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in brief
Delphi keeps a/c
options open
World number one supplier
Delphi is working on new air
conditioning systems using
either R152a or CO2 as
refrigerants. CO2 has a global
warming potential of 1, while
R152a rates 120 and today’s
R134a is 1300.

Bosch optimistic on
US diesels
Diesel-engined light vehicles
could take 20 per cent of the US
market by 2015 according to a
senior Bosch executive. Interest
in diesel has risen along with
rising gasoline prices, said
Bosch.

Rover interest in
Antonov gearbox
The Financial Times reports that
Powertrain, the engine and
transmission division of the UK
MG Rover company, is to adopt
the innovative Antonov gearbox,
tipped by commentators as
having the potential to achieve a
breakthrough for automatic
transmissions in small cars.

Toyota to build Prius
in China
With a lengthy backlog of
orders, especially in the US,
Toyota will boost production of
its Prius hybrid by 50 per cent in
2005, reaching a potential output
of 180,000 units with overtime.
In a separate development the
company has decided to build
and sell the eco-friendly model
in China, underlining the
increasing sophistication of that
fast-expanding market.

BMW powers into the
future with hydrogen V12
Using a hydrogen-fuelled version
of its V12 engine installed in a
special streamlined body, BMW
has established nine world
speed records for hydrogen
powered vehicles.
Built as a testbed for the
upcoming hydrogen-powered 7
Series production car and also to
demonstrate BMW’s long-held
belief that hydrogen is best used
in internal combustion engines
rather than fuel cells, the H2R
averaged over 300 km/h for the
flying kilometre and 291 km/h for
the flying mile. The dual-fuel sixlitre engine with Valvetronic fully
variable valve control gives 285
bhp in its hydrogen mode; on
hydrogen, the fuel is injected into
the manifold rather than directly
into the cylinders when on
gasoline.
"Nine records marking the
start into the hydrogen age.
BMW technology has already
come a long way,” said Professor
Burkhard Göschel, BMW board
member.
A further, more immediately
significant BMW innovation is the
new-generation six-cylinder
engine using a high proportion of

California set to control car CO2 output

In a landmark decision
California’s Air Resources Board
(CARB) has voted unanimously
to bring in regulations to reduce
the amount of CO2
emitted by its cars
and light trucks. If
passed by the
California State
Legislature, this
ruling will mark the
first time a curb on
fuel consumption
has been imposed
on US vehicles.
The world’s first production electric sports
Automakers want
car, the 180kW Fetish from France’s Venturi
to challenge the
uses lithium-ion batteries for 0-100 km/h in
4.5 seconds. Cost is 540,000, says Venturi. proposals, believing
them to be
4 INDUSTRY NEWS

magnesium
in its structure.
By shrinking a
magnesium shell around
an aluminium insert at 700
Celsius and 1000 bar pressure,
BMW’s new 100 million foundry
is able to bond the aluminium
and magnesium and overcome
the traditional problems of
differential rates of thermal
expansion. The composite
crankcase is half the weight of a
comparable grey cast iron block
and 24 per cent less than pure
aluminium, making the complete

engine the lightest sixcylinder power unit in
the world at 161 kg.
Complete with freebreathing Valvetronic
valve control, the initial
three-litre version of the
new-generation R6 gives 258
bhp at 6650 rev/min and a peak
torque of 300 Nm between 2500
and 4000 rev/min. Additional
innovations include an electric
water pump and a magnesium
alloy cylinder head cover. BMW
claims the R6 sets new
standards in specific power
output, weight and fuel
consumption, and expects it
eventually to be fitted to more
than 50 per cent of the
company’s production.

expensive and technically
challenging to implement. The
stakes are high as California
accounts for 13 per cent of all
light vehicles sold in the US:
seven eastern States are likely to
follow California’s example, as is
Canada. This would triple the
number of vehicles affected.
If adopted, the regulations
would be implemented in two
steps, with CO2 reductions of 22
per cent being called for by 2012
and 30 per cent by 2016. CARB
estimates the cost of compliance
to be $323 per vehicle for the first
phase and $1050 for the second,
but industry analysts quoted in
Automotive News put the figure at

more than $3000. Even Honda,
long seen as a leader in fuel
efficiency, was uncertain of how
to meet the proposed norms,
according to the New York Times.
"California cannot solve the
problem of global climate change
by itself,'' said CARB chairman
Alan C. Lloyd, "but we can
certainly do our share."
"This decision sets a course for
California that is likely to be
copied throughout the US and
other countries,” continued Dr
Lloyd. “Because of its forwardthinking approach, CARB has
established itself as the world
leader in setting motor vehicle
pollution control standards.”
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Volvo launches cleanest V8
Volvo has collaborated with
Japanese motorcycle maker and
engine developer Yamaha to
produce the first-ever V8
engine in its 77-year
history. The 4.4 litre
engine develops 315 bhp
and is the first gasoline V8
unit to meet the demanding
US ULEV II standards,
thanks in part to its four
catalysts and its lean-running
cold start. “This is an
achievement we are very proud
of,” said Volvo chief engineer
Hans Wikmann at the new
engine’s presentation at the
Mondial de l’Automobile in Paris.
The need to package the
engine transversely for front and
four wheel drive has led Volvo to
adopt an innovative 60 degree
angle between cylinder banks in
order to ensure the maximum
crumple space around the
engine for Volvo’s class-leading
crash safety provision. In
addition, the bore centres of
each bank are displaced by a
half cylinder distance, the result
being the most compact V8 on

the market – just 754 mm long
and 635 wide. All aluminium, the
V8 weighs just 190 kg, another
key factor in achieving classleading economy, according to
Volvo.
The V8 was designed
primarily for the US market,
according to Volvo CEO HansOlof Olsson, and will find its first
application in the highly
successful XC90 luxury SUV.
“The XC90 is the golden egg in
our product basket,” said Olsson

at the Paris auto show. “In the
US 30 per cent of premium
SUVs have V8 engines, so we
can now compete across the
whole range.”
In the XC90 the V8
engine is linked to a new,
compact 6-speed
automatic transmission
and a four wheel drive
system with another
innovation, Instant Traction.
Developed by the Swedish
company Haldex, Instant
Traction pre-charges the
driveline with 80 Nm of torque
so that when launching from rest
there is less front wheelspin
before torque is transferred to
the rear wheels.
V8 versions of the XC90 will
arrive at US Volvo dealers in
early 2005, said Olsson, with an
annual volume of 15,000 units,
three quarters of which would go
to North American buyers. Later,
the left-hand-drive only eightcylinder XC90 will launch in
other markets, and the engine is
likely to find its way into future
Volvo model lines.

Suppliers set the innovation pace
Leading Tier One suppliers
provided much of the
engineering innovation at
September’s Paris auto show,
many new developments
appearing on fresh production
cars from French
manufacturers.
Peugeot showed its new
compact city car, the 1007,
complete with powered sliding
doors by Delphi, the first time
such a system has appeared
outside the luxury minivan
class, while the new Citroën C4
from the same group displayed
numerous new technologies
including bi-xenon lights from
Valeo and the novel steering
wheel with fixed centre1, also
developed by Valeo.
The advantages of the fixed
steering wheel boss, said
Valeo, were more consistent
airbag positioning in an impact,
Autumn 2004

1
and the ability to site more
controls around the wheel
centre. These controls
communicate with the vehicle’s
electrical system via a LINCAN bus.
Italian design and
engineering house Pininfarina,
which recently took over
France’s struggling Matra
operation, showed a radical
two-seater safety car concept,
the Nido2. Similar in
configuration to the smart
fortwo, the Nido is able to
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reduce the frontal and rear
impact forces on its occupants
by the novel use of sheet metal
honeycomb layers between the
firewall and the passenger
‘sled’, which is allowed to travel
forward up to 350 mm within
the rigid safety cell. In rear
impacts a similar sandwich
again absorbs collision energy.
Pininfarina’s computer
simulations show that the
deceleration experienced
by the occupants is so
low that in some
cases the airbag is
rendered
unnecessary.

The task of RQ is to highlight
the latest thinking in
automotive engineering and
technology worldwide – both
within Ricardo and among
other leading companies. By
presenting an up-to-date mix
of news, profiles and
interviews with top business
leaders we 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 co-operate
with RQ and allow their
programmes to be highlighted
in print: without such help from
customers it would not be
possible to present such a
fascinating inside track into the
way vehicles are conceived
and developed.
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Pole position
Amedeo Felisa is general manager of Ferrari GT, the road-car division of the most
successful constructor in the 50-year history of Formula One. Tony Lewin spoke to
him shortly before he unveiled the new Ferrari F430 at the Paris Motor Show
How does product development at
Ferrari differ from that at other
companies?
Our development methodology is not
so totally different, but we have our
personal way of developing the car –
because at the end of the day we have
special conditions. We are a low
volume car manufacturer, so we can’t
spend the money that the large volume
producers do.
How does this affect the practicalities
of developing vehicles?
This is a tough hurdle to overcome as our
budgets are not as large, yet we are in the
absolute top performance sector. This is
where we really have to demonstrate best
practice in our company: how to develop
the cars in the correct way to deliver
extremely high performance and top
reliability, and, on the other side, to match
this with budgets that are relatively
restricted.
This has led us to develop a special
methodology as there can be no trade-off
between budget and performance. We
have a very flexible way of managing the
company: being small, we don’t have the
constraints of the big companies and
problem of moving a lot of people around
the project. We are small, flexible and
very quick in our reactions: this is
something truly specific.

How does the F1 racing programme help
road car development? Can you pick
and choose from the very top
technologies?
We take it for granted that the F1
department is our innovation department!
They are at the very peak of technology.
Yet we cannot transfer the technical
solutions as the F1 cars are so tightly
defined by the regulations. However, we
can transfer the experience and the
methodology: in areas such as
aerodynamics the F1 experience is very
beneficial on the road cars.
Does F1 also help you develop solutions
unusually quickly?
This is again part of people, methodology
and organisation. We call them teams – the
people we bring together to take the project
from the starting line to the finished vehicle.
We say to ourselves that you can produce
the best car if you have the best people,
the best organisation and give them all the
technology they need. This is the slogan of
our company.
Why exactly can you not use racing
technologies on the road cars?
I did not say technologies, but technical
solutions. We can use the same technology
– for instance within the combustion
chamber. You can use the same
methodology as in F1 to optimise the

combustion of the engine – but you can’t
have exactly the same solution. The spark
won’t be exactly the same, and so on.
Does this apply to other areas such as
chassis and transmissions, too?
The main areas are engine, aerodynamics
and then the dynamic control of the cars. If
you look at the new Ferrari F430 you will
see that we are using the E-diff, the
electronic control of the differential. This is
something we developed in F1 in the early
1990s, but which was later blocked by the
regulations. For us the concept was very
interesting: how to manage the dynamics of
the car using that device. So in this case we
took the methodology and the technology,
but the final solution was different as we
used normal materials that are suitable for
use on normal road cars.
Mention of materials immediately brings
to mind the question of costs. Do you
have limitations on the cost of
components in Ferrari road cars, or can
you use whatever materials you like?
We produce high-priced cars, so we
naturally don’t have quite the same cost
pressure as, say, a Fiat Panda. I don’t think
we ever calculate what the cost of the F1
cars is, but we can’t use these solutions on
road cars anyway. Yet, because of the
segment where our cars are, we can use
materials and technical solutions that other

The latest Ferrari road car, the F430 (above) was developed in 28 months.
Its new 4.3 litre V8 engine gives 490hp for a 315km/h top speed
6 FERRARI
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people cannot use – but companies like
Aston Martin and Bentley probably have the
same capability too.
How much of your development work is
done in house, and how much in
conjunction with external development
partners?
What we manage internally in its entirety is
the engine. We start with the conception of
the engine, and we finish with the
manufacturing, the assembly into the cars,
and then the marketing. We decided to
devote our special skills to this very specific
area: we do of course use outside suppliers
for special technologies. Brakes, for instance
– it would be stupid for us to design these for
ourselves, so we work with Brembo. Another
example: conrods. We get these from the
very best supplier in the market. We want the
suppliers to bring their skills and their
experience to our development process. We
cannot produce the best car in the world
without using the best suppliers in the world
– and by best supplier we mean the one who
are best in terms of skill and technology. It’s
the value that’s important, not the price.
What is the typical development time for a
new Ferrari?
We use 36 months as a standard, perhaps a
little bit more or a little bit less. That’s for a
completely new car. For a car where we
aren’t changing everything it’s 24 to 28
months. The F430 was 28 months, the
Scaglietti was 34.
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“We cannot produce the best
car in the world without using
the best suppliers in the
world. It’s the value that’s
important, not the price.”
– Amedeo Felisa,
Ferrari
Electronics are often criticised by drivers
for spoiling the fun of driving. What is
your philosophy on the use of
electronics, especially on the chassis?
We use electronics in order to enhance
performance. You obtain the best results by
combining the characteristics of the
mechanical components with the capability
and flexibility you get with electronics. Going
back to the 430, we decided to distinguish
different sets of conditions – snow, wet,
sport, race and so on – and to use the
electronics to optimise the performance of
the complete system. That means gearbox,
suspension, the electronic control of the
differential and so on. Electronics allowed us
to optimise the performance of the car in
each of these sets of conditions.
Did you develop the electronics systems
yourselves?
Our usual procedure is to state our
requirements for the electronic components
and ask the suppliers of each of the systems
to develop the electronic aspects of those
components. So on the engine Bosch is
doing the engine management; Marelli is
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doing the electronics for the gearbox, and the
suspension is ZF Sachs. The component
suppliers develop the software – and after
that a big integration operation is needed.
What is your view on introducing new
engine technologies such as direct
gasoline injection?
We look very carefully at new technologies
appearing on the market, and we have
definite targets that new technologies have to
fulfil if they are to be used by us. Firstly, they
must be suitable for high performance – and
in the case of direct injection that has been
on the market for some years but only in low
performance applications. The second point
is that development costs are very high when
new technologies first become available, so
we need to wait for them to become more
mature. So, unless it is one of our own
technologies, we normally wait until it is
ready for top performance and ready to be
applied to low-volume cars.
Will Ferrari ever return to building smaller
cars like the Dino of the 1970s?
For us the F430 is the entry level – so we
regard it as a small Ferrari. We always look
at how the demand from our customers
evolves. Now, eight cylinders is our starting
point. If you are a fan of Ferrari you will
remember that in 1970s the 208 was just two
litres, then we moved to 2.3 and steadily
upwards. This was simply following what our
customers were asking us for – higher and
higher performance each time. Today’s small
Ferrari is a Maserati.
FERRARI 7

Chrysler’s supe
The spectacular Chrysler ME Four-Twelve supercar astonished
the world when it was unveiled at the North American
International Auto Show in Detroit in January. Now, complete
with 850 hp quad-turbo V12 and Ricardo’s innovative
seven speed, dual-clutch transmission, it is being
hurtled around the famous Laguna Seca
raceway in California by the world’s press.
Tony Lewin reports on a remarkable
high-speed collaboration

8 CHRYSLER ME FOUR-TWELVE
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ercar sensation

I

t is no exaggeration to say that
Chrysler took the whole world by
surprise with its dramatic midengined 400 km/h ME Four-Twelve
supercar. Few within Chrysler, let
alone the onlookers at the Detroit
show or the broader industry
community, had any idea what was
under those covers before they were
whipped off that January day; fewer
still could have imagined it would be
proclaimed the fastest car in the world
or that it would be splashed on the front
cover of almost every car magazine from
Vancouver to Vienna, Tokyo to Turin.
If Chrysler had set out to cause a worldwide
smash hit it could not have asked for a more
sensational response. “Oh my god!” screamed one
highly respected magazine in huge block letters.
The amazement was absolute, the surprise was
total. The supercar had been developed in complete
secrecy in an astonishingly short period of time in
collaboration with companies that Chrysler described
Autumn 2004
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as “some of the best partners in the business”,
including Ricardo as transmission supplier. Even
within this select network of partners everyone was
sworn to silence. Not a word leaked out – a
remarkable feat of confidentiality considering the
breathtaking specification and performance of the
machine and the fact that it was to be Chrysler’s first
ever mid-engined supercar.
Trevor Creed, Senior Vice President, Chrysler
Group Design, speaking at the Detroit show,
described the car as the ultimate engineering and
design statement, and a brilliant example of the
Chrysler Group’s capabilities. He predicted that the
ME Four-Twelve would establish a real-world
performance record for a rear-wheel drive, midengine supercar – and also, having taken less than
one year to complete from start to finish, that it
would set a record for lightning-quick vehicle
development.
All too often, however, glamorous motor show
debutantes of the ME Four-Twelve’s allure prove to
be no more than one-off show concepts, flashy and
fanciful designs wheeled out to steal the showtime
CHRYSLER ME FOUR-TWELVE 9

Handling the V12’s huge power:
dual clutch transmission
The transmission’s smoothness and efficiency
stem from its innovative dual clutch layout
which, in effect, sees it operate as two parallel
but integrated automated manual
transmissions. The torque is transmitted to the
rear wheels via one of the two paths through
the transmission, while the non-torque
transmitting path is used to select the next
gear.
The dual clutches which select between the
two torque paths are mounted upstream of the
transmission within the transaxle, explains
Ricardo’s Lee Sykes. Their output is delivered
to the transmission via two concentric shafts.
The inner shaft transmits torque to the even
gears as well as reverse, while the outer shaft
transmits torque to the odd-numbered gears.
During gear changes, torque is transferred
between the clutches in a manner which allows
absolute predictability in the engagement and
release of the clutches, making for near-perfect
smoothness when shifting from one
transmission path to the other.
“When you drive the vehicle you never feel
any reduction in thrust,” confirms Peter Brown,
president, powertrain projects and design, at
Ricardo’s Detroit Technology Campus. “Gear
changes are almost imperceptible in a vehicle
equipped with a well designed DCT.”
Downshifting is equally smooth, despite the
huge forces involved. As with every aspect of
the driveline’s operation, sophisticated
electronic control systems monitor each key
parameter and ensure that the engine revs are
automatically and very precisely matched to
those of the transmission in order to minimise
the level of clutch slippage required. The
clutches, which run in oil, are in any case
carefully temperature-controlled.
The transmission may be operated in either
manual or automatic mode at the discretion of
the driver. In manual mode gear selection is
sequential via paddles or shift lever control
whereas the automatic mode is operated in the
same manner as a conventional system.

10 CHRYSLER ME FOUR-TWELVE

limelight but with no real intention of
subsequent production or sale. At
Detroit, Chrysler went to great
lengths to point out that the ME FourTwelve was a prototype and not a
concept car, and that a demonstrator
car was being prepared and would
be made available for journalists to
drive that same summer.
It is a further remarkable
achievement of the programme that
in the seven months since the show
Chrysler has been able to deliver on
these promises, too. On August 12th
this year, a select group of reporters
– among them Paul Horrell, whose
report appears on page 13 – was
able to sample the Four-Twelve’s
prodigious performance around the

famous Laguna Seca raceway in
California.
“There’s a colossal wave of torque
that catapults the ME Four-Twelve
down the straight,” enthuses Horrell.
“Whenever the revs reach 6200 the
dual clutch transmission
instantaneously picks an upchange –
so the acceleration is uninterrupted
and feels nigh-on limitless.”
Dan Knott, head of Chrysler’s
Street and Racing Technology (SRT)
group, the performance group of
Chrysler which developed the ME
Four-Twelve, says the car
demonstrates how Chrysler can
showcase technology, performance
and passion “in one incredible
vehicle”.
“The Chrysler brand image is all
about premium performance in many
areas, and in the case of SRT it is
about sophisticated refined
performance technology,” says Knott.
“Clearly the ME Four-Twelve delivers
on all of those points.”
Record-breaking performance
The schedule set by Chrysler for the
ME Four-Twelve programme was
truly daunting. It was only in July
2003 – just 13 months before the

“This programme was
executed in record time,
and Ricardo has been a
strong partner since day
one.”
– Dan Knott,
Chrysler SRT
Laguna Seca track day – that the
idea for a supercar was officially
given the green light. “This
programme was executed in record
time,” says Dan Knott, “and Ricardo
has been a strong partner since day
one. While there were issues, the
team focused on the issues,
identified a plan and executed it. The
programme and
performance
have been
remarkable.”
Ricardo was
the natural
choice as
transmission
partner, explains
Knott: “Their
passion for this
industry, their
track record with
performance
projects, and
their willingness to take educated
risks with great potential pay backs –
all were key factors.”
“At SRT we effectively leverage
internal resources to do these types
of projects. However this stuff
doesn't happen without passionate,
out of the box thinking suppliers like
Ricardo,” adds Knott.
Two parallel, integrated
transmissions
“We started on the Chrysler ME
Four-Twelve dual clutch transmission
programme in July of last year,” says
Lee Sykes, technical director of
Ricardo Driveline and Transmission
Systems. “The required timescale
was extremely compressed but we
were fortunate in being able to
merge our engineering efforts with
an on-going and highly successful
internal Ricardo research
programme into dual clutch
transmission (DCT) technology which
was aimed at addressing similar
goals to those envisaged by this
programme.”
“By adopting a dual-clutch
approach we have been able to
ensure that this massive torque is
transmitted to the wheels without
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interruption,” continues Sykes. “The
gearchanges are extremely smooth, and
the operational efficiency of this
breakthrough technology is so good that
fuel consumption is potentially less than
would be expected of a manual or
conventional automatic equivalent.
Performance, too, is considerably
improved over a conventional automatic
system.”
“Our initial DCT investigations had
centred around powerful front-engined,
rear wheel drive configurations. Then
Chrysler came with a request for support
on this transaxle. Although we had to
tear up our existing design we were able
to make use of many of the principles
we had developed for the front-engined
configuration.”
It was an extremely tight schedule,
stresses Sykes, only possible due to the
previous research work but nonetheless
demanding exceptionally careful
programme planning. “We had to go
through concept design, detailed design,
manufacturing, rig testing and vehicle
testing all within a few months,” he
remembers. “We had to pay special
attention to all the long-lead components
and the parts they interfaced with. The
casing, for instance, is very long lead: we
Autumn 2004

had to freeze its design and its interface
points at an early stage – the detailed
design of the gears and so on was able
to wait, but the locations of all the shafts
and bearings had to be tied down as
soon as possible.”
The highest specifications
With the possibility of sustained speeds
approaching 400 km/h and acceleration
performance giving 160 km/h in little
more than six seconds, the ME FourTwelve’s transmission loadings are more
akin to those of race cars than road
vehicles. Clearly, only the very best
components will do.
“We use the highest specification
materials – absolutely necessary,
considering the loads and tolerances
involved,” says Sykes, “This also
translates into high-accuracy machining
of the gears so that they operate with the
proper contact even at these high loads.
With so much of the transmission’s
operation being steered and monitored
electronically, control software is an
increasingly important area of driveline
expertise and one in which Ricardo is an
acknowledged world leader.
“On the software front we have a
distinct advantage in terms of
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Chrysler ME
Four-Twelve concept –
key facts
Structure: two-seat mid-engine,
carbon fibre and aluminium
honeycomb tub, aluminium crush
structures and chrome-moly
subframes
Engine: Mercedes-Benz-AMG 6.0 litre
V12, four turbochargers; max power
850 hp at 5750 rev/min
Transmission: Ricardo seven-speed
dual clutch automated manual,
electronically controlled for torqueinterrupt-free shifts; shift time: 200
msec
Braking: 15-inch carbon fibre
composite discs; retardation: 2 g
Lateral acceleration: 1.5 g
Downforce at 300 km/h: 420 kg
Weight: 1310 kg

experience of controlling dual clutches
and the shifts in co-ordination with the
electronic throttles,” notes Sykes.
“The transmission control systems
on the Chrysler Four-Twelve involve
our own software and calibration
processes. We can even control
traction with launch control to minimise
wheelspin on take-off.”
CHRYSLER ME FOUR-TWELVE 11

Programme management
A joint trans-Atlantic programme
involving over 30 engineers at Ricardo’s
Leamington Spa driveline centre in the
UK and their opposite numbers within
Chrysler and at the Ricardo Technology
Campus in Detroit, the project –
codenamed Freeway – officially started
on July 1st 2003. The co-operation got
off to a rapid yet smooth start –
absolutely vital considering the acutely
compressed timescales involved.
Lou Rhodes, the then director, design
engineering, at Chrysler’s product design
office in Auburn Hills, Michigan, recalls
how Ricardo brought a tremendous
amount of transmissions experience –
essential as the colossal torque required
a wholly new design. “What is
remarkable and what we liked,” noted
Rhodes , “is that we gave them this
project on July 1st 2003, and they
executed and met the delivery
deadlines.”
Production prospects
In answer to the inevitable next question,
Dan Knott is consistent with the official
Chrysler line that the company will
continue to study whether production
makes sense. “This will take into account
the many factors that go into any of our
production programmes,” says Knott.
“We should have some answers the first
quarter of 2005.”
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“By adopting a dual-clutch
approach we have been
able to ensure that this
massive torque is transmitted to the wheels without
interruption.”
– Lee Sykes,
Ricardo Driveline and
Transmission Systems
Chrysler chief executive Dieter
Zetsche, who was present at the Laguna
Seca test, is enthusiastic but guarded,
saying that the ME will be built if there is
profit in it: it won’t be a loss-leading halo
car. The word among DaimlerChrysler
personnel is that the production
alternatives could range from a few
hundred at around $200,000 apiece to
an exclusive build of just a few handmade examples at nearer $1m each. It
was no co-incidence that Chrysler chose
to hold the ME Four-Twelve’s
presentation at the Pebble
Beach/Monterey Races weekend, the
event that is a powerful magnet for
America’s megabuck auto enthusiasts.
Ricardo is confident that, should the
occasion arise, the group would be able
to handle any request for quantity
production. “We are ready to support

Chrysler engineers if they go ahead with
production”, said Lee Sykes. “We are
already involved in the limited-volume
production of high-performance
transmission systems for other vehicles,
so if Chrysler decides to go ahead we
hope they would give us an opportunity
to quote on production units.”
DCT: transmission of the future?
It is hard to believe that barely two years
ago the dual clutch transmission was
thought too complex and too
sophisticated for road-car applications.
Yet introductions such as the Audi TT
and Volkswagen Golf R32 have brought
the slick-shifting advantages of DCT to a
much wider audience, while the
appearance in 2005 of the massively
powerful Bugatti Veyron, with its allwheel drive seven-speed DCT developed
and manufactured by Ricardo, will give
dual-clutch systems recognition in
supercar circles.
“With high performance cars people
used to ask if dual clutches were the
right way to go,” observes Peter Brown,
vice president, powertrain projects and
design, at Ricardo’s Detroit Technology
Campus. “Now they are asking how can
they get one? We think we understand
dual clutch high performance
transmissions very well. We are
accumulating new learning with every
project we undertake.”
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“What is remarkable and
what we liked is that we
gave them this project on
July 1st and they executed
and met the delivery
deadlines”
– Lou Rhodes, Chrysler
“We are confident DCT will spread to
other sectors because it gives the fuel
economy of a manual and the
smoothness of an automatic,” adds Lee
Sykes. “We have completed ten DCT
programmes and have a further seven
on-going. We pride ourselves in
commercial client confidentiality. If they
want to talk about us, that is fine – but
we don’t talk about them. We are
extremely pleased in this case that
Chrysler has chosen to credit our
involvement in its highly prestigious ME
Four-Twelve programme.”

Behind the wheel
Paul Horrell drives the ME Four-Twelve around the
famous Laguna Seca raceway in California
“There were a lot of 24/7s,” says Dan
Knott, describing, with a sincere weariness
in his voice, the work done to get the ME
Four-Twelve to this stage. It’s clearly a very
long way from static concept car to an 850
hp running prototype. Especially one that
has confirmed against the stopwatch the
acceleration and quarter-mile figures the
company had calculated and – holding
itself hostage to fortune – publicly
announced at the Detroit Show.
Knott is head of Chrysler’s SRT (Street
and Racing Technology) group, the group
charged with developing hot versions of
existing production cars as well as whole
vehicles such as the Viper and now the ME
Four-Twelve. A handful of journalists are
here to drive the car at the challenging
Laguna Seca racetrack in California. All
around are hundreds of the world’s richest
car enthusiasts, for it’s the Monterey
Historic race meeting. It’s a flag-waving
exercise in front of potential buyers,
basically. And to the huge credit of Knott’s
team – and of the Ricardo and AMG
engineers on hand – the car runs like
clockwork.
The interior of this prototype is a long
way from the glossy show car’s. The tub, IP
and doors are all butt-naked carbon fibre.
Autumn 2004

The seat is a fixed racing bucket, the belts
a four-point harness, the instruments a
race-style digital pod. But it all works. I
wriggle in, and an engineer tightens the
harness and fastens the removable
steering wheel. Through the muffling of my
crash helmet, the mighty V12 rumbles
away at idle. I reach for the consolemounted rotary transmission switch, and,
touching the brake pedal, turn it from N to
D. With a softly-felt click, the DCT’s first set
of gears meshes into engagement.
There’s a full launch-control strategy on
board, which manages revs, traction control
and clutch engagement to squeeze the
very best acceleration out of the ME when
you floor it. But I’ve resolved to be gentle.
Crashing this one-off, and ruining the
publicity opportunity, would get me struck
right off Chrysler’s Christmas card list.
Pulling out of the pit-lane, I tug the righthand shifter paddle at about half revs and
a quarter throttle. The car glides into
second. Right from the first few corners it’s
obvious there’s vast grip, even though Knott
says the chassis hasn’t been finessed.
There’s also gigantic traction, enough that
my resolve to go gently begins to melt.
Soon the colossal wave of torque is
catapulting the ME down each straight,
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however short. Whenever revs reach 6200,
the DCT instantaneously picks an upchange.
So the acceleration is uninterrupted –
and it feels well-nigh limitless. This isn’t an
edgy, rev-hungry engine like an Enzo
Ferrari’s or Porsche Carrera GT’s. It has
teleporter thrust from all revs, and the DCT
adds to the effortlessness. For the record,
low-rev torque has been cut a little for
today’s extended demonstration sessions,
though all 850 horses are in the corral.
Downchanges are equally smooth,
although to avoid us unfamiliar drivers
getting caught by torque reversals on the
way into corners, there’s a software
interlock that prevents it shifting down
under brakes, which confuses me at first.
And those carbon-ceramic brakes are
spectacularly, almost painfully effective.
More than once the gigantic engine power
gets me to a corner far faster than I’d
calibrated myself for, and those stoppers
save the day. The ME Four-Twelve’s young
and remarkable career can continue.
Paul Horrell is a London-based freelance
writer. He is Consultant Editor to BBC Top
Gear magazine, European Editor of Motor
Trend, and a member of the European Car
of the Year jury
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A new oil crisis?
With oil prices breaking the psychologically important level of US$50 per barrel for the
first time, many are beginning to conclude that the world is on the verge of an oil crisis
on the scale of 1973. Markus Doerr, head of Ricardo Strategic Consulting’s Central
European practice, argues that this has been a wake-up call for the automotive
industry and consumers alike. Here he analyses the origins of the current price spike,
the lessons of history and the strategic choices for the future

F

ew could claim that oil has been
abundantly available over the
last decade, and pump prices for
gasoline and diesel have remained an
occasional political issue in many
geographical regions.
Prices have however remained at
comparatively stable levels and have
created an environment in which
consumers have developed a
growing appetite for ever larger
SUVs and higher performance
engines.
It would be tempting to view the
current oil price shock as being
reminiscent of the 1973 oil crisis, but
such an analysis is in many respects
too simplistic.
The 1973 oil crisis was entirely
politically motivated and triggered by
the Yom Kippur war: put simply, its
basis was a deliberate tightening of
supply by the principal oil producing
nations to others that were seen to be
politically allied with Israel.
This time it is combination of several
factors for which there is no easy and
certainly no short-term fix.

“An understanding of the
likely resultant impact of
higher fuel prices upon
consumer behaviour
may enable automakers
to gain advantage.”
– Markus Doerr,
Ricardo Strategic
Consulting
A different type of ‘crisis’
Demand for crude oil is tightening at
an international level due to the rapid
industrial development of the Chinese
and Indian economies. China in
particular continues to post annual
GDP growth in excess of 8 per cent
and the motorization of these
economies is just at its humble
beginnings. As net consumers of oil,
the growth of these two economies will
continue to tighten the market for
crude into the future. But this increase
in demand comes at a bad time for the
energy industry; the low oil prices and

Top 10 oil producers/oil consumers

apparent security of
supply enjoyed
through the late
1990s led to a
shortfall in investment
which now places a
constriction on
downstream supply.
Compounding all of
these factors are the
increasing
international
instability and
insecurity: with a meaningful response
to the root causes of international
terrorism being a protracted
undertaking, this is likely to prevail for
many years to come. In such an
increasingly tight market, disruptions to
supply – actual or threatened – caused
by factors such as the recent attacks
on Iraq’s already decimated oil
infrastructure and the crisis facing
Russia’s Yukos, can only add to the
frequency and severity of price spikes.
Given this situation, there will be no
return to low oil prices in the range of
US$ 20-30 per barrel for light crude
which were enjoyed so recently. A
more realistic equilibrium price in the
range US$ 35-40 could be possible,
but there are no guarantees that prices
will not settle on a higher level.
Impact on the automotive industry
Increased oil prices will clearly have a
significant effect on the automotive
industry, shattering hopes for the
desperately awaited turnaround in
2005. They would not only lower the
growth prospects, they might also
result in a significant change of the
vehicle line-up and the technologies
deployed on vehicles.
While the origins of the recent
increases in crude oil prices are very
different from those which led to the
1973 oil crisis, the lessons of history
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Example roadmap to lower C02 emissions

might help us to better understand the
likely consequences of an oil crisis. In
the mid seventies Japanese companies
were able to break into the US market
with smaller and much more fuelefficient vehicles than those offered by
domestic manufacturers – a
competitive threat to which American
car companies had virtually no
response. Sales of diesel vehicles also
increased substantially as consumers
were attracted by their superior fuel
efficiency – a trend which even
impacted the US passenger car market
where diesel penetration reached a
peak of 6% or 500,000 units in 1981.
In all vehicle segments styling became
heavily influenced by aerodynamic
considerations and the Cd-coefficient
was broadly used as a “marketing
value.”
Automotive manufacturers today
need to revisit their product portfolio
and technology strategies and prepare
themselves for what could be the
largest challenge since the 1970s.

come with each of the
technologies. Instead of
describing future technologies in
static roadmaps, Ricardo is
looking at combinations of
technologies and how they evolve
over time. There are multiple
routes to the future and they
depend on the importance of
brand attributes, target customers
and key regions.
Using this methodology and
leveraging the large expertise
based on a solid foundation of
research, Ricardo can help
automotive manufacturers to find
their optimum route into a more
fuel efficient future that provides
the best balance of all the
important optimization criteria
that have to be considered. Once
the technology route is defined it can
be broken down into a series of
development projects and into a
technology cascade for the vehicle
lines – all in an effort to make the
deployment both manageable and
affordable.
By deploying strategic methods such
as technology route mapping, Ricardo
can assist vehicle manufacturers in all
parts of the world adapt in today’s
rapidly changing market. The price of
crude oil may not be fully predictable
over the coming years and the extent
and duration of individual price spikes
uncertain, but the longer term trend is
clear. In these circumstances an
understanding of the likely resultant
impact of higher fuel prices upon
consumer behaviour and the strategic
options available given the current
product portfolio and technology mix,
may enable the most forward thinking
automakers to gain advantage in
uncertain times.

Options for improving
fleet-averaged fuel
economy
Reduction of vehicle
weight
Increased diesel mix
Variable valve actuation
Downsizing of engines
Lean boost direct
gasoline engines
Promotion of hybrids
Adopting of advanced
automatic transmission
concepts (e.g. AMT,
DCT, CVT)

vehicle’s driveability.
The optimum response to the
technology challenge will vary between
market sectors and automotive
manufacturers. The target regions and
customers and the brand positions are
too different to allow for a “one size fits
all” strategy.
Much is at stake – deciding the
right product and technology strategy
for the future is hugely complex and
will impact the profitability over many
years. Product portfolio and
technology choices point the
directions of hundreds of millions of
dollars in investment in R&D and
facilities and decide on the market
success of the brand.
Technology route mapping
Ricardo has invested heavily in
researching technologies to improve
fuel efficiency and has a deep
understanding of the trade-offs that

Technology route mapping

Meeting the technology challenge
If automakers are to re-focus their
product line up on increased fuel
efficiency, there are many choices to
be made and candidate technologies
from which to select.
But none of these choices comes for
free. Almost all of the technologies
incur high on-cost that cannot easily
be passed on to the final customer
given the prevailing economic climate.
Some of the technologies have
negative impacts on certain toxic
emissions or on driveability, others
improve the perceived or real
environmental friendliness or can even
be marketed as an improvement in the
Autumn 2004

Ricardo Quarterly Review

OIL PRICE IMPACT 15

MINI mirac
Ricardo played a central role in the
development of the ultra-successful BMWgroup MINI in 2001. Now, visiting the Oxford
factory on the day the half-millionth
MINI was built, Tony Lewin looks
at the Ricardo-managed
2005 technical upgrade
programme

I

t is a measure of the BMW-inspired
MINI’s outstanding success that this
August saw the 500,000th example
come off the production line – quite an
achievement for a car launched in late
summer 2001 and for which a
maximum production
volume of 100,000 units
a year had been
anticipated.
A succession of ever more
desirable new versions followed the
original MINI One, including the MINI
Cooper, Cooper S, diesel and most
recently, the Convertible. These have kept
the MINI fresh and exciting in the minds
of buyers – and BMW’s manufacturing
experts have had to use every ingenious
trick in the book to squeeze up to 174,000
cars a year from a factory whose
theoretical capacity is some 50 per cent
less.
With demand at such an intensive level,
it would have been easy for BMW to relax,
slip in to cruise control mode and simply
carry on taking orders for a product of
unprecedented popularity. But such static
thinking goes against the grain of its
policy of continuous improvement.
As Chris Schausberger, BMW director
of small engine projects, explains, “BMW
16 MINI

routinely plans
model upgrades for every
product around the middle of their
life cycle. The upgrade considers
customer feedback and technical
improvements.” So, for the 2005 model
year, some significant enhancements have
been made to the technical make-up of
most models in the MINI range.
And Ricardo, which had been so crucial
in supporting BMW to bring the new MINI
to market in 2001, was the natural choice
as development partner for the upgrade
programme. The BMW and Ricardo teams
were experts who respected one another,
trusted one another and who knew they
could work well together.

Continuity of development
Since the 2001 launch Ricardo has
continued to support BMW on further MINI
derivatives, including the 2002 MINI Cooper
S and the 2003 MINI One D, where
assistance was provided with the
integration of the six-speed manual
transmission. So, though it was formally a
separate project, the technical upgrade
(TU) work for the 2005 model year MINIs
felt much like an extension of Ricardo’s
existing relationship with BMW, its
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MINI technical upgrade
programme
December 2001: first
discussions
March 2002: concept work
begins
September 2002: project
begins (including feasibility
stage)
April 2004: start of MINI One
and MINI Cooper production
July 2004: start of MINI
Cooper S production

engineers and the MINI development
programme. This continuity was extremely
useful to BMW, as Schausbeger explains:
“The experience Ricardo gained on the
original programme was utilised on the
upgrade programme.”
Continuity at the Ricardo end was
assured by the appointment of gasoline
engines director, Mark Garrett, as project
director for the TU programme; a similar
role to that which he undertook on the
original MINI One/Cooper S programme.
Autumn 2004

Yet according to
Garrett it was not a foregone
conclusion that Ricardo would be given
the programme. Ricardo had been asked at
the end of 2001 to look at concepts for a
mid-life upgrade, but it was only in the
spring of 2002, just after the highperformance MINI Cooper S had been
launched to great acclaim, that Garrett’s
team formally started work on the concept
phase for a technical upgrade to all three
model lines.
There was nothing exceptional in this,
explains Garrett. “It’s very much a standard
process many OEMs employ for
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maintaining the mid-life freshness of
products: they generally start this soon
after the first launch of the product.”
By the standards of most other
carmakers this was however an unusual
programme as there were few, if any,
customer complaints to address, though on
the mechanical side BMW had wanted to
eventually replace the legacy Rover R65
gearbox on the MINI One and MINI Cooper
with a more modern transmission from
Getrag, the supplier of the six-speed
gearboxes for the MINI One D and MINI
Cooper S.
The gearbox programme, together with
MINI 17

the enhanced sporty feel desired by the
customer. “For us,” remembers chief engine
engineer on the TU programme, Dr Simon
Stevens, “this culminated in the
development of two versions, each with a
different type of engine upgrade. We built
demonstrators of each for BMW to assess.”
Both versions exploited the new
Generation 5 Eaton supercharger to
enhance both torque and power: while one
proposal retained the original Cooper S
induction layout, with both supercharger
and intercooler mounted on the engine, the
more radical second version mounted the
intercooler remotely, within the engine
coolant radiator module, for improved
charge air cooling. On this version the
bonnet air scoop became the air intake for
the engine instead.
Exploring alternatives such as these,
says Stevens, was the most effective way
to take the Cooper S forward. “We’d
already worked on the original product and
knew it very well. So we had to ask
ourselves what changes we could make to
the product, and what new technologies we
could bring in to enhance its sporting feel in
the most effective manner. And though we
kept an eye on the costs we did not want to
be limited by what the cost of any particular
solution might be.”
Dr Stevens’ team then put a cost
package forward for the two derivatives and
related this to the performance and fuel
economy benefits of each alternative; each
cost pack was in turn linked to the tooling,
piece price and development
time and costs for that option.
“That,” says Stevens,
“supported the BMW decision
on how extreme to make the
changes, what the risks would
be, and also what the costs
associated with the changes
would be. BMW could then look
at the volume over the
remaining years of the car’s life
span to decide which was the
most effective route to take.”
In the final analysis, after
exhaustive testing of the two
prototype cars built by Ricardo,
BMW decided in favour of the
greater simplicity and more
straightforward packaging of
the less extreme version. The
new G5 Eaton supercharger is
more efficient than its
predecessor: it has an
innovative coating on its rotors
and compressor housing, and
when first run in at the Eaton
factory this coating is partially
abraded away in a manner
Supercharged MINI Cooper S (top) had the most
extensive upgrade rising to 170hp; Half-millionth MINI which gives very tight
tolerances and thus a much
(oposite) leaves the Oxford assembly line
still further enhancements to the already
sparkling performance of the supercharged
MINI Cooper S, thus became the main
elements in the technical upgrade
programme. As BMW’s Chris
Schausberger explains, this presented
some challenges: “The main difficulty for
the introduction of our new gearbox was to
match the very short gearbox programme
timing to the established gateways of the
manufacturing process. The tough timing
meant running a lot of actions in parallel.”
While the work required for the MINI One
and MINI Cooper was relatively
straightforward and limited to the fitting of
the new Getrag G252 transmission, the
optimisation of the gear ratios and the
recalibration of the powertrain to suit the
new hardware, the agenda for the MINI
Cooper S was much more open-ended.
BMW’s aim, as Schausberger explained,
was to further enhance the sporting feel
and appeal of the car. Inevitably, this would
be an area of vehicle development where
quantitative performance targets were
harder to define, and where a strong
qualitative feel for the product and the MINI
brand values would be a very high priority.
And it was here that the strong personal
bond between the Ricardo and BMW
development teams – and their shared,
instinctive understanding of what makes a
MINI so special – really paid dividends.
The first step, completed in September
2002, was to conduct a feasibility study to
determine the most effective way to achieve
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closer
seal. This
improved boost,
along with careful
calibration changes
and other detailed
work, was enough to
boost power by 7 bhp
to 170 and torque by 10
Nm to 220.
The quality that counts
Though 170 horsepower is of course a
mightily impressive output in such a small
and agile car, the achievement of specific
power and torque increases was in many
ways the least important aspect of
Ricardo’s work on the MINI technical
upgrade. The over-arching objective which
the two teams kept in constant view was
the desire to further enhance the sporty
feel of the product: this, rather than any
numerical requirements, was BMW’s central
target.
To that end, Ricardo undertook a
complete recalibration of the engine and
boost system, in conjunction with Eaton
and engine management supplier Siemens
VDO; the exhaust system, supplied by
Arvin Meritor, was fully revised, too, and
within the Getrag transmission the ratios
were optimised in order to give an even
more urgent launch feel to the car. This
involved shorter first and second gears and
a slightly lower third and fourth; at the
same time the engine calibration was able
to take advantage of the revised ratios and
the improved supercharger boost to provide
a better spread of torque – and thus
immediacy of acceleration response –
throughout the rev range.
Such close identification with the finer
points of driving dynamics and the
subtleties of the MINI brand character
would have been impossible without an
exceptionally good working relationship
between the British and German
engineering teams. BMW, on its own
admission, is one of the most demanding
customers in the automobile business – not
just because it builds high-quality, premiumpriced cars but also because it has such a
strong brand identity that must be
preserved at all costs.
“BMW’s procedures don’t differ greatly
from other carmakers’ in terms of things
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like drawing processes or how you get
parts into production,” explains Mark
Garrett. “All that is pretty standard. It’s
their focus on ‘customer-relevant’
features that sets them apart and
consumes the majority of iterative
development effort. It’s a process with
a very relationship-orientated
structure. For calibration, for example,
you get acceptance from the
engineers for how the calibration
feels: this then gets escalated up to
senior levels within BMW. If they don’t
like it, that will be cascaded back down
so that the requirements from the very
senior people at BMW then become the
target. Burkhard Göschel and the senior
management at BMW have a very great
influence on what the feel of the product
will be. For instance, there are specific
features in the tip-in and tip-out
performance of the MINI Cooper S in
particular that were set by the
engineering director for powertrain.”
Another more unusual example was the
stipulation – which came directly from
BMW – that the Cooper S should
produce a popping sound from
the exhaust on lift-off. “This is
what Engineering wanted:
therefore it must be in the
product,” said Stevens.
“This is a very strong
theme when
working with BMW:
the character of the
product is the most
important thing. The whole
community there is very enthusiastic about
getting the right feel and the right
interpretation of the brand. This influences
the direction the product takes very
strongly.”
Challenging work
One of the toughest parts of the
programme, at least on a technical level,
was to achieve the required durability of
the exhaust system. “We had increased the
performance of the exhaust,” remembers
Stevens, “but some of the changes we had
made weren’t accepted because of the
cost. We were constrained in the level of
change we could make, but we still had the
same durability and performance targets.
“The quality targets for manufactured
product are as high as for the BMW brand
itself. It’s a good challenge to have: that’s
where engineering skill can best be
demonstrated. After all, it’s much easier to
build the best possible car if you have a
limitless amount of money.”
Ricardo is particularly pleased with the
way it achieved the desired popping sound
in the exhaust on the over-run. Simon
Stevens again: “What this relies on is
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“The experience Ricardo
gained on the original MINI
programme was utilised on
the upgrade programme”
– Chris Schausberger
BMW director of small
engine projects
basically burning excess fuel in the exhaust
system, which has an adverse effect on
exhaust temperatures and can therefore
also adversely affect exhaust system
durability. What we have done is to
implement a good calibration mapping that
allows for a progressive level of popping,
depending on what the engine speed and
load is – so we have been able to provide
that brand feature whilst also protecting the
durability of the product.”
In addition, a lot of time was spent on
getting the balance of sound right between
the supercharger noise and exhaust noise;
in fact, a special feature was introduced in
order to increase the characteristic whine of
the supercharger. “That is the difference
between having a MINI product which has
strong brand characteristics, and the
competition,” says Stevens.
Core teams
The main core of MINI activity at Ricardo
was – and continues to be – at the group’s
facilities close to the BMW Oxford
plant. Here, a team of engine,
transmission and systems
engineers worked on the
powertrain, its packaging in the
vehicle and its calibration;
Shoreham was the location for
engine mapping and testbed
durability work.
In addition, two engineers
onsite at BMW in Munich ensured
smooth communication between
the teams and support for this
programme and other MINI-

related activity. With gearbox maker Getrag
located just north of Stuttgart, Ricardo ran
the transmission team out of
PROTOtechnik IFT (acquired by Ricardo
plc in summer 2003) in Schwäbisch Gmünd
for the last eight months of the programme.
In addition to Getrag, Ricardo also
managed supplier relations with Eaton,
Arvin Meritor and Siemens VDO.
The MINI technical upgrade programme
having been successfully delivered on time,
on budget and to the satisfaction of the
customer, Ricardo continues to work on
further MINI variations. In particular,
support is being provided for future US
CARB emissions certification.
One of the reasons underlying the very
evident success of the TU programme has
been the very close relationship on a
project level with the customer, something
Mark Garrett attributes to the fact that this
programme was a direct follow-on from the
original main MINI development contract.
“We have worked as partners to BMW on
MINI for over four years now,” he reveals,
“so if any issues arise they are discussed
with the customer as soon as we become
aware of them. Having a strategic partner
who can carry over the learning from one
launch to the next helps to minimise
internal management costs and maximises
the benefit of the original investment to
outsource the first project. I see this as the
most effective use of engineering partners
to our customers.”

The MINI Cooper S on the road
On the road in the new MINI Cooper S
Convertible, complete with uprated 170
bhp supercharged engine, the
improvements in the powertrain are
immediately evident. The 1.6 litre engine
comes across as smoother and sweeter
than it was in its original form, and the
evocative whine of the supercharger is a
sound which makes the MINI absolutely
unique among small cars.
More importantly, however, the upgraded
engine now feels noticeably more powerful
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throughout its rev range, the higher boost
pressures, lowered gear ratios and revised
calibration giving it an even more thrilling
immediacy of response whatever the
reading on the rev counter. The new gear
ratios are satisfyingly close for quick
driving on twisty roads, the chassis
dynamics are as agile and exciting as only
a MINI can be – and the exhaust, true to
BMW’s design stipulations, does indeed
make a deliciously sporty popping noise
on the over-run.
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Simultaneous
improvement
Steadily-tightening emissions standards and market pressure for ever-higher
performance are encouraging new technologies such as Hardware in the Loop (HiL)
which combine cost and time savings with increasing levels of precision.
Jesse Crosse talks to the Ricardo team developing HiL, and to its customers in the
OEM and Tier 1 sector who are applying the Ricardo-developed technology

H

ardware in the Loop (HiL) is a form of
simultaneous engineering which
enables automakers to take the
specification of sensors and actuators on an
engine or transmission, and build a
mathematical model of the physical
characteristics of the system. In doing so it is
essential that the model is able to work in
real time: actuators such as a throttle body or
injectors can be physically included in the
system if needed, but without being attached
to an engine. Then, assuming everything is
working properly, the ECU does not realise it
is not controlling a real engine.
The advantages in developing, for
example, the ECU for a new engine
programme are huge. Andy Noble, senior
manager responsible for HiL at Ricardo
explains.” Without HiL, you might install the
engine on a dyno, but when the problems
are found, you have to debug on the dyno
while continuing to pay for the use of the
facility. And debugging can be difficult. If
you’re on the test bed, you won’t know
initially whether the problem is with the test
bed itself, the fuel system or a host of other
things. But with HiL, if the inputs, outputs and
hardware are all fine, then it must be a
problem with the ECU. In fact, I think of a HiL
system like a dyno or development vehicle.
Everything you can do on those two, you can
do with HiL instead. Of course, the better
your model is on the HiL system, the more
you’ll get out of it. If you have just a basic
model then that’s fine and you’ll still be able
to use it for a number of things. But in theory,
if you had a perfect model, you could
calibrate the engine with it.”
Naturally, HiL models can be refined as
development progresses, so one particular
benefit is trouble shooting. “Let’s say there’s
an obscure fault which is difficult to replicate.
It may occur at a particular temperature or
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with a certain driving style or perhaps in
certain conditions. But use a data logger to
capture the event when it happens, then with
the HiL system you can recreate the
boundary conditions and replicate the fault in
that way.” There are other ways of reducing
the impact of troubleshooting in the hostile
conditions of the vehicle testing environment
too, by anticipating and testing for problems
before they happen.
Imagine you are taking your vehicle off to
do some cold weather testing. “You just want
to get out there and calibrate it,” explains
Noble. “The last thing you want to discover
when you get out there is that there’s a bug
in the ECU. With the HiL system, you can
o
simulate –30 C and see what happens when
you try to start the engine. Sure, you won’t
know exactly what’s going to happen, but an
experienced calibration engineer will know
what should be happening and if there is a
bug, he’ll have a chance to spot it.”

The advantages of HiL continue to emerge
as the vehicle’s journey through development
progresses. Problems may be identified due
either to errors in specification or
modifications to the strategy which call for
calibration changes. “There might be fleets
of, say, 30 vehicles around,” explains Noble.
It can be very time consuming if you issue
updated hardware or software and it doesn’t
work properly. The answer to that is
regression testing, where you can check
everything in the code that worked last time,
before checking the new features.”
Ford-PSA Lion V6 diesel
That particular aspect of HiL proved so
valuable to engineers working on Ford’s
Lion V6 diesel engine. A product of the
Ford-PSA alliance, developed at Dunton,
built in a £350 million production facility at
Dagenham and appearing initially in the
Jaguar S-Type and then – with a single
turbocharger instead of two – in the new
Land Rover Discovery, the Lion will serve
many different products including those
from PSA. So although the Ford
development team is not responsible for the

The Lion V6 HiL simulator showing
integrated powertrain components
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The ability to integrate
difficult-to-model
components and
systems into a single
HiL simulation enables
a high degree of
accuracy to be
achieved. The
impressive correlations
between a HiL simulator
and test engine are
shown left.

many different vehicle-specific control
systems which are handled by the individual
car marques, it does look after the basic
engine control system for the different
brands.
Using HiL rigs, explains Ford’s electronic
attributes team leader for the Lion
programme at Dunton, Laurence Hatfield, it
is possible quickly and easily to configure
and update the many different ECUs
required. “We can take any of the ECUs
we’re running on the dyno, from any of the
different versions of the engine, and run it on
the rig under the same conditions it would
have run on the dyno without any changes to
calibration or strategy. To achieve that we
implemented a model for the engine, good
enough that the ECU can run without any
errors and with a standard dyno calibration.
“We can select different batch levels of the
engine,” continues Hatfield, “because there
are slight differences in engine configuration
and sensors and so on, and we can also
select between the brands. All those
configurations are within the model run-time
so we can very quickly switch the model to
support any version of ECU or calibration.”
The team at Dunton has been able to
configure automated procedures too,
particularly for regression testing of new
versions of ECU software. “Originally, we had
three different versions of the engine. We
received four major software deliveries a
year, so that’s a total of twelve. And for each
of those we would have about two minor
revisions, so that equates to a software
delivery every one to two weeks.”
Preventing bugs entering software code
One of the biggest problems in upgrading
any kind of software with new features is the
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danger of introducing bugs into code that
was previously sound. Regression testing is
designed to prevent that but what would
once have involved time consuming and
expensive dynamometer testing can now be
performed very quickly using a HiL rig. At
Ford, a baseline calibration run with a
baseline strategy in steady state searches
out around 150 different speed-load points.
The test is run at least three times and from
that data it automatically calculates an
average for each speed load point and also
the standard deviation. When the new
software upgrade arrives, it is loaded into the
ECU, together with the ported baseline
calibration and the test is run again. If any
parameter falls outside the acceptance
criteria, automatically calculated from the
baseline data, it is pulled out into a report for
scrutiny. Each test takes 45 minutes
compared to at least a day on the dyno in
the past. Once the engineers are satisfied
that no bugs have been introduced as a
result of the software upgrade and that the
calibration has been ported successfully, the
new strategy can be rolled out and the new
features are turned on ready for testing.
DENSO is also benefiting from the use of
HiL rigs, says Martin Joyce, DENSO Sales
UK Ltd, General Manager – Engine
Management Systems. “We co-developed
two HiL rigs with Ricardo, one for use in the
UK and the other in Japan. Both were
purchased to support a customer’s project
and were initially used to augment our
traditional software validation process.”
DENSO chose to equip the rigs with an
unusually large number of physical
components within the system in order to
replicate the true vehicle environment as
accurately as possible. As a result, the

Ricardo Quarterly Review

quality of the validation is very close to that
achievable with a real vehicle.
“Of course,” continues Martin Joyce, “the
rigs do not totally replace prototype vehicles
and the effectiveness of the rigs varies
according to the function of the software
being validated.” Like Ford, DENSO has
found automated functions to be extremely
useful. “Once test scripts have been
prepared,” explains Joyce, “it is possible to
run a full test suite without operator
interaction until the test sequence is
complete and the test report generated.”
The future: real-time cylinder-specific
simulation
With the future need for engine management
systems to monitor in-cycle events and cylinder
to cylinder differences, Ricardo has developed
its Automotive Real Time Engine Model based
on In-cycle Simulation (ARTEMIS) system.
ARTEMIS is implemented in
MATLAB/SIMULINK and, put simply, lets a
development ECU ‘see’ a detailed model of the
engine running in real time. In an initial project
designed to prove the system, the model
needed to be run every time the crank rotated
by one degree. Assuming a maximum speed of
5000 rev/min, the model would have to run in its
entirety in just 33. 3 milliseconds – a tall order.
These demands will only increase as
time goes on but the benefits are huge and
the possibilities wide ranging. It seems that
the science of simulation has moved on
one step further and the potential benefits
to projects in terms of both cost and
timescale will continue to improve. Thanks
to the imaginative use it is getting by
engineering teams, HiL has now matured
into one of the great development tools of
the 21st century.
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Centre of excellence
As senior vice president of R&D at the Volvo Car Corporation, Hans Folkesson
must keep Volvo ahead of the game in safety, quality, reliability and
environmental compatibility. Tony Lewin spoke to him at the Paris auto
show as he presented Volvo’s first-ever V8 engine
What is the most important area you are
working on at the moment?
That’s a difficult question – but I would say that
it’s the challenge of the electronic revolution
and the environment. There’s a lot of new
technology coming, not only for the
environment but for active safety too. Our core
values are safety, environment and quality.
Why have electronics become such a
challenge?
The challenge now is to master the complexity
while getting the maximum out of the engine
and the powertrain. From a mechanical point
of view we have come to a point where
development is levelling off and the future lies
in the combining of different mechanical
systems into more intelligent combined
powertrain systems, like ISGs and mild
hybrids, using advanced electronics. It’s a
challenge to continue to deliver reliable, safe
cars that fulfil the demands of environmentallyminded customers.
But twenty years ago you were also
working on safety, reliability and
environmental friendliness. Is it tougher
now?
I would say it is more complex. Especially the
software – there has been a tremendous
change in the automotive industry. In the past
the bottleneck in [vehicle]

development was the body tooling; after that it
was the modern dashboards, which needed
very complex tooling. We have overcome all
this and shortened the lead times: now it
seems to be the electronics, and especially the
de-bugging of software, that are the
bottleneck.
Other car makers have had well-publicised
problems in this area. How has Volvo been
able to avoid such difficulties?
We have tried to grow steadily in stead of in a
revolutionary manner: we were rather early
into this technology. We have had a lot of joint
activities within the Volvo group – and now
within the Ford group – to learn how to deal
with this new technology. We have learned a
lot in the university area. The IT boom helped
create a tradition of educating very good
electronic engineers in Sweden. When the IT
businesses collapsed a couple of years ago
we took in a lot of people. In the Gothenburg
area we have a kind of ‘telematics valley’
where we have grouped a university campus,
Ericsson, and engineers from one of our
electronics departments into an old, rebuilt
shipyard. This was initiated before Ford took
over Volvo. Since the acquisition we have
brought a lot of Ford people in, too. We don’t
have a [formal] work split, but we are in effect
a centre of excellence for this and help build
up the knowledge base for the group.
Does the group benefit from your
safety work, too?
We are [effectively] a centre of
excellence in safety as we have very
good laboratories and a big
knowledge base. The collaboration
really started when we began to do
crash testing for other, mainly
European, Ford brands – for instance
Aston Martin, Land Rover, Jaguar and
Ford of Europe. In the meanwhile, it
has evolved into a close collaboration
including, for example, active safety,
although we don’t have the responsibility to

4.4-litre V8 co-developed
with Yamaha is Volvo’s first
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do the active safety as it’s up to each brand. In
real life, when you need to solve a problem
you always go to where the knowledge is –
this is our philosophy.
Is Volvo also the leader in environmental
efficiency within the Ford group?
I wouldn’t necessarily say that. We do have
specific advanced engineering projects, and
we have the lead in a couple of projects that
are in that area. For the far-future advanced
engineering projects, the projects that are so
advanced that they are almost research, we
try very hard to work across brands, and there
we give the lead to the people within the Ford
group who have the best competence. In the
global product development (PD) meetings we
have with all the PD heads, and chaired by
Richard Parry-Jones, one of the major tasks to
prioritise which projects should be in the
budget next year and who will do the work. It’s
a matter of coming with proposals: some of
these proposals are driven cross-functionally
or across brands, some have just one brand
doing everything. Normally, but not always, it is
the lead brand that drives the development.
What do you see as the next big steps in
powertrain engineering?
There are a lot of things! If you take just
powertrain, it’s so huge that I could split it into
three major areas: continuous development of
the internal combustion engine, and with that
comes a lot. In the diesel area, HCCi, and in
the gasoline area, more direct fuel injection.
Another area is alternative fuels – there will be
a need for alternative fuels. The third area is
the complete powertrain – everything from
mild hybrids up to full hybrids. That third area
includes everything from computer-shifted
manual gearboxes – I have a history in Volvo
trucks, where we introduced an electronic shift
on a traditional gearbox – and at the opposite
extreme you could go to a complete electric
drive and a fuel cell. It’s huge and the trick now
is that you cannot just go one way – you have
to offer several ways.
Which of these options is Volvo backing?
Which will we see next on a Volvo?
I clearly cannot tell you, because that would be

Ricardo Quarterly Review

Autumn 2004

Hans G Folkesson,
Senior Vice President
Research & Development,
Volvo Car Corporation

to give you our cycle plan – which I’m not
allowed to do. But with the shift we see today
towards more diesel cars we have a huge
development programme going on to provide
more alternatives with diesel. We see an
explosion in demand, especially in Europe,
and I would be surprised if diesel does not
come to the USA in the longer term.
Will you do all you own diesel engine
development? You were supported by
Ricardo on the current D5 engine.
To the extent that we always need to make
use of the best knowledge in the world, we will
never develop engines completely on our own.
In all projects we always seek expert
knowledge – and that’s exactly what we have
done with the expert centre in electronics in
Gothenburg. We see the demand in the future:
in the same way we are building diesel
expertise jointly with the heavy truck industry
where we clearly have very good contacts
through our former sister company, and also
with Scania and the universities. [We need to
do this as there] …. is such a dramatic
demand in terms of emissions reductions,
especially on the truck side. We see a very
good spin-off for us there. [On diesel engines
for car applications] I doubt that we have
every competence in-house, so we will seek
support from the best competence and the
best partnerships we can get.
Has the vehicle development process
changed since you became part of the
Ford group?
It’s an evolutionary change, as we need to
make our processes uniform. First of all, on
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our own initiative, we tuned our existing PD
process to fit in with the four most important
decision points in the Ford process. Now we
are tuning the gates in between: if there are,
say, ten important gates, we are already fully
tuned in to four of them. We are tuning in to
more and more of them so that we have the
same decision criteria and try to get the same
lead times for similar sized projects. So we are
trying to synchronise the process, not the
programmes.
Will all Volvo model lines eventually be
built on Ford-group platforms?
That’s not the case today, but in any case
platforms is an old expression. What I would
say is that I doubt that there will be any future
project or product where we don’t have any
kind of technology in common. We try to
develop modules like in the C1 technologies
where we have modules for brakes and
suspension and so on, and where we can
cherry-pick. In the future there will be unique
platforms, but there will also be high-volume
scale-of-economy modules that we take
advantage of – otherwise we would simply not
survive in this business.
Will Volvos ever be built alongside Fords or
other group brands in the same factory?
At the moment all Volvos are built in Volvo
plants. But in the past we produced small cars
together with Mitsubishi, so nothing would
surprise me. One thing I can say, though, is
that there will always be a master production
[plant] tightly connected to product
development, because I don’t believe for one
second you can have a product development
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Graduated in engineering at
Chalmers University of Technology.
Gothenburg, Sweden.
1974-75: Body design engineer at
SAAB-SCANIA AB, Car division,
Trollhättan
1975/78: Tool design engineer at
SAAB
1978/81: Analysis engineer at SAAB
1981/86: Manager CAD/CAM at
SAAB
1986/89: Chief Engineer for the
Technology department at SAAB
1989/93: Chief Engineer, Body &
Chassis Development at SAAB
automobile, Trollhättan
1993/95: Vice President R&D at
Skoda/VW, Mlada Boleslav, Czech
Republic
1995-2000: Senior Vice President
R&D, Sourcing and Quality, Volvo
Trucks, Gothenburg
2000 - 2001: Deputy Senior Vice
President RD&P, Volvo Car
Corporation Gothenburg
November 2001: Senior Vice
President R&D, Volvo Car Corp.

facility without a strong link to manufacturing. If
you want to produce high-quality, reliable cars
for customers it is absolutely vital to have a
tight link between manufacturing, engineering
and product development. Manufacturing and
engineering must live in the assembly plant, in
the production process. For this reason we
must protect production in Sweden as this is
vital for developing products. The day you lose
manufacturing and engineering knowledge, it
is only a matter of time before you lose
competitiveness.
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Ricardo takes over IBEX SUV ma
I

BEX is an outstanding all
terrain family of vehicles
now manufactured and
distributed exclusively by
Ricardo. An exceptionally
robust and high performing
vehicle concept, the IBEX can
be adapted to meet the needs
of individual customers and
offers a highly cost-effective
bespoke alternative to volume
production products.
The original IBEX was
developed in the mid 1980s by
automotive engineer and offroad enthusiast, John Foers.
Recognising that conventional
mainstream products were not
ideally suited to the most
extreme terrain found within
the UK, Foers set about
designing a high performing
all-wheel-drive vehicle capable
of specification in either 4x4 or
6x6 format and available in a
wide range of body and
chassis configurations.
Amongst the first customers
for IBEX were Scottish hill
farmers and landowners:
understanding the highly
demanding nature of the
terrain over which these
customers needed to use their
vehicles led Foers to engineer
the IBEX from the outset as
an extremely off-road capable
and flexible vehicle.
The sure-footed
performance of the IBEX
stems from its long travel coil

Steel spaceframe structure and long-travel coil-spring suspension make
IBEX an extremely capable off-road vehicle
spring suspension which
provides a smooth ride and
high degree of axle
articulation, helping maintain
continuous ground contact of
all wheels over the roughest of
terrain. The short front and
rear overhangs concentrate
vehicle weight between the
axles, providing the stability of
a low polar moment of inertia
and enabling large clearance

Ricardo announces new
representative in Korea

R

icardo has announced
that with effect from
August 2004, its
representative for
business in Korea will be
Kenneth S. Kim. A
graduate of the University
of Michigan, Mr Kim will
be responsible for
customer liaison on all
aspects of Ricardo
business in Korea, and will

24 RICARDO NEWS

be based at the Ricardo
Korea office in central
Seoul:
Ricardo Korea Office
LG Palace Building,
Suite #1227
Dongkyo-Dong, Mapo-Gu
Seoul, Korea 121-754
Tel: +822 332 7875
Fax: +822 332 7851
Ken.Kim@ricardo.com

angles, and the IBEX’s high
driving position and short
sloping bonnet
give
exceptional
all-round
visibility.
Powertrain
options are based
upon the Land
Rover Defender
platform, from
which most engines can be
accommodated, including the
latest Td5 five-cylinder diesel.
The body and chassis are
fabricated in the form of a
welded steel spaceframe
structure, galvanised after
fabrication and incorporating
full length roll-cage in hard top
versions. This offers all-round
occupant protection in addition
to robustness. The aluminium
body panels are folded rather
than pressed (making repairs
simple and inexpensive) and
are bonded to the frame for
corrosion resistance.
A unique optional feature of
the IBEX is its advanced

centre mounted winch system
which enables multi-directional
pulls from front and rear cable
fairleads. In addition to simple
fore/aft winching, this patented
technology enables the
vehicle to pull in any direction,
rotate through angles of up to
o
180 and, using anchors as
appropriate, to traverse
dangerous slopes in ‘cable
car’ mode by driving along its
own fixed cableway. When
specified by the customer, this
winching facility must be built
into the vehicle at the
construction stage, although
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nufacture
the winch itself may be
purchased separately and
fitted at a later date.
Now manufactured
exclusively by Ricardo, the
IBEX benefits from access to
much improved
manufacturing technology
and increased production
capacity. The first vehicles
produced by Ricardo are
already with customers and
significant interest is being
expressed. Three
configurations are proving
particularly popular. The short
wheelbase continues to
generate interest for
competition use, where it has
a well established reputation.
In addition, significant
commercial interest is being
expressed in the long
wheelbase crewcab
pick-up and van.
Finally, for the more
specialist
applications such as
airport fire tenders,
many customers
are expressing
interest in special
adaptations of the
6x6 concept.
IBEX vehicles
are available from Ricardo
in either fully
manufactured form or may
be supplied as body/chassis
kits for self-build
applications. Customers can
either select from the
extensive standard range of
products or commission a
one-off against their own
specification. With
manufacture now well
established at Ricardo, the
long term attractiveness of
the concept is clear from the
following the vehicle has
developed amongst serious
off-road enthusiasts.
Moreover its robustness is
demonstrated in the fact
that according to Foers,
all vehicles produced –
including the original
prototype – are still in
active use.
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Safety-Critical software
guidelines revised
T

he Motor Industry
Software Reliability
Association (MISRA) is a
consortium of vehicle
manufacturers, component
suppliers and engineering
consultancies which seeks
to promote best practice in
developing safety-related
electronic and embedded
systems in road vehicles.
Recognising that there are
important differences both
between the creation of
safety-critical software and
other forms of automotive
engineering activity, and
between automotive
software applications and
those of other industry
sectors, the consortium
publishes special guidance
for automotive developers.
First published in 1998,
MISRA-C is a restricted
subset of a standardised
structured version of the ‘C’
programming language.
Since its original launch, the
uptake and usage of
MISRA-C has far exceeded
expectation and is now
used across a wide variety

of industry sectors and
applications. For this reason
a completely new revision,
MISRA-C:2004, has been
produced by a working
group of industry software
and embedded systems
specialists, which included
Ricardo Tarragon.
“We chose to be a part of
the development process for
the new guidelines as they
are central to our work as a
developer of high quality,
safety-critical automotive
embedded systems and
software,” explains Steve
Montgomery, managing
director of Ricardo
Tarragon.
“In this type of work a
crucial concept is the
‘Safety Integrity Level’ (SIL)
of a system under
development. At the start of
a development programme
we assess what the
consequences of software
failure would be and from
this we can determine its
SIL, which is categorised on
a scale of 0 (no safety
implication) to 4 (those with

worst-case implications).
MISRA-C is applicable to all
software systems but is
particularly intended for use
on systems with a SIL 2 or
above. Ricardo was one of
a number of specialist
software developers
contributing to the process
of development and review
of the new guidelines,
which will be fundamental in
the development of safetycritical embedded
automotive systems and
software of the future.”
MISRA-C:2004 was
launched at the embedded
systems show at the NEC,
Birmingham, UK, in October
2004, and at a subsequent
technical forum intended to
introduce users to the
updated guidelines and
explain the technical
rationale behind the
changes. Both events were
supported by Ricardo.

MISRA is a registered trademark of
MISRA Ltd, held on behalf of the MISRA
consortium

New reprint of book by Harry Ricardo

F

ollowing numerous
requests from
customers, a new reprint
has been announced of
The High Speed InternalCombustion Engine by Sir
Harry Ricardo and J.G.G.
Hempson.
First issued in 1923 and
revised through five
editions of which the last
was published in 1968, it
has long been viewed as
one of the most
authoritative books
produced by one of the
pioneers of the internal
combustion engine. The
text of the reprinted 1968
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addition to the wellestablished chapters on
diesel and gasoline
combustion, and
components.
While the text of the
reprint is primarily of
historical interest today, it
provides a valuable insight
into the work of Sir Harry
and his colleagues in the
early years of the company
that bears his name today.

edition includes work on
fuels and developments in
mechanical design, in

Copies of The High
Speed Internal-Combustion
Engine will be available at
www.ricardo.com/
ricardostore, priced £35.
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Biodiesel emissions investigated
R

esults from a Ricardo
research programme
investigating the emissions
performance of light duty
diesel vehicles powered by
100% virgin vegetable oil
(VVO100) were presented at
the 2004 SAE Fuels and
Lubes Conference which was
hosted in June in Toulouse,
France. There has been a
significant recent interest
throughout Europe in the use
of virgin (non-transesterified)
vegetable oil as a biodiesel
alternative to conventional
diesel fuel, spurred not least
by the increasing availability
of retrofit conversion kits
which can be fitted to existing
vehicles.
Whilst a significant
motivation for many users of
VVO is the avoidance of fuel
taxes through the use of food
grade oil, others have
expressed interest in the
alternative fuel due to its
potential benefits in reducing
greenhouse gas emissions
when compared with
conventional mineral diesel
and transesterified biodiesel.
In order to improve
understanding of the
emissions potential of VVO
fuel in comparison with both
conventional diesel fuel and a
blended diesel with a 5 per
cent biodiesel component,
the UK government
Department for Transport

Percentage change in emissions compared to
Ultra Low Sulphur Diesel

Fuel specific particle size distributions – MOUDI
NEDC Cycle – 1.9DI vehicle

commissioned Ricardo to
carry out research based on
two cars representative of the
current UK vehicle parc. The
study covered both regulated
emissions – hydrocarbons
(HC), oxides of Nitrogen
(NOx), carbon monoxide
(CO) and particulate mass
(PM) – as well as
unregulated pollutants

including polycyclic aromatic
hydrocarbons (PAH) and
mass-weighted particle size
distribution. The baseline
measurements were carried
out on UK Ultra Low Sulphur
Diesel (ULSD) fuel and
compared with a splash
blend of ULSD with 5 per
cent rape-seed methyl ester
(RME5) and 100 per cent

rape-seed based Canola oil
VVO (VVO100) used in
conjunction with a
commercial conversion kit
which pre-heated the
o
VVO100 to 80 C in order to
reduce viscosity.
The results of the study
showed that effect of using
the RME5 fuel on both
regulated and most
unregulated emissions was
small, with some evidence of
an improvement in particulate
emissions. The results for
VVO100 showed emissions
of both regulated and
unregulated pollutants
radically worse than
conventional ULSD, in
particular in respect of
carbon monoxide,
hydrocarbons and
particulates, although the
magnitude of this effect was
combustion system
dependent According to the
research team, the results of
this study as well as previous
publications suggest that
many of the emission effects
seen on VVO100 fuel are
associated primarily with poor
atomisation due to the high
viscosity and molecular
weight of the fuel. It was
also pointed out that the
effects of VVO100 on engine
durability and deposit
formation were not addressed
within the study and would
merit further investigation.

Ferrari F1 provides keynote for Ricardo Software conference

R

icardo Software has
announced that Dr Thierry
Baritaud and Alberto Bianchi of
Ferrari F1 will provide the
keynote address for its
European Users' Conference,
to be held at the Novotel Hotel,
Frankfurt Airport on November
25. The event will be the
second major European
conference hosted by Ricardo
Software and builds upon the
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success of the well-established
International Users' Conference
hosted annually in Detroit in
the spring.
The Frankfurt conference will
cover all of Ricardo Software's
product range, including
presentations by customers
regarding advanced application
work and discussions led by
Ricardo Software staff about
recent and planned software

product developments.
The event will commence
with a reception for delegates
on the evening before the
conference (November 24) and
will conclude with a training day
on the day following the
conference (November 26),
during which customers will
have the opportunity to receive
training in the software product
of their choice.

The European Users'
Conference is open to existing
and potential customers of
Ricardo Software products.
Delegate registration is free of
charge but spaces are limited
and early application is
therefore advisable.
Delegates may register for
the conference on-line at
www.ricardo.com/euc.
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Automotive Genetic Engineering

Ricardo understands the importance of the brand to a
new car customer. Much more than just the badge, it
represents an assurance that product’s performance
and character will meet some very specific
expectations. It’s a major focus for Ricardo engineers
too – they understand how important it is to develop
the right launch feel, handling, drivability and NVH
response in a vehicle of a given brand, as it is to deliver
the more tangible measures of peak power, torque and
fuel consumption. For the engine, transmission, chassis
and vehicle programmes on which they work, delivering
the correct brand DNA of the vehicle is an essential
aspect of the quality and excellence in engineering
which is the hallmark of the Ricardo brand.

www.ricardo.com

