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in brief
Escape hybrid cost
Ford has announced a base price
of $26,950 for the 2WD hybrid
version of its Escape light SUV;
4WD versions begin at $28,595.
Comparable conventional V6engined Escapes are between
$3300 and $3425 less.

EU rule put on ice
Controversial EU proposals for the
protection of design rights in
automotive spare parts have been
put on ice by Brussels officials
according to a report in Germany’s
Handelsblatt.

Peugeot revises
numbering
After decades of building models
with a central zero in their
designations, Peugeot is to adopt
four-digit model names to allow for
more derivatives. The first such
model will be the 1007 compact
hatchback in September this year.

VW ponders moving
aluminium work
Faced with the need to cut
component costs, Volkswagen is
considering moving energyintensive production of aluminium
components to Abu Dhabi, where
energy is cheaper and new carbontrading rules have less impact.

Volvo beats blindspots
Available on Volvo passenger cars
later this year is the company’s
innovative system for eliminating
blind spots in the driver’s field of
vision. Digital cameras in each door
mirror monitor surrounding traffic at
25 frames per second, registering
the presence of vehicles in the car’s
blind spot zone – within 3m of each
side and up to 9.5m behind the car.
An amber triangular warning
symbol illuminates in the mirror if a
hidden vehicle is detected.

Renault, Nuvera sign
fuel cell deal
International fuel cell and multi-fuel
reformer developer Nuvera Fuel
Cells Inc has signed an agreement
with Renault to strengthen the
partnership of the two companies
in fuel cell R&D. As part of the
agreement, Renault is contributing
to a capital increase in Nuvera to
acquire a 10 per cent holding.
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Hybrid wins engine
of the year title
Toyota’s second-generation
Hybrid Synergy Drive system has
been named International Engine
of the Year by a jury of 56
leading journalists from 24
nations. The 1.5 litre full-hybrid
system also took the awards for
Best New Engine of 2004, Best
Fuel Economy engine and Best
1.4 to 1.8 litre.
This is the first time that the
same engine has taken four
prizes at the same time.
Accepting the titles at a
ceremony at Engine Expo 2004
in Stuttgart, Dr Takehisa
Yaegashi, senior general
manager of Toyota Motor
Corporation’s Powertrain
Development Group, said that the
awards were “a huge
encouragement for us to proceed
with the development of even
more fuel-efficient and ecofriendly powertrains.”

Honda IMA mild hybrids took
both the under one litre and 1.0
to 1.4 litre awards, the same
company also scooping the 1.8 to
2.0 litre class with its high-revving
S2000 powerplant. Mazda’s RX-8
Renesis rotary, last year’s overall
winner, topped the 2.5 to 3.0
litre category, with the over
4.0 litre award going, as
in 2003, to VW’s V10
diesel.
Named as Best
Performance Engine
was the
supercharged V12 in
Mercedes-Benz’s AMG
S65 and CL65, while
BMW sixes took the 2.0 to
2.5 litre and 3.0 to 4.0 litre
categories. “These victories mean
that BMW has held on to its
position as the most successful
car maker in the awards’ six-year
history,” said the judging panel.

Toyota hybrid system wins
top engine award

California proposes one-third cut in C02
The California Air Resources
Board (CARB) has proposed a
cut of almost 30 per cent in
greenhouse gas emissions from
passenger cars and trucks. The
proposals are open for public
comment until July, after which
they will be finalised prior to being
put forward for review by the
state legislature in January 2005.
Car and truck makers would have
until the 2009 model year to
develop compliant models.
The proposed new limits,
which would be implemented in
two phases from 2009 to 2011
and 2011 to 2014, are the first in
the US directly affecting CO2
emissions from vehicle tailpipes.
California has a history of
pioneering new emissions
regulations, which later become
adopted across the whole of the
US. These new limits are
expected to be taken up by New
York, Maine and Massachusetts,
which already enforce current

California auto emission
standards.
In drafting its proposals, CARB
organised a number of
workshops uniting experts in auto
design, emission control and
climate change. The organisation
identified a series of packages of
synergistic technologies which
would help automakers meet the

new requirement: the average
cost of meeting the new norms
for 2009-2011 would be from
$241 for a light-duty passenger
car to $326 for big pickups and
SUVs, said CARB. For the
regulations’ second phase the
corresponding figures would be
$539 and $851.

EPA’s diesel deal
In a bid to promote
acceptance of diesel
engines in the US market,
the Environmental
Protection Agency has
developed a diesel engine
with near-zero emissions.
The agency is seeking
commercial applications
for its engine;
International Truck and
Engine Corporation has
already signed an
agreement.

BMW’s latest motorcycle, the K1200S,
employs advanced chassis geometry
and a dry sump for its 1157cc, 167
horsepower four cylinder engine.
However, its main innovation is in its
ESA electronic suspension, enabling
the rider to adjust preload and
damping on the move via a
handlebar-mounted control. The
K1200S also breaks new ground in
the motorcycle field with a CAN-bus
controlled electrical system allowing
lighter weight and diagnostic
capability
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Carmakers add China capacity
Leading carmakers took the
opportunity of the Beijing auto
show at the beginning of June to
announce significant increases in
their presence in the Chinese
market, which saw 2.1 million
passenger car sales in 2003
but which is expected to grow
to 10 million units by the end
of the decade.
Market leader Volkswagen,
which operates with two jointventure partners in the region,
has seen its dominant market
share slip from over 50 per cent
to under 30 per cent this year as
rivals have improved their
effectiveness. The German group
announced an 6bn plan to
double its capacity, amid
suggestions it might introduce its
Skoda brand as well as heavy
truck production. The small but
complex VW Polo had been a
mistake, admitted VW CEO Bernd
Pischetsrieder.
GM also stated that it would
double its capacity, investing $3bn
in conjunction with its partners
and bringing in 20 new models by
2007. Its present market share is
19 per cent, compared with just
one per cent for Ford.

Ford chose Beijing show to launch Focus concept;
company’s Asia president Mark Schultz (below) said
success would require patience
Ford Asia’s executive vice
president Mark Schultz,
announcing the group’s intention
to triple its Chinese capacity,
admitted it was trailing its most
important rivals. “Sure, we'd like
to move faster, but our primary
concern is to build on solid
foundations," said Schulz.
“Long-term success takes
patience and prudence."
Toyota reaffirmed its target of
a 10 per cent share of the
Chinese market by 2010 but
perhaps the announcement of
greatest long-term significance

came from Honda, which
revealed its intention to export
its Jazz small hatchback from
China to western Europe – the
first time any Chinese-built
vehicle has been sold in Europe.

Chrysler gains in factory study
The manufacturing plants of the
Chrysler Corporation have
emerged as the most-improved in
North America in the 2004
Harbour Report on automotive
productivity. Chrysler gained 7.8
per cent on its 2003 showing and
had cut the time taken to build a
car or truck to 37.4 hours, from
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46.8 hours in 1996, said Harbour.
Ford actually slipped back to 38.6
hours, said the report.
GM, best of the Big Three, took
23.6 hours per vehicle in 2003, a
full 25 per cent improvement on
its 1998 performance and just
below the industry average of
24.0 hours per vehicle.
Despite these
gains, however, the
Big Three still lag
significantly behind
the Japanese whose
techniques they are
emulating. By some
margin the most
productive plants in
North America in the
2004 Harbour study
were those of
Nissan, Honda and
Toyota, though
some individually

Ricardo Quarterly Review

productive GM and Ford facilties shine through as a contrast
to the old, inefficient sites.
Nissan Altimas built in Smyrna,
Tenessee, took just 15.3 hours of
work, yet compact and midsized
Fords and GM models from
Chicago and Oshawa respectively
all fell within the 16 to 18-hour
assembly time span.
In terms of capacity utilisation,
also measured by Harbour, the
situation is more clearly weighted in favour of Honda (97 per
cent) and Toyota, on 94 per cent.
GM’s 30 plants spanned a range
of 18 to 143 per cent for an
average of 90 per cent, while for
Ford’s 22 facilities the figures
were 40, 126 and 87 per cent
respectively and DaimlerChrysler
scored extremes of 18 and 130
and an average of 84 per cent
for its 14 sites.

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-todate mix of news,
profiles and interviews
with top business
leaders we try to paint
an interesting and
exciting picture of R&D
activity at a worldclass automotive
engineering services
provider.
It is a formula that
has certainly been a
hit with the worldwide
automotive community:
in the three years
since RQ was
launched we have had
to increase our print
run to 12,000 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 cooperate 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
inside track into the
way vehicles are
conceived and
developed.
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Research drives
development
As the management board member in charge of Europe's
largest automotive supplier, Bernd Bohr of Bosch explains to
Edmund Chew how demand for new technologies from
automakers is boosting Bosch's investment in research and
development to nearly 10 per cent of revenue
What is the outlook for 2004 for
automotive markets and for Bosch?
Overall our market prognosis for 2004 is still
growth in automotive production of about 4
per cent, but we should wait until the end of
the first quarter to see how things are going.
We have always grown faster than the
automobile market, so we see a quite positive
outlook for Bosch in 2004.
And in the major regions?
Acceptable growth in Europe, very strong in
China — basically a continuation of what we
have seen in the last two years — Korea also
above average, Japan about the same
average as over the last years, but maybe in
line with the overall world market.
And North America?
Probably below average.
And what are growth areas for Bosch?
Two areas. First, putting new technologies in
the car: replacing anti-lock braking systems
(ABS) with electronic stability programs (ESP),
replacing gasoline port fuel-injection systems
with gasoline direct-injection systems, or
replacing diesel port fuel-injection with diesel
direct-injection. Within a slowly growing car
market, this enables us to grow faster than the
market. The other side is regional expansion,
where we have a very strong market position
in Europe, and we are trying to transfer part of
this to the US and Asia.
Do you have net exposure to the dollar?
Within the automotive group we are quite well
balanced financially, because we have
significant manufacturing activities in the
States. And in Asia we are completely
balanced. For the rest we balance by
purchasing semi-conductors, for instance, in
dollars. That offsets any exports we have.
6 BERND BOHR, BOSCH

How is the implementation of the Bosch
production system developing?
We have a very stringently organized project
and the milestones are being kept. We are
seeing significant reduction in work-inprocess, we're seeing lower investments —
meaning how much money has been spent
per 1000 ABS per day, and seeing also more
flexible equipment coming along. The
mindset of the Bosch production system is a
slightly adapted Toyota production system.
We're seeing a great benefit coming along,
not only in our German locations, but also in
our low-cost manufacturing locations like
eastern Europe and Mexico, which have
taken up this system very quickly.
Are automakers giving you more systems
responsibility?
There was a craze about systems supply a
few years back. That I would see as having
stabilised. In some areas such as brakes,
one or two carmakers in the past might have
overdone it, in my opinion. Even when you
have systems purchasing, you need to have
enough in-house engineering capability to be
a good counterpart to your systems supplier.
You need to have sufficient understanding of
what is being supplied to you to do the overall
engineering. The situation is consolidating.
Bosch spends 9 per cent of its sales on
R&D. Is that higher than in the past, and if
so, why?
We have increased about 1.8 percentage
points over the last four or five years. Part of
that is being driven not only by technology
development, but also by carmakers
outsourcing engineering requirements. We
are doing more engineering services like
fallback systems. That is not technology
development, it's an application-engineering
service. And we are seeing that especially on

Third-generation direct-injection is a
key technology

the gasoline side, where we're doing turnkey
projects.
How do you ensure money is well spent?
We have worked very strongly on our productdevelopment process, looking very closely at
the cost-benefit relationship of everything we
do. We have built our end-customer marketing
competency over the last three years. We are
looking into what the end customer really sees
as value, what he would be prepared to pay
for it, and in turn, what the carmaker would
see as a fair, viable price for a certain
functionality. This has proven very valuable in
taking both decisions to start certain things
and also to stop the development of others.
Today many things, especially on the software
side, are technically feasible. But they are not
necessarily something the end customer is
willing to pay money for.
Does that mean that you're doing less
fundamental research?
No, we have our position in fundamental
research. But it's a question in the product
development, choosing the right directions
because there are so many. For instance, in
the gasoline arena. Is it going to be stratified
injection, is it going to be spray guided, is it
going to be variable-valve control, is it going
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Bernd Bohr,
Head of Automotive, Bosch
Since 7/2003 Chairman of the
Business Sector Automotive
Technology
Since 7/1999 Member of the
Board of Management, Robert
Bosch GmbH
1998 Executive Vice President
Development worldwide, ABS and
Braking Systems division

to be turbocharging? And I could go on.
How are so-called sensitive cars — cars
that sense their environment and assist
the driver — developing?
It is evolving slower than we had initially
hoped. For instance, for ACC [adaptive cruise
control] we have revised our marketing
prognosis in recent years, We've got some of
the bits, and of course, it's something which
will evolve over the next 10 to 15 years. We
are still optimistic that this whole area of
surround sensing will take off, but we need to
provide better functionality at lower cost.
Are there not big safety benefits, and
doesn't safety sell?
Safety sells, but here again, penetration rate
of ABS started really to grow when it went
well below 500 euros on the option list. You
always have a certain niche of the market
that is willing to pay anything, but customer
acceptance requires certain price thresholds
before really becoming broadly spread on the
market.
Is cost or technology slowing sensitive
cars?
On the cost side we have this chicken and
egg issue of having low volume, high cost
and therefore not so much market
penetration. This would need a more
strategic approach by the OEMs. The
functionalities of the systems coming out now
are significantly better than those introduced
in the first round. The drivability of an ACC
system needs to be better than it has been in
the past to be well accepted in the market.
That's simply a fact.
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What capabilities do you have for
hybrids?
Today we don't have any deliveries to
hybrids, because there are no current
hybrid projects in Europe. There's a lot
of communication within the industry
on which direction to go. There have
been no decisions to do series
production of hybrids. We would be in
a good position to supply hybrids — we
have the electric motors, we have
generators, we have battery management, we
have electro-hydraulic brakes, we have all the
engine management. A hybrid needs
interaction of all these systems to control one
powertrain. So we think when hybrid projects
come in the European arena that we will be
one of the preferred suppliers, at least for
parts of these systems.
What are the chances globally for hybrids?
Hybrids have their advantages in regions
where you do a lot of brake energy
recuperation and a lot of stop-and-go, say, in
many metropolitan areas. And it is stronger
where there is not a diesel heritage. If you roll
that together, for Europe we see hybrids
remaining a niche application. In Japan, on
the contrary, with a lot of metropolitan driving
conditions, stop-and-go and no diesel
heritage, [we expect] a high market
penetration for hybrids. In the US, if it's
decided just on technology and on costbenefit relationship, and there is no political
influence, we would see a much higher
penetration of the diesel than of the hybrid.
What we don't know is what the legislation will
do. If we have legislation that is biased toward
one technology, like giving tax breaks only to
hybrids and no tax breaks to diesels even
though the CO2 reduction is the same, that
would definitely influence the scenario. Given
free market play, we would expect many more
diesels in the States than hybrids, but hybrids
will be there. It is probably not a question of
"either/or," it's "and," with [some] areas well
suited to the hybrid and others suited to
diesels.
Hybrids have already gone further than the
European industry expected. What has
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Manufacturing, Semiconductors and
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1993 Executive Vice President
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given them momentum?
The technology introduced by the Japanese
industry is now on a level that is definitely
acceptable [to consumers]. The decision by
the Japanese has been to go to strong
hybrids, which enables the downsizing of the
engine, because it can do electric boosting
through the small electric engine. This
boosting function is, of course, well suited to
countries that have a low speed limit. In
Europe the possibilities for downsizing are
more limited due to the higher driving speeds.
On the German autobahn, because the
battery would be depleted after a few minutes,
you need the higher engine power. So the
open question is which way will the US market
turn? Europe is clear, Japan is clear.
When do you think the tipping point of the
US market towards diesel might come? Do
you see signs of acceptance in US
consumers?
On the consumer side, not yet because the
consumer has had no chance to drive a
modern diesel. On the carmakers’ side we see
high interest in diesel, on the condition that US
2007 emissions regulations can be achieved.
The industry obviously is not going to invest
between now and 2007 in something that
might be obsolete in the future. We are
working very hard on it, we are making very
good improvements, and there are good
chances we can offer a solution within the next
12 months. And that would enable the US
industry to take a basic decision that diesel is
going to be a technology that is proven to go
beyond 2007, and therefore it's a worthwhile
alternative to CO2 reduction.
Will US fuel quality be a problem?
Currently the sulphur level is still too high,
especially if we look at after-treatment
systems and their requirements, but lowsulphur fuel will be demanded by legislation by
2006.
Edmund Chew is Industry Editor of
Automotive News Europe. Reprinted with
permission from Automotive News Europe,
April 19, 2004
©Automotive News Europe, all rights reserved.
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Hot stuff
Renault’s X84 Mégane programme made industry history, with
seven mainstream models developed in-house and launched in
just 18 months. Ricardo was given complete responsibility to
develop and deliver the prestigious high-performance Mégane
Renaultsport 225 version which, as Tony Lewin discovers,
involved not just a potent engine and radical chassis upgrade but
design, trim, seating and manufacturing too
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n an automotive industry fond of talking in the language of code
words and obscure project numbers, the name X84 commands
especially high regard. Mention this three-character combination
to any expert in the sphere of manufacturing, engineering
development or programme management – even at a competitor
company – and he or she will nod respectfully, professing admiration
for a job well done and the achievement of what, by common
consent, has been a major feat of industrial organisation.
For X84 is the project code under which Renault developed its
new family of Mégane models, a range extending to an
unprecedented seven different body styles and rolled out on to the
market with equally unprecedented speed: just eighteen months
separated the start of production of the first versions launching the
range and the final models completing the line-up in March 2004.
What is more, the whole seven-model set was developed within the
space of 29 months – another sector record.
No other automaker has ever brought such a broad spectrum of
related models to market in such a short space of time. Directly
paving the way for that world-class feat, Renault undertook an
intense examination of its own internal processes: crucially, new
and carefully honed procedures allowed this massive
programme to be successfully steered through its
many stages without totally swamping the
company’s engineering resources or
adversely affecting the
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development of new models in the many other sectors in which
Renault competes.
By March 2004, with the seven-seater, long-wheelbase Grand
Scénic released for production, the Mégane line-up became
complete: it now comprises the original five-door Hatch and threedoor Sport Hatch, the innovative Coupé-Cabriolet with its folding
rigid glass roof, the Sport Saloon and Sport Tourer wagon on the
extended wheelbase, the five-seater Scénic minivan and, of course,
its lengthened Grand Scénic derivative.
Each of these seven core models had to be separately designed,
developed, engineered, tested and calibrated; each had to stand on
its own merits in Europe’s highly competitive lower-medium Bsegment where Renault managers were confident that the
combined offering had the potential to become Europe’s top-selling
model range.
Yet from the early stages of the programme it was clear that while
the company’s highly organised in-house vehicle development staff
had sufficient capacity to undertake the seven core model
programmes, the specialised nature of the sports version meant that
its development would be handled by Renault’s high-performance
division, Renault Sport Technologies (RST), based in Les Ulis, in the
south of Paris. The task was all the more demanding as RST was
also to manufacture the Mégane sport derivative – on the same
assembly line as the already popular Clio Renaultsport 182 and
Clio V6 Renaultsport 255.

MÉGANE RENAULTSPORT 225 9

Low volume, high profile
Such niche models are ideally suited to the
specialised skills a leading independent
development organisation like Ricardo can
provide. What Renault Sport needed was a
turnkey programme delivering a complete
and polished high-performance car into a
smooth production start-up, but with
minimum load on its own already hardpressed staff. Yet while the build numbers
were to be low – a maximum of 25-30 a day
– the stakes were high: top-performing
models such as the planned 225
horsepower Renaultsport Mégane act as
high-profile brand heroes and have a major
influence on the public perception (and thus
sales) of the commercially vital large volume
mainstream models. World-class
engineering and programme delivery were
thus essential requirements, more especially
so as the great success of the smaller Clio
Renaultsport 172 and 182 had helped push
customer expectations up to very high
levels.
“At Renault Sport Technologies we wanted
a partner able to undertake the engine and
vehicle development at the same time,”
remembers Dominique Huet, programme
manager at Renault. “That combination of
skills is pretty rare. The final choice fell on
Ricardo because of their savoir-faire in
engine work and the strength of their vehicle
team based in Leamington.”
It was in a series of meetings between
Renault and Ricardo beginning as early as
2000 that the outline features of a possible
high performance derivative began to take
shape. What Ricardo UK managing director
Clive Hickman describes as a “broadranging request for quotation” was
systematically refined over a period of six
months as both sides did exploratory work
on the project and used their findings to
assess the feasibility of the various solutions
and determine a closer final specification.
Unusually, the specification called for

“We wanted a partner able
to undertake the engine
and vehicle development at
the same time – that
combination of skills is
pretty rare. The final choice
fell on Ricardo because of
their savoir-faire in engine
work and the strength of
their vehicle team.”
– Dominique Huet,
programme manager,
Renault Sport
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Ricardo to take responsibility for the
complete vehicle programme rather than
simply work on the engine to provide the
required 225 horsepower. Though the
horsepower hurdle was in itself a significant
one – at that time the target was significantly
more than any existing competitor in the
market – the engine development work lay
comfortably within Ricardo’s acknowledged
area of expertise; it was by linking this work
with the development of the sports model’s
complete chassis systems and its styling
and trim upgrades that the programme
would break new ground for both Ricardo
and Renault. Adding yet more to the
programme content was Ricardo’s
responsibility for establishing the
manufacturing feasibility of all the
design enhancements,
ensuring the smooth startup of production and
dealing with any
manufacturing issues
until Job One plus
90 days. Effectively,
Ricardo would be
responsible for the
delivery of
everything – either
directly, or via
outside suppliers –
involved with the
exciting new vehicle.
The task, as
programme director and
MD of Ricardo Vehicle
Engineering Bob Allsopp readily
concedes, was a challenging one:
“This is very much a niche product: we’re
talking about a maximum of 30 cars a day,
so it was important that the business case
was commercially viable at these
comparatively low volumes. The Renault
Sport team was always very focused on
ensuring that the engineering requirements
supported the financial criteria laid down by
Renault.”
Even at this stage, observes Allsopp,
Ricardo was still competing against other
engineering services providers and working
at its own cost and risk: indeed, serious
work, including mule and prototype vehicle
build, had begun in January 2001, the
contract being finally awarded in April 2002.
Programme definition
Having established in principle that Ricardo
would deliver a high-profile, highperformance Mégane with best-in-class ride,
refinement and handling, the two companies
began the phase exploratoire to set the
technical targets for the vehicle and
determine the best ways of achieving those
targets; Renault’s famous Technocentre near
Paris would complete the aesthetic design
package, but Ricardo would be responsible

for sourcing the changed items using
Renault’s existing supply base wherever
possible.
The move into the area of style and trim
was not as intimidating as it sounds, notes
Allsopp. Ricardo already had extensive
experience allied to powerful CFD
software in aerodynamics,
allowing confident prediction
of high-speed stability
issues and the
airflow

performance of the new front bumper
design, and the recruitment of Frenchspeaking engineers made a major difference
in dealing with interior and exterior trim
suppliers including major Tier One providers
such as Faurecia for the sports seats and
Plastic Omnium for the bumper systems.
Managing next-tier suppliers
“It was always part of the turnkey
programme that all these systems would be
outsourced,” explains Allsopp. “Dealing with
French suppliers was something that was
new to us: it took some managing, but ran
smoothly once our French engineers were
on board. Renault Sport is a very small
group: they have to rely either on
mainstream Renault engineers or their
nominated engineering partners – RST
always referred to us as their engineering
partners. You have to remember that there
was no spare resource at Renault as they
were launching seven cars at the same time.”
Once the design of the body and interior
trim components marking out the Mégane
225 as the sports variant had been frozen
by Renault’s Technocentre, Ricardo had the
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responsibility for using the digital data from
the styling clays to
develop the fully

defined
engineering
drawings with the
suppliers. Following approval,
these drawings were then used for
manufacture of both prototype and
production tools and parts.
By early 2002 the engineering
specification of the base engine had been
firmed up (see panel on page 12) utilising
the Clio 172 crankshaft and a revised
turbocharger. Faced with the challenge of
putting 225 horsepower and over 300 Nm of
torque through the front wheels, Ricardo had
proposed a highly innovative dual axis front
suspension which was designed to eliminate
the potentially dangerous handling condition
of torque steer – an acknowledged problem
on high performance front wheel drive
vehicles.
“We even went to the trouble of building
two mule cars based on the old Mégane to
demonstrate the effectiveness of this unique
suspension geometry,” recalls Allsopp.
“Renault quickly saw the advantages of the
concept, especially after we had gone on to
fit engines delivering the required
performance levels.”
The horsepower jump from the 165 of the
donor engine to the 225 in the Renaultsport
Mégane 225 was a big uplift for a volume
engine. Nevertheless, the raised output level
and how they would get there was a
challenge relished by the Ricardo engine
team. “Yet,” says programme manager
Robin Thatcher, “we knew it was do-able
based on our predictive work in the
exploratory phase.”
Summer 2004

“What we then had to do, which is again
part of Ricardo’s expertise, was to establish
a validation plan at the increased power and
torque that gave Renault the confidence that
they’d got a very durable product,” added
Thatcher. That involved putting together for
both engine and vehicle a validation
programme that focused on high engine
speed and high performance (a very
different duty cycle to the normal type of
vehicle) to ensure the product to be
delivered was saleable and durable.
Monthly programme reviews
“Renault was so impressed
Alternating each month between
Renault Sport’s offices in
by Ricardo’s thermal
northern France and Ricardo in
management solutions on
the UK Midlands, monthly
the Mégane 225 that they
programme reviews brought
together all the disciplines
have asked us to validate
involved in the project – not just
similar thermal solutions for
engineering and testing
future high-volume models.”
specialists from both Renault
and Ricardo but Renault’s sales
– Bob Allsopp, MD,
and marketing representatives and
Ricardo Vehicle
also engineers from the main Renault
Engineering
organisation. The fact that the uprated
engine was to be built in the mainstream,
high-volume Cléon plant meant the engine
of its competitors.
programme was run under GMP, the main
“Our objective was to have a car that was
Renault powertrain group, further adding to
fun and safe,” explains Renault Sport’s
the reporting channels involved.
Dominique Huet. “Fun like the Clio 172, and
“Here in Britain the programme reviews
predictable like the Audi S3 – and of course
tended to be engineering reviews,”
the arrival of the Focus RS as a competitor
remembers Bob Allsopp. “So we would go
had shifted the cursor during the course of
through, say, the chassis systems, the
the programme.”
thermal systems or the underbonnet
In the words of Ricardo UK MD Clive
installations. But once we’d got up and
running with the main programme there
would also be ride and drives very frequently
with both teams to evaluate
where we were and what
progress we were making.”
Ride and drives were a
crucial element in developing
the Mégane 225 as a
thoroughly rewarding driver’s
car, yet one which would also
be comfortable, refined and
safe on the limit. These events
were held in many locations,
including Renault’s proving
ground, in a location between
Rouen and Paris.
Here, the vehicles would be
assessed against the product
planners’ stipulations which,
according to Allsopp, were very
clear indeed: “We actually
started off wanting the car to
sound far more racy, whereas
Renault product planning
positioned it as safe and fun
and with a sporty feel – they did
Ricardo managed suppliers for instrumentation and
not want it as narrowly focused
interior trim (above), as well as seating and exterior
and uncompromising as some
trim for sporting Mégane version.
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Key programme achievements
Ricardo responsible for delivery of
complete vehicle
Chassis, including brakes, steering,
suspension
Innovative front suspension
Engine upgrade
Thermal systems
Interior trim specification and sourcing
Seating
Exterior trim and aerodynamics
Bumper systems
Managing T2 suppliers
Manufacturing implementation
Production quality assurance

Hickman it was to be a “car you would want
to drive every day of the week, not just on
Saturdays and Sundays.”
Both the Renault Sport sound quality and
the dynamic performance of the car were
recognised as being extremely important but
challenging deliverables. Following a
complex programme of test and analysis the
experts professed themselves delighted with
the resulting sound quality. There was,
however, much more debate about the
achievement of the required dynamic
performance. Extensive work had been done
on the geometry of the innovative front

Gateway requirements
The gateways – programme assessment
points – that Renault set were rigorous and
challenging: there were no soft options,
according to Ricardo. The gateways include
fixed criteria – vehicle attributes which can
lead into subjective areas such as ride and

handling, steering feel and NVH (noise,
vibration and harshness) – and performance
targets like engine torque, engine power,
emissions and top speed which are objective
in nature. There are also investment and
cost targets that have to be met through
each gateway: the whole business model is
reviewed each time, not just the engineering
of the project.
While costs and timing were clearly under
constant assessment, one engineering
deliverable stood out as the most ambitious
target of all: “Ultimately,” says Clive
Hickman, “ride and handling was the hardest
of the subjective targets to reach – and of
these it was probably handling that was the
most difficult to achieve. To a certain extent
the target book sought to establish the
handling suitable for a road car, but
ultimately the vehicle was going to be used
by people on a test track, so we had to
make some detailed changes to optimise the
handling performance.”
“In the end, Renault’s overall X84
programme director, Carlos Tavares,
appointed one man as his delegated
authority for all ride and handling matters,”
recalls Bob Allsopp. “He is a brilliant
engineer, tough and without any English,
which didn’t make it any easier. But if he
liked it we got a tick in the box – and if he
didn’t we knew we had more work to do.”

The initial stages of the development programme involved a thorough review of the
base engine. Every aspect of the original
design was investigated in terms of the supporting design calculations and simulation
work such as finite element and computational
fluid dynamics analyses. This work quickly
indicated the components of the base engine
which needed to be changed. A new turbocharger was specified to exactly the same
package dimensions as that on the base
engine but capable of delivering the high
boost levels required to achieve 225 hp.
Subtle design changes were also made to

the reciprocating components in order to
withstand the increased mechanical and thermal loading. The top-deck thickness of the
piston was increased for example, as was
that of the connecting rod shank.
For the crankshaft the team chose to go
further and select that of the Clio 172 engine
as a replacement. The increased thermal
loading of the more powerful engine required
the selection of an intercooler and an
enlarged radiator, again both sourced from
within existing Renault parts numbers.
Durability testing of the engine and vehicle
was based upon mission profiles developed
jointly with Renault. This enabled the team to
focus on areas and patterns of loading critical to the durability of the product in real
world operation typical of this type of niche
vehicle. According to John Tovell, Project
Director for Ricardo on the 225 engine, “It
was particularly pleasing just how robust the
base engine was under durability testing –
the base structure and carry-over components performed extremely well at the new
rating, and enabled design changes to be
kept to a minimum.”
The success of the 225 engine team in
maximising the level of carry over from the
base engine is immediately apparent from
visual inspection, where only an expert would
be able to spot the differences between the
base engine and the up-rated product.

suspension, tuning of the steering system,
springs, dampers, roll bars and tyres.
However, it was not until last minute tuning
was complete for the suspension and
subframe bushes that satisfaction was finally
pronounced.
Early on in the programme, Ricardo CFD
simulations using the company’s VECTIS
software had shown that with the muchraised performance, aerodynamic issues
would come increasingly into play. With the
aid of VECTIS an aero package was
developed in the shape of a very small
spoiler on the back of the tailgate, and the
results were vindicated with excellent
stability as soon as the first correctly-bodied
camouflaged prototypes could be tested at
high speed in late 2002. The CATIA data for
the spoiler’s critical dimensions was then
sent to Renault’s designers near Paris, who
adjusted its appearance only very slightly:
on the final production car the tiny lip on the
tailgate is hard to spot at first glance, but its
effect is important.

Powerhouse rules
165 horsepower engine uprated to 225
For a company like Ricardo it might seem a
comparatively straightforward engineering
task to take an existing and well proven 165
horsepower two-litre engine and end up with
a sports powerplant developing 225 hp.
However, for the Renaultsport Megane 225
the task was not quite so straightforward:
because the sports derivative would only be
built in low numbers an entirely new engine
would be prohibitively expensive to produce.
So instead the team set about achieving the
required level of performance while minimising the number of new components and
maximising the use of carry-over parts from
both the original base engine and others in the
current Renault range.
In addition to this, the technical direction of
the programme was closely aligned to the
needs of the manufacturing plant. The 225 hp
engine was to be produced on the same automated production line used for a range of different Renault engines in mixed sequence. In
introducing a new engine – and particularly a
niche product to be produced in small quantities – it was essential that disruption was kept
to an absolute minimum and for this reason
the manufacturing engineers were involved
from the outset.
12 MÉGANE RENAULTSPORT 225
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The Mégane in figures
Engine
Emissions standard
Engine code
Capacity
Max power
Max torque
Performance
Max speed
0-100 km/h
EU combined economy

Other challenges included getting the right
steering feel through the electric PAS system
(where, says Allsopp, supplier TRW did a
“sterling job”) and fine-tuning the car’s
balance for high-speed track driving. This
called for a particularly sophisticated
combination of characteristics rarely found
on the same vehicle: very safe but still
rewarding handling for normal road
conditions where understeer had to be the
limit condition, and the ability to maintain a
high degree of driver enjoyment on the
racetrack where Renault knew the leading
magazines would be evaluating the car.
Thermal problems solved through
software
Another issue during the Mégane’s
development was that of thermal
management under the bonnet. With the
engine developing so much power in such
a confined space the excess heat was
difficult to deal with and at one stage after
hot-weather testing in Spain Ricardo
identified no fewer than 153 thermal
problems. Systematically and with the
assistance of simulation in VECTIS, these
problems were solved one by one, and
Renault was so impressed by the results
that it has gone on to ask Ricardo to
validate similar thermal solutions for future
high-volume model lines.
Through a constant process of
assessment, evaluation, engineering
refinement and re-evaluation the combined
teams honed the complete design and
generated results which saw it safely
through the many additional stages which
separate initial engineering approval and
the final sign-off giving the green light for
customer sales to begin. Throughout,
Mégane 225s were being put through the
most punishing durability and extreme
climate routines all over the world, as well
as certification testing, parts approval and
type approval.
The biggest hurdle in terms of Ricardo
responsibility, according to programme
manager Robin Thatcher, was the Renault
Summer 2004

Euro 4
F4Rt 774
1998cc
225 bhp @ 5500 rpm
300 Nm @ 3000 rpm
236 km/h
6.5 sec
8.8 l/100km

vehicles conform in every sense to what is
needed by the commercial sales network,
triggering activities such as the press
launch and dealer presentations. Again,
the consistent hard work of the 60-strong
Ricardo team and their Renault
counterparts led to a smooth passage
through these gateways.

gateway known as AMPSS – effectively
the engineering sign-off of the complete
vehicle. In principle, changes after this
stage of the programme should not occur.
However, the opportunity was taken to
make final adjustments to the dynamics of
the vehicle, and to perform re-validation
where necessary.
The final two hurdles, labelled AF and
AC, are confirmations that,
respectively, the vehicle is capable
of meeting all quality expectations
when built at the planned line rate,
and that the manufactured

Rewards
For all concerned, the payback for all the
design and development time and the long
days and weeks of testing has come in
many and exciting forms. On a vitally
important level the production start-up
at Renault Sport’s Dieppe plant with
strong support from Ricardo proved

1
2
3
4

Hub carrier
Upright
Rectangular lower arm
Anti-rotation link

Complete
chassis package
Innovative front suspension design
Developed by Ricardo from an idea originating
from a joint Renault Ricardo consultation, the
innovative dual axis front suspension
overcomes many of the stability problems
suffered by high powered front-wheel-drive
cars. Normal MacPherson strut front
suspension designs rely on the rotation of the
spring strut between the top mount and the
lower L-arm (3) to achieve steering, thus predefining the steering axis and making it
difficult to achieve the short distance between
the hub centre and the steering axis (known
as the offset) that is key to interference-free
steering and straightline stability under hard
acceleration.
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By adding a new, fixed lightweight aluminium
upright (2) at the base of the suspension strut
and moving the steered hub carrier (1)
outboard, Ricardo’s designers were able to
choose the optimum steering axis to minimise
the hub-level offset.
The addition of an anti-rotation link (4)
secures the upright so that the suspension
strut no longer rotates when the steering is
turned.
Additional changes for the Mégane
Renaultsport 225 chassis include a crossbrace between the front subframe arms to
stiffen the frontal structure, while at the rear
stiffer springs, dampers, bump stops and
transverse torsion beam serve to achieve
optimum roll control during sporty driving.
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smooth and largely uneventful, any
isolated issues being quickly solved to the
evident satisfaction of Renault; Renault’s
financial and product planners were
evidently satisfied, too, with a programme
delivered on time and within the financial
constraints of the project, and with all
quality and performance requirements met
or exceeded.
But perhaps most important of all have
been the independent voices praising not
just the management of the programme
but the exciting vehicle that it delivered to
the Renault Mégane range. Press reports
have been effusive in their praise for the
power, speed, ride and handling of the new
225 version, reserving special acclaim for
the car’s mechanical refinement and
smoothness at speed – proof indeed that
Ricardo had fulfilled the precise brief laid
down by Renault at the beginning of the
programme.

Clive Hickman,
Managing Director,
Ricardo UK

guidance and Plastic Omnium provided the
front and rear bumpers. We worked with TRW
on the electric power steering: they did the
electrical balancing of the system, which is no
different to any other vehicle programme as the
suppliers have to have an engineering input into
the programme.

Which factors allowed Ricardo to win this
contract from Renault? Was it the Ricardo
track record, or what you were offering on
this programme?
It was absolutely this programme. One of the
things Renault said to me at the time was that
they knew we could deliver the engine – that
was never a risk to them – but this was the
first time Ricardo had delivered a complete
vehicle, and that was a big risk. At that stage
we didn’t have a track record on complete
vehicles, so we had to persuade them we
could do the job – and because of the calibre
of the Ricardo people Renault Sport was
prepared to take the risk.
Was the full scope of the programme
established right at the beginning?
They came to us with a broad-ranging request
for quotation. Over a period of about six
months that broad range was refined, during
the concept phase where both companies were
trying things out to refine the final specification.
So Ricardo was already working on the
programme before the contract had been
established?
Yes – it’s part of our investment for the future.
It’s the same with any job: you can’t win a
programme of this magnitude without making a
level of investment in the definition of the
product. Part of that comes down to helping to
develop the specification, helping to set targets,
and ensuring that you’ve got the right set of
suppliers to deliver the component parts into
the system.
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Who decides, for instance, what kind of
steering feel to go for?
A target book is established at the beginning of
the programme and the team then works to
meet those targets. Ultimately, things like
steering, handling, ride, noise and vibration,
which are subjective assessments, are verified
through ride and drive clinics with the customer.

Were you competing with other suppliers or
Renault’s in-house teams at this stage?
It’s very rare to be working in a single-source
environment: we were up against other
companies, but we weren’t competing against
in-house because the new Mégane platform
didn’t exist when we first started. At Renault
they were running in parallel as fast as they
could to get the seven main Méganes into the
market: the Mégane Sport is a low volume
vehicle but one which gives an important halo
effect for the mainstream product.
Did Ricardo do the whole vehicle,
everything involved in all the changes?
All of the changes were the responsibility of
Ricardo, but we did work with other partners to
deliver some of those. So, for example, whilst
the brake system was our responsibility to bring
into production, Brembo was our partner and
ultimate component supplier. In the same way
Faurecia supplied the seating under our

What special skills has Ricardo brought to
this programme?
I think the key skill that others probably could
not have provided was the programme
management expertise. I believe that Renault
would say that we did a very good job to get
the product launched when we did – despite
any doubts they might have had before we
started.
Does this success open new doors for
Ricardo?
One of the things we now have in our portfolio
that we didn’t have when we began offering
complete vehicle engineering is a number of
vehicle programmes that have been delivered
successfully to market and which have been
well received by the market. There are the
BMW MINI, the Hummer H2, the Jaguar X400
(X-TYPE) diesel, and now the Renaultsport
Mégane 225. Those four vehicles have
established a strong reputation for Ricardo,
and we can now use the combination of all of
those programmes to win the next programme
– whoever the customer may be.
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Torque
for
stability
The controlled distribution of
torque to individual wheels is
already making rally cars faster
and more agile. But, says Jesse
Crosse, Ricardo is using torque
vectoring to enhance the safety of
SUVs – and has found an
ingenious answer to the questions
of cost and complexity

F

our wheel-drive SUVs are the
phenomenon of the moment –
everybody seems to want one. The
market for large SUVs in North America has
been bulging at the seams for years, but while
size may not matter so much across the
Atlantic, European buyers are nevertheless
going crazy for all wheel-drive, especially
when it’s fitted to off-roaders and their milder
cousins, the so-called soft-roaders. For
reasons that are not always easy to
understand, the appeal of more than two
driven wheels is becoming as much a draw on
the options list as a decent stereo or air
conditioning might have been 20 years ago.
But for SUVs there have been growing
concerns expressed over dynamic stability,
largely due to the characteristically high
centre of gravity and large size of these
vehicles. In its 2002 Motor Vehicle Traffic
Crash Fatality and Injury Estimates, the US
National Highway Traffic Safety Administration
(NHTSA) states that 61 per cent of SUV
occupant fatalities occurred in roll-over
accidents. This compares with only 23 per
cent for passenger cars.
The potential of torque vectoring systems
to influence stability, and yaw in particular, is
already well understood and exploited by
premium sports car manufacturers and rally
teams alike. But what those applications all
have in common is a focus on performance –
usually at considerable cost.
Summer 2004

Overcoming SUVs’
stability issues
Ricardo’s active all wheeldrive specialists, Jon Wheals
and Jim Hey, are only too aware of the
challenges. “The paradox,” says Wheals, “is
how to deliver increased stability, traction and
driver appeal without equipping the vehicle
with all these expensive systems.” Ricardo has
approached the subject from a completely
different angle – that of safety – and,
particularly, in helping to overcome the SUV’s
inherent stability problem. Put simply, the use
of torque vectoring, whether between front and
rear axle, or on independent wheels, can
influence the lateral yaw dynamics of a vehicle
in a way that conventional stability systems
cannot.
Ricardo’s interest in the subject is highly
topical. In America the NHTSA has devised
the ‘fishhook’ manoeuvre, a rollover test,
beginning with the 2004 model year. The name
is derived from the path taken by the vehicle
during the test, which resembles a fishhook
when viewed from above. The test is run at
incrementally higher speeds, beginning at
35mph (56km/h) and ending with the speed at
which two wheels on one side of the vehicle
lift at least 51mm for at least half a second.
There can be no doubt that the new test,
introduced as part of the US New Car
Assessment Program (NCAP), has major
economic implications for the vehicle
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Schematic of Ricardo
torque vectored 4WD
concept
Permanent AWD
On-demand bias to 100 per cent RWD
e-machine control provides very fast
actuation
e-machine drives planet carrier
clockwise or counterclockwise to vary
front-rear bias
No clutches: very low losses
Magneto-rheological coupling gives
excellent modulation, low cost
Demonstrator installation in BMW X5
can emulate different driveline
configurations for comparison purposes
e-machine actuator chosen for
demonstrator; other actuation solutions
possible
Patent application by Ricardo

manufacturers. SUVs generally sit below
normal passenger cars in the NCAP ratings,
but, says Hey, “those closer to only one star
will eventually fall out of favour with
consumers.”
So the pressure is clearly on to add value
and safety to SUVs. Technology is helping to
sell passenger cars and provides useful brand
differentiators. VW’s leverage of diesel
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Why the BMW X5?
Ricardo is quick to point out that BMW
is not connected with this torque
vectoring programme, and that the
choice of the X5 as a proof of concept
demonstrator in no way implies any
inadequacies in the X5’s design.
In fact, Ricardo engineers
independently chose the X5 as
representing the current state-of-theart in the design of sporty SUVs,
precisely the class of vehicle expected
to benefit most from the handling
enhancements possible through torque
vectoring.
The standard BMW DSC system
already provides a high level of
dynamic stability for the X5. However,
on the Ricardo demonstrator the DSC
is disabled in order to demonstrate the
ability of drive torque intervention to
enhance stability and vehicle
dynamics.
In any future production applications
the operation of the torque vectoring
system would be integrated with that of
the vehicle’s other stability control
systems.
The X5, privately purchased by
Ricardo, is a 2002 model-year
example. Latest X5s, built from 2004
on, have X-drive incorporating a
multiplate clutch centre differential.
4WD driveline incorporating magneto-rheological coupling
for torque vectoring, as incorporated on the demonstrator
vehicle (top) and in cross-section
technology by establishing ‘TDi’ as a
recognisable performance and economy
benefit and Audi’s evolution of the ‘quattro’
sub-brand as a means of improving on-road
stability with what had previously been thought
of only as an off-road technology, are two
examples. Latest four wheel-drive systems
provide a similar opportunity by not only
improving traction and handling, but through
increasing safety by adding features to the
driveline. Manufacturers are not blind to this
fact and, as Hey says, “there’s a lot of focus
on this area, but turning wish lists into
affordable, real world solutions has not always
been that easy.”
Tailoring torque vectoring for volume
products
So, the all-important question is how to design
a torque vectoring device at a price that
volume products can withstand. “Wet clutchbased systems are simply too expensive and
lack the efficiency needed in volume products,”
says Wheals. The market’s appetite for large,
big-engined soft-roaders in Europe is already
a threat to fleet CO2 averages and any
medium to large volume transmission
16 TORQUE VECTORING

technology that aggravates the CO2 situation
would be unacceptable. Ricardo needed to
find another way – but the first step was to
develop prototype hardware, not necessarily
based on the predicted end-game technology,
but to provide proof of concept.
First step was the Ricardo torque vectoring
module (TVM) using electrical machine,
installed in a BMW X5. The TVM is physically
based on the original BMW transfer case
which has been extended to house a torque
vectoring gear train. At the heart of the device
is a planetary torque vectoring module whose
planet carrier can be driven clockwise or
counter-clockwise by the e-machine for frontrear bias. ABB torque sensors on front and
rear propshaft flanges make it possible to
operate on a closed loop basis, so the system
can effectively monitor the results of its actions
in real time. Stability tests on the X5 with the
standard DSC system disabled have been
extremely successful.
Another significant aspect of the TVM is
that it can emulate existing devices for the
purpose of evaluation: this it does by creating
data models of the original, then incorporating

them into the control software. “If you wanted
to evaluate, say, the first order dynamics of a
Torsen differential,” explains Wheals, “then we
dial in the Torsen’s characteristics. So if we
wanted to compare a Torsen with the
predominant characteristics of a viscous
coupling back-to-back in the same vehicle, it
becomes quite easy. One option is on ‘button
A’ and the other on ‘button B’.” The torque
capacity is enormous too, “although the emachine has to produce a torque of just
20Nm, differential output torque can be
measured in hundreds of Nm,” Wheals
continues.
Ricardo finds a simple solution
But despite the performance of Ricardo’s emachine actuator, the search was on for
something even simpler, of even lower cost
and which would be maintenance-free for life.
The answer lies in Magneto Rheological (MR)
fluid, which consists of a synthetic
hydrocarbon base fluid containing tiny ferrous
particles. When subject to a magnetic field, the
particles arrange themselves into strings which
are resistant to shear, with the result that the
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“The use of torque vectoring,
whether between front and
rear axle, or on independent
wheels, can influence the yaw
dynamics of a vehicle in a
way that conventional stability
systems cannot.”
– Jon Wheals, Ricardo DTS

fluid appears to increase in viscosity. The
change in properties of the fluid can be used
to great effect and Delphi’s MagneRide
adaptive dampers are an example. The fluid
replaces the usual valves, its properties
changing dynamically under the influence of a
magnetic field to increase and reduce
resistance to the damper piston.
MR fluids have been under investigation for
years and, though simple in principle, it takes
considerable years of research and
development to bring a product to the market.
One of the major challenges has been to
prevent the particles, which have a higher
specific gravity than the fluid they are
suspended in, from settling out. Ricardo does
not underestimate the challenge but believes
MR fluid offers the potential for a unique torque
vectoring actuator containing only a couple of
moving parts. The idea is to develop an MR
brake comprising a soft iron rotor spinning
within a soft iron armature. The space inbetween is occupied by MR fluid which, when
magnetised, adheres to both armature and
rotor and is forced to shear. The greater the
magneto-rheological effect, the greater the
braking force.
There are disadvantages, however. An MR
fluid brake operates at relatively low torque, but
that would be overcome by using it in
conjunction with Ricardo’s TVM. Of more
concern are high parasitic losses in the offstate, and degradation of the fluid which would
be continually ‘whipped up’ by the rotor. But this
is where Ricardo has hit upon a revolutionary
and startlingly simple idea.
“Most people say reduce the viscosity,”
enthuses Wheals, “we say, move it out of the
way. The least exploited aspect of this
technology is that you can move the fluid when
you no longer need it.” By using additional

CAD image of torque
vectoring module
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Shown here on test on low-µ surface, the Ricardo torque vectoring system will be
available for demonstration to clients later in 2004
magnets, the fluid can be withdrawn into a
reservoir when it is not in use. And with the
rotor left to spin freely, completely clear of the
armature (tests show the fluid can be moved by
up to 5mm) parasitic losses are reduced to
almost zero. Changes in flux density of the fluid
are repeatable and any thermal effect on its
viscosity (hot weather for example) can be
compensated for by closing the control loop
using torque sensors on the output shafts
again. Longevity problems disappear too. Since
the fluid is actuated for only about 0.1 per cent
of the vehicle’s life, it will not degrade.
When in use, the fluid also has excellent
thermal conductivity properties (it comprises 70
per cent iron by mass) and its modulation
frequency is incredibly fast and measurable in
kHz. By comparison, clutch or brake-based
systems suffer from relatively poor dynamics
measurable in tens of milliseconds, suffer from
high parasitic losses and are expensive to
manufacture.
Ricardo has already applied for a number of
patents on its MR work, including one on a
torque vectoring system for a sporting SUV four
wheel-drive system. Using a single MR brake
combined with a centre differential and TVM, it
delivers permanent four-wheel drive normally
split 50/50 front-rear but with on-demand bias to
100 per cent rear wheel-drive for driver appeal.
From drivelines to a multitude of
applications
With Ricardo having acquired FFD in the late
1990s, four wheel-drive systems are a
cornerstone of its skill set. FFD’s viscous
coupling caused a revolution in vehicle
drivelines, with applications both in four and two
wheel-drive, cross-axle as well as between
axles. Ricardo sees the MR concept as a new
generation of viscous coupling. “It really is a
variable viscous coupling,” says Hey, “except
that the viscous coupling is a traction device
and doesn’t improve handling.”
On that score, Wheals believes huge
potential exists in the field of two wheel-drive as
well. “The subtlety with which you can modulate
this system means it may be compatible with
torque vectoring across a front axle without
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causing steering corruption.”
In city driving, Hey also sees potential in
improving agility using torque vectoring. “You
could actually slow the inside wheel significantly
to provide parking assist,” he explains.
Beyond driveline transmissions, Wheals sees
wider opportunities for using the next
generation viscous coupling, such as in power
steering systems or elsewhere. “A 6Nm or 7Nm
unit one-third the size of a conventional solution
could happily drive air conditioning,” he suggests.
Other possibilities include use as a differential
clutch and even for adding feel to electronic
gearshift interfaces and steer-by-wire system –
both areas of current Ricardo R&D activity.
But for now, the attention is focused on the
need to increase the stability of SUVs, a
subject on which Wheals is quietly confident.
“We can control the maximum slip angle a
vehicle achieves during an avoidance
manoeuvre by yaw-rate control,” he explains
carefully. “This limits the maximum lateral
acceleration of the vehicle and hence reduces
its propensity to untripped rollover.
“Under conditions where rollover is not a
hazard,” continues Wheals, “the same system
can be applied to increase the torque bias to
the rear axle, which increases the RWD
character of the vehicle and thus its driving
appeal. This it does by overcoming the natural
understeer character that is built into most
SUVs.”
The first prototype MR coupling should be
ready by the end of the summer, when
evaluation begins in earnest. Wheals believes
Ricardo’s new torque vectoring system will not
only be dynamically effective but cost effective
too. “It’s really just a viscous coupling but with
modified fluid and a coil,” he says. “And it has
the potential to be significantly cheaper than
other alternatives, though with added function.”
But when it comes to the longer term
prospects for the new systems, Wheals is
absolutely confident:
“Torque vectoring will be standard equipment
on four wheel-drive cars by 2009 and, when
that time comes, it won’t be achieved using
brake or clutch pack systems. Our discussions
with Tier One suppliers confirm this.”
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Meeting EPA 2010
With impending emissions legislation set to reduce heavy duty NOx and particulate
emissions by 90 per cent compared to today’s levels, Anthony Smith outlines work being
carried out by Ricardo in support of a US government/industry research collaboration
which aims to significantly reduce vehicle emissions
he diesel engines that power the
majority of heavy trucks and buses
play a critical role in the economy
of the United States. This is reflected in
the importance attached to the US
Department of Energy’s Advanced
Petroleum-Based Fuels – Diesel
Emissions Control (APBF-DEC) project.
This budgeted $33 million
government/industry collaboration aims
to examine how advanced fuels, engines
and emission control systems can deliver
significantly lower emissions while
maintaining or improving vehicle fuel
economy and overall customer
satisfaction.
New emission standards for heavy
duty engines sold in the US will be
phased in between 2007 and 2010,
requiring 90 per cent reductions in NOx
and particulate matter (PM) compared
with current regulated levels. While this
is no small challenge, significant
progress has already been made to
develop technologies to reduce these
pollutants. What is less well understood
however is how future advanced systems
will perform over time as component
parts age and their effectiveness
diminishes. This issue is brought into
sharp focus given the 435,000 mile
emission durability requirement set out
under the new standards for the heaviest
class of truck engines. NOx adsorber
catalysts in particular have a well
documented sensitivity to the sulphur
content of fuel and a number of
approaches are under development to
limit its impact on catalyst performance
and durability.

T

and durable low emissions transportation
solutions. Of the five individual projects
established under APBF-DEC, three aim
to evaluate fuel-effects on NOx adsorber
catalyst technology in combination with
diesel particulate filters (DPF)
respectively on a passenger car, sport
utility/light truck and heavy duty truck
platform. Ricardo was selected to
conduct the heavy duty project and at
the 2004 SAE Congress the company
was able to report progress on
development aspects of this work.
Based at the company’s Chicago
Technical Center, VP of engineering
Graham Weller outlines the process
used to define the experimental
programme: “We set out to answer a
series of questions regarding the
achievement of EPA 2010 heavy duty
emissions. Firstly and perhaps most
fundamentally, can ultra-low diesel
tailpipe emissions be achieved reliably
through the use of NOx adsorber and
diesel particulate filter technologies? If
so, there are a series of operational
issues to be addressed including
optimisation of re-generation and
desulphurisation strategies, the
identification of the maximum tolerable
level of fuel borne sulphur, and the
impact of this upon fuel economy and
other measures of system performance.
In addition it is necessary to consider the
development of measures to improve
sulphur tolerance of the system, and
optimisation of the engine/catalyst
system to provide the most desirable mix
of reactants and exhaust temperature for
the emissions control systems.”

Systems approach
While previous research has
documented the impact of fuel borne
sulphur on individual advanced emission
control technologies, the APBF-DEC
initiative aims to use a systems approach
to study how combining NOx and PM
control with advanced fuels, lubricants
and engines may result in more efficient

Catalyst regeneration
The engine selected as the basis for this
research was a state-of-the-art Cummins
15 litre ISX EGR truck engine. A number
of alterations were made to
accommodate the emissions control
technologies. For example as the base
engine was not designed with catalyst
regeneration in mind, it was necessary to
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provide the capability to periodically
create a net reducing atmosphere in the
exhaust stream (with almost no oxygen
and rich in hydrocarbons and carbon
monoxide). Due to the design of the
fuelling system, post injection was not
possible on this engine and so additional
injectors were incorporated separately
both within the cylinder and exhaust
pipe. The combination of in-cylinder
secondary injection and in-pipe injection,
together with EGR and
throttling provided a
range of tools to
create the conditions
necessary for
regeneration
of a NOx
adsorber
catalyst. A
Ricardo
engineered
rapid prototyping
and development
platform consisting
of dSPACE tools
and forerunner
hardware to the
recently launched
‘rCube’ platform
was used to
interface between
the engine and the
emission control
system. The system was set
up to govern the interactions
between the engine and the
emission system by controlling
the supplementary actuators added
to the engine through the controller
area network (CAN). The rapid
prototype system controlled the
supplementary actuators directly, and
adjusted engine control set points via the
CAN.
Weller’s research team initially
considered both single and twin-leg NOx
adsorber/DPF architectures. Twin leg
systems comprise two parallel exhaust
channels and enable regeneration or

Ricardo Quarterly Review

Summer 2004

Relative NOx adsorber storage capacity as a function of
catalyst inlet temperature
desulphurisation of one leg to be carried
out while the other remains operational
and temporarily carries the bulk of the
exhaust stream. This provides a more
controllable environment and enables
higher levels of NOx conversion
efficiency, but carries a significant
penalty in terms of
system cost and
packaging. Single
leg systems
present a greater
control challenge
but offer a lower
cost and more
practical
solution. The
Ricardo
team,
working in
collaboration
with an
external
steering
committee,
chaired by Shawn
Whitacre from the
National Renewable
Energy Laboratory
selected a single leg
strategy system for the final
development.
The final emissions system
comprised a diesel particulate filter and
NOx adsorber catalyst with both
upstream and downstream diesel
oxidation catalysts (DOCs). The exhaust
path between the two oxidation catalysts
was split into two paths with equal flow –
a design feature borne out of
considerations of component availability
rather than for engineering or operational
reasons. The upstream DOC is used for
the generation of reductants and for
temperature management while the
downstream one is used for clean-up
purposes during regeneration and
desulphurisation cycles. The emissions
system was comprehensively
instrumented allowing temperatures and
Summer 2004

NOx emissions traces over a hot FTP cycle

pressures to be recorded throughout. In
order to represent the conditions
prevailing after repeated
desulphurisation cycles and hence
enable strategy development to be
based on components in this condition,
the adsorber catalysts were oven aged
for 16 hours in air at 700oC – a level
typical of the temporary high
temperature excursions required for this
process. In this way the developed
strategy is sufficiently robust to allow for
the degradation of NOx storage capacity
throughout the life of the system.
US heavy truck certification cycles
Development testing was carried out
over the certification cycles applicable to
US heavy duty truck engines including
the Federal Test Procedure (FTP) for
transient emissions and the 13 mode
steady state Supplemental Emissions
Test (SET).
One of the most critical aspects of
operating NOx adsorber catalysts is the
development of strategies to achieve the
rich exhaust conditions required for
regeneration of stored NOx. For this
reason the initial focus of the research
team was the generation of rich exhaust
spikes in the absence of the emissions
system. This enabled the effects of
parameters such as throttling, EGR, VGT
and secondary injection timing upon the
air-fuel ratio, smoke, carbon monoxide,
hydrocarbon and oxygen levels of the
untreated exhaust stream.
With the emission control system
subsequently installed, the development
of the regeneration and desulphurisation
strategies could then proceed. A series
of studies were carried out into the effect
of lean-rich cycle times, and the depth of
spikes across a range of speeds and
loads. This was followed by a series of
evaluations of NOx storage tendency at
a series of catalyst inlet temperatures –
work which demonstrated that peak
capacity is achieved in the 300-400oC
range. Detailed development work was
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carried out on control strategies based
on performance over both hot and cold
FTP cycles and SET 13 mode tests. The
final composite FTP results after strategy
optimisation showed that a 92.3 per cent
reduction in NOx was achieved with an
associated fuel consumption penalty of
8.3 per cent. In comparison the
composite SET 13 mode results showed
a 94.5 per cent reduction in NOx against
a fuel consumption penalty of 4.5 per
cent. However, a potential system
limitation for more highly rated
applications was found in the fact that
exhaust temperatures in the SET were
close to 500oC, above which level NOx
conversion efficiency starts to
deteriorate.
2010 emission levels achievable
Overall, the APBF-DEC heavy duty
research programme has demonstrated
that EPA 2010 emissions levels are
achievable using a current production
engine fitted with a single leg NOx
adsorber catalyst and diesel particulate
filter emissions control system.
Reductions in NOx of over 90 per cent
were achieved over both the transient
FTP cycles and the steady state 13
mode test. The programme has shown
that the integration of sophisticated
control strategies enables the effective
management of adsorber regeneration
and desulphurisation processes. Work
on this programme is currently being
continued to determine how fuel sulphur
impacts the performance of the
emissions system over time.
Further information regarding the work
described in this article may be found
in: Systems Approach to Meeting EPA
2010 Heavy-Duty Emission Standards
Using a NOx Adsorber Catalyst and
Diesel Particle Filter on a 15L Engine,
S. Whitacre National Renewable
Energy Laboratory, B. Adelman, M.
May, J. McManus Ricardo Inc., SAE
2004-01-0587
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Cost down
The domestic US auto industry, once the engine of the country’s manufacturing sector, is
under increasing pressure to reduce costs and improve margins. Andy Chien, leader of
the North American Practice of Ricardo Strategic Consulting (RSC) outlines the nature of
the challenge and the tools and techniques available to help automakers rise to it

W

ith the decline in US automotive
sales since the 18 million unit
all-time high in 2001, domestic
automakers are desperately trying to sell
more cars and reduce costs to improve
profitability and bolster declining shares.
On the sales side, incentives in the form of
cash rebates and attractive financing
terms are already at historical highs, to the
point where many analysts believe GM,
Ford, and DaimlerChrysler are
cannibalising future sales to keep their
businesses afloat in the near term. This
trend and the continued erosion of Big
Three market share to the benefit of
Japanese and Korean competitors is
forcing an even greater emphasis on cost
reduction – purchased component costs in
particular.
Each of the Big Three has one or more
major internal initiatives to reduce costs in
the near-term. Each of these initiatives
addresses cost reduction in a different
way, but the fundamental consistency in all
of these programmes is that competitive
gaps are identified through market testing
or cost analysis. These gaps are then
presented to the Tier One suppliers who
bear the majority of the burden and, in
turn, these suppliers pass a large portion
of that burden to Tier Two suppliers.
The fundamental flaw in this cycle is
that continued downward pressure on
profitability caused by lacklustre sales will
eventually result in not only the demise of
the automaker, but the supply base as well
– or at least those suppliers who are
heavily reliant on ailing automakers.
Short of maintaining or growing top-ofthe-line revenue, the only way to ensure
survival in a declining market is to remove
truly excessive cost from the product in the
form of commercial and non-commercial
cost gap closure.
Commercial and non-commercial gaps
Commercial cost gaps are those resulting
from products that are overpriced relative
to the market due to purchasing
inefficiencies at the customer or
20 STRATEGIC CONSULTING

“The only way to
ensure survival in a
declining market is to
remove truly
excessive cost from
the product.”
– Andy Chien,
Ricardo Strategic
Consulting
manufacturing inefficiencies at the
supplier. These gaps are easily identified
through market testing or other price
benchmarking and are typically the focal
point of cost reduction initiatives.
Non-commercial cost gaps, however,
result from costly designs or other
unnecessary costs imposed by the
customer on the supplier. These can
include excessive logistics, inventory
requirements, service levels, testing and
validation, low volumes, and a number of
other non-optimised value-chain
processes. Sustainable cost reduction and
long-term health of both automakers and
suppliers are dependent upon an
integration of these cost reduction
philosophies, a framework Ricardo calls
Integrated Cost Reduction (ICR) – see
panel.
Achieving 1st-year savings of 10%
As an example of results, the ICR
methodology was successfully employed
at the service parts organisation of an
automotive company.
Historically, the client had achieved
between one and two per cent in annual
cost reductions, excluding the annual price
uplifts that were accepted on nearly 20 per
cent of their parts as they went out of
production and became available only to
service past model vehicles.
Each year proved to be a struggle to
achieve savings targets, with the only cost
reduction lever explored being mainly
unsuccessful attempts to deploy lean

manufacturing practices at
mostly unwilling supplier
locations. Regardless of
the success of the lean
initiatives, the client would
push the supply base for
reductions and would
usually settle at half of the
original savings goal.
When the ICR
methodology was deployed
in stages over a two-year
period, average first-year
savings of nearly 10 per cent were
achieved across the majority of the client’s
high-spend commodities. These savings
were comprised of almost an equal mix of
design and commercial savings.
Representative parts from each
commodity, including low-volume pastmodel parts, were rate benchmarked
across a global supply base of hundreds
of suppliers.
At the same time, cross-functional client
and supplier teams were conducting
Design Cost Optimisation workshops that
solicited not only design ideas, but also
ways to take cost out of the value chain
through optimisation of service
requirements and supply philosophies.
These cross-functional teams included
service and production engineering,
purchasing, cost estimation and marketing,
the latter effectively representing the voice
of the end customer.
When results from the rate
benchmarking were received, suppliers
were brought in to discuss the results. In
cases where a commercial gap was
identified, the client worked with the
suppliers to lower costs over multi-year
periods. Even highly-overpriced suppliers
received this generosity if they were
willing partners in the Design Cost
Optimisation activities. In cases where
suppliers either could not agree to close
commercial gaps or failed to participate in
the process, transition plans were
developed to move the business to
best-in-class suppliers.
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Comprised of Design Cost
Optimisation and Commercial
Benchmarking modules, ICR is a
holistic approach involving Ricardo
Strategic Consulting clients and
their customers and suppliers. Only
by combining the best thinking
from all stakeholders can the
process successfully deliver
mutually agreed-upon savings.
Clients have access to market
cost data and best-in-class design

Changing material grade saves cost
In one particularly successful
commodity, a supplier of a moulded
plastic component was using a highpriced resin grade while team
benchmarking identified that competitors
had migrated to a much cheaper grade
of material that delivered nearly identical
properties in the moulded part.
Additionally, market benchmarking
conducted using an on-line auction
revealed that the incumbent supplier
pricing was 15 per cent uncompetitive.
In the end, the incumbent supplier
kept the business by switching to the
cheaper resin material, absorbing the
cost of the validation testing of the new
material, and agreeing to reduce its
competitive gap from 15 per cent to 5
per cent over an 18-month period. The
client, given the historical level of
excellence exhibited by the supplier and
its co-operation in the cost reduction
initiative, considered the 5 per cent
premium to be acceptable.
Summer 2004

thinking that would be extremely
expensive to generate on their
own. And in the event that their
cost structure is deemed
uncompetitive, they can react
quickly by improving on their
inefficiencies or developing an exit
plan before the business is
abruptly taken away, as is the case
in most non-collaborative cost
reduction initiatives.
In the case where the client is a

supplier to an automaker, the
automaker must also be a willing
party as they must ultimately
approve any design changes and
assist with validation.
The benefit to them is obvious: a
partial share in the savings through
their supplier’s ability to deliver
annual productivity give-backs
without heavy-handed negotiations
or financial duress at their supply
base.

The supplier left the ICR process
feeling that it was dealt with fairly and
that the process was driven by data
rather than emotions. Additionally, it had
acquired an improved perspective of its
strengths and weaknesses and the
ability to enhance profits on other
customers’ products based on what it
had learned.
Combination of skills
Ricardo’s team of strategic consultants
has a wealth of experience in automotive
and other manufacturing industries, with
extensive experience in cost-reduction
engagements at companies at all levels
in the automotive value chain.
The combination of deep technical
expertise across numerous commodities
and cross-functional business
backgrounds uniquely enables the
company to deliver results in both Design
Cost Optimisation and Commercial
Benchmarking.
Indeed, having directly led over 100
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supplier workshops and participated in
over 500 negotiation sessions, Ricardo
Strategic Consulting is among the most
experienced management consulting
firms in this field.
But perhaps the greatest differentiator
RSC enjoys from other firms is its access
to literally hundreds of technical subject
matter experts dispersed throughout the
firm’s global offices that support
Ricardo’s technical consulting and
engineering service businesses.
Although automakers and their
suppliers continue to enjoy a varying
degree of success using different cost
reduction approaches, the truly
successful companies are broadening
their perspectives and realising that
supplier margin reduction cannot
continue indefinitely.
These companies are embracing the
principles of the Integrated Cost
Reduction methodology, thus positioning
themselves for long-term success and
healthy supplier relations.
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Re-inventing the
automobile
Larry Burns, GM Vice President, Research & Development and Planning, has been charged
with the daunting task of re-inventing the automobile in the form of fuel cell vehicles
powered from sustainable energy sources. Here, he reveals his strategy to Jesse Crosse
Creating awareness of fuel cell vehicles
and the prospect of a hydrogen economy
seems a near impossible task. How will
you succeed?
Let’s talk about what we’re doing right now.
The HydroGen3 travelling from Norway on
the Fuel Cell Marathon is an extremely wellconceived example of how you tell your
story. First of all we needed to do these
endurance runs anyway to develop the
technology. Why not make it public? Why not
create a racing spirit around that? Why not
let the world know that we’re going out to
set a record and as each kilometre goes by,
that we’re getting closer to that record. The
excitement is growing and the excitement of
the media is growing.
We stop at 16 places en route and at
each location we’re spending time with
government officials, universities, young
people at the universities, thought leaders
and the local media. We’ve found over the
years that working with the local media is a
pretty important thing to do. They talk to real
people maybe in more realistic terms than
national media or television. Today I spent
some time with a number of British
government ministers. They were well
informed and asked good questions. In the
end the strategy you adopt is to get out
there and tell your story. Don’t let someone
else tell your story. You’ve got to make the
communications investment and build the
relationship.
What concerns do you have over future
legislation
Our concern is that governments may opt
for technology-forcing regulations that are
short term in nature and which will divert the
same resources that could get us to the true
end-game solutions sooner. An historic
example is the zero emission mandate,
which was a technology-forcing legislation.
Here was a government insisting the answer
lies in electric vehicles and that we should
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Record-breaking Zafira-based
HydroGen 3 fuel cell vehicle
reaches Lisbon on its European
marathon (above). Burns (right)
unveils GM HyWire fuel cell
concept
build 10 per cent of our volume as electric
vehicles by a certain date, to earn the
privilege of selling the other 90 per cent. I
think governments need to set the stage for
creating an enabling capability for
technology to lead the markets to the
answer. I don’t think they should be forcing
the solution. If we had not found a good
middle ground with the California Air
Resources Board, we would have been
forced to commit an enormous amount of
resources to meet that 10 per cent
requirement. It would not have been a good
use of money at that time and, in our
judgement, pure battery electric vehicles
were not the end game.
GM has made it clear that it sees the
need to move to a pure hydrogen
infrastructure as an imperative. What are
the practical and economic implications
of using other hydrogen carriers such as
methanol?
Our position on methanol was pretty

straightforward. We didn’t think it was safe
and we felt it was going to require a different
pipeline infrastructure to deliver it because it
absorbs water. We also felt that the health
risks to people handling it, when you have
other alternatives, just didn’t make sense.
Yes, methanol is easier to reform and if you
are of the mindset that you want to put all of
the burden on the vehicle by distributing
methanol like gasoline, then putting a
reformer on board to create the hydrogen,
then great. But then we’ve hung yet another
hunk of hardware on cars and another hunk
of liability on the auto companies. It did not
look like a good idea to us. Hydrogen, on
the other hand, can come from so many
different pathways and the competitive
dynamic of hydrogen is something we find
very appealing. Let France use nuclear if
they want to, to electrolyse water. Let Spain
use the wind blowing from the Pyrenees to
generate renewables, let China extract
hydrogen from its coal or use hydroelectric
power. Maybe the US would opt for biofuel
solutions. The point here is, every local
economy can play to its strengths and that
creates a competitive dynamic upstream of
the automobile.
Identifying a method of mass producing
fuel cell stacks has still to be addressed.
Where has GM got to with its
manufacturing strategy?
The real challenge here is to reach $50 per
kilowatt. We’re not aiming at high capacity
with that process because we keep making
our designs obsolete as we work down the
path of simultaneously meeting our
performance, durability or cost targets. The
cost solution will come from a combination
of understanding the right system
architecture, because you can drive cost into
the stack while taking it out of the
compressor. Or, you could take cost out of
the power electronics and add it to the
compressors or stacks. You need to
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Lawrence D. Burns,
GM Vice President,
R&D and Planning

Named vice president of
General Motors Research &
Development and Planning in
May 1998.
Currently championing GM's
"reinvention" of the automobile
around promising new
technologies like fuel cells and
by-wire systems.
Joined GM in 1969 as a
member of the research &
development staff, focusing on
transportation, logistics, and
production systems.

understand all of those variables
simultaneously. It’s a combination of so
many things, all of which, when combined
with scale economies, are going to get you
to $50 per kilowatt. Incidentally, that $50 per
kilowatt includes hydrogen storage.
What would the cost be today?
If we were to build a 1000 units of our
current design and enter into contracts with
our suppliers to supply components in 1000
units that would come in at about $500 per
kilowatt or a factor of 10.
Are you at the stage where you have all
the technical answers or are there still
complete unknowns?
I would say we’re in between. Can we see a
stack that costs $50 per kilowatt? Absolutely.
We’re completely convinced that with the
right materials selection and other factors,
we can get to that cost target. Will that
specific configuration give you 5000 hours of
durability? Not necessarily. Will it also give
you the power density you would need
across a wide range of applications?
Maybe, maybe not. I can’t sit here and say
we have a specific design that delivers on all
three of those fronts simultaneously. But we
have gone beyond the stage where we are
‘invention dependent’ on these components.
What are the challenges of hydrogen
storage?
The one area in which we would like to see
some additional invention breakthrough is
hydrogen storage. We’ve got liquid and
we’ve got compressed but would love to
Summer 2004

see a materials breakthrough for solid
state hydrogen storage. We can store
compressed gas at 10,000psi now but
that’s a pretty expensive tank. The step
from about 7500psi or 8000psi to
10,000psi is not unlike the step in getting
our PNGV Precept hybrid a few years ago
from 75mpg to 80mpg. For the amounts of
extra hydrogen you pick up, the
requirements of the material go up
dramatically.
What are the implications for refuelling?
I see a lot of advantages in a de-centralised
solution that includes home re-fuelling. For
example, I’m talking to energy companies
about natural gas reformers at the appliance
level creating small quantities of
compressed hydrogen at home. A typical US
consumer might put $40,000 or $50,000 of
conventional appliances in their home, so
we have an awesome appliance mindset
here. So let’s say we add to that an
appliance which takes natural gas, reforms it
to hydrogen and also uses the heat
generated by that reforming process to heat
hot water and other things. Plus, everyday
when I come home I top up my vehicle with
hydrogen, so that changes the range
equation somewhat.
You’re on record as saying the power
generation blackouts in the US may have
been avoided were there a significant
number of fuel cell vehicles on the roads.
Can you expand on that?
If you take the US car parc of 220 million
vehicles and you take four per cent of that
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Executive positions in several
GM divisions in the areas of
product programme
management, quality, production
control, industrial engineering, and
product and business planning.
Ph.D. in civil engineering from
the University of California at
Berkeley. Master's degree in
engineering/public policy from the
University of Michigan in
mechanical engineering from
General Motors Institute.

car parc, then take the average horsepower
of those vehicles and convert that into
kilowatt hours of power generation, four per
cent of the power generating capability of
the cars in the US equals the power
generating capability of the electric grid. I
think that’s phenomenal! And people’s cars
stay parked 90 per cent of the time.
Can fuel cell technology grow the
automotive industry as a whole, or is it
simply a replacement technology?
Half of the Fortune 50 companies will be
disrupted by hydrogen and fuel cells. But
there are models in other industries where
disruptive technologies came along. The
personal computer disrupted the mainframe
but the mainframe didn’t go away. In the end
it resulted in a dramatic growth in the
industry and everybody benefited from that.
Why can’t the auto industry go there? I
know it’s visionary, but industry analysts
have got to understand that this could be
real for us. We are not a mature industry at
all, technologically or in terms of having
tapped the growth potential.
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Ricardo opens ‘e-Store’
B

uilding upon its position
as one of the most
advanced sources of
automotive technology
information, Ricardo has
now launched an on-line
‘e-Store’ enabling customers
to purchase information
services products at the click
of a mouse. By entering
credit card details over a
secure payment system,
e-Store visitors are able to
purchase books, reports,
subscriptions to specialist
news reports and access to
the company’s range of
automotive on-line database
services.
The opening of the eStore comes at a time of
expansion of the range of
information products being
made available by the
company. The Powerlink
database of automotive
technology abstracts now
stands at over 220,000
references and is added to
on a daily basis through a
highly focused process of
data capture. According to
information services
manager Roland
Christopher, Powerlink is

intended to
provide a world-class
resource but targeted at the
specific requirements of
automotive engineers: “We
aim to capture material
across the spread of
European and American
technology publications from
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technical journals to
research papers presented
at seminars and
conferences. But we also
subscribe to and translate
content from many foreign
language

sources in Europe and
elsewhere – including, for
example, a number of small
circulation Japanese titles
which we find to have
excellent technical
information.”
A second very popular online service is the Ricardo

EMLEG world-wide
emissions legislation
database. Well used by
many clients, this service
provides summary
information on the latest
regulations in 40 different
countries and regions.
Perhaps of most value to its
subscribers is the manner in
which it provides up to date
information but in overview
form and with references to
the original source material.
In this way users are able to
investigate quickly and
clearly the specific
regulations of relevance to
their applications.
In addition to the database
services, an expanded range
of technical bulletins
providing a monthly filter of
detailed information focusing
on a particular area of
interest is also available.
Perhaps the most longstanding of these is ‘New
Engine News’ which
presents a digest of new
engines and related news
stories. This bulletin has
recently been expanded to

include an on-line access
version which includes fully
searchable archive material
going back to 1992. The
level of content available
through the on-line version is
also enhanced, including
material such as images and
diagrams of many of the
engines described. Other
bulletins in the series which
are each available in pdf
form include Components
News, Transmissions News,
Vehicle Engineering News,
Gas Engine News, and
Alternative Powertrain News.
While the new e-Store will
not replace the more
traditional modes of
accessing Ricardo
information services –
including the purchase of
direct access to the library
facility at Shoreham – it will
provide much improved and
more immediate access to
information for many new
and existing customers in all
parts of the world. The
Ricardo e-Store can be
found at: www.ricardo.com/
ricardostore.
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Expert Briefings launched by Ricardo

F

ollowing the success of
its widely acclaimed
technical seminar
programme, Ricardo has
announced the launch of a
new product offering under
the title of Expert Briefings.
Recognising that many
customers have specific
needs for highly focused
technical information or
may otherwise be unable to
attend scheduled events of
the seminar programme,
Ricardo has developed the
concept of Expert Briefings
presented at a time and
location of the customer’s
choosing.
A series of packaged

presentations
are available
on a wide
range of
technical and
commercial
subjects
relating to the
automotive
and engine
engineering
industries.
Each of these represents
a distillation of the Ricardo
knowledge, expertise and
thinking, and is delivered
by a Ricardo expert in the
particular field of work. The
presentation can be made
either on an individual

basis or to a
selected
department or
team in a form
more typical of
a seminar
presentation.
Whatever
the nature of
the audience,
time is
provided for
questions and discussion
of the issues raised, and a
full copy of the
presentation material will
be provided.
These briefings are
intended to enable
customers to gain an

insight into the latest
Ricardo thinking on topics
of critical interest to their
own business.
In doing this at a time
and location of their
choosing and providing a
completely confidential
environment, this concept
offers the opportunity to
stimulate and manage an
internal discussion and
debate in a highly effective
manner.
For more information on
possible timings, subjects
and costs of Expert
Briefings contact:
Richard.Sammut@
ricardo.com.

Simulating pneumatic variable valve actuation
V

ariable valve timing (VVT)
has long been recognised
as a means of improving
engine performance and fuel
consumption. While most
current production VVT
systems are mechanically
based and reliant upon
multiple or phased cams,
research continues across a
broad range of technologies
which offer the potential for
much greater variation of
valve operation, de-coupled
from the engine crankshaft.
Technologies under
consideration include
systems based on piezo
motors, electro-hydraulics
and electro-magnetic modes
of operation. While Ricardo
maintains an active research
and development interest in
all of these, engineers at the
company’s Detroit Technology
Campus have recently
completed a simulation-based
project which has highlighted
the potential of pneumatic
valve actuation. The primary
focus of this work was to
investigate the dynamic
performance of the
pneumatic valve actuation
system and assess its ability
to meet functional
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requirements of the engine,
rather than to consider the
implications of VVT
operational strategies on
engine performance.
The team used MSC
Software Corporation’s
EASY5 simulation product in
order to evaluate the
pneumatic VVT system
performance. Initial work
required the sizing and
selection of a valve actuator
appropriate to the four
cylinder gasoline engine
application used as a basis
for the study. Sizing
calculations were based on
force balance calculations
under inertial (lifting and
return strokes) and in-cylinder
gas pressure loads, with final
selection reflecting a
compromise between
package size and
manageable power
consumption. Simulations
were subsequently used to
gauge suitability of the
resulting valve motion relative
to reference cam and/or
engine piston profiles and to
assess flow requirements and
peak system pressures.
“Pneumatics provides an
attractive alternative to the
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more common hydraulic valve
actuation, in part because of
the insensitivity of the
working fluid viscosity to
changes in temperature,”
explains senior project
engineer, John Watson.
“Having effectively solved the
viscosity problem, we wanted
to identify other issues that
might be introduced because
we are using gases instead of
hydraulic fluids to move the
valves.”
Such issues investigated by
the team included the
increased thermal loading
resulting from gas
compression and expansion
within the system and the
lack of stiffness of the
working fluid. Gases do not
exhibit the same effective
stiffness, or bulk modulus, as
hydraulic fluids, which could
potentially lead to
controllability issues.
According to Watson, “there
are going to be situations
requiring precise control of
valve trajectory. Because
gases don’t exhibit the same
stiffness, it’s difficult but not
impossible to control the
motion of the valve.”
The performance of

several valve seating control
mechanisms for the
pneumatic valve actuator was
also simulated over a range
of engine operating
conditions. These
mechanisms included both
passive throttling and active
intelligent control of the flow
of high pressure gas into and
out of the actuation chamber.
In order to assess potential
valve-valve interactions for
the entire VVT system, an
analysis model consisting of
multiple valves and actuators,
compressor, aftercooler,
filtration and low and highpressure gas reservoirs was
constructed. Simulations
were again performed across
a range of engine and
compressor operating
conditions and performance
noted. While pneumatic
operation is just one of many
VVT systems under
investigation by Ricardo and
is far from representing a
strategic direction for the
company, the project has
highlighted the potential both
of this mode of variable valve
actuation and also the value
of system level simulation of
complex physical systems.
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Ricardo report highlights
new markets for diesels
With the potential for specific powers of 80-100kW/litre in the near future, the 2004
Ricardo diesel report predicts a growth market for sports performance diesel products as
well as developing long term demand for diesel vehicles in the USA and approaching
market dominance in Europe

W

ith the rapid
development of diesel
technology the 2004
Ricardo diesel report indicates
that the specific power of
automotive diesels is set to
grow and, as a result, open up
an entirely new market
segment. According to Ian
Penny, Ricardo director of
diesel engines, “Despite the fast
approaching introduction of the
Euro IV emissions limits, the
upper limits of specific power
output of new diesels are set to
increase further over the next
few years. With 60kW/litre
already in production we believe
that the latest developments in
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diesel technology will ultimately
enable peak ratings of 80100kW/litre. This is likely to lead
to a rapid growth in the sports
diesel market which is currently
in its infancy.”
In the United States the report
predicts that while a number of
new diesel models have been
introduced in 2004, the
introduction of the California
LEVII emissions standards will
mean that diesel sales volumes
will remain flat at least until low
sulphur fuel is introduced in
2006. Beyond 2006 further new
product introductions are
considered likely and, with diesel
acceptance growing, particularly

in the light truck
Share of European diesel car sales 2003
sector, Ricardo
predicts a diesel
market penetration in
the region of 6 per
cent by the end of
the decade.
In contrast to
the US, the report
indicates a rapidly
developing diesel
market share in
Western Europe, with
demand at record
levels in all countries and
all major automakers increasing
‘Diesel Passenger Car & Light
their diesel to gasoline sales
Commercial Vehicle Markets in
ratio. In particular, French
Western Europe’ has become a
automakers PSA Peugeot
valuable reference resource for
Citroën and Renault have now
automakers, Tier One suppliers
joined their German
and others interested in the
counterparts VAG and
highly dynamic and rapidly
DaimlerChrysler in selling more
developing market for diesel
diesel than gasoline powered
vehicles.
cars in the region. Against an
The publication is packed
overall fall of 1.3 per cent in the
with information on trends in
total market for new vehicles,
sales by country and by
consumers increasingly showed
manufacturer, as well as
their preference for diesel cars
production within the region.
with an increase in sales of 6.5
Detailed market analyses are
per cent to a total of 6.3 million.
provided for each of the major
This is nearly double the sales
Western European nations,
volume of 5 years ago and
together with profiles of the
represents a share of 44 per
cent of the total new car market. diesel product offerings of each
of the major automakers. The
The country by country picture
report provides valuable insights
is more varied, with France, the
into future trends for the diesel
largest market for diesels in
markets of Western Europe and
Western Europe, posting diesel
for the 2004 issue a completely
sales at the previous year’s
new section is provided outlining
record level, but against a
the likely development of the US
substantial fall in demand for
diesel market. Priced at
gasoline vehicles. As a result
£475+VAT, the 2004 Ricardo
the demand for diesel cars in
diesel report can be purchased
France is now double that for
from Ricardo Information
gasoline vehicles.
Services (www.ricardo.com
Now in its twelfth year, the
/ricardostore).
annual Ricardo diesel report
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Delphi electrical systems are tested thousands of times annually.
And proven billions of times daily.

A vehicle’s wiring system keeps everything else going, powering every component, every
switch, every device. It’s the vehicle’s central nervous system. It must work, every time, all
the time. That’s why Delphi offers one of the most sophisticated testing facilities in the world,
along with innovative electrical and electronic solutions. From reliable components to integrated
systems to new ways of defining electrical architecture, we have the engineering experience
and expertise to deliver — every time, all the time. No wonder Delphi E/E systems are relied upon
by vehicle manufacturers and drivers across the world. Start with www.delphi.com.

Le Mans 2004, just
another Ricardo weekend

Ricardo transmissions dominate at the 2004 of Le Mans 24hrs
·
·
·
·
·
·
·
·

1st, 2nd, 3rd, 5th Overall
1st, 2nd, 3rd, 5th, 7th LM-P1
1st, 2nd, 3rd, 4th, 6th in Qualifying
Fastest in every qualifying session
Led every lap of the race
Fastest through every speed trap in every session
First wholly renewable fuelled car to finish at Le Mans
First 2004 LM-P regulation car to finish

Ricardo - Winning Through Technology
See www.ricardo.com/motorsport

