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Industry News

Air quality fears hit Germany
After several cities exceeded the
annual limits for airborne particulate
matter, car makers and importers in
Germany came under strong pressure
to standardise the fitment of diesel
particulate filters.
Under new EU rules the limit of 50
microgrammes of fine particles per
cubic metre of air must not be
exceeded on more than 35 days per
year. Munich and Stuttgart were
among the five cities that, by the end
of April, had exceeded the whole year’s
quota. Across Germany, diesel vehicles
are being blamed for the problem.

In March Mercedes-Benz announced
it would fit catalyst particle
filters to all its diesel models,
including smart, by the
summer; more recently, the company
said retrofit kits would be made
available for some of its other models.
Other German producers have reacted
by making filters optional on some of
their models but have been heavily
criticised by ministers.
However, French automaker
Peugeot Citroen has seen strong
demand for its diesel models, which
include the group’s pioneering FAP

filter system at no extra cost
Environmental pressure groups
have called for stronger measures
including speed limits, car-free days
and bans on non-filter diesel cars
entering city centres. Government
incentives are being discussed, and
already Hanover and Munich have
implemented heavy truck bans.

Tri-turbo stars in Mercedes’ new-wave diesels
introduced to justify that claim were a
new-generation bi-turbo diesel V8,
scheduled to go into the 2006 S-Class
but demonstrated at the Geneva
show in a concept SL 400 CDI sports
car. With 315 hp and 730 Nm of
torque it was the world’s most
powerful diesel, he said.
More intriguing still was the tripleturbo version of the new V6 diesel,
previewed in the SLK compact
roadster. Using twin small
turbochargers outboard of the
cylinder banks and a single, larger
unit located centrally between the
banks, the 3 litre unit gives
impressive outputs of 286 hp and

News in brief

A dramatic extension of diesel power
into the luxury and high performance
arena has been signalled by
Mercedes-Benz. Announcing that “the
future of diesel is now”, incoming
Mercedes passenger car chief Eckhard
Cordes presented a series of
engineering innovations in seven
different models ranging from the
compact B-Class to the exotic SL
roadster.
Saluting the centenary of Einstein’s
theory of relativity, Cordes claimed
that the new wave of diesels would
allow the scientist’s famous equation
to be re-written as e=mc3.
Among the developments Cordes

Catalysts spread noble metals
Concentrations of noble metals in US roadside soil are so high that the
substances are almost economical to recover, according to a recent report.
One tonne of soil contained platinum, rhodium and palladium valued at
more than two dollars, said the study, which also reported ‘similar values’ in
Spain and Poland.
The platinum group metals were blown out of the tailpipes of vehicles
equipped with catalytic converters, reported the North American Catalytic
Converter Recycling study, but the amounts emitted were far beyond the
five per cent expected due to normal wear and tear. “A major part is due to
broken catalysts”, concluded the researchers.
Analysis of catalysts brought in for recycling showed 11 per cent of the
units were empty and a further 12 per cent partially empty.

US: large SUVs lose favour
Research by JD Power has revealed
that car and truck owners in 18 out of
20 segments are now less likely than
before to switch to a large SUV when
trading in their current model.

04 RICARDO QUARTERLY REVIEW • Q2, 2005

630 Nm torque. Exhaust gas is fed
through all three turbochargers at low
engine loads, with the small units
doing most of the work. Higher loads
and speeds prompt the large turbo to
take over, a by-pass system
protecting the small units from the
full flow.
The result, claims Mercedes, is 0100 km/h acceleration in 5.3 seconds,
a 7.5 lit/100 km combined economy
figure and full compliance with Euro 4
standards.
At the opposite end of the scale,
said Cordes, the majority of orders for
the new B-Class compact minivan
would be for the diesel version.

Car option choices expand
Since 1999 the average number of
options on new vehicles on the
European market has almost doubled
to 65 , according to JATO,
significantly affecting logistics.

Audi looks at photonics
Infra-red-based photonic sensing
systems have been developed by
Audi to generate a 3D image of the
scene ahead, helping avoid collisions
and assisting with parking.

SAE: industry looks to technology
The auto industry must “put pedal to
metal” to bring energy-efficient
technologies to market, according to
the US Environment Protection
Agency’s director of
transportation and air
quality, Margo Oge.
Addressing April’s
SAE World Congress
in Detroit, Ms Oge
urged car producers
to speed up the
implementation of fuelsaving features such as cylinder
deactivation systems, six-speed
transmissions and variable valve
timing.
“If diesel engines, gasoline-electric
hybrids and advanced gasoline
engines came to dominate the national
fleet by 2030, it could save $100 billion
annually on oil imports,” Ms Oge told
her audience of senior industry figures.
“We could reduce our oil consumption
by three million barrels a day.”
With both GM and Ford under
pressure to restore profitability, more
effective vehicle development
processes were also a talking point.
Citing the example of the Chevrolet
Cobalt, GM vehicle line executive Lori
Queen reported the successful
application of a new ‘Big 4’ plan to
keep programmes on schedule and
avoid the cost of unnecessary
changes, while vice president for
global engineering Jim Queen said
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Chevrolet Cobalt:
developed under
GM’s new ‘Big 4’ plan

the group had cut design and
engineering costs by up to 40 per cent
by developing parts on computers.
Summing up the difficulties of the
North American industry, GM vice
chairman Bob Lutz blamed inadequate
training and ponderous company
organisations for putting American
engineers at a disadvantage
compared with their international
competitors.
Highlighting the challenges facing
the industry as rising materials costs,
the declining health of the supplier
base and the threat from low-wage
economies, Ford’s head of global
product creation, Phil Martens,
praised the efficiency of Japan’s
Mazda. No fewer than ten Ford,
Lincoln and Mercury vehicles were
being developed for North America on
the Mazda 6 platform, said Martens,
totalling 800,000 units per year.

Welcome to the new-look RQ. 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 worldclass automotive engineering
services provider.
It is a formula that has certainly
been a hit with the worldwide
automotive community: in the four
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.

Hella lights the way for LEDs
German lighting specialist Hella claims to have matched the lowbeam performance of xenon headlamps using LEDs – a world first.
Hella’s system, developed in conjunction with Volkswagen on a Golf,
uses a complex system of seven pentagonal lenses arranged in a
honeycomb pattern. Different combinations of these lenses and
reflectors are used to obtain beam patterns for different driving
conditions.
Present LEDs cannot match the high-beam output of xenon
systems but, says Hella, improved versions soon will. Among the
advantages of LEDs are quicker response, lower power consumption,
better packaging and a service life as long as that of the vehicle.

Two-stage turbo boosts power
Bosch subsidiary Erphi has
developed a two-stage
turbocharging package which
allows diesel engines to give
power of up to 82 kW per litre

displacement and torque up to
210 Nm/litre, at the same time
eliminating low-speed turbo lag.
Supplier ups and downs
The annual Automotive News
survey of suppliers to the North

American auto industry has
highlighted very different
fortunes among large and
medium sized suppliers.
Among the major gainers in
terms of business transacted are

Johnson Controls, Magna
International and Collins and
Aikman, followed by Siemens,
Bosch and Aisin. Prominent
losers include Delphi, Toyota
Gosei and Honeywell.
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RQ Interview – Dr Eckhard Cordes

StarTurn
Appointed in October 2004 to head the Mercedes Car Group,
Dr Eckhard Cordes took over at a time of significant challenges, including
rising steel prices, quality issues and the problems of smart. Tony Lewin
joined a round-table interview with him at the Geneva motor show
How is your programme to cut
€3bn in costs progressing?
It’s not €3bn in costs. The Mercedes
Car Group CORE [Costs down,
Revenue up, Execution] programme is
aimed at an operating profit
improvement of €3bn in 2007. It
includes lower costs, higher revenues,
and it has a very strong execution
component – to get things done.
How do you see the future of smart?
The smart brand has a high value and
is attractive. I can reconfirm that
closing smart makes no sense. I am
convinced that [with the measures we
have announced] we will be able to
turn the business around. There is
significant potential [for savings] on
the cost side.
You have delayed the B-Class for
the US. Does this indicate a
broader concern that the
American market isn’t willing to
buy small cars?
I wouldn’t put it that way. Let’s look at
the smart fortwo and the B-Class, for
example. The smart fortwo is a unique
product: there is no competition out
there – you either buy a fortwo or you
don’t buy anything. The B-Class would
arrive in a segment in the US where

there is more competition. The US
market is pretty tough when it comes
to discounts. The customer transaction
price we would achieve in the US with
the B-Class is X, and based on current
exchange rates X isn’t good enough to
make a reasonable profit. So we
decided not to launch the B-Class in
the US at this point in time. If we
[later] come to the conclusion that the
exchange rate will allow us to be
profitable with the product in the US,
we will do it.
Does this mean you might launch
the smart fortwo before the BClass?
We’re continuing to analyse whether
we can successfully market the fortwo
in the US. It wouldn’t be with the
current model.
How would you respond to analysts
who say that Mercedes’ small-car
strategy, including smart, is flawed?
I see it differently. I am convinced the
smart business can be turned around,
although it’s obvious that in that
segment you can’t make 10 per cent
[margins] on sales. But if we do things
right, then we can run smart
successfully. With the A- and B-Class
there’s not an economic problem. We

can make decent cars and profits
below the C-Class segment.
You are addressing many different
issues at Mercedes right now. One
of them is quality; another is
costs. How can you balance costs
and quality?
First of all, let me say that the cars
now coming off the assembly lines
have the best quality we have ever
measured. There is significant
improvement. We’ve got all the
engineering tools in place to allow us
to continue to improve still more in
the future. So the issue isn’t the cars
we are building right now. However
there are some cars out there in the
field which do not match our highest
quality requirements, and we are
going to fix those cars. We will make
sure that our customers are happy
with their Mercedes-Benz.
How does this relate to cost
pressure?
Cost and quality is not a contradiction
at all. Let me give you an example:
manufacturing and product assembly.
Taking cost out of the assembly line
means simpler manual operation.
Taking complexity out of the line
means you reduce cost and at the
same time you increase quality. Cost
pressure does not mean that we talk to
a supplier and tell them to move from
higher grade material A to lower grade
material B that does not fulfill our
quality requirements. That is a no-go.

Eckhard Cordes presents the Mercedes
GST concept R (far left) and the B-Class at
the 2005 Geneva show.
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Could you say more about the
differences between the cars now
being built and the ones which
caused problems?
We had issues with some electronic
systems of the E-Class. They were
mostly the audio system and the
COMAND system – comfort-related
systems. We had complaint rates that
were too high. That has been
completely fixed. We have all the
engineering tools we need to engineer
and then manufacture first class
quality. Customers in the field who
once had reason to complain about
their Mercedes – we will make them
happy. That costs some money, which
is in the plan for 2005. In my view
that’s a good investment, one which
will pay off.
How has the increase in the price
of steel impacted your
profitability?
It’s significant, but I can’t give you any
detailed figures as it’s highly sensitive
in terms of competition.
A lot of suppliers are saying that
the carmakers are not doing
enough to share the burden of
steel costs. What is your policy?
We cannot pass the cost on to our
customers, so it’s about sharing the
burden [with our suppliers].
How does the performance of
Maybach compare with that of
smart?
We’re making money with Maybach,
and we sold 500 cars in 2004 – which is
almost one third of the world market in
this segment. In my view this is a
tremendous success after just three
years in the market, competing with car
marques that have been around for 100
years. As for sales forecasts, you must
understand that I am not prepared to
give any planned figures.
With the European car market flat,
is it easier for a premium or
luxury brand rather than a mass
market brand?
The automotive business is difficult.
It’s a challenge, competition is intense.

“The automotive
business is
difficult. It’s a
challenge:
competition is
intense”

What are your expectations for
the main global markets in the
coming year?
Our estimation for the European car
market in 2005 is flat. In Germany, the
single biggest market in Europe, we
would see it as a positive
development if it stays at 2004 levels.
There is risk out there that Germany

Dr Eckhard Cordes
2004 Member of the board of
management at DaimlerChrysler
responsible for the Mercedes
Car Group
2000 Board member responsible for
commercial vehicles
1996 Rejoined Daimler-Benz as board
member, corporate development
1991-6 AEG
1989 Director of controlling, AEG AG
1986 Director of accounting and
controlling, Mercedes-Benz do
Brasil
1983 Head of product controlling,
new commercial vehicles
projects, Daimler-Benz AG
1981 senior manager, technical
business management, DaimlerBenz Sindelfingen plant
1977 Assistant to plant manager,
Sindelfingen
1976 PhD while management trainee
at Daimler-Benz AG
1974 Graduated from Hamburg
university with MBA

will come in below last year, which
would be the sixth year in a row with a
decline. The US will be at last year’s
level, and the same holds true for
Japan. There will be no tailwind from
the markets in 2005.
Will you be able to win market
share with the new models you
are launching?
Yes. The B-Class and R-Class will
contribute to improving our market
share. The new M-Class and the new
S-Class are successor models which in
my view will be very successful.
Has your expansion of model
ranges gone far enough, or will
you continue to diversify into
other sectors?
In very general terms we [now] have
what we need – though there might
just be one addition.
With issues such as steel costs,
quality, adverse exchange rates
and the problems of smart, do you
feel you have taken over the
Mercedes Car Group at a bad
time?
I love challenges. I was born to fight!
I’ve dedicated my life to this company
and will implement those measures
which need to be implemented. There
won’t be any taboos – you’ve got to do
what you’ve got to do.
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SUV

superstar

North American Truck of the Year for 2005, Ford’s Escape Hybrid is the
first-ever SUV to gain the approval of the green lobby. Jeremy Burne
documents Ricardo’s pivotal role in this breakthrough programme
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The team at Ricardo’s Detroit
Technology Campus knows first hand
of America’s love affair with the SUV,
which continues unabated. They know
that success in this highly competitive
market means that manufacturers face
an ongoing push to develop
innovative products that meet everincreasing consumer demands. And as
the quality gap between vehicle
manufacturers narrows, consumers
are beginning to seek a wider variety
of performance and functional features
tailored to their specific needs.
Delivering innovative features can
be challenging. While consumers want
more powerful engines in their cars
and trucks, they also want increased
fuel efficiency and lower running
costs. Many consumers are becoming
increasingly concerned about the
environmental impact of
their vehicles, and the

demand for purpose-built eco-friendly
products is blossoming. The recent
record high fuel prices are further
encouraging consumers to consider
energy efficient alternatives.
In recent years much attention has
been focused on hybrid powertrain
technology as a stepping stone in the
manufacturers’ path toward a zero
emission future. More recently it has
been the successes of the Toyota Prius
and, now, the Ford Escape Hybrid that
have helped put hybrid engine
technology on the map. But while the
Prius is a great car, it is small by US
standards. For customers looking for
the functionality and style that only an
SUV can deliver, the Ford Escape
Hybrid has become the vehicle of
choice.
For Ford, bringing the Escape
Hybrid to market would involve a
number of firsts. The Escape would be

the first hybrid-electric SUV and the
first hybrid to offer four-wheel-drive.
At the same time, Ford wanted to
offer an SUV that would be the
cleanest and most fuel-efficient in the
world. Furthermore, the vehicle would
be a showcase for Ford’s technological
prowess and an embodiment of Ford’s
stated environmental commitment.
It was also important to Ford to
build the Escape Hybrid with a fullhybrid system to enable it to run on
its gasoline engine, on electric battery
power alone, or on both together. At
the same time, the powertrain needed
to provide 0-60 mph acceleration
performance comparable to the 200
horsepower V6 engine in the
conventional Escape.
Ford expects more than 100 patents
to be issued on the Escape Hybrid.
Phil Martens, group vice president,
product creation, knew that this
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vehicle was a step into the future and
would require plenty of innovation
noting that the technology employed
are necessary steps toward the
development of fuel-cell vehicles.
The hybrid principle
Increased thermal efficiency is the
touchstone of hybrid operation. The
2005 Escape Hybrid's increased
efficiency comes through a variety of
innovative features. Ford lists these as:
• A "right-sized" four-cylinder engine
with electric drive boost. The fourcylinder gasoline engine meets the
cruising needs of the vehicle with
reduced fuel consumption. When
needed, the electric drive system
teams with the gasoline engine for
the performance feel of a larger V6.
• An electronically controlled
continuously variable transmission
(eCVT)
• Engine stop-start. When it is not
needed to supply power, such as
when coasting or while stopped in

traffic, the gasoline engine
automatically shuts off instead of
idling inefficiently. When
circumstances warrant, a powerful
starter motor can restart the engine
within 400 milliseconds.
• Regenerative braking. In traditional
vehicles, the energy used to
decelerate the car is lost as heat
when the driver applies the brakes.
Hybrids, on the other hand, can
recover a substantial portion of what
would otherwise be lost energy and
store it in the battery for later use.
• Electric drive. The Escape Hybrid can
be driven up to 25 mph (40 km/h)
using the electric motor alone.
• Electric-assist power steering. The
electric-assist system enables powerassisted steering when the gasoline
engine is shut off.
Given the importance of this
programme, it is not surprising that
Ford leveraged both internal and
external resources to ensure timely

development of the world’s first SUV
hybrid powertrain. And so, early in
2000, Ford turned to Ricardo for help
with the engine programme.
“Ricardo has been actively involved
in hybrid research and development
over many years”, explains Ricardo Inc
president Jeremy Holt. “The company
has had wide ranging experience in
public domain hybrid vehicle research
programmes such as the 2002
i-MoGen mild-hybrid diesel which we
developed in partnership with Valeo,
and the HyTrans micro-hybrid delivery
vehicle developed together with Ford,
Valeo and Gates. In addition to these
we continue to participate in a wide
range of leading-edge hybrid
programmes for clients in all parts of
the world, which for reasons of
confidentiality we are unable to
discuss. This breadth of experience
was of particular use to us in
understanding the requirements of
the Escape Hybrid engine.”

Ricardo’s responsibility
in the Escape Hybrid
programme centred
around the development
of the Atkinson-cycle
engine and its testing
and manufacturing
implementation
Award winner: Ford
director of product
creation Phil Martens (left),
director of hybrid
programs Mary Ann
Wright and Ford vice
president Steve Lyons
display the North
American Truck of the Year
trophy at the Detroit show,
January 2005
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“We are pleased to have been given the opportunity of
participating in this very important product development
programme which has set an important milestone
for environmentally sensitive motoring” Jeremy Holt, Ricardo
Ricardo’s hybrid brief
The engine for the Escape Hybrid was
Mazda’s 2.3 litre in-line four. This
engine has received favourable
response from the media and
consumers in its application in the
Mazda 3 and 6 series cars. For the
Escape Hybrid application, the engine
would require significant work by the
Ricardo engineers. Among the
objectives were to:
• Convert the 2.3 litre I4 to operate on
the Atkinson cycle, with the minimal
number of part changes. The
performance, fuel economy and
PZEV emissions targets were
aggressive.
• Design and release unique engine
hybrid components. This included
the development, testing and supply
of prototypes.
• Maintain the CAD model for new
engine components for Ford.
• Carry out the engine performance &
fuel economy development and
durability testing.
• Support the launch at engine and
assembly plants.
The programme begins
From 2000 to mid 2001, teams of
designers at Ford and Ricardo went to
work. By mid 2001 the designs had
been released and it was time for
some of the Ricardo team to go to
Ford’s prototype engine plant in
Merkenich, Germany, to oversee the
prototype build and meet with Ford’s
engine team.
Among senior Ricardo development
engineers on the programme was

Adrian Fortino, who explains how the
hybrid mode of operation imposed a
whole extra dimension on the
durability testing process: “We had to
develop a ‘key life’ test – one of the
most important since it is central to
the nature of the engine.
“The whole point of a hybrid is to
run the engine as little as possible,” he
says. “This means a lot more
stop-starts than with a normal vehicle.
In fact, early simulation indicated 10
times more stop-starts than the
normal vehicle. In the hybrid, this
meant as many as 750,000 stop-start
cycles over its lifetime – a very
demanding specification. The two key
life tests performed constituted
approximately 3300 hrs and 1.5
million key life stop-start test cycles.
“There were concerns about
durability and lubrication, overhead
oil feeding and related issues,”
continues Fortino. “We developed a
signature test based on overhead oil
feed time and drainback time – a 1200
hour test with a stop-start cycle every
7.9 seconds. The engine would start
and then run at 1200 rev/min for two
seconds to build oil pressure. Then it
would stop for five seconds to let the
oil drain back and then restart. The
ramp-up time, the acceleration to
1200 rev/min, was 0.45 seconds – very
fast – and then from 1200 back to zero
in another 0.45 seconds.”
Fuel economy
Since the ultimate goal for a hybrid
engine is to maximise fuel economy,
it is no surprise that Ford and Ricardo

engineers were keen to extract even
greater efficiencies from the base
engine design. Early in the
programme Ford had established the
base metrics for measuring the fuel
economy that the engine had to meet.
Once Ricardo engineers had a chance
to run some tests, they discovered
some areas of under-performance and
recommended the use of exhaust gas
recirculation (EGR) to keep the engine
at optimum efficiency across the
whole of its operating range.
Fortino explains why EGR seemed
like an ideal solution: “One of the key
points for the whole engine
programme was to keep it as carryover as possible, minimizing the
number of unique parts. The EGR
valve was one of those parts carried
over but not in use at the time.
“Recirculating exhaust gas back into
the intake manifold allows you to run at
a less restricted condition because the
addition of the inert exhaust gas
requires less throttling to get to the
same given brake output. The less an
engine is throttled, the more efficiently
it operates.
“We began using EGR on the
engine we were running at the time
and showed a significant
improvement in fuel economy,
allowing most of the fuel economy
targets to be achieved,” says Fortino.
The engine’s power and efficiency
are tested at a large number of map
points. The EGR solution was able
to overcome the problem of
under-performance at certain map
points. The results from this solution
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The Atkinson cycle engine: efficiency in operation
To derive optimum efficiency from its combustion engine
the Escape Hybrid's four-cylinder gasoline unit is an
Atkinson-cycle variant of the conventional Escape's 2.3 litre
powerplant.The Atkinson cycle is broadly similar to the
familiar four-stroke cycle – intake, compression, power,
exhaust – except the intake valve closes well after the
piston begins moving upward to compress the air-fuel
mixture. Along with the late intake valve closing, the
geometric compression ratio was increased significantly.
There are two key benefits of the Atkinson cycle. First, it
reduces the pumping losses associated with all gasoline
engines. Additionally, because a fraction of the air-fuel
mixture is released from the cylinder back into the induction
system without being burned, the effective displacement of
the engine is reduced.The power stroke, or the distance that
burning fuel pushes on the piston, is longer than the

effective intake stroke.This helps extract more
energy from each drop of fuel.
Viewed by itself, the Atkinson cycle engine
in the Escape Hybrid is approximately 6 per
cent more fuel efficient than the very similar
conventional 2.3 litre engine in the base
Escape model. So why, then, is the
Atkinson cycle not more widely used in
conventional vehicles? Its main
disadvantage is reduced torque due to the
decreased intake charge, particularly at
low engine speeds. So the Escape Hybrid
supplements the gasoline engine with an
electric traction motor to provide low speed
torque and a satisfying launch feel.

“Our approach is an integrated one, with extensive
collaboration between the engineers on the test cells and
those updating the computer models” Dan Cowan, Ricardo
meant an average improvement in fuel
efficiency of around 3 per cent. The
completion of all the testing handled
by Ricardo enabled Ford to move
quickly to the next phase of
development: the build and testing of
the Confirmation Prototype (CP)
engines. Ricardo then undertook a
similar testing programme with the CP
engines. In the testing process,
Ricardo engineers developed a keen
expertise of this engine and
subsequently supported engine testing

at several Ford locales. Overall,
Ricardo engineers spent six months
on the initial testing and development
followed by another four to five
months of durability testing on the CP
engines. Ricardo was able to use its
test facilities in Detroit, Chicago and at
Shoreham, UK. In the end, Ricardo
performed over 8180 hours of testing.
The team approach
In delivering this programme, Ricardo
engineers were also able to draw on

their extensive computer modelling
experience using the Ricardo WAVE
software. The first task was to calibrate
the WAVE model to the baseline
provided by Ford. WAVE simulates all
the flow dynamics in the engine
intake and exhaust systems, and
enables evaluation of the airflow and
volumetric efficiency of the engines in
the test cells. A large number of cam
timing and cam profile studies were
carried out in order to reach the
targets for power and fuel economy.
Dan Cowan, senior project manager
at Ricardo, was the project leader who
tied in all the elements of the
programme for Ford. He had
responsibility for the overall
programme management, the design
and performance deliverables, the
emissions testing and the analysis.
According to Cowan, the analytical
work was a small but important
element:
“Our approach is an integrated one,
with extensive collaboration between
the engineers on the test cells and
those updating the computer models.”
Ricardo also provided Ford with
various prototype parts, such as
castings and dipstick tubes for the first
Escape Hybrid design brief called for similiar
0-60 acceleration to the 200 hp gasoline
version; exhaustive durability test programme
conducted by Ricardo included 1.5 million
stop-start cycles.
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40 engines. Cowan points out the long
term nature of the collaboration with
Ford on this project. “We began in the
summer of 2000. Most of the testing
work was undertaken during the
course of 2002, while the design work
extended right up to Job One in the
summer of 2004.”
Cowan feels that the partnership
with Ford leveraged many of Ricardo’s
unique capabilities: “We had a
consistent team throughout the
programme – the people who started
on the programme were the same
people who saw it to the end. We
were also able to draw on Ricardo’s
global resources to deliver the
programme through Ricardo
operations in Detroit, Chicago and the
UK. We had our analysis team
supporting our design team, which in
turn could support the prototype
manufacturing. We did engine
teardowns and inspections and
utilised almost every aspect of
Ricardo’s engineering and mechanical
resources. We were also able to keep
within budgets by combining tests
where possible.”
Other senior project engineers on
the team dealt with suppliers and the
customer, as Cowan recalls:
“Underhood packaging was a key
issue. We had to look at everything in
the engine compartment to make sure
it all interfaced properly.

“There were a number of
interesting moments,” he
remembers. “For example, we
were responsible for
providing design
guidance for
mounting the
wiring harness,
which became a
packaging issue –
not just a
mounting issue.
We worked with
Ford engineers on
their individual
components. We
started with five
components on which
we provided design
guidance. That increased
to over 16 at one point in
the programme. We were
able to work with Ford
engineers working on
completely different engine
programmes in Europe and Japan to
identify solutions and drive
commonality of components.”
This, of course, is one of the ways
in which Ricardo helped Ford save
costs. The senior project team
provided build support for the engine
from its early prototype days right
through to production, and were
supporting the engine installation
when the time came to ramp up at the
two Ford plants – the assembly plant
in Kansas City and the engine plant in
Chihuahua. As the programme neared
completion, the final task for Ricardo
was to co-ordinate the release of the
engine back into the Ford and Mazda
internal systems in order to ensure
worldwide integration and
commonality.
A hybrid success
The Escape Hybrid has been a success
for Ford on a number of levels. The
American Council for an EnergyEfficient Economy (ACEEE) cited the
vehicle as one of its top 12
environmental vehicle choices, the
first SUV ever to make the list. The
vehicle also received one of the auto
industry’s most prestigious awards –
North American Truck of the Year – at
the 2005 North American International
Auto Show in Detroit.
Ford can add that trophy to the
numerous other accolades the hybrid

Escape has garnered, including:
• Best Products of 2004 –
Business Week, Dec. 13, 2004.
• Best of What's New, Automotive
Category – Popular Science, Dec 2004
• Elle 25 – Elle, September 2004
• Top 25 Green Cars – Green Car
Magazine, Winter 2004
• Environmental Power List –
Organic Style, November 2004
Engineers at Ricardo who worked
on the programme share the delight
of Ford’s success with this unique and
trend-setting vehicle. “We are pleased
to have been given the opportunity of
participating in this very important
product development programme
which has set an important milestone
for environmentally sensitive
motoring”, says Ricardo’s
Jeremy Holt.

Escape Hybrid –
powertrain specification
• Engine Type
DOHC 16-valve Atkinson cycle
inline 4-cylinder
• Displacement
2261 cc
• Compression Ratio
12.3:1 (geometric)
• Fuel Injection
Sequential multi-port electronic
• Valvetrain
Direct-acting mechanical bucket
• Power
133 hp @ 6000 rpm
• Torque
129 lb-ft @ 4500 rpm
Electric motor
• Motor Type
Permanent magnet AC
synchronous motor
• Power
94 hp (70kW) @ 3000 - 5000 rpm
• Voltage
330V maximum
• Combined horsepower of gasoline
engine and electric motor
155 hp
• Transmission
Electronically Controlled
Continuously Variable (eCVT)
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Hybrid special

White
van goes
green
The growth of online shopping means more
home deliveries and increasing stop-start
mileage by delivery van fleets, raising
emissions and wasting fuel. Ricardo, together
with prominent industry partners, has come
up with an innovative solution in the shape
of the micro-hybrid Ford HyTrans, as
John Simister reports
A story in Britain’s Daily Telegraph in
February summed up the point. ‘High
street stores feel the pinch as online
sales soar,’ said the headline. The
value of the home delivery market
had risen to £36.8bn in 2004, the story
continued, with one-seventh of all
spending in the retail sector now on
items delivered to the door.
The same pattern is being seen all
across the developed world as
consumers fire up their computers
rather than their cars when they need
to do the shopping.
Technology – particularly the
growth of broadband internet
connections – has made this possible,
while the increased wealth and
disappearing spare time of consumers
has fuelled the demand. Items such as
CDs, DVDs and books are mainly
delivered by post, of course, but
bulkier merchandise will often come

by other carriers or by means of the
supplier’s own vehicle fleet. This is
especially true of groceries and
household goods, as the number of
delivery vans scurrying around
wearing supermarket logos testifies.
This is a new pattern of usage, the
door-to-door stop-start that is
potentially highly wasteful of fuel.
Engines idle wastefully in traffic, even
more wastefully while the van is
unloaded and a consignee’s signature
sought. Wholesalers have been doing
this for years, but with retailers now
delivering to homes the problem has
mushroomed.
In parallel with this is the growth of
lean-production enterprises in which
high, capital-sapping stock levels of
components are replaced by just-intime deliveries, again made possible
by computer technology and the tight
control of logistics it provides.
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Good for consumers, not so
good for the environment
The accelerating growth of these new
retail patterns means that a new type
of delivery van powertrain is needed to
keep this waste in check. The obvious
real-world solution is an automatic
stop-start system, as already tried in
several gasoline powered cars over the
years (Volkswagen’s Golf Ecomatic was
an example, Citroën’s C3 Stop-Start is a
current one). Typically they have
worked by cutting the engine when the
transmission is in neutral, restarting it
as the clutch pedal is depressed.
But why not go a stage further,
and make the diesel van a microhybrid? All that stopping and starting
takes its toll on the battery, so add a
separate, high-voltage (36V) battery
pack and let it be recharged by means
of regenerative braking.
Even better, the starter and

alternator can be combined into one
unit, which not only saves weight and
complexity but also allows starting by
means of a near-silent and
immediately-acting belt drive – much
better than waiting for a standard
starter noisily and jerkily to engage.
So, meet the Ford HyTrans. It's a
micro-hybrid Ford Transit, which on
first encounter appears to be nothing
more than a regular 2.0 litre Transit
T280 turbodiesel, front wheel drive
version.
However, stop in traffic, engine
shuts down. Make to move off, and it
restarts in just 0.4 seconds compared
with 0.8 for a normal diesel Transit
thanks to the way the starteralternator spins the engine up to
speed more quickly.
This makes perfect sense for the
delivery van hopping from house to
house with the latest batch of internet

orders: a routine of short journeys,
lots of waiting, and sitting in traffic
with the engine idling wastefully. On
such a door-to-door delivery cycle as
defined by Ford, which has led the
project, there is a 21.3 per cent fuel
saving even if the overall reduction in
fuel consumption on the standard EC
combined cycle is a more modest
3.7 per cent.

Micro-hybrid operation of HyTrans project
vehicle allows it to make a fuel saving of over
21 per cent in stop-start urban delivery cycle:
computer simulations had predicted a saving
of 20.8 per cent

Reduced emissions
Emissions are reduced, too, because –
perhaps surprisingly – the exhaust
catalyst stays hotter for longer if the
engine is switched off than if the
engine is left to idle, a low-load
condition which effectively blows cool
air (120-150°C compared with an
exhaust-gas temperature of around
300°C at 50 km/h) through the catalyst
and stops it working efficiently. That
said, the stop-start system works only
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A computer-simulated
neighbourhood-to-neighbourhood
cycle showed a significant 8.5 per cent
saving; the real vehicle achieves 6.3
per cent. Disappointing? Not at all,
says Ricardo, because the tables are
turned in the door-to-door cycle: a
20.8 per cent fuel saving is predicted
by the computer model and 21.3 per
cent – the headline figure previewed
above – is delivered in actuality.

The belt-driven StARS
system can start the
engine quickly and
quietly under hot or cold
conditions – despite the
high cranking torque
requirements of a diesel

HyTrans has been
evaluated over two
urban delivery cycles
and the NEDC
homolgation cycle

once the catalyst has reached light-off;
the engine doesn’t shut down until
well on the way to working
temperature.
Ricardo leads Governmentindustry partnership
The HyTrans project has had a
£640,000 ($1.2m) grant from the UK
Department for Transport’s New
Vehicle Technology Fund, an
organisation tasked to accelerate the
introduction and development of lowcarbon vehicle technologies in the UK
transport sector. The partners –
Ricardo, Ford, Valeo and Gates –
together funded the balance of the
£1.3m project.
“HyTrans was designed in a virtual
environment,” says Ricardo’s Neville
Jackson, “in which we could define the
system architecture, develop the
supervisory control strategy and set
the fuel consumption targets.”
The simulations proved very
accurate over three different Transit
usage cycles: the legislated New
European Drive Cycle (NEDC) was

predicted to show a 3.8 per cent fuel
saving over a standard Transit T280, and
the real vehicle achieves 3.7 per cent.
These are minimal savings, but the
picture changes when fuel usage is
measured over the real-world drive
cycles, using driving data gathered from
commercial users of Transit fleets, typical
of a Transit’s stop-start delivery use.
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Inside the HyTrans
How, then, does the white-but-green
van work? The regular starter motor
and alternator are replaced by a
single, robust combined unit made by
Valeo and coupled to the engine's
front end by a high torque-capacity
belt drive module (Front End Ancillary
Drive, or FEAD) from Gates. It spins
the engine smoothly and noiselessly
back to life and powers the van's
electrical system. Valeo calls the
starter/alternator system StARS, Ford
calls it B-ISG (Belt-driven Integrated
Starter Generator).
With this system, along with the
36V lead-acid battery, the 1.5kW
14/42V DC-to-DC converter and the
battery management system (BMS),
all from Valeo, the alternator is used
for regenerative braking as the Transit
slows down, saving wear on brakes
and re-using the kinetic energy
otherwise wasted as heat. This 42V
electrical architecture is a valuable
pointer to the future, too: it’s more
efficient, being less affected by
resistances in a wiring loom, and uses
much lower currents which enables
the loom to be lighter.
This stored electrical charge can
then power the frequent re-starts and in
addition, provides 'stall assistance'.

HyTrans technology
at a glance

“On a door-to-door delivery cycle there
is a 21.3 per cent fuel saving”
Should the engine's revs drop so low –
around 400 rev/min – that it might stall,
perhaps because the driver has
misjudged control of the clutch, the
starter/alternator kicks in to rescue the
situation. I have tried it, and it works.
So does the rest of the HyTrans system,
but there is one small drawback –
which is already receiving attention.
The engine stops only when the
driver selects neutral, restarting when
the clutch pedal is depressed. But
many delivery drivers in a hurry will
sit at traffic lights holding the clutch
out with first gear selected, in which
situation the engine will still run. Ford
is working on the best strategy for the
stop-start, and one possibility is to
refine the clutch's switching. It could
stop the engine after a few seconds
(longer than a gearchange) when the
pedal is depressed, and restart it as
soon as the pedal is moved upwards.
Stall assistance would bridge the 0.4
sec start-up delay.
Even as currently configured,
though, the HyTrans works well. The
starter/alternator starts the engine
particularly smoothly and
unobtrusively (a 12V starter would be
much less able to cope so well with a
diesel engine’s high compression),
and the extra weight of the complete
micro-hybrid system is sufficiently low
that it doesn’t make an obvious
difference to the Transit’s pace and
pulling ability. Ford would work at
eliminating this additional weight in a
production vehicle.
Incremental technology
One great advantage of the whole
micro-hybrid system is that it is, as
Ford’s Barry Gale says, ‘incremental
technology’. This means that it can be
added to an existing powertrain quite
easily, which makes the whole
concept much cheaper than a
designed-from-scratch hybrid,

typically with an electric motor
between the engine and transmission.
Valeo’s Christophe Picod concurs,
and points out that a flywheel
starter/alternator system would be
complex and expensive by
comparison. One problem in the
HyTrans design, though, concerns the
drive-belt which is at present unable
to cope with temperatures below
minus 10°C. ‘To get it down to minus
25°C is a big task,’ Gale admits.
The next stage for HyTrans is a 12month evaluation period, which will
include addressing the problem of
how to keep the air-conditioning
operational when the engine is
stopped. After this trial phase the
HyTrans could quickly enter
production at a 'competitive' price.
During these 12 months Ford will
offer driving demonstrations and
appraisals to fleet customers and
other prospective Transit users, and
make refinements as needed.
The crunch, though, will come
with the whole-life cost calculations,
given the inevitable purchase price
premium and the likely initial
suspicion of such new technology in
the used-van market, which may
affect resale values. Even so, Ford is
predicting pay-back of the purchase
price premium typically within a
couple of years. After that, the
continued fuel savings will make an
attractive business proposition.
Quite apart from the financial
considerations, the HyTrans could –
with the right sort of usage pattern –
make a valuable reduction in pollution,
be it atmospheric or aural. And the use
of micro-hybrid technology in vans is
just a beginning, because the
technique is also applicable to taxis,
minibuses and other vehicles. Make
way for green van man.

• Europe’s first micro-hybrid
delivery van
• Micro-hybrid technology is best
solution for urban delivery
• Vehicle designed in virtual
environment using simulation
technologies
• Vehicle uses prototype microhybrid components
• Valeo 42V 4kW StARS
combined
starter/alternator
• Valeo power electronics
• 36V advanced lead-acid battery
pack with Valeo management
system
• Gates front-end ancillary drive
• Stop-start ability in heavily
congested conditions
• Regenerative braking
• Stall protection for added
driveability
• Reduced noise while stationary
• Starter cranking time reduced
from 0.8 sec to 0.4 sec

What the partners did

Supplied the donor Transit
vehicle and led the activities on
defining the real-world urban
delivery drive cycles; baseline and
micro-hybrid fuel consumption
testing; failure mode effects and
analysis

Project management; concept
simulation, target setting;
supervisory control system
strategy and calibration;
vehicle build

Complete micro-hybrid electrical
system; StARS combined starteralternator; DC-DC converter;
battery management system

Front end ancillary drive design
using Gates Electro-Mechanical
Drive technology

John Simister is Motoring Correspondent for the
Independent newspaper, London.
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Electronics: Programming for Safety

PROGRAMMING FOR SAFETY
Millions of passengers happily travel on aircraft
where computers oversee crucial safety-critical
functions – yet suspicion still surrounds
automotive drive-by-wire systems, especially
those relating to steering and braking.
Anthony Smith asks why the promised revolution
has yet to happen and examines the lessons
learned from aerospace that may enable safetycritical drive-by-wire implementation
Today almost every new commercial
passenger aircraft is equipped with
electronic fly-by-wire systems – yet
just twenty years ago such technology
was restricted to the domain of
advanced military aviation. Until the
1980s all commercial aircraft used
servo-assisted mechanical and
hydraulic systems for the direct
translation of flight deck control
instructions into movements of the
control surfaces of the wings, rudder
and tailplane.
Fly-by-wire aircraft work in a

fundamentally different way. The
pilot’s instructions are interpreted by
electronic processors, which in turn
activate the aircraft’s control surfaces
to bring about the desired
manoeuvre, all the while bearing in
mind the characteristics and the
limitations of the aircraft itself. The
advantages were soon clear for
combat aircraft, where electronically
supervised control not only saved
weight but allowed pilots to fly much
closer to their planes’ aerodynamic
limits, increasing agility and
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manoeuvrability in combat.
In the 1970s Concorde had taken a
step towards fly-by-wire, albeit with a
mechanical fail-safe back-up system. In
1988, amid some public controversy,
Airbus launched the A320, the world’s
first fully fly-by-wire passenger jet liner:
since that date, the technology has
been rolled out across the whole
Airbus range and has also been
adopted by Boeing for its 777 airliner.
Most air passengers of the 1980s
would have been deeply suspicious if
asked whether they were happy for an
electronic system to take the place of
safety-critical mechanical flight
controls. Ask the same question today
and few – if any – would be remotely
concerned: the change of mindset has
been complete.
So, what are the lessons of the
commercial aerospace experience that
can be drawn for the future of
automotive drive-by-wire? Will the
advanced brake- and steer-by-wire
concepts demonstrated by the world’s
automakers at successive
international auto shows find similar
public acceptance and commercial
feasibility in years to come?

Incident Primary Cause by Phase
Source: UK Health and Safety Executive, “Out of Control”

15%

6%
43%

Specification
Changes after commissioning
Operation & maintenance

15%

Design & implementation

21%

From fly-by-wire to drive-by-wire
To attempt to answer these questions
and to discover why some forms of
drive-by-wire have so readily been
taken-up while others remain in the
domain of technology demonstrators,
it is useful to look at how different
systems are categorised in terms of
their criticality to vehicle safety.
According to Steve Montgomery,
Ricardo director of control systems
software, systems are routinely
categorised in terms of safety criticality.
“We use the concept of Safety Integrity
Level (SIL) to identify the importance of
each system to vehicle safety. The SIL
level ascribed to each system defines
the nature of the design rules and
process to be followed.
“The very highest-SIL level would
be assigned for example to a steer-bywire or brake-by-wire system,” says
Montgomery, “whereas the lowest
might be used for an infotainment
module. This would be reflected in the
rigour and sophistication of the
hardware and software development
processes. On a like-for-like basis
GM Sequel fuel cell concept vehicle shown at
Detriot in January 2005 incorporates the latest
in drive-by-wire thinking

Installation & commissioning

there can be two orders of magnitude
greater engineering effort for a system
classified at the highest-SIL level
compared with the lowest.”
This goes some way to explaining
the rapid take-up of many non safetycritical infotainment and telematic
automotive technologies, where
developers can specify and prototype a
system without excessively formalised
design or testing procedures.
Products are clearly developed
according to predicted market needs
and with the implications of possible
failure modes in mind. However in an
area such as infotainment, such
implications will tend to focus upon
customer satisfaction and safety will
rarely be an issue. It also explains the
rapid take-up and public acceptance of
intermediate-SIL applications such as
throttle-by-wire, which has a potential
impact upon safety but where a clear
‘fail-safe’ condition exists.
“We can design throttle control
systems to fail-safe as soon as a fault
is detected by placing the engine in a
low-torque ‘limp-home’ mode,”
explains Montgomery. “In almost all
circumstances this provides a safe
outcome – even during an overtaking
manoeuvre – which is no worse than
failure of an old-style mechanical

linkage would have been.”
The advantages to the
manufacturer of such systems are
clear in terms of packaging and the
ability to engineer desired vehicle
performance and response
characteristics as a part of the
calibration process. Most customers
are completely unaware that this
aspect of their vehicle is engineered
as a drive-by-wire system, but even
those who do know are unlikely to be
concerned, given the systems’
inherently fail-safe engineering.
For safety-critical drive-by-wire
applications such as braking and
steering, however, there is no true failsafe mode into which the system can
be placed. In the absence of
mechanical back-up (which would
clearly eliminate many of the inherent
cost and performance advantages of
drive-by-wire electronic systems)
there are clearly some significant
engineering challenges and
psychological consumer acceptance
barriers to be overcome.
SAFETY INTEGRITY LEVEL
The Safety Integrity Level (SIL) of
a vehicle electronic system
defines the nature of the design
rules and processes to be
followed in development. The
following examples illustrate how
SIL levels are ascribed to different
sub-systems depending upon
their safety criticality (and their
impact upon the wider system in
which they operate):
SIL 1: Radio or navigation system
(where failure is unlikely to be
more than annoying)
SIL 2: Engine management
system for a gasoline engine with
mechanical throttle; engine
management system for gasoline
engine with electronic throttle or
diesel engine but with
independent failsafe system; ABS
with mechanical failsafe
SIL 3: Engine management
system for gasoline engine with
electronic throttle or diesel engine
without independent failsafe
system; failsafe system itself
would also be SIL 3
SIL 4: Brake- or steer-by-wire with
no mechanical back-up; fullauthority active driveline control
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The Airbus A340 is one of a series of Airbus
models using fly-by-wire controls. Since Airbus
pioneered the technology with the A320 in
1988, fly-by-wire has gained widespread
customer acceptance

From fail-safe to fault-tolerant
The approach taken follows
established aerospace practice where,
in the case of the highest-SIL safetycritical applications, developers aim to
incorporate the concept of ‘fault
tolerance’ rather than ‘fail-safe’. The
design process for such systems is
fundamentally different from that
used in lower-SIL applications.
The starting point is an analysis of
the safety requirements of the vehicle
as a whole, which in turn must inform
the safety requirements of the subsystem. Only at this stage can

THE NEED FOR
STANDARDS: MISRA
Ricardo is an active participant in
the Motor Industry Software
Reliability Association (MISRA), 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.
With the increasing use of
graphical modelling packages
such as Simulink and SCADE for
safety-critical software
development, MISRA is
establishing a working group led
by Ricardo to identify guidelines
for the acceptable use of such
tools. Specifically the working
group will address:
• The generic features of
modelling packages which
should be avoided
• Features specific to each
modelling package which
should be avoided
• Features that cannot be
automatically turned into
reliable software (i.e. which are
autocode generator specific)
Potential partners wishing to
contribute to this group should
contact:
Steve.Montgomery@ricardo.com.

decisions be made as to how the
system specification can be met
through hardware and software.
Throughout the engineering process,
rigorous and detailed tracking is
required to ensure conformity with
vehicle and system level safety
requirements.
“In many respects the easy bit is
engineering the primary functions of
the sensors, actuators, networks,
processors and control software,”
explains Montgomery. “Far more
complex is the extensive analysis of
potential failure modes which
underlies this: also complex are the
inherent redundancies which need to
be built in to both the system and its
design and development processes.”
On aircraft it is standard practice to
have multiple flight controllers,
actuators on each control surface,
sensors and independent
communications buses. For brake- or
steer-by-wire, the emerging practice is
to use similarly double redundant
physical, communications and
processing hardware linked by
supervisory voting architecture to
monitor and arbitrate upon faults
during operation. Not all faults are
equally serious, of course, and
systems will need to be able to
differentiate between those which
require routine service, those which
require implementation of a ‘limphome’ mode, and those which require
immediate and urgent action to avoid
a potentially catastrophic outcome.
In aerospace much has been made of
the use of separate but parallel
software development teams to

20 RICARDO QUARTERLY REVIEW • Q2, 2005

reduce the potential for coding errors.
For example, by ensuring that one
team works on a system’s primary
control software and a different team
develops the code for the supervisory
system checking its operation, it is
unlikely that the same error will be
duplicated. Ricardo has carried out
many projects where it has applied its
technology in the development of
such fail-safe monitor systems
according to the original specification
of the client (see panel opposite). In
addition, Ricardo and others are
beginning to adopt similar
mathematical reasoning tools to those
used in aerospace in order to ensure
that safety properties are always met
in the software generated from
specifications.
However, as Montgomery is quick
to point out, such parallel
development processes and
reasoning tools should not be seen as
a guarantee of fault-free software: a
major focus must be placed upon the
robustness of the original
specification and its integration with
vehicle safety requirements, he
stresses. This view is echoed by the
2004 study, Out of Control, published
by the UK Health and Safety
Executive: this showed that 44 per
cent of control system software
failures studied arose from errors of
original specification and that a
further 20 per cent arose due to badly
controlled changes to the
specification. In contrast to this, only
15 per cent of defects were as a result
of the interpretation of the
specification in software.

Costs, benefits and barriers to
implementation
While the cost of the engineering
fault-tolerant systems is already
significant, the hardware cost of the
requisite duplication of sensors,
actuators, communications buses and
processing may be greater still. With
their inherent need for high power
consumption they are also likely to
require significant costs in the
provision of high-voltage, faulttolerant vehicle electrical supplies.
However, all of these are likely to be
subject to significant economies of
scale in production and incremental
costs could fall as implementation
becomes widespread.
Yet, whatever the technical and
economic case for drive-by-wire,
instinctive psychological barriers to
public acceptance of its safety critical
applications may prove the most
challenging. There is no doubt that the

early concerns regarding fly-by-wire
have been all but completely
eliminated. Nevertheless, the
perceived risks of air and road travel
are very different: we all implicitly
delegate responsibility for our
personal safety on an aircraft to the
plane’s crew and the air traffic
controllers who guide it to its
destination. In a car, however, we are
more intimately and personally
responsible through our own actions
for the safety of the vehicle, its
passengers and other road users. For
most drivers it would be a terrifying
prospect for a system malfunction to
deprive us of control over braking or
steering, however remote the
possibility of such a fault. Education
as to the robustness and reliability of
fault-tolerant systems may go some
way to allay such fears, but it is likely
to take more than this in a
competitive market to persuade
consumers that drive-by-wire
technology is an attractive option.
Instead, the key to the acceptance of
brake- and steer-by-wire may prove to
be the tangible additional benefits to
the driver in terms of improved
functionality and reduced cost. As the
widespread take-up of ABS has
demonstrated in all but the lowest-cost
entry-level products, customers are
more than willing to accept electronic
intervention in safety-critical vehicle
control functions if there is a clear
benefit. According to data presented by
Infineon Technologies, approximately
one third of all traffic deaths occur in
front-to-front and front-to-rear
collisions: decreases in stopping
distances of 30 per cent and 50 per cent
respectively would be expected from
an improvement in driver reaction time
of only 0.5 seconds.
With the implementation of pure
electrical brakes, stopping distances
might be reduced by a further 30 per
cent, and the implementation of radar
based systems may well enable
improvements in response time in
situations of last resort. Such systems,
together with improved handling and
stability programmes and possibly
radar assisted adaptive cruise control,
may well be an attractive proposition
for customers once the technologies
can be offered at a sufficiently low
price. Beyond this, the acceptance of
steer-by-wire solutions may require
additional innovation to deliver further
The Ricardo rCube automotive control
system prototyping product is used in the
development of many failsafe and fault
tolerance systems

RICARDO SAFETYCRITICAL SOFTWARE
DEVELOPMENT
EXPERTISE
• Fail-safe software engineering
programmes for low- to
medium-SIL applications
• Fault-tolerant systems
development for high-SIL
applications
• Prototype and niche system
hardware development
• Robust processes for safetycritical software design
• Engineering programmes for xby-wire, active safety, control
monitoring systems and
systems integration
• Process based consultancy for
software engineering

tangible user benefits, relating
perhaps to improved handling
capabilities as well as the advanced
packaging solutions demonstrated in
concept vehicles.
The final barrier: dealer education
Even if the psychological and technical
barriers to implementation can be
overcome, one of the most significant
likely obstacles to the widespread
take-up of drive-by-wire technologies
could come in the form of the dealer
networks who will maintain the
vehicles in service.
The advanced systems envisaged
for drive-by-wire applications will
require new levels of diagnostic skills.
With increasing inter-connectivity of
systems, the model of automatic
module replacement on fault
identification practised in so many
cases today is unlikely to be
acceptable. Even if the cost of
modules is relatively low, the
recurrence of faults and consequent
loss of vehicle use resulting from
misdiagnosis will rapidly alienate
customers.
According to Montgomery, the
successful implementation of driveby-wire technologies will thus have to
be squarely focused upon delivering
tangible benefits to the end user.
Robustness will be essential
throughout the value chain from faulttolerant systems engineering through
to intelligent diagnostic servicing. But
if the automotive industry embraces
this methodical and customer-focused
approach, the sky may well be the
limit for drive-by-wire technologies.
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RQ Interview – Stephen Clarke

Land ofopportunity
China’s car sales have grown
spectacularly since 2002 as jointventure plants have responded to the
explosion in consumer demand. Now,
with the rising ranks of domestic
producers beginning to develop their own designs,
the demand for engineering services is poised to
expand more dramatically still. Ricardo is already
well established among the leading players, and
earlier this year signalled its commitment to China
by appointing executive vice president Stephen
Clarke to lead its Shanghai-based operations.
RQ magazine caught up with him on a fleeting visit
to the UK to ask him about this great new
automotive frontier.
Why is China so important for
Ricardo?
Vehicles sales in the developed
automotive markets are pretty
stagnant at best. The world’s vehicle
sales growth will be led by China in
my opinion: its car market has
quadrupled since 1999 and even
conservative forecasts predict a three
fold increase by 2015. There is
enormous latent demand – China has
10 vehicles per 1000 population,
compared with 500 in Germany and
750 in the US. Additionally, China
already sells more heavy trucks than
the West.
What type of engineering work is
currently in demand?
Firstly, we’re supporting the Western
joint ventures (JVs) with application
engineering work as they localise
production. We are in a strong
position with our Technical Centres in
the US and Europe to support the
‘Western’ partner at both his home
site and local to the JV operation in
China.

Secondly, we are supporting
component sourcing within China for
manufacturers outside China, where
they are looking to reduce costs.
Thirdly, we are supporting and see
further opportunities to support the
domestic vehicle makers as they fuel
the next stage of their growth with
their own technology and hence
intellectual property.
Fourthly, we are engaged with
component suppliers, both Western
and Chinese, as they move to satisfy
the demands of the vehicle makers.
What opportunities are there for
Ricardo?
From a design engineering point of
view we find this rise in domestic
activity most encouraging. The
domestic Chinese manufacturers have
very open goals to acquire Western
technology, which companies like
Ricardo are working very hard to
satisfy. A salient factor is that the
Chinese do not just want a project
delivered, they don’t just want a Euro4 engine or a dual clutch transmission:
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they want to know how to do it. We’re
very open to this approach, and as
long as it is part of the scope of the
project; the customer will have the
foreground intellectual property. In
fact, this is already ongoing with some
of our major customers in both the
passenger car and heavy duty diesel
sectors. This openness is typified by
the joint development teams we are
forming and by using the local
Chinese customer’s engineers for such
areas such as the detailed design.
Where does the interest lie? Engines?
Chassis? Electronics?
A broad spectrum is the honest
answer. From our long history in
China we often go into meetings and
there will be a professor or a vice
president who will remind us that he
visited Ricardo in the 1980s. Our
pedigree at that time was
predominantly engines, so some of
our initial discussions are centred
around engines. There are numerous
companies in China who are
developing whole new engines and
indeed whole new engine families, so
that may be the initial interest. But the
discussion soon expands into the
challenges the companies face
developing the whole powertrain,
(both convential and hybrid) and
indeed the whole vehicle. So the
opportunities widen to areas such as
transmissions, control and electronics
and vehicle integration.
Which is the most important area in
business terms?
If you took a snapshot today, the
majority of our opportunities are
technology-centred projects with the
domestic manufacturers, representing
approximately two thirds of our
current business.
In what way is Ricardo doing
something different?
What we have quickly established as
a differentiator in the market is our
openness to develop not just products
but also processes to transfer
technology and train our customers in

MONGOLIA
Beijing

JAPAN

CHINA
Shanghai

INDIA
TAIWAN
Hong Kong

Chinese wish to develop world class
vehicles for worldwide markets then
diesel cannot be ignored, particularly
for Western Europe. In heavy-duty
diesel we have a long Chinese history
and have a range of ongoing projects
and opportunities.
China. We are prepared to do this for
all our worldwide customers but we
are finding the Chinese customer base
particularly receptive. We do this
professionally and with respect for the
background intellectual property . We
encourage technology transfer as it
assists in building long-term
relationships with our customers.
Does Ricardo’s involvement extend to
the supplier community in China?
We’ve already started to engage with
the Chinese Tier 1 suppliers as well as
the Western suppliers. Manufacturing
capability in China is becoming well
established now, and the Chinese Tier
1 groups are responding to the
Chinese manufacturers – both the JVs
and the domestic producers. We’re in
active discussions with these groups:
we expect to see triangular
relationships emerging, where we are
alongside or behind another Tier 1,
providing technology and assisting in
the delivery of a whole system.
How will Ricardo’s representation in
China develop in the coming years?
We have our own internal
chronologically-based strategic plan
for the evolution of our Chinese
activities, but my feeling after only
being in the market for a few months
is that this plan will be overturned by
the sheer volume of customer
demand. At present we‘re considering
establishing in parallel what’s known
as a WOFE – a wholly-owned foreign
entity – which will enable us to
establish a much larger presence,
potentially including a technical
centre.
What are the unique skills that
Ricardo can offer?
Where we are able to differentiate

ourselves from all of the competition,
I believe, is in the blend of strategic,
transmission, control engineering,
vehicle integration and systems
integration skills that we can draw
upon to support the base engine
activities that are one area of interest
for a number of our Chinese
customers today. The discussions may
start around engine work, but the
customers are always very receptive
to understanding our total powertrain
and control and electronics and
vehicle engineering skills. The Chinese
market is quite immature from a
design engineering point of view and
we are able to offer our customers a
truly integrated powertrain in the
vehicle when they are ready to take
that step.
What are the prospects for hybrid
vehicles in China?
The prospects look very good indeed.
We are active on hybrid projects right
now and the government is very
encouraging towards this kind of
technology. A further generic
favourable factor is that as there are
few legacy technology issues among
the Chinese carmakers, so they can
leapfrog straight to proven and robust
next-generation technologies.
And what about diesels?
This is really finely balanced at
present. There has been a historic
leaning towards gasoline, which
makes us think that for passenger
cars, going forward with hybrids
would make sense. Inconsistent fuel
quality is still an issue, and this has
discouraged some European-based
carmakers from bringing diesel to
China. However we do believe diesel
has potential and that its penetration
will be mainly in the SUV sector. If the

How do you see the pattern of
business evolving in the future?
A lot of the Chinese manufacturers
are still concentrating on developing
new engines, because they see that as
the heart of the vehicle. But what we
are making them aware of is that for
example, as the next logical
downstream major unit, the
transmission is an equally important
part of the powertrain, in meeting the
fuel-consumption drivers in the
Chinese market. Nobody can predict
precisely what will happen in China,
but one thing is for sure; the Chinese
vehicle manufacturers will not be
content with just the Chinese market –
in fact, there’s a government
declaration that by the end of the
decade they want 30 per cent of
production to be exported.
What will the export of Chinese cars
mean for Ricardo?
It’s a tremendous opportunity for us – for
the simple reason that in order to
succeed in world markets those cars will
have to be world class in their
engineering and their refinement. At the
moment the joint venture manufacturers
have little incentive to export their
products but the domestic producers are
eager to begin. Ricardo can provide
precisely the world-class vehicle and
powertrain development skills that the
Chinese will need to become
competitive on the world stage.

STEPHEN CLARKE:
Stephen Clarke held a number of technical and
managerial positions in the auto industry before
joining Ricardo in 2000. He was appointed
executive VP of the Ricardo Shanghai
representative office early in 2005 and is
charged with developing the company’s
presence in PR China.
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Ricardo News

Expertise
on ice
he increasing demand for four
wheel drive SUVs has become
something of an unstoppable trend in
North America and Europe alike. But
with the public concerns expressed
over the dynamic stability of these
vehicles given their high centre of
gravity and large size, there is a
growing interest in technologies and
systems which offer the prospect of
improved handling and stability at
reasonable cost.
Torque vectoring offers this
prospect by working to complement
the currently popular vehicle stability
control systems. But rather than
individually braking axles or wheels,
torque vectoring works on the basis
of increasing the torque bias to
individual wheels such as to deliver
greater torque as needed.
The original development of the
Ricardo torque vectoring
demonstrator vehicle, based on a
BMW X5 SUV, was described in detail
in a feature article last year (see RQ,
Summer 2004). Since then, efforts
have been actively continued in finetuning the system and in
demonstrating it to potential OEM
and Tier 1 customers. The winter
months in particular offered the
opportunity to demonstrate the
potential of torque vectoring in frozen
conditions.
During late February and early
March the vehicle was shown in
action on a frozen lake at Arjeplog in
northern Sweden. In addition to
providing the opportunity to

T

demonstrate the system to potential
customers, the cold climate testing
enabled the further development and
optimisation of the system calibration
and control strategy. In particular, the
performance of the vehicle was
enhanced in terms of turn-in response
and yaw stability. To facilitate this
work, Ricardo engineers were able to

take advantage of the nearby
technical centre of Colmis AB.
The response of the European
automakers to whom the vehicle was
demonstrated was extremely positive.
The consensus was that the
performance not only reached the
handling benchmarks that a premium
SUV of the future should achieve, but

Board appointment and CEO designate announced
On 18 February, 2005,
Ricardo plc announced
the appointment of
Dave Shemmans to the
Board as chief
executive officer
designate and managing director
international operations. An
electronics engineer by profession,
Shemmans joined Ricardo in 1999
as business development manager
for Ricardo Consulting Engineers
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and subsequently became group
business development director. In
December 2003 he was appointed
managing director of RCE.
In order to ensure a smooth
handover of responsibilities,
Shemmans will work closely with the
current CEO, Rodney Westhead, who
plans to retire in November. Following
this, Dave Shemmans will assume the
role of CEO of Ricardo plc.
“Rodney Westhead has made an

outstanding contribution to Ricardo
and the group’s development over
the past 13 years,” said Ricardo
chairman Marcus Beresford. “We
are pleased that Dave has agreed to
succeed Rodney and work with him
until he retires this November. His
direct industry experience and
knowledge of Ricardo make him an
excellent successor and we
welcome him to the board. “

that the demonstrator also provided
an extremely responsive and fun to
drive experience.
Detlev Baudach, managing director
of Ricardo GmbH, was amongst the
attendees and offered his own
personal view: “Without torque
vectoring, my driving capability was
limited and it felt as if the car was
driving me. But once the torque
vectoring system was activated I felt
as if I had joined a higher league, and
my frustration was replaced by a
sense of competence and enjoyment.
Once you’ve started driving with
torque vectoring you don’t want to
stop – it gives you the impression that
you are familiar with driving on ice.
Torque vectoring enables you to
remain in control while having fun,
but its safety benefits are all the more
important when the unexpected
happens.”
Interest in Ricardo’s torque
vectoring technology, including 2WD
and cross-axle applications, is such
that a number of programmes aiming
to bring aspects of this technology to
market are already under discussion
with leading automakers. While these
must remain confidential for the time
being, the level of interest is indicated
by the comments of one of Ricardo’s
own transmission and driveline chief
engineers that “in ten years’ time,
torque vectoring will be as common
as air conditioning.”

Fuels News bulletin
published
Ricardo recently announced the addition of
a Fuels News publication to its highly
successful bulletin series which are
provided to subscribers on a monthly
basis. Joining the existing range which
includes New Engines, Components,
Transmissions, Vehicle Engineering, Gas
Engine and Alternative Powertrain News,
Fuels News will be of interest not only
to oil companies but also to those
involved in engine development and
environmental issues.
Topics covered include:
• Alternative fuels
• Diesel
• Gasoline

• Additives
• Environmental/
legislative issues

• Production/refining
• Fuel properties
• Testing

Fuels News is delivered via e-mail for an annual subscription of
£230 based on a single user licence. Further information can be found at
www.ricardo.com/ricardostore.

SAE
Centenary
World
Congress
icardo was actively involved in
the centenary SAE World
Congress, presenting and coauthoring a total of twelve papers
across a range of different
technologies and engineering
applications.
On advanced engine concepts,
papers were presented outlining
research into the operation of a
gasoline engine with a twin
mechanical variable lift valve-train
using both SI and CAI combustion,
as well as a description of the
concept development of the
2/4SIGHT engine (described in
RQ/Q1, 2005), and presenting
results of an analysis study of the
application of a pneumatic valve
actuation system.
Hybrids were also a major theme,
both of the Ricardo presentations as
well as the Congress as a whole.
Amongst these, details of the
simulation technologies used in the
development of the HyTrans microhybrid delivery vehicle were
presented, as were the results of
work evaluating the fuel economy
benefits of different service vehicle
hybrid powertrain configurations,
based on recorded route data.
In the area of heavy duty diesel
emissions, the results of work
evaluating the performance of a
NOx adsorber catalyst and diesel
particulate filter were presented.
Simulation technologies were also
to the fore, with presentations on
the formulation of the new elastohydrodynamic lubrication model
which will be incorporated in the
Ricardo PISDYN piston secondary
dynamics simulation package, and a
CFD validation study carried out by
University College London in
collaboration with Ricardo.

R
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Ricardo News

Ricardo Prague Expands

s Ricardo approaches its sixth
year of operations in Prague, the
company has announced its move into
new premises, marking a significant
expansion of this highly successful
venture. At the outset, Ricardo had
recognised the potential advantages
that could be derived from the
establishment of an Eastern European
engineering presence, both in terms of
cost and flexibility of resource
deployment. These advantages are
inextricably interrelated. With most of
its engineering operations located in
the high-cost economies of Western
Europe and the United States, Ricardo
was keenly aware that it needed to run
its business as close to its resource
capacity as possible in order to
maintain maximum operating
efficiency. As utilisation increases,
however, the ability to respond flexibly
to additional demands is limited,
which in itself is a major source of
competition. The addition of a cost
optimised engineering resource to the
overall capability of the company
enables a significantly improved level
of operational flexibility to be offered
to customers.
Ricardo has always known that for
maximum effectiveness it was
essential to go beyond simply
running individual projects from the
Czech Republic. Instead, it was
important that Ricardo Prague should
be able to offer its resource base for
use on projects in a fully integrated
manner with its worldwide
engineering teams. As such, the
standards and procedures to be used
in this optimum-cost facility needed
to be identical to the main Ricardo
technical centres, and considerable IT

A

infrastructure was required to ensure
that these remote offices could work
together effectively. While this clearly
presented a challenge to begin with, it
was rapidly recognised as a major
success story. Within a year of
opening, Ricardo Prague was already
being expanded to include an
extended range of engine engineering
functions as well as staff from other
divisions. This success has continued
with the office doubling its headcount
in each of the past two years.
The recently completed move to the
new office located to the east of the
city centre is a major step forward for
Ricardo’s presence in the Czech
Republic. Ricardo Prague now
employs 64 engineers, all of whom are
able to integrate with the programmes
carried out by the vehicle, engine,
transmission, and control & electronics
divisions of Ricardo. In addition to this,
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the facility is capable of executing its
own small- to medium-scale
programmes with the support of the
parent divisions. Software and IT is
also a major area in which Ricardo
Prague contributes. Development
teams for Ricardo Software and the
Schenck-Ricardo-Horiba joint venture
are also now based in at Ricardo
Prague, as is much of the company’s
group IT network support. The facility
has full project management
capabilities such that it can integrate
effortlessly with the major
programmes carried out by Ricardo
and is now certified to ISO 9001/14001.
Only ten minutes from central Prague
and within thirty minutes of the
international airport with its
connections to the major automotive
locations of Europe and beyond,
expansion in Prague is a major and
continuing success story for Ricardo.

Ricardo Software & CAE
goes on-line
This issue of RQ is the second and
final one which will be distributed
with the new Ricardo Software &
CAE newsletter. The current issue of
Software & CAE focuses on the
characterisation of fuel spray
structures to improve the accuracy
and predictive capabilities of incylinder CFD studies. This is part
one of a two-part feature on
combustion simulation, which will
conclude in the next issue.
Ricardo Software & CAE has
from the outset been intended as
an on-line newsletter and its

distribution in
print form with
RQ for two
issues has been
intended to
raise awareness of its
publication.
Those wishing
to subscribe
to future online issues of
Ricardo Software & CAE
should register at
www.ricardo.com/SCAE.
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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

