europe’s most powerful production
truck, with 660 horsepower and 3100
Nm torque from its 16 litre engine. But
Volvo is looking further ahead and,
according to Reuters reports, will
launch a series production hybrid truck
engine before the end of the decade.
The new engine would be
economically viable mainly for shorthaul trucks, buses and construction
equipment, says Volvo.

US trucks get tax break
New rules passed by the Bush
administration will mean
tougher CAFE limits from
2008-2011 for small trucks but
more lenient treatment for
larger models.

Diesel boom to continue
Sales of diesel cars in Europe
will outstrip those of gasoline
models in 2006, despite
premium prices for emissions
equipment, according to a
report by Frost and Sullivan.
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Land Rover
reveals hybrid
thinking

wheels re-connecting quickly and
smoothly as soon as the system
detects slippery conditions.
Together, says Land Rover, the
measures could yield a one-third
saving in fuel consumption.

P

Are hybrids losing their shine?
In the wake of 2005’s sharp surge in
the sales of hybrid cars, especially in
North America, certain academics and
industrialists are beginning to question
the economics of building vehicles
with both electric and gasoline power.
Renault-Nissan CEO
Carlos Ghosn
confirmed his
scepticism at the New
York auto show in
April when he
insisted hybrids
did not make
business
sense, but a
more
calculated blow
has come with
a controversial
study published
by Oregon-based CNW
Marketing Research. Totalling the
energy necessary to design,
manufacture, run, maintain and
recycle each of over 300 different
models, CNB came to the shock
conclusion that hybrid vehicles
demanded more energy overall than
their gasoline or diesel equivalents.
Comparing the Honda Civic hybrid
with its gasoline-only companion,
CNW’s figures show the hybrid costing
$3.238 per mile over its assumed
lifetime, as opposed to $2.420 for the
conventional car. A Ford Escape hybrid
rates $3.178 per mile, while the
gasoline-only model is $1.950. Even
the highly successful Toyota Prius rates
a costly $3.249 – worse than the huge
Cadillac Escalade and Lexus LX 470
luxury SUVs.
But the most surprising claim of all
is the heavyweight Hummer H3 which
comes out with a lower lifetime energy
cost per mile than the average of all
vehicles sold in the US in 2005 – and
comfortably ahead of all five hybrids.

remium 4x4 manufacturer Land
Rover has announced a suite of
pro-environmental engineering
features that will be applied step-bystep to its model ranges over the
coming years. All the technologies,
says the company, will enhance rather

Land Rover:
Chassis rig displays
hybrid technologies

than detract from the
Land Rover range’s best-in-class off
road performance.
The first innovation to reach the
showroom is likely to be a belt-driven
integrated starter-generator. Typical of
the measures is the integrated rear
axle drive, which adds an electric
motor to a conventional mechanical
rear axle. This, says Land Rover, is of
great benefit off road, provides
regeneration of braking energy and
also allows the vehicle to run up to 30
km/h without the engine restarting.
Energy is stored in a high-capacity
lithium-ion battery, to be packaged
under the rear seat in most models.
A further innovation, again capable
of being applied to all models and all
engine-transmission combinations in
the line-up, is the seamless re-connect
of the prop shaft to the rear wheels.
This enables the vehicle to save fuel by
running in front-drive only under good
conditions, with the drive to the rear

War of words over hybrids
A battle of statistics has erupted
between Renault andToyota, with
the French company claiming its
Mégane is less expensive but
more economical thanToyota’s
Prius Hybrid. Criticising

government subsidies for hybrids,
Renault’s head of product
development Patrick Pelata said
hybrids cost €400 per tonne of
CO2 saved, compared with a diesel
car. Under-sea CO2 storage would
be just €50 per tonne, he said.

RICARDO
QUARTERLY
REVIEW
The task of RQ is to highlight the latest
thinking in automotive engineering and
technology worldwide – both within
Ricardo and among other leading
companies. By presenting an up-to-date
mix of news, profiles and interviews with
top business leaders we paint an
interesting and exciting picture of R&D
activity at a world-class automotive
engineering services provider.
It is a formula that has certainly been a
hit with the worldwide automotive
community: in the five years since RQ
was launched we have had to increase
our print run to 14,000 copies to keep
pace with the demand to read about
Ricardo and its activities.
Client confidentiality is of the utmost
importance to Ricardo, which means that
we can only report on a small fraction of
the work carried out by the company. So
we are especially grateful to those
Ricardo customers who have kindly
agreed to co-operate with RQ and allow
their programmes to be highlighted in
print: without such help from customers it
would not be possible to present such a
fascinating insight into the way vehicles
are conceived and developed.

Ford Group’s new 3.6 litre V8 diesel
engine is built on the same Dagenham,
England assembly lines as the 2.7 litre V6
jointly developed by Ford and PSA
Peugeot Citroën. The new engine, which
is expected to power top models in the
Jaguar and Land Rover ranges, is a stateof-the-art twin turbo unit capable of over
270 hp and 640 Nm torque.

Taxis go green
Eco-conscious commuters both
sides of the Atlantic can now
travel in hybrid taxis – Toyota’s
Prius in London, courtesy of
Green Tomato Cars, and Ford’s
Hybrid Escape in New York.

Micro-hybrids to rise
Europe will see a steep rise in
micro-hybrids as automakers
seek to reduce their CO2
emissions to below 140 g/km
according to a report by Frost
and Sullivan.
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RQ Interview – Nick Reilly

Holden, Vauxhall, Opel and Chevrolet.
The connection to GM is operating at
many levels: for example, we will be in
charge of global development of GM’s
next-generation B-segment platform,
the Gamma.
Explain how the Gamma project
will run
GM DAT engineers will provide around
half the staff of 70, with GM engineers
seconded to the project team from
Europe, the US and Brazil. They will
bolster our skills as well as inputting
their market needs and co-ordinating
the different designs and factory
requirements around the world.
Do you expect to take production
from Europe and the US?
No. The Opel and Vauxhall cars need
higher quality finishes inside and out
and they are best assembled close to
their markets from components
sourced locally to give the right
quality to be competitive over there.

GM’s secret
weapon
Nick Reilly is boss of GM DAT, the GM-owned
Korean car-maker re-born from the $6billion
collapse of Daewoo.The company is controlled by
General Motors with a 52 per cent share; GM’s
partners Suzuki and Shanghai Automotive Industry
Corporation of China each own ten per cent. It
makes 1m cars a year, of which half are exported.
Julian Rendell spoke to him
What is the basis of your strategy
for GM DAT?
We have a three-pillar strategy.
Number one is to build a strong
presence in the Korean market,
number two is to develop worldleading skills in production, design,
development and marketing, and the
third pillar is to leverage the GM
global network of engineering and
manufacturing resource.
How are you doing in relation to
that strategy?
We are well under way on all three.
Market share in Korea is improving and
we have a strong new model pipeline.
One of our challenges is to overcome

the negative image in Korea of the
Daewoo name stemming from the
collapse of the company. We’re winning
that battle. But Korea is a very, very
competitive market. Prices are ten to 15
per cent lower than in other markets
around the world. That’s a challenge.
Compete here and you should be able
to compete overseas easily.
And the other two pillars?
GM is making use of our skills in
design and development. We have
designed and developed a new
compact SUV architecture in the
Captiva and Antara. These products
will be sold in many markets under a
variety of badges including Daewoo,
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How did GM DAT win this
prestigious work ahead of Europe
and the US?
Strategically, GM wanted to spread its
footprint of engineering development
more widely across the globe. GM DAT
has experience of designing and
developing small cars, and we are very
competitive on price. We are also close
to the Chinese market, too, where the
Chevrolet Aveo is a very important car
for GM. Incidentally, the Aveo is sold in
more than 140 countries globally.
When you harness the power of
these engineers, what will you
achieve?
We have an aggressive new model
plan and will replace most of our range
by 2008 as well as adding exciting new
niche models, like the Captiva. I’m also
very keen on a new small SUV, based
on the T2X concept. There’s an
emerging new global market for such
cars. It could be a platform derivative of
the C100 (Captiva). And we have some
other ideas, too, for sportier cars.
Maybe a small coupé.
What does that mean for
production?
We have capacity today for 1.16m cars
on three shifts, which is down on the
peak of 1.6m for the old company. But
we’re coming back. There’s also
capacity for 1.197m powertrains. We’re
GM’s number one for exports, sending
nearly half our production overseas.
We’re also the world’s biggest supplier
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“One of our challenges is to overcome the
negative image in Korea of the Daewoo name
stemming from the collapse of the company.
We’re winning that battle”
of CKD and SKD (semi-knockdown) kits.
Just under half our production is CKDs
for assembly overseas, mostly in Asia.
And for investment?
We’ve generated $3 billion internally
for investment and our shareholders
have agreed an additional $2 billion
credit line for further investment. But
so far we’ve only drawn down $1.5
billion of that. We broke even last year,
one year earlier than expected, which
helps the case for new investments.
Where will you add capacity?
We have three main factories in Korea.
But we are also looking overseas. Now
we are likely to start up a green-field
operation in India, because we’ve
made no progress in buying the old
Daewoo factory in India. We could
make the Matiz there and are looking
at keeping the old Matiz in production
when we launch a replacement
around 2009.
How important is the Matiz?
Very. Around 1.5 million have been
sold globally and yearly production is
fairly constant at around 250,000.
Because of that the Matiz can justify its
own platform, so it won’t be part of
the new global Gamma platform
programme. The next Matiz will grow
a bit in size, closer to the footprint of
Kia’s Picanto. Korea has enlarged the
maximum dimensions of its city car
taxation band and the Picanto is built
to the new regs. We will take
advantage of them, too.
And what about other models?
We are scheduled to replace the

Nick Reilly CBE
President and CEO, GM Daewoo Auto &
Technology; vice president, General
Motors Corporation

Lacetti family in the medium term. We
are already working on a new a family
of designs and have a sportier-looking
new mini-MPV design to replace the
Tacuma. A distinctive new styling
direction is in the mix that will be a bit
more European in feel. We want to
beef up the face and identity of our
cars. One of our big decisions is
whether to base the new Lacetti on
GM’s global Delta architecture [Astraclass cars]. If we do, our replacements
will be a bit slower coming than if we
base them off today’s J platform.
How much design and
development resource do you
have for all this?
I have around 2000 technical people at
my disposal, out of a total workforce
of 18,000. The biggest group is vehicle
development, body-in-white, chassis
and electrics with 710. Then there are
500 in vehicle build and test, 470 in
powertrain, 130 in current product
engineering, 124 in planning and
admin and 66 in advanced technology.
And we’ll add another 180 this year.
Four years ago we only had 500.
There’s a good mix of seasoned
production engineers, about 1100, a
further 340 or so have Masters and 27
have PhDs. They mainly work on
advanced technology. It’s important to
remember that while the old company
was in management and financial
trouble, the technical capability was
never broken.
Do you have enough technical
facilities?
We’re pretty happy on facilities and
resources. I have R&D and test centres

2001
2000
1996
1994

1990
1987

1978-84
1975

Appointed to lead GM transition
team and form GM Daewoo
GM Europe VP Sales, Marketing
and Aftersales, Zurich
Chairman and MD, Vauxhall, UK
VP of Quality and Reliability for
General Motors Europe, Zurich;
joined GM Europe’s strategy
board
Director of manufacturing,
Vauxhall Ellesmere Port plant
Vice president of operations and
board member, GM IBC j/v with
Isuzu, Luton, UK
Various GM assignments in
Belgium, USA and Mexico
Began GM career with Detroit
Diesel Allison Division, UK

in Korea, plus a design centre headed
by David Lyon, an American
previously in charge of truck design in
the US. And we’re addressing one of
the weaknesses of the old Daewoo by
building a new $100m test track and
centre at Cheong-Na, which will be
ready in 2007 and shorten
development time and complement
Bupyong. Previously we had to ship
prototypes overseas for test drives
and evaluation. We’re also giving
Bupyong a decorative spruce-up,
because it feels a bit tired. That’s
mainly cosmetic, but it’ll make it a
more pleasant place to work. We can
design and engineer a car from the
ground up and are already working on
clays of a new range of models. We
also link into PATAC, GM’s Pan-Asian
Technical Centre in Shanghai.
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Bugatti Veyron

“The most advanc e
One thousand and one horsepower, sixteen cylinders, seven speeds and over
400km/h – transmission engineering challenges don’t come much tougher
than Bugatti’s fabulous million-euro Veyron supercar.Tony Lewin reports on
the support provided by Ricardo in the development and manufacture of one
of the most sophisticated driveline systems ever conceived

I

t’s the front-cover splash of almost
every car magazine in the world.
Everywhere, writers are struggling
to find new superlatives to describe its
astonishing performance. And
everywhere the message is the same:
this million-euro machine redefines,
dramatically and decisively, our idea
of what a car can do.
The concept of a road car faster than
a Formula One car is no longer fantasy

but fact; thanks to Bugatti, this
remarkable display is now seen as
achievable with a car that’s also
elegant, luxurious and refined, and
which does not demand racing-driver
skills at the wheel.
Bugatti has defied the doubters and
proved that 400 km/h and first-class
comfort can indeed go together. Yet
with expectations so suddenly and so
dramatically transformed, it is all too
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easy to forget what a monumental
technical achievement the Veyron
represents. It is especially important to
recall that, at the time it was originally
proposed in 2000, the idea of the 1001
horsepower sports car seemed a nighon impossible technical challenge.
VW chief astounds the industry
A moment of stunned silence gripped
the audience of international
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ed car of our time”
automotive journalists as the crowd of
normally talkative reporters choked in
disbelief at what they had just heard.
The scene was the Nogaro Hilton
Hotel in Geneva in March 2000, when
correspondents had assembled to
hear Volkswagen’s then CEO, Dr
Ferdinand Piëch, deliver his annual
state-of-the-union address to the
world’s business and technical media:
in the middle of a long stream of
corporate results, sales predictions
and bland technical statistics, Dr Piëch
had casually tossed in the number
which was to astound everyone – one
thousand and one horsepower.
For this, said Dr Piëch, would be the
power output of the new Bugatti
Veyron sports car. Only the absolute
ultimate in power, performance and
sophistication would suffice for the

21st century revival of what had in its
heyday been the most glamorous
marque in the world. “This will be the
most exciting and most advanced car
of its time, no more, no less,” he
predicted.
Previously, only a select few racing
cars had breached the thousandhorsepower mark. It would clearly be a
major technical challenge to feed this
power to the road safely enough for
drivers with standard rather than
competition licences: delivering such
stupendous performance with the
smoothness and refinement demanded
by an elite millionaire clientele was
likely to be a bigger issue still.
Bugatti’s Heritage
It is difficult from today’s perspective
to imagine the awe in which the

Bugatti marque was held during its
1920s and 1930s golden age. Its sports
and racing cars were engineered with
absolute purity of focus, always light,
ingenious and elegant; the integrity of
the road-car chassis attracted the very
best coachwork builders of the era,
producing style landmarks such as the
Atlantique coupé and, at the opposite
end of the scale, the mammoth Type
41 Royale. In its exotic aura Bugatti
was the Ferrari of its time, but with the
equivalent of Rolls-Royce luxury,
radical thinking from Lotus and hardwired race heritage from McLaren
thrown in too.
Undeniably, the task of
reinterpreting this unmatched legend
for the 21st century customer has
been a daunting one. Accordingly,
Volkswagen decided to call upon the
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Bugatti Veyron

With seven speeds, dual clutches, four wheel drive and an active rear axle,
the Veyron driveline (right) is one of the most complex ever bulit

very best skills on offer among the
world’s automotive engineering
providers to ensure the born-again
Bugatti would satisfy the
extremely high demands
placed on it by customers
whose automotive
portfolios already include
the likes of Bentley,
Ferrari, Porsche and
Mercedes-Benz.
For the embryo Bugatti
division, set up under
Volkswagen’s Wolfsburg
roof pending the
completion of the Bugatti
Atelier at the marque’s
famous Molsheim home
across the border in France,
Ricardo was the natural choice
of engineering partner for the
transmission and driveline system.
Michael Kodra, Bugatti engineer in
charge of the liaison with Ricardo
throughout the programme, explains:
“We had already worked with
Ricardo on smaller programmes – they
built the axles for two different show
cars that were presented, and these
axles worked perfectly and without any
further problems. We also needed a
company which could supply us with a
gearbox at low volume: most of the
other big gearbox suppliers are seeking
to make money through volumes, and
we can only offer a run of about 300.
Thanks to this and our previous
experience with them on the W18 and
W12 sports car, we decided that
Ricardo would be the best company to
support us on this job.”

1250 Nm of torque, but also for
automated shifting and electrohydraulic control of all key functions.
The driveline, too, was to be of
exceptional complexity, with drive to
all four wheels, an innovative active
rear axle, a Haldex coupling built into
the front axle, and all the electronic
and hydraulic control systems to

Ricardo’s biggest-ever driveline
programme
Though Ricardo enjoys an
unparalleled reputation in the field of
ultra high performance transmission
systems across both sports and racing
cars (providing drivelines for the
Jaguar XJ220, McLaren F1 and Audi’s
Le Mans winners, for example), once
the specification of the Veyron was
revealed it soon became clear that the
Bugatti transmission system would be
much the most sophisticated the
company had ever built. As a result,
the programme would be the largest
ever supported by the company’s
driveline and transmission engineers.
Bugatti’s brief called not just for a
seven-speed dual clutch gearbox
capable of handling an unprecedented
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determine not just straightline traction
but high speed vehicle dynamics too.
What at the beginning was simply
an outrageously fast pure sports car
soon found itself doing double duty as
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a much more
luxurious, more
Bentley-like vehicle –
while of course retaining
all its daunting performance
requirements. Attaining all
these demanding design goals,
many of which would
conventionally be seen as totally
incompatible, was a major
achievement by Bugatti and all the

companies
supporting the
Veyron
programme.
Yet, at the
same time,
the fact that
the Veyron
programme
became part of
the mainstream
Volkswagen
product development
process provided what
was to be the most challenging
task of all.
By bringing the Veyron ‘in-house’,
Bugatti’s new technical director,
Dr Wolfgang Schreiber, ensured the
whole vehicle met the same daunting
durability targets that would normally
be fulfilled by standard million-a-year
Golf-platform family cars – models
which have to perform faultlessly in
service over many years of hard use.
Prior to the arrival of the Veyron, the
normal life expectancy for a rare
supercar was frighteningly short, with
numerous pit-stops and replacement
systems required at frequent intervals.
What Schreiber prescribed was
massively more demanding than

anything ever seen among normally
fragile supercars.
The durability requirements make
truly terrifying reading for any
engineer with an ounce of mechanical
sympathy. Given that much of its
50,000 km is driven with the
thousand-horsepower engine at full
throttle, the Veyron’s transmission
durability programme must rate as
one of the toughest the auto industry
has ever devised.
Mike Everitt, senior programmes
manager at Ricardo, believes that this
regime makes the Veyron the
strongest ultra high performance car
ever built. “Wolfgang Schreiber has
genuinely shifted the goalposts in the
supercar segment,” he says.
Big-name supercars all too often
prove fragile in service. It is rumoured
that one model is only capable of
doing three full-bore launches before
the clutch needs to be replaced. The
Veyron, on the other hand, completed
200 consecutive full-throttle launches
with consummate ease. “The testers
only stopped because it was getting
too dark,” remembers Everitt. “The
clutches were still fine.”

“When exposed to the full 1,250 Newton-metres torque of the
16-cylinder engine, the resistance of the air and even the force of
gravity itself seem to have no chance: the EB 16·4 Veyron eats up
the road as if these physical laws had just been abolished”
Bugatti publicity, 2003
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Bugatti Veyron

“
MICHAEL
KODRA

Michael Kodra is
the Volkswagen
group engineer in
charge of liaison
with Ricardo and
other key suppliers
Did the experience with Ricardo
gearboxes on the Audi Le Mans
winners influence your choice of
driveline partner?
No. We started this programme just
before the Audi programme became
public. Ricardo always keeps its
other customers secret, so even we
at VW did not know that this work
had been done for Audi in the race
cars.
The driveline for this car is very
complicated and has a huge effect
on the handling and driving
characteristics of the whole vehicle.
How is it that VW can work together
with an outside supplier when it is
really determining how that vehicle
will drive?
Using the knowledge we have
gained through working with
Ricardo we have implemented the
correct features into the car, such as
the rear axle differential, the
electronic/hydraulic control, the
Haldex coupling which enables us to
have four wheel drive, and this dual
clutch gearbox. We have been very
successful in learning how to
calibrate and to optimize them.

Design, development and
manufacture
The complexity of the driveline and its
control system was such that Mike
Everitt and his colleagues at both
Ricardo and Bugatti had to bring in
extra engineers to ensure the
programme would keep to the very
demanding schedule set by Bugatti: at
its peak, Bugatti’s engineering team
were supported in the programme by
over 50 Ricardo driveline and
transmission engineers, with a further
12 -15 electronics specialists working
on the transmission control system
and additional engineers in vehicle
engineering too. Two Ricardo
engineers even took up residence in
VW’s home city of Wolfsburg.
“One mustn’t forget the absolute
enormity of the task that faced
Bugatti,” explains Everitt. “It designed
a car that’s not only the fastest and
fastest-accelerating car in the world,
but one which is technically far more
advanced than any of its
predecessors.
“It has far more features in it,”
continues Everitt. “It’s four-wheel
drive, it is turbocharged, it has an
active differential and an active drive
transmission system with dual
clutches. The car is very sophisticated
and is entirely new: new engine, new
driveline, new chassis, new everything
– and it’s attacking the market as the
most prestigious sports car ever built.
It has been a very formidable
challenge.”
Even a quick glance at the cutaway
of the Veyron driveline on page 10

What about the active rear
differential?
At that time the rear differential
control was something VW had
never had in its ordinary cars: we
were about to introduce it in the
Touareg luxury SUV. This is
definitely an item where we
needed to have a close look and
liaise with these [Ricardo] guys
in their work. On the gearbox
side, we have done
the same gearbox, though
much smaller and lighter, for
our ordinary passenger
ranges such as the Golf.
Here, Ricardo learned from
VW concerning some
software strategies and
so on. So I think we both share
a little bit, we both learn a
little bit.

”
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brings home the scale of the multinational Ricardo and Bugatti driveline
team’s achievement. There are no
fewer than 660 part numbers for the
driveline’s 1200 components and the
system breaks new engineering
ground – particularly in its use of
seven forward speeds and twin
clutches, and in its real-time role in
determining high speed vehicle
dynamics through its active rear
differential and Haldex coupling.
The use of ADAMS simulation
modelling of vehicle dynamics
allowed Ricardo to provide Bugatti
with much necessary data to develop
and optimise suspension kinematics,
to fine-tune the car’s driving
characteristics and present a range of
options to Bugatti management.
“Bugatti engineers determined what
the preferred calibration was to be,”
says Mike Everitt. “They have been
highly successful in calibrating the car
in precisely the desired manner, with
our assistance. We have helped them
give the Veyron the character they
were looking for.”
Driving the Veyron
As a key figure in the Veyron
development process, Mike Everitt
was familiar with the astonishing
abilities of the 16-cylinder Bugatti long
before the international press was
finally allowed access to the car in
Sicily in October 2005.
While the assembled
correspondents were excited, effusive
and often emotional in their
comments, Everitt retains the levelheaded detachment of an engineer
professionally reviewing a technical
mission successfully accomplished.
Complex though the transmission
hardware undoubtedly is, he says, the
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while the second continuously
monitors it to double check that a
double engagement is not about to
take place.
Surprising though it may seem for a
car of such phenomenal performance,
the concept of everything working
faultlessly and seamlessly in the
background is an important part of the
Bugatti’s make-up – again making a
potent contrast to supercar
competitors which can be famously
temperamental and tricky to drive.
Mike Everitt describes it as silky
smooth and easy. “When the car
accelerates it is so fast that if you have
a clear road in front of you and you
can accelerate up to 150 mph (240
km/h) – which it will do in a matter of a
few seconds – it will be up to fourth or
fifth gear and you really didn’t even
count them.
“If you are not watching the gear
display change or watching the rev
counter needle change, if you’re just
looking at the road and get to 150 mph
and back off, you won’t actually know
what gear you were in because it does
it so smoothly,” he enthuses. “Even if
you were in manual mode, if you don’t
do anything the transmission will shift
up for you anyway when you reach
maximum revs.”

MANUFACTURING THE VEYRON DCT

R

icardo is no stranger to low-volume, high precision transmission
manufacture: its workshops have witnessed the assembly not only of the
drivelines for the McLaren F1, Jaguar XJ220 and Volkswagen W12 Nardo record
breaker, but also five years of Le Mans winners for Audi and numerous other
successful but less well known products. Even so, such is the importance of
Bugatti and the complexity of its driveline that a whole separate area of the
Ricardo transmissions facility is dedicated exclusively to the assembly of the
Veyron system.
Conditions in the Bugatti assembly area are akin to those of a scientific clean
room, with each of the driveline’s 1200 components receiving a three-stage
cleaning process – culminating in an ultrasonic phase – before assembly.
Component tolerances are close to aerospace levels at 6-8 microns, and exotic
materials include rare-earth magnets located on the gear selector forks for
extremely precise position sensors mounted on the external casing to monitor
the exact location of selectors. This information is used in the control strategy
and helps rule out double gear engagements.
“This is a very high quality, and clearly very high cost operation,” says Adrian
Turner, manager of Ricardo’s low volume production operation, of the
manufacturing process. “It’s more akin to an advanced prototype build than
series production – we call it dedicated cell manufacture.”
The cell system sees two technicians each assemble a single transmission a
week. Each stage of the assembly process is meticulously documented, with
the technician confirming every operation, measuring every tolerance and
critical dimension and noting the thicknesses and positions of all shims
employed. The multi-page document is held in the Ricardo database so that any
in-service problems can be traced back to individual parts of known history.

key throughout is the software that
controls it – even though the driver is
unlikely ever to sense it doing its job.
Yet even Everitt cannot resist
beaming broadly as he revels in the
experience of driving the sixteencylinder, 400 km/h machine:
“If you are driving the car you just
pull a lever and all you see or sense
(of the gearshifts) is that the rev
counter needle falls or rises: it is slick
and smooth but in the background
there are a dozen valves controlling
key parameters, changing clutch
pressures, shifting which gear is
engaged and which is the next preLeft: Complex seven-speed dual clutch gearbox
takes one week to assemble at Ricardo’s
precision manufacturing facility

selected gear and so on.”
One of the key challenges of the
gearbox is that it has, on VW’s
insistence, a non-interlocked gear
selection system. This enables superfast shifts but, in contrast to
conventional gearboxes where it is
physically only possible to engage one
gear at a time, the mechanical
arrangement of the Veyron box makes
it theoretically possible to engage up
to four gears at once. It is a vital task
of the control software to ensure that
such a damaging occurrence can
never happen, and to this end Ricardo
specified twin control networks, each
running on different software codes,
written by different teams using
different methodologies. The task of
the first is to control the transmission,

Step-change for VW engineering
From the customer side, VW liaison
engineer Michael Kodra is open in
acknowledging that Ricardo’s expertise
has been invaluable:
“I think that by being able to bring
this car to the market with its driving
behaviour every bit as [good as] we
expected it to be, we have done a very
good job. Using the knowledge we
have gained we have implemented the
correct features into the car, such as
the rear axle differential, the
electronic/hydraulic control, the
Haldex coupling which enables us
have four wheel drive, and this dual
clutch gearbox. We have been
successful in achieving a good
calibration and optimisation of them.”
“The toughest part in most
programmes is always the timing,”
explains Kodra. “Right from the
beginning of this job we had a very
tight timetable to get this car into
series production. You need to
remember that almost all the
components of the car are brand new
– the monocoque and suspension, a
complete new engine, gearbox and
axles – all the systems have never
played together in one car. We had this
timetable because the car was
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Bugatti Veyron

“
MIKE
EVERITT

Chief
programmes
engineer Mike
Everitt led the
work on the
Veyron driveline since joining
Ricardo in November 2000
Ricardo has a lot of experience in high
performance transmissions. Can you
build on designs you have done in the
past, or does it have to be completely
new?
You have to visualize the project as
two distinct elements, the first being
mechanical and the second the
control. For both elements we worked
very closely with the VW/Bugatti
engineering team to ensure both that
they got what they wanted and that
we could incorporate their knowledge
of specific lessons learned from their
own DCT programme in the VW Golf
into the programme.
In terms of the mechanical side it is to
some extent an analytical and
formulaic process, but it is heavily
influenced by the experience base
that Ricardo and the VW/Bugatti
engineering teams possess. Knowing
how the transmission needs to be
designed for this sort of application,
with its very demanding and
specialist environment, is something
that few companies have experience
of, but it is ground on which Ricardo
feels comfortable.
The control element of this gearbox
was, however, the really innovative
side: there are increasing industry and
market moves towards dual clutch
transmissions because of the benefits
you get in fuel economy and
efficiency and driver feel. But to do
something in this area of
performance was quite a challenge:
things that work on a “normal” car
simply don’t just scale up when you
get into this class of vehicle.
When you discuss a programme like this
with a customer, who sets out the basic
principles? Did VW simply want a
transmission for a 400 km/h car?
No. VW had some quite firm ideas at a
feature level – minimum seven gears,
very fast speed of shift and so on. Also,
the fundamental layout options possible
were largely dictated by the defined
vehicle architecture, but lots of details
were not defined at all.This meant for
instance that the gearbox in front and the

rear axle behind the engine was defined,
but we explored issues such as whether
the rear axle should form part of the
engine cylinder block or should it be
separate.
Did you know the power and torque
outputs? Did the very high values
force you to think differently?
Yes, we knew the power and torque, but
only as headline numbers, and also the
wheelbase and the predicted weight. We
knew that they wanted it to be four
wheel drive and that they wanted it to be
active not passive, meaning active
differential controls and active torque
distribution from wheel to wheel. Most
things about this project forced us to
think differently.
Is the transmission seven speed
because with a Vmax of over 400
km/h you have to cover such a large
speed range?
Yes: it’s also seven speed because
reverse is in there as well, giving
eight gears in total, with four
synchronizers and two gears per
synchronizer – so that works very
nicely. It also gives a nice even gear
spacing on a car that will go seriously
fast. Another advantage we had with
this transmission was that we could
make first gear tall: this car will do its
0-100 km/h dash in first gear.
In terms of the mechanical design of
the system, is it more like a racing car
transmission than a road car
transmission?
No: I wouldn’t say it is like a race car
transmission at all, it is like a race car
transmission in the limited sense that
it uses race car transmission type
materials and very high grade steels
for the gears and shafts. It is fully
synchronized on all gears including
reverse, and all the gears including
reverse are fully helical rather than
straight-cut. The emphasis on
smoothness of shift and pull-away
control is absolutely key to the whole
nature and character of the car.
I think everyone will be amazed at just
what a pussycat it can be. You can
bumble around at walking pace all
day long with absolutely perfect
control: you have no juddering, no
kangarooing, nothing that many
supercars suffer from. It is absolutely
the easiest car to drive in terms of the
clutch and transmission as can be
seen from the many complimentary
press reports of the car.
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presented quite early on, but as a
prototype car.”
Such striving for engineering
perfection is of course precisely what
the Bugatti marque stands for. Mike
Everitt cites the example of the
significantly raised durability
requirements applied from 2004
onwards: new gear tooth designs
were employed to ensure they could
not only last the distance, but also
maintain the level of expected
refinement at the end of the 50,000 km
durability test. The new gears solved
that issue conclusively.
"Nothing is too beautiful, nothing is
too expensive"
It was with this idealistic maxim that,
almost a century ago, Ettore Bugatti
founded the company that, like none
before and precious few since, was
dedicated to absolute purity in design
and perfection in every detail. And,
though in 2006 the stakes are vastly
higher and the regulations governing
automobiles are infinitely stricter,
there can be little doubt that the reincarnated Bugatti has produced a

Zothecas conubium santet lascivius fiducia
suis. Pessimus utilitas cathedras spinosus

”
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THE VEYRON IN FIGURES

Veyron speedometer reads up to 420 km/h;
left-hand gauge shows horsepower deployed

model of rare distinction and true
engineering integrity – a model which
does genuine justice to the Bugatti
legend.
Yet, having designed, developed
and built what is pretty convincingly
the world’s fastest, most powerful and
most exclusive road car, there is just
one cause for regret. No more than
300 examples of the Veyron will be
built over its production lifespan;

Engine:
many will go straight into private
collections, while the remainder are
certain to lead a pampered existence
in air-conditioned garages under 24hour security guard. So, regrettably,
only a few elite individuals worldwide
will ever be able to savour the unique
experience of 16 cylinders, 1001
horsepower and the sensational return
of the most illustrious marque the
auto industry has ever known.

8.0 litre W16, four
turbochargers
Power:
1001 hp at 6000 rev/min
Torque:
1250 Nm at 2500 rev/min
Transmission: Ricardo 7-speed
dual clutch; drive
to all four wheels
Performance: 0-100 km/h: 2.5 sec
0-200 km/h: 7.3 sec
0-300 km/h: 16.7 sec
Kerb weight: 1950 kg

Q2, 2006 • RICARDO QUARTERLY REVIEW 15

61812 RQ _Q4_2005 MJA

12/5/06

11:41 am

Page 16

Motorsport

RACE FOR
THE SHOWROOM
Motor racing needs to drive technological innovation and link in with road cars if it is to
remain worthy of public attention and carmakers’ increasingly stretched budgets.
Herb Fishel, former competitions director of GM, gives his personal view of how a
new sports car racing business model could bring back relevance to the racetrack

T

he yellow caution flag is flying on
the old cliché Race on Sunday, Sell
on Monday, as automobile
manufacturers are beginning to more
closely scrutinize dollars spent. GM
now has cost-cutter Jerry York on the
board; Carlos Ghosn cut his way to
profitability at Nissan; and
Volkswagen, Ford and others are
operating with little or no return on

their investments. Pure and simple,
the manufacturing world is under
assault from any number of huge
issues.
Increasingly, the significant sums
some automakers spend on motor
sport are being seen at best as
questionable investments, at worst as
irrelevant to their everyday sales
activities. We are entering a new era,
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and if motor racing is to remain in
automakers’ investment plans it will
have to change to remain relevant. In
particular, it will have to be seen to be
contributing something more
permanent and technologically useful
than just a few champagne-spraying
moments of glory on the winner’s
rostrum.
Audi just spent a small fortune to
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run the 12 hours of Sebring endurance
race with a sports car powered by a
V-12, twin-turbo diesel engine; a
brilliant idea with high return on its
technology and marketing investment.
But there is a reason why other
manufacturers haven’t been quick to
jump on the bandwagon. What racing
series has rules that allow for hybrid
experimentation?
Formula One, for all its huge
worldwide audience, has been one of
the worst culprits. It has systematically
outlawed many areas of engineering
innovation (anti-lock braking is one) on
the grounds of cost, and only very
recently has it accepted the possibility
of a limited degree of hybrid energy
recovery, for instance.
Change – or be left stranded
A new sports car racing business
model needs to be created that will

spark investment from the
manufacturers. If you don’t want a
new business model, go ahead and
get comfortable. You will surely be left
by the side of the road.
Harsh? Yes. But true. A new business
model will not be simple. You can’t
plug a few numbers into a
spreadsheet and come up with the
answer. There are no formulae or
bullet points to follow. To understand
what needs to be done, you need to
understand how our world is evolving,
and grasp the demands of the future.
What you are about to read will be
tedious. You may have to read it twice.
But to condense my thoughts to the
lowest common denominator will, I
believe, be an insult to your
intelligence. There is a great deal of
nuance involved in evaluating what is
needed, why it is needed, and how this
current moment compares to similar

turning points in other industries.
The high tech industry crossed this
hurdle with the internet. The fact that
the internet is open for all to use is no
accident. A group of scientists
gathered to create a protocol that
allowed all to participate. That’s why
the internet exploded. Everyone
became a winner: eBay, Google,
Amazon, Microsoft, Yahoo, and the
small business down the street. This is
what engineers must create for racing:
an open playing field to experiment
with alternative technologies and new
energy sources.
Let me begin with the new business
model. First, it must embrace research,
drive product innovation and create a
value proposition for the automobile
manufacturer that is not available in
professional racing today. This type of
racing offers the manufacturers the
greatest opportunity to compete with
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Motorsport

Elements of a
new business model
for racing
• Embrace future production
concepts (real cars that will be
built, not prototypes)
• Embrace experimentation,
alternative fuels, new energy
sources and hybrid technologies
• Provide benefits in product design
• Provide benefits in manufacturing
processes
• Provide development and
validation for production

production-based products through a
variety of engines, vehicles and
configurations, competing on road
courses.
Sustaining profitability and growth
depends greatly on the availability of
exciting products with leading-edge
design and technology. And that’s the
key area where racers and researchers
have an opportunity to get the green
flag waving again for opportunity. The
frequency, pace and variety of new
road car introductions prevents a
manufacturer from extended periods
of domination on the track. Short
product life cycles, speed to market,
mass customization, alternative fuels
and hybrid technologies are realities of
the business.
The timing is perfect for racing to be
a true high speed test laboratory to
bring great ideas and inventions to
market quickly. Research can no
longer be conducted in a time capsule.
Research is now! Design tools,
manufacturing techniques,
mathematical modelling and
simulation software are available to
bring great ideas and inventions to
market quickly.
A new sports car racing business
model can bridge the gap between the
race track and the showroom. It can
capture the passion of racing, provide
a career path for aspiring engineers
and create greater opportunities for

“This is what
engineers must
create for racing: an
open playing field to
experiment with
alternative
technologies and
new energy sources”

“For a sports car racing series to become
truly relevant, standards and protocols will
have to be created around the real-world
issues of energy resources and air quality”
motorsports suppliers to grow their
business relationship with the
automotive industry.
Technical specifications and sporting
regulations can be drafted around
current and future products that
provide benefits in product design,
manufacturing processes, development
and validation. The creative process
must recognize and consider the
technical sophistication and ingenuity
of today’s production vehicles.
Head-to-head competition
The test case could be built around
sport, compact, performance, small or
luxury cars. The market segment
chosen will need to be of interest to a
minimum of five OEMs. Head-to-head
competition is essential to validate the
merits of winning that translate into
the customer purchase of the
production vehicle.
Once a baseline has been
established for the concept, more
progressive classifications can be
drafted that incorporate the usage of
alternative fuels, new energy sources
and hybrid technologies. For the
manufacturer the series becomes a
true high speed test laboratory.
Research becomes now! The race
moves from race track to showroom,
from current to future products.
Television became the driving force
in the world’s premier racing series –
Formula One and NASCAR – as
sponsors discovered the ability to
grow market share with the huge
television audience. This
overwhelming dominance of
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marketing forces has overshadowed
the ability and desire for technical
specifications and sporting regulations
that offer tangible engineering and
technical benefits for the automobile
manufacturers.
Formula One and NASCAR have
defined their cars of the future with a
strong emphasis on so-called
entertainment value. Other
considerations are for cost, safety and
the need for a competitive field of
entries. By definition, there is
minimum production identity and
technical content in the race cars. This
is not an issue for sponsors who
record sales increases because of
improved brand awareness.
For the automobile manufacturers,
the ability to connect successes on the
race track with showroom sales is
more difficult in Formula One and
NASCAR. A new sports car racing
series will bridge this gap. The
performance demands for productionbased race cars competing on road
courses take to an extreme the
braking, handling, and acceleration
experienced by highway drivers. The
rapid introduction of new
broadcasting technology has the
potential to communicate this
experience to potential customers and
drive traffic to the showroom.
Career path for graduates
A new sports car racing series will also
offer a more promising career path for
young college engineering graduates
who aspire to jobs in racing that utilize
the science, engineering principles
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and disciplines they have learned as
students. They are aware of
sustainable development; they know
the impact of the automobile on air
quality and energy consumption.
The proposed concept will place
these engineers in an exciting,
passionate working environment with
challenges that draw from their
reservoir of knowledge to innovate and
create solutions that win races using
technology that advances the state of
the automobile for future generations.
The connection with the OEM can
provide job opportunities that
transition a career in racing to one of
stability and fulfillment in the
automotive industry with an OEM or
supplier. Engineers can be true
innovators as opposed to the
optimizers that work with traditional
racing specifications and sporting
regulations.
Global convergence
The convergence of technology and
events has created a supplier base
that is rapidly levelling the global
playing field. The globalization of
manufacturing, research and service is
shifting the buying power to China
and India. Automobile manufacturers
are establishing manufacturing bases
in these regions. What could be the
impact of these phenomena in
motorsports?
A conventional racing component
can be considered a commodity. Is
there anything to stop this component
from being made by the low cost
producer? Reverse engineering and
rapid prototyping reduce or eliminate
the need for design engineering
expertise. This issue becomes more
challenging when the component is
part of an integrated system for a
production vehicle.
The racecar/production car concept
possible in sports car racing is
mutually beneficial for the OEM and
the supplier. For an OEM, research
becomes fresh – exciting products can
be brought to market quickly in low
volume. The OEM and supplier can
prosper from short life cycles and
prosper from the new products made
possible by the processes created,
developed and refined from racing to
road or from road to racing
experiences. Career paths for
passionate driven young engineers
will have fulfillment from the race
track to the boardroom.
Again, I want to remind you how the
internet was developed in its infancy. In
his book, The World is Flat, Tom

The Ricardo view

T

“The information
revolution changed
the world because
standards and
protocols were
created that gave
everyone access”
Friedman explains the forces that
levelled the playing field. Fibre optic
cable “wired” the world and enabled all
types of work to be deconstructed,
partialled out to engineers all over the
world and reassembled at a location of
choice. The information revolution
changed the world because standards
and protocols were created that gave
everyone access. They could use the
internet with the computer and
software of their choice. They could
gather information and talk with others
about it. The key is that everyone was
allowed to get in on the game.
Outlook
For a sports car racing series to become
truly relevant, standards and protocols
will have to be created around the realworld issues of energy resources and
air quality. Technical specifications and
sporting regulations can then be
created that attract and encourage all
automobile manufacturers to compete
– to get in the race.
Previous game-changers in racing
such as aerodynamics, electronics, TV
and tobacco sponsorship led to big
shifts in attitudes and approaches.
Now, race cars that meet and exceed
fuel efficiency and air quality
regulations, which have provisions for
alternative fuels, new energy sources
and hybrid technologies have the
power to create change in motorsports
that is both seismic, refreshing, and
profitable.

he technology flow from race to
road and vice versa is a longdebated topic and in very many
respects Ricardo is in agreement
with the views expressed by Herb
in his article. In the early days of
racing, road cars certainly benefited
from some of the research and
development in race cars in areas
such as suspension, disc brakes
and engine technology. Today the
increasing restrictions imposed by
each formula mean that race cars
are in some cases out-classed
technically by production road cars
in areas such as dual-clutch
transmissions and advanced
combustion systems.
The motorsport business worldwide is under increasing financial
pressure, as serious sponsorship
becomes ever harder to find.
However, teams still fight to be
competitive and the more
progressive are able to exploit the
advantages of simulation software
to optimise engineering
components at the design stage to
minimise costly testing. This is an
area in which Ricardo is active,
helping many race teams through
the provision of consultancy
support as well as the licensing of
our advanced CAE software.
Looking ahead, the UK's DTI has
been anxious to protect and
develop the huge motorsport
engineering business in the UK by
investing in new initiatives such as
the Motorsport Academy and EEMS
(Energy Efficient Motorsport). We at
Ricardo have actively supported
initiatives such as these and have
recently completed work into fuel
equivalence which may open the
way for motorsport to act as a test
bed for innovation in alternative
fuels. As Herb rightly points out,
energy efficiency is a vital step,
showing environmental awareness
as well as potentially linking to
spin-offs in road-going automotive
products.

Dave Morrison
Senior Business
Operations Manager
Ricardo Motorsport
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Particulates

THE NUMBER’S UP FOR

PARTICULATE
The potentially harmful effects of ultra-fine
exhaust particulate emissions on human health
have been the subject of wide-ranging debate.
Anthony Smith describes work being led by the
Ricardo Chemistry team aimed at developing
methods of measuring mass and particle
number which could provide the basis for future
international regulation

C

arbonaceous particulate
emissions from motorised
transportation have been with
us since the dawn of the internal
combustion engine; earlier still if one
counts the steam power introduced in
rail locomotives and ships. Over the
intervening decades the combined
masses of particulates emitted from
road transportation sources has
generally increased with the size of the
vehicle parc: today, its increase is all
too visible in developing nations as
they industrialise.
For many years and in most parts of
the world the particulate emissions of
diesels have been the subject of
legislated regulatory limits, typically
based on mass per unit distance
(g/km) for light-duty vehicles and

usable power (g/kWh) for heavy-duty
applications. Filter-based methods
have been a reliable means by which
manufacturers could quantify the
performance of their products while
regulators pushed for further
improvements. However while the
particulate mass emitted by modern
engines is now a fraction of that of
their predecessors, the advent of
modern combustion systems using
increasingly high fuel injection
pressures has only led to a significant
reduction in the number of ultra-fine
particles produced by individual cars
and trucks when Diesel Particulate
Filters (DPFs) have been fitted.
These much smaller particles –
typically sub-2.5 microns in diameter –
have in particular been the source of
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concern regarding their potentially
harmful effects on human health. The
ability of the existing mass-based
particulate measurement systems
defined by regulation to measure such
fine particles in a reliable, repeatable
and meaningful manner is
increasingly being called into
question, a situation compounded by
the need to do so at the much lower
levels of mass typically emitted by
DPF-equipped diesels. As such, many
leading opinion formers around the
auto industry – including fuel
companies and OEMs as well as
regulatory bodies – have recognised
that a new approach to the
measurement of particulate is
required.
The UN-ECE GRPE (United Nations
Economic Commission for Europe
Groupe des Rapporteurs pour la
Pollution et l’Energie) is a leading
international forum for the
development of new vehicle
emissions standards and has long
been engaged in the debate regarding
future legislative frameworks and
technologies for the measurement of
vehicle exhaust particulates. Under the
auspices of this body, the Particle
Measurement Programme (PMP) was
established with the objective of
developing, testing and evaluating
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new approaches for the measurement
of ultra-fine particles which might
complement or replace the existing
mass-based method.
Phase 1 of the PMP aimed to
evaluate a range of different
measurement systems on real engines
and vehicles. The second phase of the
programme took the most successful
of the systems evaluated in the first
phase and subjected them to more
rigorous evaluation in order to
confirm the previous results and
determine fundamental levels of
repeatability within a single laboratory
during a variety of steady-state and
transient tests and both engine-out
and post-DPF exhausts. This work
identified two measurement
techniques which appeared to show
the greatest promise; an improved
filter-based particulate mass
measurement system based broadly
upon that proposed for the US for
2007 heavy-duty type approvals, and a
new method based on a solid particle
number count. Both of these systems
were based upon sampling from a
standard dilution system, an approach
which had the advantage of building
upon equipment and processes
already in place for existing legislative
testing protocols.
Now in the final stages of light-duty
vehicle evaluations and with
preliminary results already published,
Phase 3 of the PMP is executing a
rigorous inter-laboratory correlation
exercise whereby the two selected
systems are evaluated by the staff of a
range of type-approval laboratories
based on testing of a standard

reference car. Known by the PMP as
the ‘golden vehicle’, a Euro IV
compliant, DPF equipped Peugeot 407
2.0 HDi diesel was selected for this
role and is being circulated to the
participating laboratories in France,
Greece, Japan, Korea and the UK.
Accompanying the golden vehicle is a
‘golden particulate measurement
system’ (GPMS) comprising a set of
experimental measurement hardware
specifically meeting the requirements
of the new test procedures, as well as
a ‘golden engineer’ (Jon Andersson of
Ricardo) charged both with assisting
each individual laboratory with the
implementation of the new systems
and, jointly with the JRC programme
manager, supervising the execution of
this phase of the PMP.
Improved mass measurement
The improved, filter-based particulate
mass measurement system adopted
by the PMP is based upon the
approach defined by the US HeavyDuty 2007 regulations in which a
number of improvements have been
made in order to improve accuracy
and repeatability. Dilution air is filtered
at the inlet to the CVS tunnel using
high efficiency particle air filters to
remove 99.95 per cent of the particles
present in the background air. A sharpedged, unshrouded sampling probe is
used in conjunction with a cyclone
inertial separator which excludes from
the sample any particles of greater
diameter than 2.5 microns.
The pre-conditioned filter assembly
is temperature controlled to 47 Celsius
+/- 5 Celsius and its design is

improved from the current legislated
system, providing more even
deposition of material. Filter
temperature control is achieved in one
of two ways: in heavy-duty testing the
presence of both primary and
secondary dilution tunnels enables the
temperature of secondary dilution air
to be tightly controlled in order to
achieve the desired temperature at the
filter face regardless of the operating
point of the engine. For light-duty
testing (which uses a single tunnel)
this is not possible – so the pathway
and filter holder are instead
temperature controlled to within the
desired target window. With the
exception of this detail, the PMP
method is identical for both light- and
heavy-duty testing. Filter flow rate is
tightly controlled to within a narrow
band and a single filter (as opposed to
a primary and back-up) is used to limit
the capture of non-carbonaceous
volatile materials and to reduce the
impact of weighing errors,
significantly improving repeatability.
Counting particles
The number of particles emitted is
determined using the golden particle
measurement system (GPMS). This
system comprises the same sampling
probe and cyclone pre-classifier as the
mass-based system, followed by a
unique conditioning and
measurement system (see diagram).
The GPMS uses a condensation nucleus
counter (CNC) together with sample preconditioning to eliminate the most volatile
particles which may contribute significantly to
variability

Schematic of the ‘golden particle measurement system’ (GPMS)
Carbon and HEPA filters provide
particle free and low HC
background air
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Particulates

VEHICLES TESTED
 Peugeot 407 HDi, FAP, 2000 cc (in all labs)
 BMW 525d, catalysed DPF equipped, 2500 cc

 Audi A2,TDi, EURO-4 Oxicat, 1500 cc
 Honda Accord i-CTDi, EURO-4, Oxicat/deNOx, 2200 cc
 VW GOLF

TDi, non-DPF, Oxicat, 1800 cc

 Mitsubushi Carisma, GDI,TWC/deNOx 1800 cc
 VW GOLF, FSI,TWC/deNOx, 1600 cc

CONVENTIONAL
(NON DPF) DIESEL
DIRECT INJECTION
GASOLINE
PORT INJECTION
GASOLINE

 FIAT, Idea, MPI, EURO-4,TWC, 1400 cc

A volatile particle remover (VPR)
conditions the sample prior to entry
into the particle number counter
(PNC): effectively defining the particles
to be measured by their volatility. The
presence and magnitude of volatile
particles in the exhaust stream are
extremely variable according to a wide
range of factors including the
operating point of the engine and prehistory of the sampling system. It is
important therefore that these are
removed from consideration of the

DPF EQUIPPED
DIESEL

more stable, solid and carbonaceous
particles. Within the VPR two stages
are employed to eliminate the volatile
components: the sample is heated and
diluted to remove the most volatile
constituents before being passed
through an evaporation tube to
remove any surviving semi-volatile
material.
Subsequently a second diluter is
used to cool the sample prior to
transfer to the particle number counter
(PNC). In this final piece of equipment
the particles are
passed through an
environment
which is supersaturated with a
solvent, before
passing into a
cooling chamber
in which the
solvent condenses
onto the surface of
each particle such
that regardless of
its initial size, it is
now sufficiently
large to be
amenable to laser
based counting.
The inlet
characteristics of
the PNC are such
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as to eliminate particles below
approximately 25 nanometers, such
that the entire particle size
measurement range of the GPMS is
defined as being from 25 nanometers
to 2.5 microns.
Preliminary results
The early results of the inter-laboratory
correlation exercise have been
extremely encouraging in terms of the
accuracy and repeatability of the new
particulate mass and particle number
measurement methods proposed by
the PMP. The results have provided
some very interesting insights into the
emissions of different types of modern
combustion systems too.
While the particle mass emissions
from the golden vehicle were
consistently below 1mg/km (see chart
below), the state of fill of the DPF was
shown to have a significant impact
upon the test-to-test repeatability and
lab-to-lab reproducibility of the
particle number results. Variability was
found to be far higher for example in
Lab 2, which bracketed a regeneration
event, than in Lab 5 – which was
leading up to a regeneration. A further
intriguing finding was that the
filtration efficiency was found to
increase with the state of DPF fill, as
the stored carbon itself appears to act
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as a filter medium. GPMS results for
the golden vehicle showed a more
than four-fold increase in particles
emitted between tests immediately
prior to and following a scheduled DPF
regeneration (see chart below [left]).
However, this effect was found to be
less pronounced during spontaneous
passive (continuous) regenerations,
where the vehicle is operated at
constant high speed and where
particulate-bound cerium and exhaust
temperatures enable carbon
combustion.
In addition to the golden vehicle,
several other test vehicles comprising
a wide range of diesel and gasoline
combustion and aftertreatment
technologies were also evaluated (see
table top left). Mean particle number
emissions from the DPF-equipped
vehicles were approximately half those
of the single port fuel-injection
gasoline vehicle tested so far. The
lowest particle emissions of all (4 x
1010/km) were observed from a
catalysed DPF vehicle. Particle
emissions from the direct injection
gasoline vehicles were between 30 and
70 times greater than the port injected
gasoline vehicle while the conventional
diesel vehicles’ emissions were
remarkably consistent at between 5.4 x
1013/km and 5.7 x 1013/km. As such, a

factor of between 500 and 1000 exists
between the number of particles
measured from DPF and non-DPF
equipped diesel vehicles.
Improved accuracy and repeatability
While the improved mass method
developed by the PMP team offers a
more repeatable means of
conventional mass-based
measurement of particulate, the
particle number method appears to
offer further significant improvements.
For the conventional (non-DPF) diesels
the repeatability of mass-based
measurements averaged
approximately 9.3 per cent, while the
repeatability of simultaneous particle
number measurements was a more
impressive 3.7 per cent.
With a clear relationship established
by the team between PMP mass and
particle number methods, it would
appear that the adoption of PMP
number methodology for non-DPF
applications could significantly reduce
the number of tests required – and
hence costs – for vehicle development
purposes. Moreover, this method
appears to be equally accurate for
both low and high particle number
emitting diesels making it ideal for use
on low emitting DPF-equipped
vehicles.

The legal framework
The mass and number test procedures
developed by the PMP team have
already been incorporated within the
draft EC regulations on light-duty vehicle
(R83) and heavy-duty engine (R49)
particulate sampling, and the European
Commission has stated its intention to
introduce particle number as part of
Euro 5 light-duty vehicle type approval.
A requirement for heavy-duty Euro VI is
likely to follow, but as the process of
measuring and stating particle number
emissions is without precedent, early
implementation may well be on the
basis of a simple declaration of results,
with the imposition of target levels
following in subsequent regulation
amendments. There are clearly some
issues to be considered – most
specifically in terms of the state of fill of
DPF systems when measurements are
made – but these do not detract from
the clearly demonstrated capabilities of
the measurement system. Whenever
such full implementation is achieved
within Europe, the advantages of
particle number-based methods over the
existing mass-based approach in terms
of accuracy, repeatability and flexibility
of application is such that their ultimate
adoption in some form in most worldwide regulatory jurisdictions looks
highly likely.
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Ricardo News

Citroën
Rosalie stars
at Essen's
TechnoClassica
A

rare example of a 1935 Citroën
Rosalie, part of the Ricardo fleet of
historic vehicles, took centre stage at
the TechnoClassica automotive show
in Essen, Germany in early April 2006.
The vehicle was loaned by Ricardo at
the request of Citroën Deutschland
AG, who wanted to demonstrate this
famous diesel vehicle alongside its
more contemporary products,
demonstrating the lineage of
advanced diesel technology shared by
both companies.
The result of a highly successful
collaboration between two of the
leading figures in the early
development of the automotive
industry – André Citroën and Sir Harry
Ricardo – the 1935 Rosalie was the
word’s first commercially available
diesel passenger car, and featured a
then highly advanced Ricardo
designed engine incorporating the
company’s Comet Mk. III combustion
chamber. The first prototype of the
diesel Rosalie saloon was presented to
the French road transport authority for
type approval in November 1934, and
it first appeared as a commercial
product in early 1937. The 1750cc four
cylinder engine was highly advanced
for its time. Based on a development

Ricardo
collaborates on
plug-in hybrid

R

icardo has announced that it will
work with US-based AFS Trinity
Power Corporation to design, test
and develop that company’s
Extreme Hybrid™ drive-train
technology.
A plug-in hybrid which enables
users to recharge the vehicle’s
batteries from domestic power
supplies, AFS estimates that an
average driver of a vehicle based on
Extreme Hybrid™ technology would
achieve fuel consumption in excess
of 250 miles per gallon (US) of
gasoline. The impressive fuel

The Citroën Rosalie, with its Ricardo-designed
diesel engine, was the world’s first commercially
available diesel car when it went on sale in 1937

economy of the system derives from
the fact that most of the time it will
burn no gasoline at all but will
instead operate on electricity it
obtains from the power grid,
through night-time off-peak
charging. For longer journeys in
excess of around 40 miles it will
operate on its conventional hybrid
power sub-system to offer a range
of up to 500 miles.
“After the Extreme Hybrid™ is
ready to be licensed to OEMs,
Ricardo intends to provide
assistance to the world’s
automakers”, explains Ricardo CEO,
Dave Shemmans. “We decided to
enter into this technology
partnership with AFS Trinity because
we are of the view that the plug-in
hybrid has the potential to become
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of the equivalent Citroën gasoline of
the same swept volume, the diesel
engine of the Rosalie received plaudits
from the French motoring press for its
smoothness of operation, ease of
starting, reliability, lack of smoke or
odour, and ‘overwhelming fuel
economy’.
In addition to loaning the vehicle
and a display engine to Citroën
Deutschland AG, Ricardo also made
available archive documentation
relating to this period in Ricardo and
Citroën’s shared history. This material
was used to prepare a special
commemorative brochure describing
the Citroën Rosalie and the pioneering
collaboration of the French automaker
with Ricardo through the 1930s.

the next generation in hybrid vehicle
development.”
Edward W. Furia, chairman and
CEO of AFS Trinity, is equally
enthusiastic about the collaboration
with Ricardo and feels that it “will
take years off the time needed to
take the Extreme Hybrid™ plug-in
from a technical wonder to cars,
SUVs and trucks that consumers will
find highly attractive.”
Furia, one of the founders of AFS
Trinity, was a Director of the first
Earth Day and Earth Week in 1970 in
Philadelphia. He was also the first
Regional Administrator of the US
EPA’s Middle Atlantic Office.
More information on the Extreme
Hybrid™ system can be obtained at
www.afstrinity.com.
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Ricardo wins award for
Dual ClutchTransmission

T

he Royal Automobile Club has
awarded the Dewar Trophy for
outstanding technical achievement to
Ricardo for the support provided to
Bugatti on the design and
development of the Dual Clutch
Transmission technology (DCT) for the
Veyron supercar (see cover feature).
The Dewar Trophy was first launched
in 1906, but after a gap of some years
was re-established early in the current
decade by the Royal Automobile Club
as an annual award to
recognise excellence
and innovation in
automotive
technology. Past
winners have
included RollsRoyce, Dunlop,
Lucas and
Jaguar as well
as Ricardo, which
previously received the
award in 2002 for the i-MoGen
mild hybrid diesel.
The specialist engineering support
provided by Ricardo to Bugatti in the
development of the Dual Clutch
Transmission for the Veyron received
high praise from the Royal Automobile
Club Dewar Trophy committee.
“Ricardo’s Dual Clutch Transmission is
a breakthrough in advanced gearbox
design that places the company ahead
of its larger global competitors,”
confirmed John Wood, Dewar
committee chairman. “The technology
is scaleable and sets a new standard

David Hall joins
Ricardo

A

for the smooth continuous delivery of
power. Ricardo is a worthy winner and
we are delighted to be able to
continue celebrating true engineering
prowess with the Dewar Trophy.”
Ricardo has established a reputation
as technology leader in the field of
high performance DCTs. In addition to
recent successes, the company
assisted Chrysler with the
development of the DCT for its own
supercar, the ME Four-Twelve (see RQ
Autumn 2004).
Commenting on the award of the
Dewar Trophy, Bob Allsopp,
executive director of
Ricardo commented:
“The whole team
is thrilled to
receive the
highly prized
Dewar Trophy
from the Royal
Automobile
Club. Ricardo has
won this award once before and it has
gone to many great names before us.
This latest success re-confirms
Ricardo’s place amongst an elite group
of engineers, scientists and innovators
spanning a century of automotive
development.”
Sharing the glory: gathered around the
Dewar Trophy and the Dual Clutch Tranmission
are, from left to right, Andrew Smith, Richard
Taylor, Bob Allsopp (executive director), Mike
Everitt (Chief Programmes Engineer),
Lee Sykes (technical director), Mark Barge and
Shaun Mepham

longstanding
former senior
vice president
of the Boston
Consulting
Group, David
Hall will bring
considerable
and
complementary skills to the
senior management team of
Ricardo plc, providing valuable
advice and guidance in the
development of the company’s
strategic consulting business.
With Masters degrees awarded
by both Cambridge University
and the London Business School,
Hall spent the first two years of
his career with Morgan Grenfell &
Co Ltd, working in the area of
specialist banking and asset
management. He subsequently
spent the next 27 years with the
internationally respected Boston
Consulting Group (BCG) at its
offices in both London and the
USA.
A key member of BCG’s senior
management team, he was
appointed senior vice president in
1988, a position which he held
until his retirement from the
company in 2000. During this
time, as a member of the firm’s
Worldwide Executive Committee,
he split his responsibilities
between general management
duties and assisting in the
development of the group’s
activities in Europe, the USA and
the Asia-Pacific region.
Commenting on the
appointment of David Hall,
Ricardo CEO Dave Shemmans
said: “The considerable insights
into the international
management consulting sector
that David Hall brings to his new
role with Ricardo plc will be
particularly valuable to the
company. Given the continued
expansion and increasing
importance of our own
management consulting
business, Ricardo Strategic
Consulting, I am sure that he will
make a significant contribution to
the future development of
Ricardo plc.”

Q2, 2006 • RICARDO QUARTERLY REVIEW 25

61812 RQ _Q4_2005 MJA

12/5/06

11:42 am

Page 26

Ricardo News

Ricardo partners JCB
on land speed record
engine development
J

CB, the world’s fifth largest
manufacturer of construction
equipment, has announced its
intention to break the world land
speed record for a diesel
powered automobile in
August 2006 at the
Bonneville Salt Flats, Utah.
The JCB DIESELMAX
vehicle developed for
this record breaking
attempt is powered by
a pair of advanced 4cylinder, 5-litre JCB444-LSR diesels
developed with the support of Ricardo.
Delivering peak power of 750 hp and
torque of 1500 Nm, the engines are
over five times the power of the
production version and, at 150
hp/litre, they exceed even
motorsports applications as the
world’s highest specific power
diesels.
Ricardo is proud to have been
selected by JCB as the engine
development partner for the JCB
DIESELMAX vehicle. In addition to its
advanced diesel engineering expertise,
Ricardo applied its state-of-the-art
powertrain computer aided
engineering software to the task of
assisting JCB in the development of
the advanced JCB444-LSR engines
which power the JCB DIESELMAX.
Ricardo was the concept engineering
partner on the production JCB444
engine from which the land speed
record engines are developed.
If the engine is the heart of the
vehicle, then the combustion system is
very much the heart of the engine, and
the JCB DIESELMAX engines have
been designed using Ricardo’s High
Speed Diesel Race (HSDR) directinjection combustion technology. Fuel
is delivered via two parallel highpressure pumps to a common-rail
system delivering an injection pressure
of 1600 bar. A new piston design is
used featuring the HSDR combustion
bowl geometry, reduced compression
ratio and features to maxmise thermal
and mechnical strength at extreme
loadings.
The two engines require an intake
airflow of almost five tonnes per hour

combustion calibration
strategy in this ultimate test
of durability.
While the JCB DIESELMAX
engines might be viewed as being an
extreme application in terms of their
specific power, many of the
technologies incorporated in them are
likely to form the basis of the next
generation of high-performance and
ultra-low-emissions diesels. In
particular, these include the highly
premixed cool combustion system,
high-pressure common-rail fuel
injection, two-stage turbo-charging
and the advanced diesel
particulate filter.
“We are pleased

JCB’s 444-LSR record bid
engine gives 750 hp to make it
the world’s highest specific
power diesel

which needs to be delivered at the
1300 m altitude of the Bonneville Salt
Flats, where ambient air pressure is 85
per cent of that at sea level. The two
JCB DIESELMAX engines require 5.2
bar absolute at full power, which
compares with around 3 bar absolute
for a diesel Le Mans racer, and around
4 bar for the turbo-era Formula 1 cars.
In meeting this significant air-handling
challenge, Ricardo developed a twostage turbo-charger system with both
inter-stage and after-cooling, in order
to deliver the required airflow across
the engine speed range in Bonneville
conditions. A water-injection system
provides a further level of chargecooling as part of the overal
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to have been asked to play the role of
JCB’s engine development partner on
this high profile and exciting project,”
explains Ricardo director of diesel
engineering, Ian Penny. “The JCB444LSR engines of the JCB DIESELMAX
push the boundaries of diesel
performance and also demonstrate
some of the advanced diesel
technologies which are likely to feature
in future high-performing, lowemissions diesel cars. Ricardo will
continue to support the JCB
DIESELMAX project up to and
including the record attempt and we
wish JCB every success in breaking the
land speed record for a diesel powered
vehicle.”

engine design
at your fingertips
The Ricardo name has long been associated with the
development and delivery in our customers’ products
of the very latest automotive technologies.
In the same way, Ricardo Software has grown to be associated
with the provision of the most state-of-the-art simulation
products, enabling our customers to deploy our technology
in their own in-house development projects.
Developed by engineers for engineers, Ricardo Software is
fast becoming the first name in powertrain simulation for the
world’s leading automakers.
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