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Industry News

Diesel Audi
wins Le Mans
echnical historians marked an
important landmark in June as two
V12 diesel-fuelled Audi sports racing
cars swept to a 1-3 victory in the Le
Mans 24 Hours, the world’s most
gruelling motor race.
Just days before the start of the race
PSA Peugeot Citroen had announced
that it would be contesting the 2007
event, also with a diesel sports racer,
firmly establishing the diesel engine as
a powerplant for top-level racing as
well as efficient road-going travel.
The 650 hp Audis were, on the team’s
admission, by far the fastest and most
economical cars in the field and led
from flag to flag, their ability to stay out
longer before refuelling further
reinforcing their advantage.
“Thanks to this stunning showing at
Le Mans, we will succeed in persuading
even more customers of the
advantages of Audi TDI Power,” said
Audi chairman Prof. Dr Martin
Winterkorn after the finish.
Peugeot will also be using V12 diesel

T

Peugeot announced its intention
to field a diesel race car at the
2007 Le Mans 24 Hours, just
days before Audi’s diesel (below)
won the 2006 event

engines, also
equipped with DPF
particle filters, on its
2007 contender.
Frédéric Saint-Geours,
Managing Director of
Automobiles Peugeot,
declared: “I hope this
ambitious yet completely
achievable project will
provide us with a fresh
opportunity to demonstrate
our ability to win.”

US: fuel-saving pressure grows

Technology showcase

News in brief

The new Mercedes-Benz CL serves as the coupé version of the S-Class and
incorporates the very latest in technologies such as a five-mode intelligent light system
which automatically adjusts for the type of road, the speed and the ambient
conditions. Also new are the PreSafe brakes to help avoid rear-end collisions:
automatic braking is applied when the radar system picks up an impending collision,
with full braking power applied as soon as the driver touches the pedal.

Koreans for quality
Hyundai surprised
commentators by overtaking
Toyota to become north
America’s best-quality volume
brand in the 2006 JD Power
initial quality survey.

Formula One hybrids
Grand Prix organisers are
considering allowing hybrid
energy recovery systems to be
added to existing engines to
add interest to F1 races and to
encourage overtaking in races.
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California senator Dianne Feinstein last
month pressed for sharp increases in the
CAFE fuel consumption standards for
cars and light trucks, calling for a 10 mpg
improvement over 10 years.
The change to the CAFE norms would be
the biggest rise in their history, and
would require cars to average 31.1 mpg
by MY2009 and light trucks 23.6 mpg.
While automakers complained the
norms would be too expensive to apply,
rising fuel prices appear to be prompting
a change of outlook among consumers,
with one-third of those surveyed by
Consumer Reports saying they would
consider swapping their SUV or large car
for a more economical model.
Half of this group said it would consider
a hybrid, perhaps prompted by a
growing groundswell of incentives from
employers – such as the $5000 offered to
Google employees investing in a hybrid,
or the $3000 available to workers at Bank
of America.

Ethanol helps hydrogen
The increasing popularity of
ethanol in the US could open
up the way to hydrogen
production: many of the
processes are the same, says
Larry Burns, GM head of R&D.

Marathon Mercedes
450,000 km in 26 days is the
daunting target for 33 dieselpowered Mercedes E-Class
cars as they set out from Paris
to Beijing for the opening of
AutoChina 2006 in November.

Japan’s
giants outline
their plans
n an unprecedented show of
technical openness, both Toyota and
Honda have outlined key elements of
their engineering strategies to 2010
and beyond.
Both technological powerhouses are
targeting significant reductions in CO2
emissions and other environmental
impacts, and both are pursuing fuel
cell vehicle development, with Honda
promising to commercialise a model
within three years. The design will be
previewed this autumn.
Honda plans a 10 per cent reduction
in its cars’ fuel consumption between
2000 and 2010, as well as a similar cut
in CO2 emitted per vehicle
manufactured. Motorcycle and power
product fuel consumption is targeted
to fall twice as much.
A next-generation clean diesel will
appear within three years, able to
conform to the EPA’s strict Tier 2, Bin 5

I

Carry-over winners
dominate engine awards
Only two new engines made it into the
winners’ enclosure in the 2006
International Engine of the Year awards.
Nine of the twelve classes were taken
by winners familiar from past years,
such as the five-litre BMW V10 as overall
Engine of the Year as well as Best
Performance Engine.
Familiar, too, were the 3.2 litre Mseries BMW, taking its class for the sixth
time, Toyota’s Prius Hybrid, three years
in a row as best for fuel economy, and
Honda making it seven years on the trot
for the Insight’s tiny three-cylinder IMA
hybrid.
The only fresh air came from
Volkswagen, courtesy of the 1.4 litreTSi
turbo-supercharged four cylinder as best
new engine and best between 1.0 and 1.4
litres – and Subaru for its turbocharged
flat four, taking the 2.0 to 2.5 litre class.

CO2-neutral seats
After bio fuels come bio fabrics.
Honda has developed seating and
interior trim materials derived
from plants, leading to a potential
saving of 50 kg of CO2 during the
building of the car.

emissions levels, and a clean V6 diesel
will also be introduced. Honda will
migrate hybrids into smaller cars and
diesels into larger models.
A new dedicated hybrid will launch
in 2009 at a price lower than that of the
Civic Hybrid, currently north America’s
cheapest. It will be built at a rate of
200,000 a year, promising strong
competition for Toyota, which will
double its numbers of hybrids by 2010
and introduce plug-in models for even
lower CO2 emissions.
Also by 2010, Toyota promises
emissions 75 per cent below Japan’s
2005 standards and 10 per cent better
than that country’s 2010 fuel efficiency
stipulations.
Many of these gains will be achieved
through an overhaul of the complete
Toyota gasoline, diesel and
transmission line-up, again by 2010, an
example being this year’s new 1.8 litre
gasoline engine which gains 5 per cent
in economy through ultra-light pistons
and roller-rocker valvegear.
Next year, Toyota will introduce flexfuel vehicles to Brazil, able to run on
up to 100 per cent ethanol, with
bioethanol models for other markets.

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

Innovative driveline for new Freelander
The new Land Rover Freelander, the first
to be built in Merseyside’s award-winning
Halewood plant, incorporates much
engineering innovation despite being the
brand’s entry level model.
The new 3.2 litre, transversely mounted i6
engine has its ancillaries gear-driven off
the rear of the block to save underhood
packaging width, while electronic control
and hydraulic actuation of the Haldex
centre coupling allows the fuel

Hybrid milestones
Just days afterToyota’s
cumulative global sales of its
Prius hybrid topped the halfmillion mark, Europe celebrated
50,000Toyota hybrids: 41,000
Prius and 10,000 RX and GS.

efficiency of an on-demand 4x4 system at
the same time as the pro-active safety
benefits of a full-time set-up.
Four driver-selectable Terrain Response
programs control the parameters of the
engine, transmission, steering and
braking, while roll stability control is
achieved through gyroscopic sensing
which compares the rate of change of roll
angle with the steered course.

Multifuel Michelin
Both Volvo and General Motors
claimed record prize hauls in the
2006 Michelin Bibendum
Challenge for environmental
vehicles. Winners included a Volvo
able to run on five different fuels,

a flex-fuel V50 and a bi-fuel S60.
GM’s successes included the
third-generation fuel-cell
Hydrogen3, a Saab 9-5 BioPower,
Saturn’s hybrid Vue Green Line
and a natural-gas Zafira that’s
about to go on sale.
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RQ Interview – Shunsuke Fushiki

Hybrids: cost
down, choice up,
volume up
Toyota is the world’s leading
manufacturer of hybrid vehicles and
recently celebrated the 500,000th
Prius. Tony Lewin spoke to Shunsuke
Fushiki, group manager at the hybrid
system management department, at
the recent launch of the
Lexus GS 450h, the world’s first performance hybrid.
Toyota currently produces five
different hybrid systems. Can that
possibly be economic?
Yes, it’s true that we have five systems
right now, but we’re currently
establishing what is the best solution
based on our latest technologies. The
THS2 and the Lexus Hybrid System are
some of the best ones. It will narrow
down in the future. For example, on the
Japanese market we until recently had
the Estima [Previa in Europe] hybrid
with the CVT transmission: now it has
been replaced by a completely new
Estima hybrid that has changed to the
THS2 system.
Is the THS2 system the same as in the
US market Camry large sedan?
Yes, it’s exactly the same as in the
Camry. So now we will try to use the
advanced THS2 for all Toyota hybrid
cars, and the Lexus Hybrid Systems
for the GS and LS [large luxury
sedans].

basically front wheel drive, so we use
a version of the Toyota system.
Your top-line Lexus LS600 seems to
have a very different hybrid system,
with mechanical four wheel drive, to
that on the GS. Why is this?
As far as their hybrid systems are
concerned, the LS and GS are
basically the same in the sense that
they are both [fundamentally] rear
wheel drive systems. The main
difference is that we are using
mechanical four wheel drive [on the
larger LS] – but it’s basically the same
technology. It needs to be four wheel
drive because there is so much power
and so much torque.
What about mild hybrid systems for
volume cars like the Corolla?
Our main target is to reduce
the cost and also the

So will the Lexus Hybrid Systems be
for rear wheel drive applications, and
the Toyota system for front drive?
Basically, yes. But we do have the
Lexus RX model (luxury SUV) that is
Toyota group’s latest hybrid is the
performance-orientated rear wheel drive
Lexus GS450h (right)
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weight by using the THS2 system. We
are thinking of not using mild hybrid
systems at all: [instead] we will try to
use a similar system to that on the
current Prius. With R&D effort we can
make it lighter and cheaper, but I’m
not sure that we will use it for cars like
the Corolla, at least not in the near
future.
Could the Prius full hybrid system ever
become cheap enough to put on a bigselling model like a Corolla or a Yaris?
We will try to do this, yes. Our target
for the near future is to have an
advanced system which is lighter and
cheaper.
Which is the biggest cost element in
the current Prius system? Is it the
battery?
This is a confidential matter. It’s
difficult to say which is the most
costly, but the battery could be among
them.
What’s the next big step on batteries?
We’re looking at different materials for
the near future, such as lithium-ion or
something like that. We’re also trying
to find something similar [to today’s
Ni-MH] batteries but lighter and with
the same amount of power. We’re
doing a lot of R&D.
Where do you stand on lithium-ion,
for instance? Is it still too expensive?
I cannot comment on the cost side:
our main R&D effort right now is
geared to matching these newmaterial batteries to several different
types of environmental conditions. We
already know that our current Ni-MH
batteries can work in almost any
situation from –30 to +40 Celsius.
We’re still trying to develop solutions

“Between the first-generation Prius and the current model we were
able to reduce the cost of the complete hybrid system by about 30 per
cent: our next target is going to be much lower still”
to be able to work in the same
environmental conditions with the
other battery materials which have
more power and also charging and
discharging advantages. That’s our
main issue right now.
Which suppliers are you collaborating
with?
It’s a joint venture with Panasonic for
the batteries, but we make our electric
motors in-house.
Is that a new capability for Toyota?
No: the current Prius, GS and Camry –
all have motors made by Toyota.
What about the power electronics
that control the whole system?
They’re in-house too.
Are they a very expensive part of the
hybrid set-up?
Yes, over the past ten years that has
been true, and it has been one of our
main targets for cost reduction.
Between the first-generation Prius and
the current model we were
able to reduce the cost
of the complete
hybrid system by
about 30 per cent:
our next target is
going to be much
lower still.
Can you say what
your cost-reduction
target is for the thirdgeneration hybrids?
I believe we are trying to
reduce the costs by around 30 per
cent over the second generation.
Honda has said that it hopes to sell the
new hybrid version of its Fit small car

(Jazz in Europe) for just $2000 more
than the basic version. It’s a very
aggressive target for a vehicle of the
Honda’s size.

With a car like the Corolla or Yaris,
what is the main issue with hybrid,
apart from the cost?
The packaging and the batteries. As
you know, the Prius was designed as a
[dedicated] hybrid car, so we were
able to install the hybrid system from
the beginning. That’s one of the key
issues for the next-generation Yaris
and Corolla – to come up with a
design which is able to accommodate
the hybrid system from the beginning.
And if we can get the hybrid system
much smaller than the current one we
won’t have to think so hard about
installing it.

Do you think you can match that?
Yes, I think so. Honda’s IMA system is
basically a mild hybrid system using
only motor, just for assisting the
combustion engine. That system may
come down in cost further. Our
system has two motors, a generator
and a power split device, and in the
near future we want to adapt our
hybrid system to smaller cars as well.
Will your hybrid system for smaller
cars still be a full hybrid system?
Yes it will.
Could you reach the $2000 target?
I don’t know about the actual $2000; I
can say that it’s $2000-plus right now,
but we’re working on it in R&D. We
have a big advantage over Honda in
that all our hybrid system parts are
made in-house, so we know the actual
cost for each part and don’t have to
pay fees to other companies. And as
you know, we are also increasing
sales of our hybrid models, which is
helping to reduce the costs too. Both
of these will allow us to reduce the
costs of hybrids in the near future.
When you are planning new
generations of a large-selling model
like the Corolla, is a hybrid version
part of the plan?
I can’t say whether we will adopt the
hybrid system in the Corolla, but if we
succeed in making it smaller we would
be able to install it much more easily
in all Toyota’s cars and all of the Lexus
models.

Would one of the objectives of these
hybrid cars be to be built on the same
production line as the regular model?
Yes. We’re already doing that: the
Lexus GS hybrid is built on the same
line as the standard versions in our
Tahara plant in Japan.
Are you looking at a diesel hybrid of
any form?
Currently, I’m in charge of gasoline
hybrid systems, but Toyota does see
potential in diesel hybrids. We’re now
doing development on them; you
need to do additional research and
calibration work to adapt diesel
engines. On the cost side, too, it’s
more expensive, and because you are
using a higher compression ratio
there’s a little bit more difficulty in
starting them.
Shunsuke Fushiki has been in Toyota’s
hybrid department since 2004. Prior to
this he worked for Mitsubishi, where he
developed a range of V6 engines for the
US market.
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Chrysler HEMI®

The HottestHEMI

®

From chief executive’s vision to the showroom in 26 months – that was the
challenge faced by the elite SRT engineering team when Chrysler managers gave
the green light to a family of high-performance models using the famed HEMI® V8
engine. Ricardo, which had supported Chrysler on the 5.7L HEMI® since 1999, was a
key player in this latest and most ambitious engine programme which used race
team techniques to deliver dramatic performance increases against tight budgets
and deadlines. Jeremy Burne reports from Detroit

08 RICARDO QUARTERLY REVIEW • Q3, 2006

RT stands for Street and Racing
Technology. The name says it all.
Taking the performance,
passion, innovation and teamwork
associated with racing and bringing it
to the street. These ingredients are
critical to the recipe of every exotic
car, every sports car and every highperformance derivative vehicle on the
market.
Yet the people at DaimlerChrysler’s
SRT division have an extra vital
ingredient that makes for their own
unique flavour – the HEMI® engine.
The story of how a team of engineers
from Chrysler and Ricardo brought
this already mighty engine up to the
demanding specifications required by
SRT is a story that all enthusiasts
would relate to – and it’s a tale of tight
deadlines, tighter budgets and a team
of individuals all focused on success.

S

SRT sets the pace
It is the collective responsibility of
Chrysler’s SRT team members to
make those three letters truly mean
something to consumers. By
integrating racing technology,
performance and feel into Chrysler’s
volume products, the SRT engineers
are charged with delivering showcase
vehicles that offer outstanding
performance at unequalled value. SRT
engineers must hit the sweet spot
between mass-market, high volume
products and the lofty realms of exotic
cars. The fruits of their labour are
embodied in vehicles that cast halos
on Chrysler Group’s brands and, more
importantly, drive consumers into
showrooms to boost sales of the
company’s volume-market products.
And, of course, they must build truly
exciting products that put broad grins
on the faces of even the most
demanding automotive enthusiasts.
In 2002, at DaimlerChrysler’s North
American HQ in Auburn Hills, MI,
Chrysler’s then chief operating officer
Dr Wolfgang Bernhard drew on his
personal work experience with another
high performance brand, Mercedes
Benz’s AMG, to lay down a challenge
to the SRT team: Develop a higher
performance version of Chrysler’s
vaunted 5.7 litre HEMI® engine. More
horsepower, more displacement, more
fun, he decreed. That might sound easy

at first blush, but there were a few
catches. The project needed to be
completed in about two years, roughly
half the usual time, and with an
extremely tight investment budget of
only $25 million.
The SRT team knew that in order to
achieve these goals it would be critical
to find ways to radically cut the
development time and costs
associated with more traditional
projects. They would need to select
strategic suppliers that could become
part of the team and share the passion
and urgency that the project
demanded. Since the new 6.1 litre
HEMI® was to be based on the 5.7
litre, that was the obvious place to
start – and since Ricardo engineers
had been heavily involved in the
original 5.7 litre HEMI® development,
a small team was asked to make an
initial assessment as to what would be
needed.
Pete Brown, vice president of
propulsion and project executive on
the programme for Ricardo, recalls the
formative deliberations: “Dr. Bernhard
wanted to use the 6.1 HEMI® project,
led by the Dan Knott's SRT group with
support from an experienced, strategic
engineering partner, as a way of
evaluating new ways of doing engine
projects quickly. It needed to go
through the group’s Performance
Vehicle Operations (the original name
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Chrysler HEMI

High-performance
6.1 litre version of
famed HEMI® V8 sees
power rise to an
impressive 425 hp

of SRT back in 2002)
given the timeline – which
was to take 100 weeks out of the
regular development cycle and
complete the project in two years. The
hope was that carryover parts could be
maximised to keep costs down and
maintain manufacturing
commonality.”
Dan Knott came on board as
Director of SRT just as the 6.1 litre
programme was starting to crank up,
but he already knew the importance of
making the engine programme a
success for the group: “From a
development perspective the whole
idea was to create a foundational V8
high performance engine – an
exclusive SRT V8 that we could
design, develop and use as a
foundation for SRT products. The first
place to start was of course the HEMI®
– the HEMI® name was rapidly
becoming a phenomenon, and the
engine was doing extremely well in
the marketplace. We thought we
should certainly capitalise on that, and
that’s what started us on the path of
looking at the 5.7.”

manager, SRT powertrain.
Dan Knott recalls: “Pete Gladysz had
a lot to do with getting Ricardo
involved because Pete has been
around a while and knows everybody.
He is a jack of all trades and is a racer

himself. He navigates on a ProRally
team and he had known the Ricardo
group. So we went out on a bid and
three or four suppliers came to bid.”
A Ricardo engineering team
was assigned to the project in
late 2002 and worked it
through to completion 26
months later. The Ricardo
team leadership under Pete
Brown was comprised of
a mix of experts: Kris
Mixell, manager of
systems engineering;
Stephen Rolfe, section
leader, engineering team
and Tim Strang, section
leader of the product
design group. Together
they and their team of
more than 30 Ricardo
engineers, designers and
CAE analysts merged
seamlessly with Pete
Gladysz and the SRT
powertrain team.
With team integration complete,
work on the engine began in earnest.
Pete Gladysz recalls: “We were given a
couple of mandates early on: we had
an initial horsepower number, and we
had to make the overall package
invisible to the assembly plants. It
basically had to bolt in where the 5.7
litre was. This was one of the critical
characteristics. We were given

“From a development perspective the
whole idea was to create a foundational
V8 high performance engine – an
exclusive SRTV8 that we could design,
develop and use as a foundation for SRT
products” Dan Knott

The race starts
The decision to enlist Ricardo as the
strategic supplier for design and
engineering support was not difficult.
Not only were Ricardo’s engineers
intimate with the 5.7 litre HEMI®, they
were known to another key member
of the SRT team, Pete Gladysz, senior
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investment and piece cost goals and
we were given a production target
which was 26 months from vision to
launch. These were the main pieces of
the puzzle.”
Moving targets
Some of the initial targets were
moving ones. When Dan Knott started
at SRT, he decided the original
targeted horsepower boost from
345hp to 390hp was not sufficient:
“When I came on board I said that’s
not good enough – we have to get
over 400 – I wanted to blow the 400
target away because I knew that our
competitors would just sneak over
400, so I said 425 hp and I said I
wanted 425 lb ft (576 Nm) of torque as
well – and the team squirmed in their
seats and got a little uncomfortable,
but I said I am not backing off of those
numbers. We have to deliver well over
400 in horsepower and torque!”
By the end of the programme, the
combined team of powertrain
engineers had found 80 more
horsepower than the 5.7 litre HEMI®.
According to Chrysler, this was
achieved by adding more cubic inches,
increasing the compression ratio,
redesigning the cylinder head,
valvetrain, intake and exhaust systems
for increased flow, developing a
forged steel crankshaft and increasing
maximum engine speed. For more
displacement, the engineers enlarged
the cylinder bores of the HEMI® by 3.5
millimeters in order to increase the
total capacity to 6.1 litres.
Compression ratio was also increased
to 10.3:1 from 9.6:1, increasing engine
efficiency and power.
Engine breathing was improved
with new higher-flow cylinder heads, a

specially designed intake manifold
and fresh-air induction system, and
exhaust headers with individual tubes
encased in a stainless steel shell, all of
which are unique to the 6.1 litre HEMI®
engine. Larger-diameter valves and
reshaped ports in the heads allow for
maximised air flow. The intake
manifold was designed with largerdiameter, shorter runners for higherspeed operation and WAVE analysis
was used to determine flow capacity
and to predict intake noise
characteristics.
To further increase horsepower,
performance-oriented camshaft
profiles were developed to allow more
air in and out of the cylinders, as well
as to permit higher engine speeds. The
engineers also raised the HEMI®'s
peak power output engine speed 20
per cent to 6000 rev/min from 5000.
Intake and exhaust valve stems are
hollow, and the exhaust valve stems
are filled with sodium to dissipate heat
more efficiently. Developing a
camshaft and complete valvetrain
system that could reliably actuate
those large valves at continuous high
speed, yet achieve the durability SRT
requires of their engines, was a huge
challenge. Redesigned components
helped strengthen the 6.1 HEMI®,
including a reinforced engine block,
forged steel crankshaft, high-strength
powdered-metal connecting rods,
floating-pin pistons (cooled by oil
squirters), and an oil pan modified to
manage oil return to the pan sump at
high engine speeds. While often
considered a trivial task, development
of the oil pan and windage tray was a
complex job. This was due to the very
significant vehicle dynamics that the
SRT products are capable of and also

TEAMWORK WINS
hrysler SRT director
Dan Knott knew from
experience that Ricardo
could bring some unique
benefits:
“Normally when we
outsource engineering
development work you will get the
engineers from the supplier that will say
there are four or five options you can pick
from a design perspective – then hand
that over and you decide. That’s not what
we need from a full service supplier.
“What we need is for them to say there
are the four or five options and here’s our
recommendation and here are the data
that show the recommendation is the right
thing to do.The difference with Ricardo is
that you got the recommendation and you
also got the supporting data.The other
thing about Ricardo was that they had
more simulation capability – they were
farther down the simulation curve through
CAD and FMEA and FEA – we wanted
some level of confidence before building
hardware and Ricardo has always been a
little bit farther ahead from that
perspective.
“Ricardo also brought good
programme management and that’s
something that a lot of suppliers typically
don’t do. You don’t often find technical
engineering suppliers that can do the very
strong technical work and do the
simulation work and also have good
programme management skills.
“With Ricardo there is a lot of integrity
there – I am a strong believer in integrity
on both sides of the table. I will ask for
hard choices and very tough targets but I
will hold myself and my organisation to
the same level of targets. You don’t always
see that in an OEM. In Ricardo’s case, they
always came forward and said ‘here is
what we can do, and here is what we
can’t do’, and it is always a very open and
honest discussion and relationship.
“You don’t always see this with
suppliers. Why that’s critical is because for
a supplier like Ricardo – if you don’t have
the right players – you could have the
world’s best organization chart and the
world’s best brand image and so on, but if
you don’t have the individuals who can sit
down and speak with integrity, and have
those negotiations with people like Pete
Brown and Kris Mixell, who have high
levels of integrity and who just lay out the
facts and say ‘here are the alternatives
and here is my recommendation’ – you
will fail.”

C
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Chrysler HEMI

Chrysler 300C Touring (right) and Jeep Grand
Cherokee (below, presented by Daimler Chrysler
CEO Dieter Zetsche) – hot HEMI® users.

to the objective of minimising
crankcase pumping losses by
developing novel flow passages for
efficient bay-to-bay breathing.
To achieve all these improvements
within the two year timeline was
impressive, but to keep it within
budget is a still-greater achievement.
One of the key factors was extensive
use of Ricardo’s CAE expertise – the
Ricardo team took the leadership role
in CAE and supplied half of the
programme’s CAE support.
Dan Knott: “Ricardo’s role was big
because they had access to programs.
It is fine to design something on the
computer screen but you also need to
simulate it on the screen – for
example, piston operation and
reaction in the combustion chamber. If
you can do it in two or three iterations
and then build the part you know will
meet requirements you can save a ton
of time and money. That skill-set and
the CAE married to it gave us a head
start and a much quicker process.”

Pete Gladysz also noted how the
integrated team of Ricardo engineers
helped speed up the development
process: “We certainly made use of
their modelling techniques and their
ability to do very quick turnaround
development experiences on the
dynamometer. Our challenge again
was not to go outside where possible
as it uses up our internal resources
and the dollars and cents available, to
go out [only] when we did not have

the capability in house – be it a special
test, or to gain knowledge in a very
short period of time. I used Ricardo
because they had a technical sense in
areas that maybe we just didn’t fully
understand – unique combustion
philosophies, rotational NVH, areas
where we would get to the answer 20
to 40 per cent quicker because of their
specific knowledge in other products
that we could bring to this product.”

“When I came on board I said that’s not good enough – we have to
get over 400 – I wanted to blow the 400 target away because I knew
that our competitors would just sneak over 400, so I said 425 hp
and I said I wanted 425 lb ft of torque as well ” Dan Knott, SRTdirector
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The racing philosophy
Both Dan Knott and Pete Gladysz
recognised that Ricardo’s experience
in racing and in exotic cars translated
into a sense of teamwork and urgency
that is uncommon among suppliers.
Pete Gladysz: “When you can
envision a project this big and then
implement it almost to the day a
couple of years later – you are working
on that racing philosophy. To be
willing to work 24 hours a day and do
what is needed to get the job done
right – that was something we tried to
instill in the whole team and the team
really responded well.
“One of the things we do at SRT is
to take the product to the race track to

The HEMI® 6.1L development team

try to break it quickly and then fix the
problem. So we are stretching to the
edge of the box with the racer
mentality – that’s the way we operate.
It’s a different way of operating…but
we have to squeeze things down in
very clever ways. Racers have always
been associated with being a little
clever, doing things outside the norm.
“A great example of thinking outside
the box, even from a manufacturing
perspective, came when we were
given an investment number and told
to go manage it and don’t ask for
more. We went out and found
opportunities that from a corporate
point of view would never be
considered. We were given lots of
credit for being entrepreneurial and
creating something from nothing –it
was the only way this programme was
allowed to be successful.
“It’s not the racer, it’s the mentality of
the racer – working 24 hours a day,
being clever working with nothing in
some cases, challenging peers to
accomplish the impossible – that
mentality is tough to teach, you almost
have to live it, then grow it. It goes
along the lines of some of the things we
did with Ricardo, from a different way of
doing business, be it modelling that’s a

little bit different, or not available, or
‘not thought of here‘ techniques.”
While racing is just one application
of Ricardo’s powertrain expertise, it
was clear that the company’s
integrated team experience translates
positively for customers like SRT, who
appreciate the innovation it ignites.
Pete Gladysz again: “I think Ricardo
brings a wealth of international
knowledge to the design and
development arena. When you are
working with very time-compressed
programmes you can learn and over
achieve. Tighter timing goals,
improved performance, reduced
investment and piece cost goals these are hard things to attack. Ricardo
worked seamlessly
within the
engineering,
manufacturing and
supplier arenas.
When we were
having early
discussions with
the 5.7 litre team it
was very plainly
visible: I could not
tell the difference
between a Chrysler
person and a
Ricardo person,
they became the 6.1 litre team and
they wanted to win, and were part of
the winning team.”
Dan Knott also saw the value of the
racing team philosophy that was
applied to this programme: “Ideally,
what you want to do is blur the line
between the supplier and the
automaker so when you are sitting in
a meeting you are not sure who is
from Ricardo and who is from SRT.
Why is that? Because if you have that,
the ownership of each team member
is much stronger. They think of it as
their engine, as opposed to ‘here is
Ricardo’s part of the engine and here
is SRT’s part of the engine’.
“SRT will always have the total
vision,” continues Knott, “but with
Ricardo – because you are blurring
lines and sitting right next to each
other, you eat, sleep and breathe the
project and you get a much stronger
team ownership. The Ricardo guys are
just as proud of the 6.1 engine as the
SRT guys are. They had tears in their
eyes like they were birthing a baby,
just like our guys did. And at the end
of the day, that’s what makes our cars
better – the passion and emotion that
we pour into them that the customer
sees in the execution. I think that’s the
strength of what we did with Ricardo.”

GROUND RULES

•
•
•
•
•
•
•
•
•

23 per cent horsepower and torque
increase (345 hp to 425 hp)
7 per cent displacement increase
20 per cent rated engine speed increase
Assemble and test on a similar line to
the 5.7 litre with only slight
modifications
Commonise machining as much as
possible
Meet DaimlerChrysler product
validation requirements
Link to DaimlerChrysler manufacturing
facilities and vehicle platform(s)
Play a key role in development,
validation and component/subsystem
quality
Utilise DaimlerChrysler product and
process control systems

The finish line
The measure of success in motor
sports is winning the race. For SRT, it
is about winning consumers. The 6.1
litre HEMI® is now featured in the
Chrysler 300C, the Dodge Charger
and the Jeep Grand Cherokee, each of
which can be bought with the added
SRT8 designation.
The vehicles have impressed the
public and the media. As Dan Knott
proudly notes: “The 300C SRT8 is, in
my opinion, for the price point, the
best performance sedan in the world.
It is a businessman’s car that you can
drive with a racing mentality and a
racing feel. You can’t get that anyplace
else at that price point. And the Grand
Cherokee SRT8 is a $40,000 fourwheel-drive vehicle that goes 0-60 in
4.6 seconds.”
All the engineers who worked on
the programme would agree: the
racing philosophy was built into these
cars, and the results shine through on
the road – and in traffic through the
showrooms.
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Split Carb technology

TWO-STROKE OF GENIUS
Light, compact and powerful, two-stroke engines are perfect for forestry, gardening
and building products but have unacceptably high hydrocarbon emissions in the
absence of any emissions control technology. With its ingenious new Split
Carburettor design Ricardo has cleaned up this valuable utility power source, saving
engine manufacturers millions in the process. Jesse Crosse talks to the head of
Ricardo’s Motorcycle and Small Engines Group, Paul Etheridge, whose team
developed the technology
icardo's reputation in the field of
automotive engineering extends
back over 100 years, but,
surprisingly, one of its most recent
innovations has nothing whatsoever
to do with transport: instead, it will be
of far greater interest to gardeners.
Invented by Ricardo technical
specialist Dr. Stephen Glover, the new
Split Carburettor is an example of
elegant simplicity in design that truly

R

deserves the description 'a stroke of
genius'. The result of some six years
work with a total investment of just
£250,000 its purpose is to help clean
up emissions on those tiny two-stroke
utility engines driving handheld
forestry, gardening and building
equipment such as grass and hedge
trimmers, chainsaws, leaf blowers and
concrete cutters.
The market for small, hand held
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utility engines is huge, at around 20
million units per year. This total is split
roughly 30:70 between professional
and DIY units, yet the volume is
expected to grow at the rate of at least
1.5 per cent per annum – which would
take the number to around 25 million
units by 2020. Quick to secure its
advantage, Ricardo has already
licensed the new technology to
manufacturers accounting for 60

percent of the entire global market,
with more likely to follow. All the more
remarkable is the fact that the Split
Carburettor concept costs virtually
nothing extra to manufacture since it
essentially comprises a modification
to an existing design, yet is set to save
two-stroke engine manufacturers
world-wide hundreds of millions of
Dollars.
Two-stroke engines have many
advantages over four-strokes in some
applications, including low weight,
simplicity, high power output and
typically 25 per cent lower
manufacturing costs. In fact, as group
head Paul Etheridge explains, when it
comes to hand-held utility products,
conventional four-stroke engines have
definite limitations. “Hand-held
products have to work in any altitude
but if you turn a wet sump lubricated
four-stroke engine upside down, the
oil disappears into the cylinder head.
Response and torque backup are
inferior to the two-stroke, they’re
heavier and they cost more money to
make. In fact there is a huge raft of
issues with the four-stroke.”
Two-strokes: environmentally
poor – until now
Unfortunately, when it comes to
exhaust emissions (in standard form
at least) the unregulated two-stroke

engine is something of an
environmental bandit. Each time it
ingests a fresh charge of fuel, some of
it is expelled with the outgoing
exhaust: this results in a level of
unburned hydrocarbons which makes
a puff of modern car exhaust appear
like a breath of fresh Alpine air. “About
30 per cent of the fuel you put into a
conventional two-stroke engine
passes straight through without even
being burned,” Etheridge continues,
“so you get around 10 times the
hydrocarbon emissions of a fourstroke.” Catalytic converters have been
tried but proved unsuccessful in many
products because of their not
insignificant cost, bulk and also
because the high temperatures they
generate could injure operators and
cause fires.
Not surprisingly, legislators are
clamping down on these engines. If
manufacturers want to use two-stroke
power beyond 2008-2010 they will be
forced to think again in order to meet
stringent US and European emissions
regulations aimed specifically at handheld utility engines. The most popular
way of achieving that is to use a new
design of two-stroke known as the airhead stratified charge engine, which
introduces what is in effect an air wall
immediately in front of each incoming
charge of fuel and air. As a result, any
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Split Carb technology

The split carb is simplicity
itself, incurring almost
zero additional
cost

of the
incoming
charge that
passes straight through
the engine and into the exhaust pipe
comprises fresh air rather than
hydrocarbon-laden fuel and air.
Fuel economy is improved, too, and
the concept works so well that airhead engines are expected to take up
to 90 per cent of the market by 2010,
as Etheridge confirms. “There are
probably a dozen or more air-head
engines in production today and
another 50 under development which
will be introduced over the next few
years. These range from the smallest
grass trimmers of around 25cc to
professional construction equipment
of around 100cc. It is probably true to
say there has never been the degree
of global development in small
engines as there is today.”
Air-head engines incorporate a
second inlet port through which the
fresh air stream is introduced. That in
turn requires a modified fuel system,
and so far some of the favourite
solutions have been double-barrel
butterfly or rotary valve systems, both
of which are complex and costly at
between $10 and $15 per unit for
professional applications. For the

cheapest hobby products,
the double butterfly units
are around $2 more than a
conventional
carburettor
That is where Ricardo
comes in. “We didn’t
invent the stratified
charge engine,” quips
Etheridge, “but we
have invented a fuel
system for it.” Ricardo’s Split
Carburettor concept is disarmingly
simple, so simple that it does not
require the manufacture of a complete
new carburettor from scratch at all.
Instead, with a minimum of
machining, the Split Carburettor is
created by fitting a plastic ‘floor’ into
the choke of an existing design,
thereby separating it into two
distinctly separate channels. At full
throttle, the existing throttle butterfly
seats tightly onto the end of this
plastic floor, creating one discrete path
for the fuel and air mixture and
another for pure air.
Simple and ingenious
The system is as ingenious as it is
simple, requiring no significant
changes to tooling and costing
virtually nothing in manufacturing
terms. Hand-held utility tools fall into
three distinct markets, says Etheridge.
“At the bottom end there’s the hobby
market, the guy who wants to trim his
hedge or cut the grass. These tools
must be as cheap as possible, but they
only need to last around 50 hours.
One major manufacturer makes a
hobby chainsaw and sells 1.5 million
units a year, so a saving of even $0.25
on the manufacturing cost makes a
big difference.”
At the upper end is the professional
market, where a chainsaw may cost

The Air-Head Stratified Charge
2-Stroke Engine Cycle
Air
Air + Fuel
Exhaust

Split Carburettor

Compression and
Induction

Blowdown
Exhaust Period
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Fresh Charge
Transfer

30% of Exhaust
is Air (Low HC
Emissions)

Approaching
Exhaust Closing

over $500. This means the price driver
is not the same because a small
saving has less significance. Yet these
manufacturers are also seeking
operational perfection, so high quality
and long life are essential. The third
category is the semi-professional
market, which falls somewhere in
between.
As well as being both a cheap and
reliable solution to the problem of
two-stroke emissions, the Split
Carburettor also has operational
benefits over twin-choke designs. It is
lighter, for a start, but also the throttle
trigger feel is unaffected and remains
smooth and linear throughout the
range. With twin-choke carburettors
there is a definite step as the second
throttle opens, together with a greater
load on the trigger finger, both of
which are important considerations for
an operator who may be working with
the equipment for hours on end.
Demonstrating to customers
It is one thing to design a
revolutionary new low-cost system,
but it is quite a different matter to
convince prospective customers that it
works. In this case, Ricardo was able
to provide compelling live
demonstrations proving that the Split
Carburettor was a match for the
double-barrel design in real time. It
also demonstrated superior
performance with stronger torque
characteristics at low speed, more
effective transient response and
smaller size for better packaging. In
terms of cost, Ricardo believes its
carburettor to be as much as $1.50
cheaper per unit than the doublebarrel butterfly solution with its extra
throttle plate and complex linkages.
The first product using the Split
Carburettor design, a concrete cutter,
will be on the market soon, and many
other hand-held products will follow.
Still on the agricultural and gardening
scene, Ricardo expects air-head twostrokes equipped with Split
Carburettors to find their way into
non-hand held low cost products such
as pressure washers, pumps and lawn
mowers, competing in a market that
has so far been dominated entirely by
the four-stroke engine.
Beyond that, there are further
opportunities too, such as the Asian
commuter motorcycle and scooter
market. Split Carburettor technology is
ideally suited to the small two-stroke
motorcycles and motorised rickshaws
which are creating major air quality
problems in Asian cities. Ricardo has

Ricardo Stratified Charge
2-Stroke Engine Concept

Effective exploitation of
intellectual property rights

CARBURETTOR OPERATION
A

B

PR is the life blood for a company like Ricardo which,
in the simplest sense, earns a living through the sale
of innovative ideas. It therefore follows that those
ideas must be rigorously protected through
worldwide patents, a process that has been part of
Ricardo’s culture since 1906 when in his student days
Harry Ricardo filed his first patent for “improvements
in or relating to internal combustion engines”. Indeed,
the original name of the company was not Ricardo at
all, but EPL or Engine Patents Ltd.
Since then, the handling of IPR within the company
has by necessity become far more structured in that it
involves many more people. Guiding the engineering
teams through the process is Stephen Morris, who
describes his job as being “everything to do with IPR
including acting as a translator between attorneys and
engineers.”
One of the most fundamental problems in creating
a new engineering idea lies simply in recognising that
it has a value. “It requires a different mindset to the
standard engineering approach” says Morris. A way
of avoiding Eureka moments slipping through the net
is through identifying an IPR “champion” in each
team. “We always need a champion within each
group, with a high level of enthusiasm for the task.”
Incentives are also provided to individuals in the form
of financial awards in two parts, the first when a
patent is filed and the second when it is granted.
The need to actively enforce patents does mean
Ricardo could find itself in the tricky position of
seeking money from a potential or existing customer
and even having to take them to court. Historically,
however, this has not created difficulties when it
comes to customer relations, since most international
businesses fully accept and understand the
requirements of IPR protection. Ownership of
foreground IPR developed during engineering
projects is usually clearly defined in the contract and
in the case of joint research projects for example, may
even be shared. Infringements are hence very rare.
However, Morris encourages engineers to be the eyes
and ears of the team when it comes to spotting
potential patent infringements. The process of
benchmarking helps produce a vast library of current
innovations and also provide a check on key products
for any infringements.
The value of IPR and its active commercialisation
was recognised very early on at Ricardo. The
company history is littered with examples of
substantial commercial successes through careful use
of patents, such as the military tank engine developed
at Shoreham, which in 1918 earned a substantial
£12,000. A taxi engine developed in 1956 earned
Ricardo a massive £2 10s (£2.50) per car against total
sales of 7,000 in the first year alone. Today, things
have inevitably moved on, but as far as IPR is
concerned the same principles apply.

I
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B
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Full Load Operation
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Air
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already been granted patents in China protecting this
technology, and applications in both India and Taiwan are
also progressing well.
One of the first licensees of the Spilt Carburettor
technology is Husqvarna, the world’s largest producer of
chainsaws, lawn mowers, garden tractors and other petrolpowered garden equipment, as well as of cutting equipment
for the construction and stone industries. “It is important
that we evaluate technologies which have the potential to
improve the performance, function and value to customers
of our future products,” explains Ove Donnerdal, R&D
manager of Husqvarna Construction. “The Split Carburettor
technology is appealing in its effectiveness and
manufacturing simplicity. The first Husqvarna product
introduction using this technology is planned for later in
2006 with others likely to follow in the years ahead.”
Worldwide protection
Ricardo has worldwide patent protection on the Split
Carburettor until 2024: that timescale will be extended
through the application of improvement patents. Ricardo
likes to remain as flexible as possible in the negotiation of
rights, and customers may be granted licenses based on a
percentage of the carburettor price or simply pay a flat rate
per unit, as well as up-front payments. Paul Etheridge is
satisfied that is the right approach, saying, “we have already
recovered our development costs in up-front payments and
netted customers accounting for 60 per cent of the global
market.” That said, a study commissioned by Ricardo on the
value of its patents estimated a large customer could make a
saving of c£50 million over the life of the patent. So it’s a winwin situation for both the inventors and the customer –
which is just the way Ricardo likes it.
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Audi use of WAVE

Audi’s optimised

EXHAUST
With the increasing need to maximise new vehicle
performance and reduce fuel consumption while
at the same time providing an attractive sensory
experience for the driver, the design and tuning of
exhaust systems has never been more important.
Anthony Smith describes the Ricardo WAVE
simulation-led approach being used by engineers
at Audi AG
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ith the launch in early 2005
of the 3.2-litre FSI direct
injection V6 engine in its A8
luxury saloon, Audi set new standards
in performance and fuel economy.
Replacing the previous, MPI 3-litre V6
unit, the new engine not only
delivered power and torque
respectively 18 and 10 per cent up on
its predecessor, but did so with
virtually unchanged combined-cycle
fuel consumption.
In addition to the many plaudits
given to its performance, however, the
3.2-litre FSI A8 was also praised for the
tuning of its exhaust system – a
package which provides a sporty
auditory experience while retaining
the refinement expected of a luxuryclass vehicle. This achievement was
due in no small part to the investment

“This achievement was due in no small
part to the investment made by Audi in
recent years in the development of
methodologies for analytical
optimisation of exhaust systems using
Ricardo’s WAVE suite of programs”
Audi’s 3.2-litre FSI V6 engine (left) as
installed in its luxury A8 saloon (above).

made by Audi in recent years in the
development of methodologies for
analytical optimisation of exhaust
systems using Ricardo’s WAVE suite of
programs.
The design and development of
exhaust systems was traditionally a
laborious process in which the
optimisation of new designs was
carried out through the production
and testing of prototype hardware.
While this approach provides an
absolute measure of the all-round
performance of each design, it can be
expensive and time-consuming in an
environment where time to market is
all important. In addition,
experimentally measured acoustic
response results rarely provide a
complete understanding of the
underlying physical mechanisms of
noise generation. As such, and in an
experimentally-led approach, each
successive optimisation step is
informed by judgement rather than
detailed knowledge and
understanding of the internal physics

of the system.
With the increasing robustness of
core solvers, 1D simulation packages
such as WAVE have become the
standard tool of choice for the
performance aspects of base engine
and intake and exhaust system design.
With careful high resolution modelling
of these systems it is also possible to
create acoustic-quality WAVE models
which can predict auditory response
with similar levels of accuracy to the
performance simulations.
Pioneering work
Early pioneering work in the
development of accurate and
repeatable automated methods for the
generation of acoustic-quality WAVE
models based on component
geometry was carried out in the late
1990s by Ricardo and a consortium of
intake and exhaust system
manufacturers and OEMs including
Audi. The benefits of this work,
together with more recent
developments in 3D geometry based
modelling and the integration of CAD
models, continue to be felt both in the
core WAVE solver as well as in its pre-
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and post-processing capabilities.
Claus Freytag is responsible at Audi
for all acoustic gas dynamic modelling
using 1D simulation methods and, as
a long-time WAVE user, he is very
familiar with the application of the
code to both performance and
acoustic modelling. While Freytag has
full time responsibility for the
application of 1D simulation, his four
colleagues engaged in WAVE
simulation work each focus on a single
vehicle platform – A3, A4, A6 and A8 –
doing both simulation work and
prototype hardware testing. At the
Ricardo Software European User
Conference in Frankfurt in December
2005 Freytag presented a case study
of the detailed tradeoffs required in
the development of an exhaust system
for a modern, luxury production
vehicle. The example chosen was the
widely acclaimed Audi A8, powered by

the 3.2-litre FSI direct injection V6
gasoline engine, which was launched
in Europe earlier in the year.
The start point for the work was an
initial baseline design of exhaust
system represented by a carry-over of
that used for the V6 3.0l MPI unit due
to be phased out in favour of the new
engine. The primary objectives set by
Audi for this work were that the new
exhaust system should deliver invehicle performance and orifice noise
equal to or better than that of the
same engine in the A6 vehicle. It
should also have a similar cost to
existing production and, crucially for
such a luxury vehicle, it needed to
have a noise quality both sporty and
luxurious in character.
Baseline configuration
The baseline system configuration had
two branches throughout (each
equipped with close-coupled catalysts),
with forward, middle and rear mufflers
connected via a bridge piece
immediately upstream of the middle
muffler. As the baseline design had
been produced for an entirely different
engine it was perhaps unsurprising that
initial assessment showed it to fall
short of the design objectives in terms
of both torque (-27 Nm) and boom
noise (+8 dB(A)) at 1200 rev/min. As
hardware was readily available, WAVE
simulation was compared with
dynamometer testing of the baseline
design for this first iteration in order to
demonstrate the fidelity of the
analytical model. Correlation was good,
with a comparable figure of torque
reduction in the critical boom noise
region of -23 Nm.
Using the acoustic mode shape
analysis facility in WAVE, the nature of
the noise problem was quickly
identified as excitation of the
characteristic three-quarter
wavelength mode of the complete
exhaust system. In normal
circumstances the most obvious
approach to mitigate such a problem
would be to add volume in the high
pressure regions. However, as this
was a new exhaust system for an
existing vehicle model, there was
limited space available for such design
changes. Instead, the team quickly
identified that optimisation of the
system would need to be restricted to
changes largely within the existing
envelope of the front, middle and rear
muffler sets, and the bridge
connecting the two branches of the
system.
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The baseline system (above) comprised two
branches with forward, middle and rear
mufflers connected via a bridge piece.
The WAVE model of the system (below left)
was used for the acoustic simulation. A boom
noise was shown to be excited by the
3/4 wavelength mode of the entire system at
1200 rev/min (bottom left).

For each sub-system a number of
changes were simulated individually
to assess their influence on both
torque and noise performance. This
required a considerable number of
analysis iterations for which high
quality automatic meshing was
essential. For the front muffler system,
three options were considered:
extending the volume, using an
absorptive packing material and
changing the perforation pattern. The
resulting design incorporated the
additional volume and material, which
provided a predicted additional 20 Nm
torque at 1400 rev/min. Sound levels
were also improved by -3 dB(A) at
2700 rev/min but the critical boom
region was unaffected.
For the bridge region, a number of
different locations and sizes of
connecting channel were assessed.
This design feature is included as a
means of reducing 1.5-order noise. By
repositioning the channel and
reducing its size, a reduction of -1
dB(A) was achieved in boom noise at
1200 rev/min together with an
increase in torque of +22 Nm at 1300
rev/min. Noise at higher engine
speeds was Increased, but the
assessment of this was that it would
improve the sporty characteristic of
the sound. However, while the boom
noise reduction was welcome,
additional work would be needed to
further reduce it to an acceptable level.
Eight design changes simulated
A total of eight different design
changes were simulated for the
middle muffler, ranging from

reductions in pipe diameter and
changes to perforation patterns to the
use of absorptive filler material. As a
result of the simulation work the
decision was taken to retain the
baseline design as each of various
options simulated demonstrated
balancing advantages and
disadvantages.
In order to reduce the boom it was
therefore decided that a more intensive
re-engineering of the rear muffler
would be necessary. A number of
design changes were considered,
including the reduction of inflow pipe
diameter and the packing of the front
chamber with absorptive filler. The final
prototype design resulted in a minor
reduction in the additional torque
generated by the changes made
elsewhere in the system (-3 Nm at 1300
rev/min) and a reduction in power of 1kW at 6000 rev/min. However,
combined with the changes made
previously, the revised design resulted
in a reduction of the problem boom
noise at 1200 rev/min by -5 dB(A) as
well as an improvement to the general
acoustic quality of the system. It also
delivered a welcome torque increase of
36 Nm at 1400 rev/min.
Having been optimised through
WAVE simulation, this revised design
was the first to be carried forward to
prototype hardware and vehicle
testing. Given the impressive increase
in torque generated by the design, Audi
decided to go further with some of the
design changes considered for the rear
muffler set in order to trade some of
the performance increase generated for
a further reduction – an almost

complete elimination – of the boom
noise. In practice this final change
achieved its objective while reducing
the torque increase by just one Newton
metre to +35 Nm at 1400 rev/min.
The resulting engineering
programme demonstrated an excellent
example of best-practice simulation-led
engineering. With a good quality,
validated WAVE engine model and a
detailed exhaust modelling
methodology amply demonstrated in
the initial testing of the baseline design,
an extremely wide range of design
alternatives were able to be rigorously
and rapidly assessed in simulation by
Audi before the final optimised design
was produced.
The approach demonstrated
excellent correlation of measured and
WAVE-predicted performance and
noise, and required only three
prototypes to be created for the
purposes of test based validation.
Most importantly for Claus Freytag
and his colleagues at Audi, the final
design represented a good
compromise between the needs of
engine performance and noise
refinement quality with minimal
additional system cost.
This article was originally
published in the quarterly
on-line newsletter Ricardo
Software&CAE which
covers topics of interest to
computer aided
engineering specialists
and customers of Ricardo
Software products. To
receive future issues of
Ricardo Software&CAE
please visit
www.ricardo.com/scae
and follow the link to
‘subscribe’.
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RQ Interview – Mark Spain, Microsoft

“We’re in the
dashboard,
not under the
hood”
The world’s leading software provider is
more interested in running communications
and entertainment than controlling the
engine or vehicle systems.Tony Lewin
speaks to Mark Spain, head of Microsoft’s
Automotive Business Unit, at the launch of
Fiat’s Grande Punto Blue&Me
Why is the launch of the Blue&Me
infotainment system so important for
Microsoft?
For the first time, the Microsoft
approach will be directly with the
vehicle makers, understanding their
requirements as they relate to the
process for integrating technology into
production vehicles.
How does Blue&Me differ from the
built-in Bluetooth in other cars?
Blue&Me is designed around a very
rich hands-free phone experience for
brought-in mobile phones and a very
rich digital entertainment experience
focused on MP3 players. Blue&Me also
has the ability to support a set of
services that are running on other
devices that somebody brings into the
car. The service offering from Fiat and
Alfa Romeo allows the brought-in
Bluetooth mobile phone to turn an
SMS [short message service] into a
voice message that can be heard while
the person is driving down the road.
Just like with a PC [personal computer],
other services can be added later.
When was Blue&Me signed off from
Microsoft's point of view?
The last major milestone for the
version in the cars shipping today was
last autumn. Fiat and Microsoft
continue to work on subsequent
products and on a wider range of
vehicles so you'll continue to see more
vehicles with more features over time.

What other products and services
does Microsoft currently supply to the
auto industry?
We license Windows Mobile for
Automotive [WMA] to suppliers such
as Alpine, Pioneer and Kenwood. They
build devices that they then source
directly to the OEMs. There are 61 inmarket products based on Windows
Automotive. We also offer services
relevant to the vehicle such as our
MapPoint and entertainment services.

focused on the automotive industry.
The digital lifestyle is a worldwide
trend, and we believe our solutions
are relevant worldwide.

In the long term, do you see Microsoft
becoming involved in the software
that runs engines and other key parts
of a car?
There are plenty of other companies
that have expertise in the things that
happen under the hood: our focus is in
the dash, facing the driver and
passenger. Our investments stay
focused on the driver and the
passenger as opposed to the
operation of the vehicle itself.

Blue&Me seems to have the potential
to make in-car electronics completely
compatible.
Blue&Me has to support for more than
over 140 handsets the day that it
ships. Another truly key attribute of
WMA is upgradeability. The overall
lifecycle of consumer devices is
measured in months. Most people's
mobile phones probably will be
refreshed within the next 18 months.
Juxtapose that against the automotive
industry where it could be 14 years
between the time when the car is
conceived and when it is retired. In
that period of time, devices will have
come and gone many times.

What is the value of your automotive
business?
We don't disclose that information,
but we are represented in 18 different
automotive brands – Honda,
Mercedes, Jaguar, Volvo and so on.
And we are in the aftermarket as well.
What's the next big thing Microsoft
will do in the auto industry?
Fiat represents the introduction of
Microsoft's 10 years of investment
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With Microsoft being committed to
low cost and high volumes, will you
be announcing similar connectivity
packages with any other automakers
in the near future?
We're really not able to announce any
of our other relationships.

What happens during the ownership
of the car?
The consumer companies will
continue to make and release new
devices after the car is purchased.
WMA can be upgraded as cars are
driving down the road. It could be

“We are represented in 18 different
automotive brands – Honda, Mercedes,
Jaguar, Volvo and so on. And we are in the
aftermarket as well.”

and not need a Bluetooth GPS
receiver. Because we're sitting on the
[vehicle's] CAN-bus we can also
export the latitude and longitude so
we can do dead-reckoning-adjusted
GPS by taking in inputs from the ABS
sensors on the wheels.

a device and have that
device interpret that
language in a fashion
that allows it to be
converted to text and
sent.

updated during dealer service or by
the end-user like with a PC.
With Blue&Me in operation, what
happens when you get a call?
If you have established a relationship
between your phone and Blue&Me, it
recognizes that you've entered the car.
If you get a call you'll hear the ring
through the loudspeakers and you'll
see a colour ID pass to a character line
display in the dash. Then you can hit
the Windows flag button on your
steering wheel to answer the call. The
contents of your address book are
available to Blue&Me, so you can
toggle through the names via a
steering-wheel button to make calls.
Or you can just press the Windows
flag button and it will ask you what
you want to do and you
can simply say the name
of the person you want to
call.

How will the interface
with navigation devices
operate?
There are a couple of
navigation scenarios that
we will support. One is
portable navigation
devices – these could be
dedicated devices or
they could be navigation software
running on a general-purpose device
such as a phone or a PDA [personal
digital assistant]. Windows Mobile for
Automotive should be thought of as a
very powerful communication
gateway. The communication can
happen over a wide range of different
types, such as GSM for voice, GPRS
for data, Bluetooth for device
interoperability. An additional scenario
is that we support GPS and wi-fi – so it
could support the integration of a
satellite receiver. So our standard
version would include GPS, and we
can export the latitude and longitude
signal to whatever is connected to us.
This could be a PDA or a phone, or a
pocket PC. So now I might just have
the navigation software on my phone

And off-board navigation?
Yes, this will allow car manufacturers
to deliver very low-cost navigation
solutions to their users because our
device is connected both to the widearea GSM-GPRS wireless network and
we have the location of the vehicle. So
now, working with the OEM, we can
deliver an off-board solution via a
mobile operator or someone else.
Do you see off-board navigation as the
way the industry will go?
From a Microsoft perspective we think
there are applications across the
whole spectrum of device categories
for navigation. In a luxury car you
would expect it to be built in. But there
are lots of users who would prefer to
have navigation on a separate device
so they can take it with them outside
the car. And there is also a market for
an in-vehicle, very low cost, deeply
integrated off-board system. We're
making investments to ensure all
those scenarios.
This interview originally appeared in Automotive News Europe

Mark Spain has been with Microsoft in
various roles for 13 years. Prior to this he
worked for Oracle and Hewlett-Packard in
the technology industry.

What about text
messages? Can it send
texts?
Sending texts [from
voice] is not possible, but
it's a very interesting
scenario. The platform is
very powerful and
includes voice
recognition. That voice
recognition technology is
evolving rapidly with lots
of investment from
Microsoft and others. So
it's absolutely conceivable
that in the predictable
future there will be a
capability for a person
just to talk free-form into
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Ricardo News

Ricardo and John Barnard to
explore MotoGP collaboration
icardo plc together with John
Barnard’s B3 Technologies Ltd
have announced that they will
collaborate on exploring the
opportunities for a MotoGP race team,
drawing upon their unique and highly
complementary mix of skills,
technology and race engineering
acumen.
One of the finest designers of his
generation, John Barnard has been for
over thirty years a leading influence in
the application of advanced vehicle
technologies in a wide range of motor
racing formulae. Innovations credited
to Barnard include the first full carbon
fibre F1 chassis and the semiautomatic paddle shift gearbox. As
Managing Director of his own
company, B3 Technologies Ltd, he
continues to deliver high technology
components for many of the leading
teams in Formula 1 as well as
programmes for customers in sectors
such as deep-sea research and satellite
systems, who wish to access B3’s
race-developed expertise. From 200304 Barnard was technical director for
the Kenny Roberts team, doing much
to lay the foundations for the
company’s impressive current form.
Ricardo also offers a wide range of
motorsport-related services including
for example a suite of advanced
powertrain simulation software which

R

is used by customers in the
development of performance engines
across all leading race formulae. The
company’s engineers provide highly
sought-after back-up for race teams in
the design, development and
precision manufacture of engines,
transmissions and driveline systems
and components. It also provides
trackside support for the maintenance
and service of the systems that it
manufactures.
Ricardo plc and B3 Technologies Ltd
share the view that there is
considerable potential for the
application of advanced technologies
and engineering skills in the future of
MotoGP. Together the two companies
are searching for partners and
sponsors to develop a technology-

focussed race team, which aims to
compete at the very top level of the
sport. As John Barnard explains, “My
exposure to MotoGp has left me with
a firm conviction that there is much
scope for the use of advanced
technology to make a significant move
forward in the potential performance
of the bike. I also believe that working
closely with the designers of the
powertrain can reap big benefits, and
in this respect I am delighted to be
collaborating with a company of
Ricardo’s calibre.”
Dave Shemmans, Ricardo plc CEO,
is similarly enthusiastic about the
collaboration: “this could bring
together the very best available
technologies in motorcycle chassis
and powertrain engineering. We look
forward to discussing with potential
partners and sponsors the ways in
which we might develop class-leading,
technology-focused solutions for
MotoGP.”

Donnington, July 2006: Ricardo and B3 plan to
collaborate in the future to bring technologyfocused solutions for MotoGP

“Wake-up call” for
UK auto industry
o secure a sustainable future for
the UK Automotive Industry,
Government, Industry and Academia
are going to need to work together
to define a common strategy and
ensure that the UK workforce is
equipped with the necessary skills to
drive the strategy forward. This is
amongst the conclusions of a “2020
Vision Study” conducted by
Skills4Auto Ltd (the Midlands arm of
the Automotive Academy) and
Ricardo Strategic Consulting with
the support of UK Government. The
objective of this study was to
develop a deeper understanding of

T
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the future skills, technologies and
competences required to provide the
UK automotive supply chain with a
sustainable competitive advantage
in the global automotive industry
and the role industry, academia and
government must play over the next
10-15 years.
Despite current high vehicle
production levels within the UK,
some of the findings of the report
make sobering reading for both
government and industry. The
observation is made for example
that: “Without a clear strategy going
forward nothing will change and
current problems will get
compounded. Failure to support and
develop a sustainable automotive

industry will jeopardise the £8.5
billion of value add that the industry
contributes to the economy and also
the jobs of over 250,000 people.”
Publication of the report attracted
considerable press attention and
debate. In particular it has been
described as a “wake-up call for
government, education and
business” by David Frost, directorgeneral of the British Chambers of
Commerce: “The weaknesses in the
UK economy have been clearly
highlighted in this report from
Ricardo. It is time we faced up to
these challenges to ensure that we
can effectively compete within the
global economy.”

Efficient-C demonstrates
class-leading powertrain
efficiency

European software
conference and
engine technology
training courses
announced
icardo Software has announced that it
will host its 2006 European software
conference in Frankfurt, Germany, on
Tuesday, November 14th. In what has
become a key date in the calendar for users
of the company’s software products as well
as those with a general interest in
automotive CAE, presentations will be
provided covering advanced applications
and research work as well as of software
development work. Attended also by
representatives of the European
development and support teams, the
conference provides users with valuable
networking benefits as well as the
opportunity to discuss future software
product development plans.
In parallel with the conference which is
free to attend, a series of bespoke training
classes will be held at a nearby venue in
the days immediately following the event
(details and prices of these will be
announced in due course).
To request free registration for the
Ricardo Software European conference or
to offer a paper or presentation against the
current call for papers, please e-mail
RS_EUC@ricardo.com or contact the
European support team on Tel. +44 1273
794 444 (alternatively Tel. 734 730 9585 in
the USA).
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The official launch of the Efficient-C demonstrator vehicle at the SMMT, Forbes House,
London, June 2, 2006. Left to right – Dave Greenwood, Chief Engineer, Ricardo UK Ltd,
Steve Gooding, Department for Transport, Robert Peugeot,VP Innovation & Quality,
PSA Peugeot Citroën, and Tim Curtis, Energy Saving Trust

icardo, QinetiQ and PSA Peugeot Citroën have presented the results
of their Efficient-C collaborative research project which has
successfully met the UK Department for Transport’s Ultra Low Carbon
Car Challenge. The two year Efficient-C programme has culminated in
the delivery of a full-hybrid diesel demonstrator vehicle emitting just 99
g/km CO2 (equivalent to 3.75 litres per 100km or over 75mpg) based on
a fully featured Citroën Berlingo Multispace family car. This is a
significant leap forward of 30 per cent improvement in fuel economy
and CO2 emissions when compared to the equivalent diesel production
vehicle. Furthermore the same diesel hybrid powertrain fitted in a Csegment 5 door saloon would only emit 90g tank-to-wheel CO2.
The 5 door Euro IV compliant Efficient-C vehicle meets all the
expected performance, comfort and safety levels for today’s market
and demonstrates class-leading powertrain efficiency. The launch of the
demonstrator vehicle was held at Forbes House, London, the
headquarters of the UK Society of Motor Manufacturers and Traders.
Presentations were made by Dave Greenwood, Ricardo chief engineer
and Efficient-C project leader, as well as by Robert Peugeot, PSA
Peugeot Citroën vice president innovation and quality.
A feature length article on this
impressive project is planned
for the next issue of RQ.
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Engine training at Shoreham
Two one-day training courses will also be
held at the Shoreham Technical Centre in
October, covering the fundamentals of
current and future light duty diesel and
gasoline engine technology. The course to
be held on 17 October will focus on diesels
and will cover aspects such as fuel injection
and combustion, boosting, EGR and
emissions characteristics and reduction, as
well as the likely technology roll-out for
future diesel products. Following a similar
format the gasoline course on 18 October
will examine mixture preparation,
combustion processes and emissions
characteristics, analysis of the global
market drivers, and detail of future gasoline
powertrain technologies.
The price of each training course is £450
(or £800 for both days) plus tax, including
delegate pack, lunch and refreshments
during the day. For more information or to
register, please contact:
seminarinfo@ricardo.com.
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Ricardo News

Cross-axleTorque Vectoring™
demonstrator announced
rom large, high centre of gravity,
4x4 SUVs to high performance
sports cars with both one and two
driven axles, interest in active control
of the torque applied to
individual wheels has never
been greater. Ricardo’s
Torque Vectoring™
technology was developed
as a means of providing
cost-optimised control of the
driveline to provide the
opportunity for tangible
improvements in vehicle safety
as well as ‘fun to drive’
characteristics. A new cross-axle
Torque Vectoring™ demonstrator
is currently being prepared by Ricardo
based on an Audi A6 4.2L Quattro and
will be ready for evaluation by OEMs
later in 2006.
The first Torque Vectoring™
technology demonstrator – based on a
BMW X5 vehicle – was based on the
use of e-machines to actuate the
Torque Vectoring™ unit which
provided the ability to control torque
bias between the front and rear axles.
Testing of the system clearly
demonstrated that it could alter
dramatically the limit handling of the
vehicle, improving both stability and
responsiveness under ‘spirited’
driving. While this demonstrator
was highly flexible for
research and development
purposes, an e-machine
based implementation is
considered unsuitable for
near-future production
implementation unless
integrated as part of a hybrid
driveline.
In setting out to demonstrate the
benefits of cross-axle Torque
Vectoring™ Ricardo instead selected
hydraulically actuated wet multi-plate
clutches to form the basis of the
actuation system. The design process
made intensive use of CAE methods
with the geared arrangements being
described in Dymola™ to provide a
model capable of predicting the
system dynamics. Thermal
performance was also an important
consideration and CAE models were
used for example, to predict the
temperature of each individual clutch
plate under operating conditions. A
significant side-benefit of this
modelling approach is the ready
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The new Ricardo
cross-axle Torque
Vectoring™
demonstrator vehicle
– CAD image of
system (below)

provision of Simulink models of the
system for inclusion in vehicle
dynamics modelling software for the
development of initial control
strategies.
In order to develop the control
algorithms of the unit, GPS data was
collected from a baseline vehicle with
open rear axle driven at close to the
extremes of left and right cornering on
a race track. This was used to generate
input data for simulation of a virtual
Torque Vectoring™ vehicle driven
around the same track and enabled the
ideal torque distribution in each
operating point to be identified. The
control system architecture is based
on the use of two

Ricardo rCube high performance
controllers; the first controlling
operation of the Torque Vectoring™
unit and the second acting as a
gateway device to the vehicle CAN bus
and ABS controller.
The final design of the Torque
Vectoring™ unit is highly compact with
both the gear module and the brake
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module capable of being packaged
within the diameter of the crown
wheel, although the design is flexible
such that the actuation and gear
modules can be separated if necessary.
This feature allows the arrangement to
be partitioned either side of the pinion
axis, providing improved packaging
whilst allowing the unit centre of
gravity to be located on the vehicle
centre line and thus ensuring side
shafts of equal length. The overall
system as currently designed is
capable of delivering a cross-axle
torque bias of 1400Nm and a
20 per cent differential wheel speed.
Response time targets for the
demonstrator vehicle have been set at
a maximum of 50ms from request to
start of torque activation and 100ms
to achieve 90 per cent full
torque.
Ricardo is inviting vehicle
manufacturers and related
system suppliers to register
interest in evaluating the
new cross-axle Audi A6 4.2L
Quattro Torque Vectoring™
demonstrator vehicle during
the autumn of 2006 and a
subsequent Winter Test programme
planned for the first quarter of 2007. In
addition to assessing the vehicle,
presentations will be provided on the
hardware and control system software
functionality of the demonstrator, as
well as the fundamentals of Torque
Vectoring™ technology

For further information on the Torque
Vectoring™ demonstrator assessment
day please contact Jim Hey (e-mail:
jim.hey@ricardo.com).

