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Industry News

INDUSTRY NEWS

The latest in technology, innovation and sustainability across world industries

Passenger Cars

Four cameras, six radars, 12
sensors, 190 LEDs – but no bulbs
As well as being the first ever car to
have no light bulbs whatsoever, next
year’s Mercedes-Benz S-Class will
also mark a major step up in safety
provision, both active and passive.
With the assistance of a complex
network of sensors, including a
wide-angle 3D stereo camera, three
conventional cameras, six radar units,
12 ultrasonic sensors and a single farinfrared camera, the next-generation
S-Class will be able to follow other
traffic, even in curving or non-marked
lanes, and perform emergency stops
for pedestrians or to avoid obstacles.
New, too, is Cross Traffic Assist, which
can scan junctions, even at up to 70
km/h, for crossing traffic, sounding
an alert and halting the car; Steering
Assist will keep the car on course at
speeds of up to 200 km/h.
Data fusion from this array of sensors
enters a new dimension with the
company’s third generation night vision.
Thanks to the sophisticated all-LED
headlights the vehicle can travel with

main beams illuminated almost all of the
time: built-in software is able to blank out
sections of the headlamp beams so that
oncoming motorists are not dazzled, and
so that glare from reflective road signs is
eliminated. The same mechanism is used
to selectively illuminate any pedestrians
or animals picked up by other sensors
in the vehicle so as to bring them to the
driver’s attention; the flashes also serve
to warn the pedestrian. This works up to
160 metres ahead of the car, while the
stereo camera can look as much as 500 m
ahead. It also has enhanced traffic sign
recognition, which can now recognise
electronic displays on overhead gantries;
it can even detect end of speed limit signs
to allow the cruise control to accelerate
the vehicle once again.
The 190 LEDs, finally, replace every
conventional bulb found in a standard
vehicle. The claimed energy saving is
significant: the reduction in electrical load
is sufficient to improve CO2 emissions by
up to 2.1 grammes per kilometre.
Toyota, for its part, has a new low-

Cross Traffic Assist
on next year’s
Mercedes S-Class
will perform
emergency stops at
intersections too

speed sonar system designed to apply
the brakes to avoid parking scrapes, while
Cadillac’s ‘virtual bumper’ front and rear
automatic braking acts at low speeds and
also for parking – even in reverse.
Volvo, too, has introduced collision
warning and autonomous emergency
braking – for its heavy trucks. Radar and
cameras monitor the traffic in front to
identify potential hazards; if these are
not picked up by the driver, an alarm is
flashed up and, if necessary, emergency
braking applied.

Motorcycles and Personal Transportation

Water cooling for BMW’s boxer engine
BMW’s decision to move from air to water
cooling for its horizontally-opposed boxer
motorcycle engine has caused something
of a stir among the many fans of the classic
twin-cylinder unit, whose origins stretch
back over 80 years.
The company’s announcement plays
down the significance of the move, stressing
that the engine has always been partly liquid
cooled, but that the coolant has now become
a glycol-water mix instead of oil. The two
radiators are small and inconspicuously

integrated, says BMW, and the precision
cooling strategy echoes that used in
Formula 1.
The improved heat dissipation has allowed
BMW to uprate the 1170 cm3 unit to 125 hp
at 7700 rev/min, and a revised six-speed
transmission now sends the drive to the rear
wheel via a shaft on the left hand side of the
machine. An e-throttle now controls power
delivery, with five different throttle maps
available to suit a variety of riding conditions
ranging from Rain to Enduro Pro.
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Commercial Vehicles

ZF’s modular transmission
toolkit for trucks

NEWS IN BRIEF

Highlighting the latest thinking in automotive
engineering and technology worldwide

Austria first with traffic information

The world’s first-ever nationwide traffic information
service will go live in Austria in spring 2013. An integrated
data platform brings together real-time information
from all transport modes from motorways to minor roads
and public transport. Even cycle paths and the tiniest
footpaths are included, say the operators.

Wind turbine brings drinking water

An innovative suite of modular
transmission components developed
by ZF promises to revolutionise the
way commercial vehicle engineers
configure heavy truck drivelines. ZF says
its TraXon system has the potential to
deliver substantial reductions in fuel
consumption and noise emissions, as
well as reducing the driver’s workload.
The system consists of a central
gearbox unit, of either 12 or 16 speeds,
which can be paired with a number of
other modules to expand the driveline’s
capabilities. Notably, the system
introduces the concepts of hybrid power
and dual clutch operation to the heavy
truck market for the first time. Among

ZF’s claims for the TraXon system
are that it offers high torque capacity
without any compromise in power-toweight ratio.
The basic transmission can be
combined with one of five different
launch modules – single or twin-plate
dry clutches, a dual clutch module, a
torque converter clutch and a hybrid
module. With a dual clutch set-up the
rear axle ratio can be much longer and
the engine rpm much lower as the truck
is able to change to the next lowest
gear without interruption to the flow of
torque to the driven wheels. This, says
ZF, helps optimize fuel consumption to
the tune of at least 2 percent.

Clean Energy

Wind power decisions stall
Although European offshore wind
generating capacity jumped by nearly
50 percent in the first half of 2012,
continuing political uncertainty and
budget cutbacks mean that growth
will slow before 2020. By the end of
the decade, according to a new report
by the Global Wind Energy Council and
Greenpeace, global capacity will stand
at some 759 GW, or 12 percent of world
demand.
Research from the Carnegie Institute
for Science suggests that there is more
than enough potential wind power to
supply the total world energy demand
of some 18 TW. Up to 400 TW could be
extracted from surface-mounted wind
turbines before the number of turbines
becomes too great, wind momentum
begins to diminish and no further
energy can be drawn; this power could
be supplemented by up to 1800 TW

drawn from turbines on kites above the
surface.
Engineering experts at Stanford
University have modelled wind-speed
data to calculate that the whole of
the US east coast could be powered
by 144,000 wind turbines, each of
5 MW and standing 90 metres tall.
Yet, as in Europe, major expansion of
the wind power infrastructure, both
on- and offshore, remains stalled as
governments reduce expenditure and
carbon prices stay low. However, many
different sources of renewable energy
are likely to benefit from an innovation
by Swiss engineering giant ABB. Its new
heavy duty DC circuit breakers promise
to allow long-distance DC output to be
safely integrated into existing local and
national grids, permitting DC grids to
overlay AC networks for added security
and flexibility.

Safe access to drinking water in remote areas can be
guaranteed through the unusual mechanism of a wind
turbine. The Eole Water WMS100 is able to extract water
from the atmosphere, with energy supplied by its threebladed propeller. The unit is claimed to be maintenance
free and can produce up to 1200 litres of water a day.

Urban greenhouse gases mapped

A new software system developed by researchers at
Arizona State University will allow the three-dimensional
visualisation of greenhouse gas emissions in built-up areas.
The system, which uses information from public databases
as well as traffic reports, can chart gas emissions in
real time; later, this data will be overlaid with satellite
measurements of CO2 concentrations in the atmosphere.

Car production reaches new records

With global passenger vehicle sales hitting 78.6 million
in 2011 and certain to exceed 80 million in 2012, some
700 million cars are now in circulation. If both light and
heavy duty trucks are also included, says the WorldWatch
Institute, the global vehicle population will soon reach 1
billion – one vehicle for every seven people. Yet hybrid and
electric vehicle sales remain minimal, says the Institute.

US turbo car sales to triple

Sales of turbocharged cars in the US are set to triple from
1.3 million units last year to 4 million in 2017 according
to Honeywell, formerly Garrett. The rush to downsize
engines in North America means one in four vehicles will
be turbocharged, predicts Honeywell. In Europe almost all
diesels already have turbos, so progress will only be fuelled
by newly turbocharged gasoline units.

BP cancels ethanol plant

In what will be seen as a further blow to the prospects of
second-generation biofuels, BP has cancelled its plans to
build a plant in Florida that was to have produced cellulosic
ethanol from energy crops such as miscanthus. Instead, BP
plans to license its bioethanol processes to other producers.

Toyota plans new hybrid wave

Leading automaker and world number one producer of
hybrids, Toyota, is planning to launch a further 21 new or
redesigned hybrid models by the end of 2015, according to
company sources. The company also said it had developed a
new gasoline engine for its post-2013 hybrid models offering
greater power and a thermal efficiency level of 38.5 percent.
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Clean Energy

Report highlights CO2 saving potential
Most of the technologies for improving the fuel economy of cars, trucks
and motorcycles are already commercially available and cost effective.
These solutions, says a comprehensive new report for the International
Energy Agency, have the potential to improve the economy of all vehicle
types by up to 50 percent by 2030.
This represents a very important opportunity for saving oil and
cutting carbon dioxide over the coming two decades and beyond, says
the report: fuel efficiency accounts for 4.5 gigatonnes of CO2 reduction
required for a 2-degree warming scenario for 2050 and represents 50
percent of total emissions reductions in the transport sector.
Yet, says the IEA, though these technologies are available and cost
effective, their market penetration is often low because of a range of
barriers. “Strong policies are needed to ensure that the full potential of
these technologies is achieved over the next 10 to 20 years,” says the
Paris-based organisation.
Focusing primarily on internal combustion engines, which it expects
to remain the dominant form of power throughout the 2020s, the IEA
establishes that fuel-efficiency measures capable of delivering an
efficiency improvement of 50 percent currently cost around €3000
per passenger car, but by 2020 this will fall to roughly €2000. For
commercial vehicles there will be a similar percentage premium but the
Marine

savings will be greater because of the greater distances travelled.
Among the most cost-effective improvements for commercial
vehicles are stop-start systems and single wide tyres; powered two
wheelers show less scope for efficiency enhancement, but their
widespread use in Asia, where they account for 13 percent of roadvehicle CO2 emissions, means that improvements are still required.

Potential fuel economy improvement range
by improvement and vehicle type
Factors affecting fuel economy

Vehicle
Driver
Road

Fuel economy improvement (%)
Cars

PTWs

Trucks

Powertrain technologies

30 to 40

15 to 25

20 to 35

Other technologies

10 to 20

5 to 10

10 to 20

Eco-driving

5 to 10

5 to 10

5 to 10

Congestion

5 to 7

2 to 5

5 to 10

Surface

2 to 7

2 to 7

2 to 7

46 to 65

20 to 45

Total (allowing for non duplication)
PTW= powered two-wheelers

35 to 60
Source: IEA 2012

High Performance Vehicles & Motorsport

EU to monitor marine
emissions

McLaren to co-design
electric racer

The European Commission has announced that it is to introduce
emissions monitoring for shipping during 2013, with the aim of reducing
the environmental impact of the industry.
The system, says the Commission, must be “a simple, robust and
globally feasible approach towards setting a system for monitoring,
reporting and verifying of emissions based on fuel consumption.”
In establishing any market-based mechanisms the Commission
will have to steer a careful course between the many interest groups,
including the International Maritime Organization, whose Energy
Efficiency Design Index comes into force in 2015. “The shipping industry
itself is best placed to take the lead in delivering fast and effective
greenhouse gas emission reductions,” said the EU statement, adding
“the Commission is ready to play its part, in the EU and at IMO level.”
Green groups have expressed disappointment that the policy is
limited to monitoring greenhouse gas emissions from shipping rather
than actually reducing them.

With the aim of launching an electric single-seater racing championship
for the 2014 season, Formula E Holdings has commissioned the purchase
of 42 battery-powered racing cars from newly-formed Spark Racing
Technologies (SRT). Earlier, SRT had announced a deal with McLaren
Electronic Systems to design the powertrain for the first Formula E car.
Under the deal, McLaren will supply the electric engine, the transmission
and the electronics for each of the cars; SRT will be responsible for
assembling the cars.
Demonstration events will take place during 2013, while the first
Formula E race will be in Rio de Janeiro in 2014. All the events in the 10race series will be held in city centres. Each of
the ten teams will have four cars – the race
format requires drivers to switch to a second
car at the halfway stage –
and the remaining two will
be used for crash tests
and promotions.

Marine

Premium brands take to the water
In a bid to capitalize on the power of their brands, both Mercedes-Benz and
Jaguar have moved into the world of luxury boat design. Mercedes’ 14-metre
sea-going Granturismo luxury yacht has been designed in conjunction with
Silver Arrows Marine in the UK and will reach the market in 2013; no details
of its specification have been given, but it is large enough to offer overnight
accommodation.
Jaguar’s Concept Speedboat is a very different proposition: at 6.1 metres
and with a gel-coated fibreglass hull and teak decking, it is a 2+1-seater sports
boat. Unfortunately it is not designed not for production but simply to promote
the newly launched XF Sportbrake station wagon.
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Rail

Multi-engined
locomotive is cleaner
and quieter

Four engines can be better than one when it comes to improving
flexibility, environmental performance and energy efficiency,
claims leading train maker Bombardier. Developed by the
group’s German unit, the TRAXX P160 DE ME locomotive
dispenses with the familiar large and expensive 64-litre central
engine and instead uses four independent 18-litre engines from
Caterpillar, giving a similar overall rated power.
The four volume-produced engines are not only cheaper
to buy but also much more versatile in use. When power
requirements are low, surplus engines can be shut down,
saving fuel, noise and running hours. And when an engine
does need to be restarted, the control system automatically
chooses the unit with the least running hours, thus balancing
the usage on all four engines.
Bombardier estimates that fuel consumption can be
reduced by 10 percent compared with a conventional single
engine system, generating potential cost savings of €1 million
per locomotive over a 20-year period.

Passenger Cars

Euro industry plan
Faced with steeply falling sales, cuts in investment and
significant overcapacity across the continent, the European
Commission has come up with an action plan, labelled CARS
2020, to return the industry to competitiveness and to ensure
its sustainability. The plan is the EU’s first concerted response
to the growing crisis in the industry, in which overcapacity
is typically 25 to 30 percent, though very unevenly spread
between the stronger and weaker producers.
Under CARS 2020 there would be incentives for investment
in new and advanced technologies and clean vehicles, as well
as a more controversial plan to achieve what are described
as balanced trade deals with other nations. However, while
welcoming most of the proposals, European automakers’
association ACEA criticised the paper’s lack of any framework for
industry restructuring. Already, Ford has taken action, earmarking
almost one fifth of its European capacity for closure.
In a parallel study, Brussels-based Transport & Environment
has calculated that low-carbon cars are good for Europe’s
economy, with the proposed 95 g/km CO2 limit for 2020
boosting the European economy by €12 billion per year
between 2020 and 2030.

VIEWPOINT

Will post-Fukushima Japan become
world leader in renewable energy?
Akio Okamura – president, Ricardo Japan

The March 2011 earthquake and
tsunami that hit north eastern
Japan caused devastation on a scale
unseen for many decades. The long
term effects of the triple melt-down
at the Fukushima Dai-ichi nuclear
power plant will be felt for many
years. What is more, this disaster
has prompted what may be one of
the most profound turning points in
energy policy.
In September this year the
Japanese government announced
its intention to close the country’s
entire fleet of functioning nuclear
reactors over a 30-year period.
In policy terms this places Japan
alongside Germany and Switzerland,
which also turned away from nuclear
power following the disaster. This is a
deeply significant decision: Japan has
traditionally been one of the world’s
most committed users of nuclear
power, deriving around 30 percent
of its grid power supplies from this
source and planning to increase
this to over half by 2030. Now, in the
period since the disaster, the country
has already closed all but two of its
50-plus reactors and plans to phase
out the remaining plants by 2040.
So where does Japan go from
here? In the very short term the
answer is simple: an increased
reliance on oil and natural gas. But
while the immediate impact on
national CO2 emission targets may
not be positive, there are already
signs that the move away from
nuclear may provide a boost that
could place Japan at the forefront
of renewable energy developments.
Japan has dominated international
markets in consumer electronics and
motor vehicles for many decades.
Could the country really move rapidly
to channel the skills and innovation of
its economy in the renewable energy
sector?
Japan is already home to some
of the world’s leading wind turbine
makers, including Mitsubishi Heavy
Industries and Hitachi. Recent media
reports indicate that a major push is

underway in the exploitation of offshore
wind resources by these and other
leading industrial companies, including
the development of new forms of
floating turbines. In solar energy,
companies such as Sharp pioneered
photovoltaic cell production as long
ago as the early 1960s. In geothermal
energy, which avoids the weather
dependence of wind and wave and the
cyclicality of tidal stream generation,
the Japanese government has this year
set aside new funds to support site
surveys and development.
With a domestic market stimulated
by such a profound change of direction
in national energy policy, there are
already very promising signs of a
new industrial focus – including from
some very surprising quarters. A
leading example is Softbank group.
Better known as a leading mobile
telecommunications and broadband
internet provider in Japan, Softbank
has announced a major investment
in solar energy. Together with partner
Mitsui & Co Ltd, it is developing a solar
park in Tottori Prefecture which is due
to start operations in July 2013 with an
installed capacity of 39.5 MW. Softbank
also plans to build country’s biggest
solar energy plant at Tomakomai,
Hokkaido, where it expects to have an
installed capacity of 111 MW by 2014.
In the marine renewable energy sector,
the Ocean Energy Association of Japan
has announced its intention to create a
Japanese Marine Energy Centre similar
to the successful European facility in
Orkney, Scotland.
Japanese companies have proven
before that they are extremely
capable of innovating and creating
new products and developing new
international markets. While some
political commentators are already
questioning whether Japanese nuclear
policy will stand the test of time, it
is equally possible that Japan could
emerge as a major global player in the
renewable energy industry. I believe
that the new focus on renewable energy
may well help in taking Japan back to a
more sustainable period of growth.
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Architect of expansion
As group engineering director of a fast-expanding Jaguar Land Rover,
Bob Joyce has transformed the image of its products by majoring on
light weight, downsized powertrains and innovative style. Tony Lewin
travels to the company’s global headquarters to discover the inside
story of JLR’s product development process and to hear what further
innovations are in store

Will heavyweight two-tonne cars soon be a thing of the past?
Big heavyweight vehicles clearly won’t exist [for much longer]
but, having said that, there is clearly an insurmountable
pressure to add feature and content into vehicles. That’s
pushing the other way, but clearly the drive on CO2 means that
light weight is very high on the agenda.
With the large vehicles that you produce, is there still scope
to absorb this extra content by upgrading to more exotic
materials and accepting the higher cost?
We still have to get the balance right, and even on the Range
Rover we have to make a business equation that works. Our
new lightweight aluminium SUV architecture gives a body-inwhite that is actually lighter than the smaller steel Evoque-type
products; it is 40 percent lighter than the outgoing Range Rover.
This new generation of lightweight architecture is very efficient.
It incorporates a lot of experience in metal bonding technology –
it’s classic engineering, with lots of one percents adding up.
Will all your future products be lightweight?
We in JLR are pursuing lightweight architectures in
D-segment vehicles and upwards as a very serious solution.
We believe the technology, the sourcing of aluminium and the
cost of aluminium make good business sense to us.

[got] some options; already, the Evoque has an aluminium
roof as well as a plastic tailgate and SMC (sheet moulding
compound) fenders. We don’t wish to commit to 100 percent
aluminium for the hang-on parts as it does depend on the right
technical solution for each car.
What about a BMW-style solution with aluminium front and
rear ends to help reduce the polar moment of inertia?
No. If I go aluminium front end, I will go aluminium floorpan
throughout the whole car. Having mixed metals in the middle
doesn’t lead to an optimal solution, certainly not for our
business model, our scale and our size.
You have gone all composite for the C-X75 supercar concept.
Is there a role for part-composite construction on volume
products?
We, like a lot of OEMs, are pushing our work with composites
and we have done a lot of work with suppliers in the UK on
C-X75 and some other smaller vehicle concepts. We’ve still
got to demonstrate a robust business equation to show that
it is a better alternative architecture to aluminium. There are
technical problems to be solved, but we are actively working on
it and we have some ideas, but I can’t give details. I’m still yet to
be convinced that this will be a mainstream product solution.

Do you have the option to do part-aluminium,
like BMW and Audi do?
We are committed to using aluminium in the base platform as
it is the most cost-effective solution for us. Clearly, with the
hang-on parts, closures and roofs, we have to a certain extent
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Could composites perhaps suit a supersports car or an EV?
It could be, though my personal view is that people tend
to link electric cars with carbon fibre – which is adding a
very expensive solution to an already expensive solution
to compensate for the weight of the latter. However we do
regard [composite construction] as a direct alternative to
our aluminium lightweight architectures and we need to look
at the investment cost business equation for that. Clearly on
sports cars there is some interest.
Will the upcoming new Defender be a candidate for
aluminium construction?
Defender already has some aluminium on it, despite it being
a rather large body-on-frame [structure]. I can’t give away
details of our Defender strategy, but clearly aluminium would
be one the serious options we would look at to maintain the
weight performance of the vehicle. In terms of [structural]
loads, our new premium lightweight aluminium architecture
on the new Range Rover can take all the shock loads that a
Defender can. It can wade deep, it can pull 3.5 tonnes out of a
ditch; clearly, aluminium is capable of working in a SUV heavy
duty, full purpose environment.
Would there be any advantage to a new Defender being lighter,
apart from the obvious benefit in terms of emissions?
Interesting, and we have often discussed this. Light weight is
to a certain extent very impressive in its performance on some
off-road surfaces such as sand dunes, but you do also need a
certain amount of weight on the vehicle if you’re towing three
and a half tonnes. So we do need to make sure we have a mix
of the dead weight versus the dynamics.
Moving now to engines, everyone is downsizing. From the
point of view of performance and customer response, which
is the most important – displacement or cylinder count?
It’s a bit of both. The most important thing is that the
customer has a product he or she is happy to drive. If you look
at China there is a discriminatory tax on displacement, not
cylinders, and we have just launched XJ and XF with fourcylinder engines; we and the customers are very pleased
with the performance and I see that trend continuing across
a whole range of cars. With our lightweight architectures

“Big heavyweight vehicles clearly won’t
exist [for much longer] ...clearly the drive
on CO2 means that light weight is very
high on the agenda. ”
a four-cylinder engine with 250 horsepower and modern
transmissions technology is a very capable drive.
What about other markets?
The regions are still somewhat polarised in the technical
solutions they demand. China is small-capacity petrol engine
driven, the US is larger-capacity petrol but downsizing and
with strong interest in hybrids and, more recently, diesels; and
the Gulf is very interested in fuel economy but not necessarily
in downsizing. Europe is very strongly diesel but with the trend
that the modern EU6 diesels are becoming very expensive.
Could a downsized four-cylinder gasoline boosted to high
power satisfy the US? What about Range Rover?
Absolutely. We have already launched our cars with four-cylinder
engines. On Range Rover, I’ve already said that the aluminium
architecture goes with our four-cylinder technology.
Diesels are getting expensive, and you are now developing your
own gasoline engines. Will you develop your own diesels, too?
Our new engine family recognises that four-cylinder engines are a
key product for us, and our new four-cylinder engine family will be
both diesel and gasoline, designed to fit all our architectures and
give us [the] flexibility of both technologies. They are beginning
to merge as the market is merging: they’re all becoming high
pressure charged, they have high-pressure injection and there
are similar loads on the bottom ends of the engines.
Will you still do V8s?
We still see a market for V8 technology. It’s in the new Range Rover,
it’s in our cars and it does very well. It’s what our customers request
and in certain markets like the Gulf we wouldn’t exist without a V8.

The Jaguar F-Type
sports car uses an
aluminium platform
for performance,
agility and fuel
efficiency
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Supporting innovative engineering
The Jaguar C-X75 concept supercar generated a real sensation when
it was presented at the 2010 Paris motor show. While much of that
excitement revolved around its inspirational styling, equal enthusiasm
was reserved for its ambitious technical specification – most notably
the design’s use of twin Bladon jet engines to keep the on-board
traction batteries recharged. So how, we asked Bob Joyce, does
JLR work with small and innovative companies to ensure pioneering
technologies can be helped to make the notoriously tricky transition
from invention into volume production?
“Good question. We have a number of SMEs we work with. We have
a link with Bladon Jets, which we have gone public with; we have
technology on C-X75 which is very UK-centric – we sponsor and
support them and give them all our technical knowhow. They want their
own independence – quite often it is wrong for a big mainstream OEM
to buy them out, because they lose their innovation. But the transfer
from an idea to a robust, reliable quality solution in a cost-effective
manner is often a very long and tortuous journey.”
Quite often the technical ideas seem fit for a particular purpose but
later prove to be better suited to a different application, continues
Joyce. “A lot of hybrid applications may start as a solution for a sports
car, but they might actually be better in a bus. Part of the issue here is
doing that transfer from what the original issue was.”
There are three or four SMEs that JLR has been working with, says
Joyce. “We help them, we show them partners who [can help them]
go to market with manufacturing technology, and we spend a lot of
time with them if we feel that technology has got a route to market. On
C-X75 we have got some very interesting motor technology, and we are
very keen to work with that supplier on that technology.”

2013 Range Rover
(right) is the first
luxury SUV to
use lightweight
construction,
saving over 400 kg
compared with the
third-generation
model; all-wheeldrive systems for XF
and XJ sedans (below)
were developed with
Ricardo assistance

You have said you expect your percentage of four-cylinder
models to grow to around 70 percent, compared with around
20 percent before the Evoque. Would you consider threecylinder engines for models smaller than the Evoque?
Yes. When you develop any new engine architecture you look
at all the options. Clearly it is modular and has the capability
to cover all the cylinder configurations and a few more
interesting ones between three and six.
Turning now to transmissions, you seem to have
standardised on the ZF eight-speed automatic. Will your
hybrids be based around this, too?
North-south hybrids will be based around the eight-speed
ZF technology, with the e-motor within the bellhousing; we
have announced this for the Range Rover in 2013. We could
potentially apply this hybrid technology to any car with this
architecture and we are discussing exactly when we should

launch. We do see a significant opportunity on our Range
Rover sized vehicles as a downsizing from a V8 or V8 diesel.
The Range Rover will be a full hybrid. Do plug-in hybrids have
a place in this market too?
We have been doing concepts and are actively working on plugin hybrids. We see China as being the most likely entrance for
us and we are looking very seriously at that market. Having said
that, it does need the [charging] infrastructure to be there first.
How do you make the call on whether it’s worth
going in [with a plug-in]?
We look very carefully at the progress in all of these markets
and at our competitors. In this case, plug-ins are definitely
going to be enabled by legislation and local market legislative
requirements, and we need to be able to respond accordingly.
The cost of a plug-in is significantly higher than a traditional
hybrid: it requires much greater battery density and a far
bigger motor. There need to be major consumer incentives
and the consumer must genuinely be able to use the plug-in
technology. Will it come? Absolutely. Eight years down the road
there will be plug-in hybrids and we will be in the market.
What about the vehicles themselves?
We must make sure the cars offer range and package
efficiency. What we’ve done on the Range Rover is ensure it is
a real Range Rover: it isn’t simply a hybrid with limited towing
capacity, limited wading capacity, limited off-road capacity,
limited range. It has everything you would associate with a
Range Rover – plus it’s a hybrid. Our plug-in technology will be
similar to many of the other OEMs, which is a more powerful
motor – like the Limo Green concept or the REEV. It makes
consumer sense. There are some interesting range-extended
technologies, like the Volt, but the cost/benefit at the moment
is still a concern for us.
You buy your transmissions from ZF. Will you be using the
new nine-speed automatic for your front-drive models?
We have already announced our intention to work very closely
with ZF on nine-speed technology, and we will be seeing it in
the not too distant future on our front wheel drive platform.
Do you feel nine-speed automatics are more
promising than dual clutch transmissions?
We’ve continued to look at the alternative of dual clutch
technology, but in some conversations around sports cars
we’ve found the weight/cost benefit is not there, and the
speed of shifting we get with the eight-speed is very quick. We
struggle to find a role for DCT in our mainstream products. I
can see some roles in some cars in some segments, but it’s
complex and when you take a cold rational look at it, we just
don’t see the benefits.
Is it true that your C-X75 supercar concept was designed
with an automated manual transmission, not a DCT?
Yes. C-X75 is our concept vehicle and we are verifying its
technology solutions with a very small boosted engine, highcapacity electric motors and high-density batteries plus, in
this case, a highly advanced concept driveline. It’s all about
rapid gearchanges – it is a hypercar, it has 200 mph (320
km/h) performance and needs some very complex driveline
solutions to merge electric and conventional IC engine
technologies.
Is it still a series hybrid, with no direct drive to the wheels?
Pretty much so – except there is direct drive too. It’s a kind of
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mix: I’m not willing to go too much into the detail, but we can
drive the wheels direct electric and direct engine and then also
engine and [electric] motor.
On the new F-Type you talk about the Quickshift
transmission. Is this a Jaguar program running on the ZF
eight-speed?
We spend a lot of time working with our key suppliers making
sure we have competitive solutions. There is a lot of Jaguar IPR
in it, and it allows for very fast shifts.
Does this mean there won’t be a manual or a DCT
version of the F-Type?
This is how we’ve positioned the car. Does this mean we won’t
have a manuals or DCTs on that platform at some stage?
I won’t comment on that. Manuals are a separate product
opportunity for that vehicle. Manuals are a logical solution for
sports cars at some stage in the life of the car, but we aspire
to make our paddle shift technology fast and satisfying for the
customer.
You have launched four major new models in three years.
How much of a strain on your resources has this been?
We spend a lot of time looking at our product creation process
and we just capture the learning of every programme: at the
moment we’ve got 40 programmes for the next five years, so
we continually go through the loop of each programme. They’re
all different – we learn how to scale them, size them. We think
we’re up there with our competitors, and in some cases I think
we are faster as we use aluminium technology which takes a
certain iteration at the back end of the programme.
How has JLR’s increasingly global footprint affected your
vehicle development processes?
Fundamentally, programmes have three key elements to
them. They have the traditional design, body, tooling, making

Plug-in hybrids “will require major
consumer incentives and the consumer
must genuinely be able to use the plug-in
technology. Will it come? Absolutely. Eight
years down the road there will be plug-in
hybrids and we will be in the market.”
it look good; they have a whole underfloor of complex chassis
and powertrain systems – systems that have their own lead
time but need the body and the top hat to work with. For
instance, if you want to homologate in China you have to do
a 160,000-mile certification test. The last is all the electrical
features and systems on the car; you have to [complete] all
the architecture and the sensors on the car: you need to move
fast, but because it is largely software you can move very
fast. Those three streams all run together, and the real trick
is to make sure you manage all three streams to construct
a programme with the right content in. We do drive very
much for compatibility of assumptions and synchronicity of
technical and business solutions at every milestone – and that
has generally helped us well.
Biography: Bob Joyce
• As group engineering director of Jaguar Land Rover, Bob Joyce is
responsible for ensuring that Jaguar and Land Rover maintains the
right focus on technology and innovation in its business.
• Joyce joined JLR when it was still owned by Ford, overseeing the
development of vehicles including Range Rover, Discovery 4, Range
Rover Sport, Freelander 2, Jaguar XK, XF, and the all new XJ.
• During 1990s he was chief engineer for Rover’s K-Series engine
family and as senior vice president for BMW front wheel drive
platforms he oversaw both MG Rover and the new Mini project.
• An engineering graduate of Leicester University, Bob had a series
of roles in the 1980s at Ricardo and Dresser Industries. He has
an MBA from Warwick University and is a Fellow of the Institute of
Mechanical Engineers.
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Road trains

The implementation of vehicle platooning
technology or so-called road trains
has long been proposed as a means of
addressing highway capacity issues, as
well as improving fuel economy through
the reduction of inter-vehicle distances
and hence aerodynamic drag, and
improving safety by automating some
aspects of the processes of driving.
While research and demonstration
projects have been carried out into
platooning concepts for many years,
the key technological challenges have
been the need for radical changes to

both roadside infrastructure as well
as to the participating vehicles. With
the consequent practical and financial
obstacles to such investment, it is
perhaps understandable that vehicle
platooning has remained in the realms of
research – until now.
In RQ Q1 2011 we reported on the
early progress of the three-year SARTRE
project, which set out to develop
and demonstrate a very practical
implementation of road train technology
appropriate for use on European
highways. Unlike previous research into

vehicle platooning technology, SARTRE
– which stands for Safe Road Trains for
the Environment – aimed to develop a
comprehensive platooning system with
the equipment contained entirely within
the participating vehicles and without the
requirement for any specific road-side
infrastructure.
Though marginally increased in cost,
the installed on-board equipment is likely
to remain an attractive proposition for
consumers given the practical benefits
and potential fuel savings they will
realize. At the same time, the fact that
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Road Train

now arriving

The conclusion of the European SARTRE (Safe Road Trains for the Environment)
project was marked in September at Volvo’s Hällered proving ground in
Sweden when the revolutionary new multi-vehicle road train technology was
demonstrated to the world’s media – just four months following the first public
test of the system on a Spanish motorway

implementation would not require any
form of infrastructural change is also likely
to appeal to highways operators. With
increasing congestion on European roads
and with public-sector spending already
being squeezed across member states, a
system such as this would enable platoons
to be operated safely, hence delivering
improved road space utilization without
the need for capital investment.
“The potential advantages of
developing a system that is entirely selfcontained within the platooned vehicles
are considerable”, explains Ricardo chief

engineer for SARTRE, Eric Chan. “Modern
vehicle platforms are increasingly
including a large number of camera- and
radar-based sensor systems for functions
ranging from parking assistance and lane
departure warning to pedestrian detection
and collision avoidance. In addition, there
are many actuator-based systems such
as adaptive cruise control or autonomous
emergency braking, for example, which
can take over control of aspects of the
vehicle’s movement. By building on the
systems already installed in the vehicle,
our hypothesis was that the incremental

cost of platooning technology could be
marginal in comparison with its potential
benefit in offering greater comfort to
drivers, making better use of the available
road space, reducing accidents and
improving fuel consumption and hence
also lowering CO2 emissions.”

The first public
highway tests
of the SARTRE
platooning system
on a motorway near
Barcelona, Spain, in
May 2012

Tangible benefits

According to measurements and
simulations carried out by the
project partners, the estimated fuel
consumption saving for high-speed
highway operation of road trains is in the

RQ • Q4 • 2012

RQ_04_12 B.indd 13

13

13/12/2012 17:04

Road trains

“Autonomous vehicle technology will have
a major role to play in making the vehicles
of tomorrow safer and more efficient,
and the highways more free flowing. I am
extremely pleased that Ricardo was able
to work with Volvo and the other partners
on the SARTRE project”
Dave Shemmans, Ricardo CEO

CFD was used
(above) by SARTRE
partner IDIADA to
evaluate the potential
fuel saving benefits
of different intervehicle distances;
both lead and
following vehicles are
equipped with user
interfaces for platoon
operation.

region of between 10 and 20 percent,
depending on inter-vehicle spacing and
geometry. The aerodynamic effects are
such that even the lead vehicle will reduce
its fuel consumption, albeit less so than
the benefit derived by the following
vehicles of the platoon.
Safety benefits would arise from
the reduction in accidents caused by
driver action and driver fatigue, and the
effective utilization of existing road
capacity would also potentially result in
reduced in journey times. In addition to
making better use of the available road
space, congestion would also be reduced
through the avoidance of ‘ghost’ traffic
jams where driver reaction time delays

cause a ripple effect upon traffic flow.
This is possible because the platoon
control system is able to react much
faster than human drivers would be
able to; something that also potentially
enhances safety for participating
vehicles. For users of the technology the
practical attractions of a smoother, more
predictable and lower-cost journey, and
the opportunity to make use of additional
free time, would be considerable.
A year into the work of the project,
following extensive system design,
simulation and testing, a single prototype
following vehicle demonstration had
been carried out. Just under two years
later, the now completed project – which

was part-funded by the European
Commission under the Framework 7
programme – has delivered extensive
trials of multiple vehicle platooning
both on the test track as well as on the
public highway. The project was a truly
pan-European research collaboration: led
by Ricardo UK Ltd, its partners included
Applus+ IDIADA and Tecnalia of Spain,
Institut für Kraftfahrzeuge (ika) of the
RWTH Aachen University, Germany,
and SP Technical Research Institute of
Sweden, Volvo Car Corporation and Volvo
Group of Sweden.

Trained driver in the lead vehicle

The concept of platooning, as envisaged
by the SARTRE system, involves a convoy
of vehicles where a trained professional
driver in a lead vehicle guides a line
of following vehicles. The system is
designed to be able to accommodate a
range of different vehicle types including
cars, trucks and long-distance coaches,
and is intended to be able to operate
within a mixed traffic environment
alongside conventional vehicles.
Drivers of SARTRE-equipped vehicles
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would be alerted via a human machine
interface (HMI) to the presence and
destination of nearby platoons and would
be able to request access. Alternatively
they would be able to pre-book a place
via a web-based application rather in the
same way that airline or rail tickets can be
purchased today. Once the platoon has
been joined and control has been handed
over, the joining vehicle would be driven
autonomously under the supervision and
control of the lead vehicle driver. Each car
or truck within the platoon continuously
and automatically measures distance,
speed and direction and adjusts to
the vehicle in front. All vehicles are
totally independent and can leave the
procession at any time by resuming
control via their own HMI. But, once in
the platoon, drivers can relax and do
other things while the platoon proceeds
towards its long-haul destination.
The SARTRE system, as developed and
demonstrated by the project, involves
the use of cameras and radar systems
for relative position sensing, GPS for
absolute positioning, and automotive
standard 802.11p WiFi modules
for inter-vehicle communications.
Safety is considerably improved in
congested traffic as the response time
of the vehicles in the platoon is almost
instantaneous.

Emergency measures

While the response to unexpected
situations external to the platoon –
for example speed changes due to
congestion or lane change manoeuvres
to avoid stranded vehicles or other
obstructions – is automatically dealt
with via the decisions of the lead driver,
it was essential that the research team
included procedures for problems within
the platoon.
“The on-board systems of the

SARTRE-equipped vehicles were
developed according to standard
approaches for fault-tolerant systems,”
explains Chan. “A system such as this
requires a very high safety integrity level,
which is reflected in the requirement
for self-monitoring. If for any reason the
system appears to be developing a fault
or degraded condition, relevant safety
margins are increased: for example, by
automatically increasing the intervehicle distances and the participating
drivers warned to be ready to resume
control of their vehicles. In the event
that communication cannot be reestablished for any reason with the driver
of a following vehicle, the lead driver
would handle the situation appropriately,
for example by simply bring the platoon
to rest on the hard shoulder so that
relevant action can be taken.”
In the first year of the programme,
SARTRE focused upon the concept
development and feasibility. Issues
investigated included usage cases,
human factors and behaviours
associated with platooning, core
system parameters, and specification
of prototype architecture and modes of
application.
Before moving to the first vehicle tests
early in the second year, the SARTRE

project team carried out extensive
simulator-based work so that human
factors in the implementation of road
train technology could be thoroughly
investigated. A sample group of men
and women of varying ages and driving
experience were tested using a simulator
providing a 120-degree forward field
of view via three LCD screens through
which a total length of 18 km of virtual
motorway could be driven. The simulator
incorporated a steering wheel with force
feedback, realistic manual/automatic
transmission controls and a haptic seat
installation; the combination provided a
highly realistic virtual driving environment.
This simulator-based work has enabled
the team to assess in detail the response
of drivers both while participating in road
trains and while driving independently in
an environment in which road trains are
operating. Key findings from the human
factors study included assessments
of the acceptable distance between
vehicles and the acceptable length of
a platoon (by both platoon and other
drivers). In this respect it appeared that
the level of acceptable platoon length
was in excess of the prototype system
under development, with those taking
part in the study considering platoons
of up to fifteen cars to be acceptable,

“People think that autonomous driving is science
fiction, but the fact is that the technology is already
here. From the purely conceptual viewpoint, it works
fine and road trains will be around in one form or
another in the future.” Linda Wahlström, SARTRE project
manager, Volvo Car Corporation
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Operation of the SARTRE road train

1

2

Road trains hold the promise of providing a safe and energyefficient mode of travel – one that is also highly effective in
terms of improving traffic flow and road space utilization.

route. In addition to their efficient use of road space, road
trains may also be able to use high occupancy vehicle or
bus/taxi lanes, hence further reducing journey times.

1. The convoy of vehicles in the road train are driven semiautonomously by a professional driver in the lead vehicle,
which may be a truck or coach, following a pre-defined

2. Once accepted into the road train, drivers are free to
engage in other activities such as working, reading a
newspaper, watching TV, making phone calls, or just resting.

whereas the SARTRE project focused on
a more modest platoon of no more than
five.

On-board modules

In parallel with the simulator-based work,
other members of the team spent much
of the first year and a half of the project
working on the development and testing
of the on-board systems for the first
SARTRE-equipped vehicles. In addition to

the optical and radar sensors incorporated
in both lead and following vehicles, the
necessary communications and control
systems architecture needed to be
defined, developed and tested. To prepare
for the first multi-vehicle tests, a Volvoowned truck was equipped as a platoon
lead vehicle, with an S60 sedan fitted
as a participating vehicle to be driven
autonomously as a following vehicle.
The first live vehicle tests carried out

in late December 2010 provided the
first opportunity for testing outside the
environment of the simulator. “We were
very pleased to see that the various
systems already work so well together
the first time,” said Eric Coelingh,
engineering specialist at Volvo Cars.
“After all, the systems come from seven
SARTRE member companies in four
countries.”
“The first tests were focused on the
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3

4

3. A SARTRE-equipped car’s navigation system will
highlight the presence and destination of nearby road
trains that may be joined – alternatively users may prebook space using a web interface or phone app, rather in
the same manner that rail or air passengers book tickets. To
join, the vehicle is positioned immediately behind the road
train – control is transferred to the lead vehicle driver as the

control and sensor systems, and we also
spent some time evaluating the first
iteration of the HMI,” adds Eric Chan.
“Issues such as longitudinal and lateral
string stability were also assessed. The
two-vehicle platoon was driven at up to
40 km/h with a gap size of 10 metres.
Both ‘join’ and ‘leave’ manoeuvres were
also tested. The initial programme of
testing was very successful and we
gathered sufficient information to enable

new vehicle is merged automatically into the convoy.
4. As a car in the road train reaches the junction at
which it needs to leave the highway, its driver re-takes
control as inter-vehicle distances ahead and behind it are
automatically increased. Following its departure the space
is closed up again as the convoy proceeds.

further development of the SARTRE
system to continue.”

More vehicles, higher speeds

Over the remaining two years of the
project, the team has successfully
increased vehicle speeds up to 90
km/h as well as closing the intervehicle distance to no more than four
metres. In addition, the SARTRE platoon
demonstrations were extended up to a

total of five vehicles, a level considered
representative of a modest scale of
implementation.
The first live tests of the SARTRE
road train concept operating on a public
highway in mixed traffic took place in May
2012 on a motorway close to Barcelona
in Spain. For these tests, a road train
comprising a Volvo XC60, a Volvo V60 and
a Volvo S60 plus one truck automatically
driving in convoy behind a lead vehicle, was
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“in addition to possible on-highway applications, we also
firmly believe that the technology is readily adaptable
for captive fleets and on private road networks such as
logistics hubs and large-scale mining operations.”
Eric Chan, SARTRE chief engineer, Ricardo

operated at typical motorway speeds.
“We covered 200 kilometres in one day
and the test turned out well. We’re really
delighted,” says Linda Wahlström, project
manager for the SARTRE project at Volvo
Car Corporation. “During our trials on the
test circuit we tried out gaps from five
to fifteen metres. We’ve learnt a whole
lot during this period. People think that
autonomous driving is science fiction,
but the fact is that the technology is
already here. From the purely conceptual
viewpoint, it works fine and road trains
will be around in one form or another in
the future. We’ve focused really hard on
changing as little as possible in existing
systems. Everything should function
without any infrastructure changes
to the roads or expensive additional
components in the cars. Apart from
the software developed as part of the
project, it is really only the wireless
network installed between the cars that
set them apart from other cars available
in showrooms today.”
While the tests carried out on the

Spanish motorway were conducted on a
public highway, the vehicles themselves
were operated by research team staff. At
September’s SARTRE project completion
event at the Volvo proving ground at
in Hällered, Sweden, members of the
world’s media were given the chance to
experience for themselves the operation
of the SARTRE system.
Senior management from SARTRE
member companies also participated in
the event, both to brief the media and
to see the operation of the system for
themselves: “It was great to experience
this new technology first hand,”
said Ricardo CEO Dave Shemmans.
“Autonomous vehicle technology will have
a major role to play in making the vehicles
of tomorrow safer and more efficient,
and the highways more free flowing. I am
extremely pleased that Ricardo was able
to work with Volvo and the other partners
on the SARTRE project to deliver such
impressive results that will be of long
term benefit to transportation and the
environment.”
While in principle any vehicle could
be equipped as a SARTRE lead vehicle
piloted by a professional driver, all
demonstrations were carried out using
a truck for this purpose. The rationale
for this decision was that in a future
commercial implementation, the project
team considered that it would be most
likely that vehicles following a predetermined route would be the most
attractive choice to lead platoons. In
effect, this could provide an additional
business model for operators of longhaul trucks or inter-city coaches, for
example. Forward visibility for the lead
driver is clearly better in larger vehicles

such as these, and there is no such issue
for following vehicles as they are being
driven autonomously.

Stakeholder dialogue

Recognizing that the challenge of
implementing road train technology
on Europe’s highways is not solely a
technical matter, SARTRE also included
a major study to identify what changes
will be needed for vehicle platooning
to become a reality. A number of
stakeholder discussions were hosted by
the project, bringing together technical
experts, legislators and traffic safety
researchers, among others. At the
first workshops a number of nontechnical challenges for road trains were
discussed, such as legal regulations,
product liability and driver acceptance of
automated vehicles.
“Ricardo is proud to have led this
important European research project
and to have been actively involved in the
development of many of the enabling
control technologies deployed in the
SARTRE road train,” commented Eric
Chan. “While there remain challenges
in terms of implementation – not least
in terms of regulatory frameworks –
the SARTRE project has successfully
demonstrated a safe form of road train
technology which can be implemented
on existing highways without any
requirement for infrastructure
development. The commercial potential
is greater than this, too: in addition to
possible on-highway applications, we also
firmly believe that the technology is readily
adaptable for captive fleets and on private
road networks such as logistics hubs and
large-scale mining operations.”
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Gasoline engine,
diesel fuel-efficiency
The new Ricardo turbocharged spray-guided gasoline direct injection
(T-SGDI) combustion system allows a four-cylinder engine to run nearly
completely un-throttled throughout an exceptionally wide part of the
engine map, delivering unprecedented diesel-like fuel economy as well as
E85 and M40 tolerance. Jörg Christoffel and Anthony Smith report

The concept of charge stratification as a means of increasing
the fuel efficiency of spark ignited engines has been around
almost since the dawn of the internal combustion engine. The
technique boosts efficiency by helping to avoid the pumping
losses associated with intake throttling. With the advent of
high-pressure fuel injection systems, stratified charge was
increasingly used in commercial engine products from the late
1990s onwards as a means of increasing the fuel efficiency of
gasoline engines under part-load operation.
In this operating condition the early promise of this type
of combustion system was realized, with fuel efficiency
approaching 290 g/kWh at 2000 rev/min and 2 bar brake
mean effective pressure (BMEP). Despite this achievement,
the expected gains shown within regulated drive cycles could
not be fully translated into real-world benefits, primarily due to
the fact that even spray-guided stratified injection had to be
limited to low speeds and loads.
When Ricardo began to develop what ultimately resulted in
its new Turbocharged Spray Guided Direct Injection (T-SGDI)
combustion system, the initial goal was to design an efficient,
low-NOx combustion process that would run stably under
the most demanding of operating conditions. As a result of
research collaboration with PETRONAS Research Sdn Bhd
between 2008 and 2011, it became clear that a T-SGDI engine

could overcome previous limitations of stratified charging
In retrospect it seems that boosting was one of the missing
elements of the initial stratified charge combustion solutions.
The Ricardo four-cylinder 2.0 litre ‘Volcano’ gasoline research
engine, incorporating the new boosted T-SGDI combustion
system, delivers a remarkable fuel efficiency increase and is
able to exploit stratified charge at previously-unachievable
BMEP levels of up to 15 bar. At the “classic” 2000 rev/min 2 bar
BMEP point the brake specific fuel consumption (BSFC) of the
lean stratified T-SGDI engine was measured at only
277.5 g/kWh versus 370 g/kWh in homogenous lambda 1
mode. However, with 10 bar BMEP and 40 Nm torque the BSFC
falls to a diesel-like 206 g/kWh. At 2500 rev/min the T-SGDI
engine even beats the BSFC levels of a benchmark EU5 fourcylinder 1.6 litre diesel engine.

CAE-led development process

In order to provide a simulation tool-chain capable of
engineering production implementations of the new T-SGDI
combustion system, it was necessary to develop and validate
a process capable of reliably simulating the firing engine
under normal operation. The first stage of the process is to
characterize the spray structure from the chosen injector and
injection strategy. Ricardo has worked in partnership with both
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A standardised laser
diagnostics rig is used to
understand fuel injection
characteristics and to validate
initial VECTIS models (right).
Given the fundamentally
new nature of the Ricardo
T-SGDI combustion system,
an advanced optically
accessed engine was used
as a further means
of experimental
validation of
CAE models
(opposite page),
prior to CAE-led
optimization of the design

Spray
imaging

Cardiff and Brighton Universities over many years to develop a
standardized laser diagnostics rig that is used as the basis for
this work. The rig consists of an optically accessed chamber
into which the injector fires. Measurements are typically
carried out at both ambient conditions as well as at elevated
pressures and temperatures more typical of those found in
an operating engine. For most experimental processes an
injector firing frequency of around 10 Hz is used in order to
enable averaging between a large number of injections as
well as processing of coefficient of variation data for critical
readings.
“Validating a detailed VECTIS spray model of the selected
injector is the first step in being able to simulate the operation
of a new form of combustion system,” said Ricardo CAE
manager James Mullineux. “We are not in the business of
developing new gasoline injectors but we need to have a
robust means of simulating the very latest technologies
available for engine design. As such, direct validation of our
spray models for each new injector type is an essential first
step. In this case the rig enabled us to tune our VECTIS models
to match the actual fuel spay structure – including droplet
formation, coalescence, and break-up, evaporation and
penetration – from the selected injectors under a range of
conditions.”

Optical engine

Spray
PDA testing

As the T-SGDI combustion system concept was itself a fresh
innovation, an additional step was taken in the research
programme to validate the CAE simulation process. A
single-cylinder optical research engine was built at the
University of Brighton for the research project. Possibly
the most advanced of its type in the world, this provides
a much greater optical access than previous designs,
with superior vision into the cylinder, particularly around
the spark plug. It has crystal clear optics thanks to a quartz
optical cylinder liner which, uniquely for an engine of this type,
protrudes into the combustion chamber thanks to a specially
developed cylinder head gasket system. The lower part of the
engine has a conventional style connecting rod and piston
with oil scraper rings running in a conventional cast iron bore

Injection strategy – crucial for performance
The success of the Ricardo T-SGDI combustion system is reliant upon its injection strategy, which varies according to load:
Lower loads and up to around 7 bar BMEP: the engine runs effectively naturally aspirated with stratified charge. Multiple injections are
closely grouped together and timed late in the compression stroke to enable phasing of the combustion to the thermodynamic optimum
in order to improve fuel efficiency and to significantly reduce engine-out NOx levels. This addresses one of the previous issues of stratified
charge engines which tended towards over-advanced combustion at almost all stratified points. As high NOx levels are typically found during
the combustion phase before top dead centre, retarding combustion is important to meet NOx legislations at minimum system cost. By this
strategy alone NOx emissions are almost halved in the T-SGDI engine.
Mid-load from around 1250 to 4500 rev/min and typically 8 to 15 bar BMEP: here the T-SGDI engine is run in boosted stratified mode. The
individual shots are separated from each other and stretched out over a longer time-span to improve thermal efficiency when combined
with the lower heat losses achieved by leaner operation thanks to boosting. This mode is called Multiple Injection Variable Injection
Separation (MIVIS). In both fully stratified and MIVIS modes the injection strategies enable optimum mixing but also control charge
turbulent kinetic energy to ensure good ignitability and optimum heat release after spark.
From mid to full load: here the combustion chamber is charged with either a lean or homogenous λ1 mixture depending upon fuel economy
or emissions control priorities. Fuel is injected during both the intake and compression stroke to mitigate knock.
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“Validating a detailed VECTIS spray model of
the selected injector is the first step in being
able to simulate the operation of a new form of
combustion system”
James Mullineux, Ricardo CAE manager

to keep the lubricating oil in the crankcase.
The optical ‘half’ of the engine sits on top of this assembly,
a hollow titanium connecting rod attaching the lower piston
to the upper piston, which itself has a unique upper design
incorporating a quartz crown with bowl and valve cut outs.
Also incorporated in the piston’s quartz crown is a fish-eye
lens giving a very clear view of the combustion process. The
piston itself is a composite, with the quartz crown bonded to
a ceramic base using an epoxy glue. A mirror gives a clear view
vertically upwards into the combustion chamber by looking in

from the side of the engine, the optical piston running ‘dry’ in
the quartz bore. The cylinder head is black anodised to prevent
reflection of the lasers and the engine can operate to a peak
cylinder pressure of 70 bar.
“The optical engine provided a further extremely important
step in the CAE simulation process,” continues Mullineux,
“allowing us visual access to the combustion chamber during
fuel injection and mixing, enabling us to further validate our
VECTIS and WAVE models. Clearly the combustion chamber
geometry was not the same as that in the metal engine – as
the piston crown has a bowl shape forming the upper surface
of the fish-eye lens – but this provided an extremely useful
further step in the validation process, allowing the VECTIS and
WAVE simulation to help drive forward the development of the
research engine.”
One of the key aspects of the T-SGDI combustion system is
the use of a multiple injection strategy. Whereas this approach
is used effectively in modern diesels to control combustion
rate, the T-SGDI combustion system uses multiple injections
to limit spray penetration and hence avoid wall wetting. If
optimized appropriately across a wide range of operating
conditions, as in the T-SGDI system, the approach allows a
stoichiometric mix to be focused in the region of the spark
plug immediately prior to ignition. In addition to enabling
fuel economy benefits to approach the theoretical optimum
through unthrottled operation, the concept also offers
enhanced EGR tolerance and is inherently low NOx.
With VECTIS simulation used to refine key aspects of the
combustion system, further work was carried out in parallel
using a thermodynamic single-cylinder engine to investigate
the effects of multiple injection strategies and boosting upon
fuel consumption, emissions and combustion stability. Finally,
a fully functional four-cylinder Ricardo Volcano gasoline engine
was tested to validate the single-cylinder engine and CAE
results, and to undertake further emissions development.
As the number of combustion parameters is exceptionally
high at over 40 variables, an in-house developed Design of
Experiments (DoE) and objective optimization suite was used
during T-SGDI engine development.
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Fuel Efficiency

Ricardo T-SGDI ‘Volcano’ engine fuel consumption map and operating strategy
Red region:
• WOT boosted region
• Combination of
closed space late
injections and MIVIS
strategy
• EGR 0-10%

Grey region:
• Lambda 1 operating
region with multiple
injection strategies
for knock mitigation
• Low pressure cooled
WOT EGR (5-15%)
can be used when
combined with
advanced boosting
and increased CR for
further efficiency
improvements

Remaining region:
• Lambda 1.4-1
operating region, no
EGR required

Best BSFC achieved
at mid load under
boosted conditions.
With this concept
it could be possible
to over downsize
or downspeed the
engine dependant on
vehicle application

Green region:
• WOT Boosted region
• MIVIS strategy for
best BSFC
• EGR 0% as "off cycle"

Blue region:
• WOT (effectively) NA stratified region
• All late, close spaced multiple injections
• EGR 10-30% dependant on engine out NOx target

Lower speed best BSFC island limited by
achievable boost pressure – rematching of the
T/C should improve this

Operation of the Volcano engine

The four-cylinder 2.0 litre Volcano engine has a bore and
stroke of 86 mm, with a nominal compression ratio of 10.7:1.
It has twin cam phasers for variable valve timing (VVT) and
a Garrett Fixed Geometry Turbocharger to provide high
specific performance. For the T-SGDI combustion system
development, four different types of injector technology were
investigated, including piezoelectric and solenoid types.
At 197 kW and 391 Nm of torque, the engine is strong
enough to offer the generous level of power for a D-segment
car typically found in Europe or North America. However, the
T-SGDI technology has been developed to be scalable down to
a 72 mm bore. The standard fuel is 95 RON unleaded gasoline,
but the injection process also works stably with alternative
fuels up to E85 and M40 blends.
Much like a diesel engine, the T-SGDI engine runs almost
completely unthrottled, with excess air (up to 4500 rev/
min) and with the driver’s load request translated into the
injected fuel quantity. Depending on the load request, the
size of the λ1 air-fuel mix zone is varied from stratified to a
fully stoichiometric mix throughout the combustion chamber.
From stable idling at an air-fuel ratio of 160:1 (λ>10) to a
boosted mid load at up to 15 bar BMEP, the stratified charge is
surrounded by excess air and/or residual gas.
By expanding boosted and stratified operation, the
T-SGDI engine offers the combined benefits of downsizing
and minimum fuel injection. The multi-cylinder engine
demonstrated that fuel consumption benefits were
significantly enhanced through boosting, with a best BSFC
of 203 g/kWh being achieved at 2250 rev/min and 13 bar
BMEP. The higher mass flow during part load resulting
from unthrottled operation also improves turbocharger
response. In addition, the best BSFC engine map areas are
much closer to real-world requirements than is the case
with previous stratified charge solutions. Unlike a diesel
engine, there is no practical smoke-limited AFR, so lambda
can be instantaneously switched from lean to λ1 or richer
to maximize the air utilization for maximum torque and
increased enthalpy release to the turbine for enhanced
run-up.
As the fuel efficiency and engine-out emission levels depend

on the initial fuel spray, evaporation, and mixture preparation,
the injection strategy plays a central role in the T-SGDI engine.
The injectors tested on the project have been capable of a
minimum of four completely independent injections, and in
theory one injector type is able to perform up to 15 shots per
cycle. In the cold engine up to 8 shots are used during catalyst
light-off to minimize both particulate mass and number. When
warm, the T-SGDI engine typically utilizes up to 5 injections
per working cycle which are timed depending on the precise
requirement of the prevailing operating condition (see box-out
on ‘Injection strategy’ on p20).

NOx emissions

The most challenging aspect of the project was to reduce
part load engine out NOx levels to those suitable for a lowest
cost aftertreatment solution for Euro 6 and beyond, including
proposed stringent LEV 3 US legislation. This was achieved
through the optimized combustion phasing enabled by multiple
injections, and external EGR. In the boosted mode the T-SGDI
engine uses up to 30 percent of low pressure EGR. In the nonboosted mode both low and high pressure EGR are feasible.
External EGR can also be used under high load conditions,
but here it is for knock mitigation rather than NOx reduction.
NOx levels in the region of 0.5 to 2 g/kWh achieved are with
the T-SGDI engine when fully stratified. By combining MIVIS
and EGR the engine-out NOx is between a fifth and a tenth
of a conventional homogenous gasoline engine. The figures
suggest that a small NOx trap would suffice for the T-SGDI
engine to meet future NOx legislation.

Further potential

The Ricardo T-SGDI engine shows the promise of further
progress by improving its robustness to even higher diluents.
Recent work with a re-optimized single-cylinder research
engine with revised ignition system has shown brake specific
fuel consumption of less than 200 g/kWhr. The challenge,
however, will be to maintain this high level of efficiency
whilst meeting future US LEV 3 emissions requirements. By
applying a Miller cycle to reduce compression temperatures
and increase expansion ratio, there may also be additional
potential to further increase the tolerance to knocking.
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Latest developments from around the global Ricardo organization

Commercial Vehicle: ITS technology

Sustainable logistics
A two-year research collaboration
between Ricardo and a number of partner
organizations – the Efficient and Reliable
Transportation of Consignments (ERTOC)
project – has delivered a successful
prototype for a system that will enable
logistics companies to plan their loads
and routes in order to minimize the
cost and environmental impact of their
operations.
The ERTOC system, which reports on
the carbon (CO2e) or cost contribution
attributable to each and every
consignment, will enable fleet managers,
drivers and logistics customers to
optimize operations through the use
of intelligent route planning and load
sharing for maximum financial return and
environmental benefit. Data is recorded
for each leg of the journey for each and
every consignment shipped, allowing
analysis to be carried out at all levels –
from hubs and depots down to individual
vehicles, drivers and cargo types.

A driver for business
improvement

The system has been demonstrated in
a 7.5 tonne truck application typical of
the operations of project partner Unipart
Logistics, but the open data architecture
of the ERTOC system is extremely flexible
and capable of application across many
modes of transport, including road,
rail, air and sea and without regard to
international borders. The other project
partners were GS1 UK, IRIS Technology
and Coventry University. Part funded
by the UK’s innovation agency, the
Technology Strategy Board, the aim
of ERTOC has been to demonstrate
technology capable of driving business
improvement and sustainability
throughout the supply chain from factory
to point of sale.
Existing logistics tracking systems
are generally not integrated with other
utilities and provide limited vehicle level
information such as, for example, the
fuel consumption attributable to any
given journey or load. By creating an
open architecture through which such
route planning and consignment tracking
systems can be integrated with vehicle
level information – including real-time
fuel consumption, location and loading
– the ERTOC project partners have been
able to develop a prototype system with
the potential to optimize the cost and

carbon dioxide emissions of shipments
down to an individual consignment level.

Data integration

ERTOC was demonstrated using a
typical 7.5 tonne truck
(above); the driver
information system
runs on an ordinary
Android tablet in the
cab (left)

Ricardo’s role in the project has been to
develop an on-board system consisting
of an electronics module capable of
interfacing with the fleet management
system, or on-board diagnostics in
smaller vehicles. This is integrated with
a driver information system that runs on
an Android tablet device located in the
vehicle’s cab. In addition to this on-board
configuration, Ricardo also developed a
web-based utility for use at a fleet level by
a transport and logistics manager. These
vehicle and office based utilities are linked
via a central communications and data
hub developed by project partner IRIS.
“By leveraging available data from
existing telematics systems and
telecommunications infrastructure
in an open architecture system, it has
been demonstrated that significant
commercial and environmental benefits
are possible,” said Rishi Odhavji, Ricardo’s
ERTROC project manager. “This is just
one possible implementation solution
however, and we hope and expect that the
work carried out under the ERTOC project
will lead to numerous future applications
aimed at improving the efficiency and
environmental impact of transportation
and logistics operations.”
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Ricardo Asia

New contracts in China
Ricardo has been awarded new contracts
by two major companies in China, with
which it has long and successful track
record of partnership working.
The contract with CNR (Dalian
Locomotive and Rolling Stock Company
Ltd) will see Ricardo engineers exploring
the development of the Chinese
company’s future large engine products.
In particular, the work will focus on
identifying potential markets both
within the rail industry and in other
sectors, and will include consideration of
the technical features required in order
to deliver a competitive future product.
The announcement underscores
Ricardo’s wide-ranging experience in
large engines: to date the company has
carried out in the region of 200 large
engine projects ranging from architecture
definition to full, turnkey design and
development programmes. “We are
proud to be able to renew our longstanding
and extremely successful working
relationship with CNR,” commented Gary
Tan, president of Ricardo Asia. “Our two
companies share an ethos of excellence in
engineering and a passion for developing
large engines. This project is a further
demonstration of Ricardo’s commitment
to serving China’s most successful
companies in all of the industrial market
sectors that we operate.”
The highly successful business
relationship between Ricardo and

CNR dates back to 1982 when the
two companies first worked together
on increasing the performance, fuel
efficiency and reliability of CNR’s sixteen
cylinder 240 railway locomotive engine.
Over a period of twenty years, this
collaboration has included technology
and knowledge transfer on further
product upgrades through on-site
working by CNR’s engineers at Ricardo
facilities in the UK, as well as many visits
by Ricardo engineers to CNR’s premises
at Dalian in North Eastern China. The
many joint technical publications
include a 2007 CIMAC paper on meeting
international UIC exhaust emissions
reduction requirements.
“We are pleased to be able to renew
our working relationship with Ricardo,”
said Mr. Liang Shengtong, executive
director and general manager, CNR
(Dalian) Diesel Engine Co. Ltd. “We
constantly strive to improve the
design and technical innovation of
our products, and to develop our own
in-house capacity and capabilities
for product development. For this
reason we are keen to co-operate on
engineering and technology matters
with world-leading companies such as
Ricardo.”

Fuel-efficient automotive
engines for Lifan

In a separate development, a further

Contracts are
signed with Lifan

extension has been announced
of Ricardo’s highly successful
collaboration with the Lifan Automobile
Group based in Chongqing, China.
Ricardo will assist in the development
of a new turbocharged gasoline direct
injection engine that will achieve both
China stage 3 fuel consumption and
Euro 6 emissions regulations, thereby
offering the potential of application
in both the Chinese and international
markets.
The project is the latest in a six-year
collaboration between Ricardo and
Lifan, and builds upon earlier work
on between the companies on highly
downsized gasoline engines. Work on
the project will start in July, and the first
engines are due for production in late
2014. The new engine will fulfil a range
of product applications for Lifan, one
of China’s fastest growing and most
respected indigenous automakers, and
will offer internationally competitive
standards of refinement, fuel economy
and low emissions.

Government

Deputy Prime
Minister visits
Ricardo
UK Deputy Prime Minister, the Rt Hon Nick
Clegg MP, visited the Ricardo Shoreham
Technical Centre together with and Secretary
of State for Business, Innovation and Skills,
the Rt Hon Dr Vince Cable MP, in order to see
for themselves some of the latest low carbon
vehicle technology work being carried out
by the company. The visit was arranged to
coincide with the autumn party conference of
the Liberal Democrats which was taking place
nearby in Brighton.
During the visit, the ministers were shown
some of the latest Ricardo electric, hybrid and
advanced automotive powertrain concepts
under development, as well as examples of
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Company News

Ricardo acquires AEA Europe
Ricardo has acquired the business,
operating assets and employees
engaged in the business of AEA Europe,
a leading environmental consultancy
providing technical consultancy services
to the UK public sector, the European
Commission, international agencies and
private sector organizations.
The company is a major supplier of
services to the UK government, and has
a reputation for providing authoritative
and independent technical expertise
to underpin policy development,
implementation and evaluation, in areas
including energy and climate change,
air quality, sustainable transport, waste
management, resource efficiency and
chemical risk.
As a result of the acquisition
the company’s operational staff of
approximately 400, located at five UK
sites, has transferred to Ricardo and now
forms part of a new division, RicardoAEA. Based on its most recent reported
results, the assets acquired generated
annual revenues of £39 million and
delivered operating profit margins similar
to those of the rest of the Ricardo group.
Its acquisition represents an increase in
the size of the business of approximately
20 percent.
“I am extremely pleased that AEA
Europe has become part of Ricardo,”
commented Robert Bell, managing
director of Ricardo-AEA, who is

transferring to Ricardo following the
acquisition. “The transaction both
secures the future for AEA Europe and
provides a platform for its continued
success and growth as a part of the
global Ricardo organization.”
The acquisition marks a significant
and extremely positive step in the
development of both Ricardo-AEA and
the Ricardo group as a whole, offering
potential long-term and enduring
benefits for customers, employees and
investors alike. Both the Ricardo and AEA
brands are strong and highly respected
in their respective core markets,
providing a wide range of high quality,
expert technical, scientific and strategic
consulting services including the delivery
of major national and international
programmes. The businesses are also
highly complementary. It is anticipated
that Ricardo’s international network will
allow AEA Europe to develop as a more
global business, leveraging Ricardo’s
industrial client base. In addition, AEA
Europe’s strong links with government
organizations are expected to enhance
Ricardo’s relationships in this customer
area.
“I’m delighted to be able to welcome
AEA Europe and its employees to
Ricardo,” added Ricardo CEO Dave
Shemmans. “AEA Europe has a strong
reputation for its technical capabilities
and has a pre-eminent position in

the work of the company in sectors ranging
from renewable energy and power generation
to defence vehicles – including the British
army’s new Foxhound fleet currently being
built by Ricardo at Shoreham.
The visitors also toured the new high
performance assembly facility where the
engine of the McLaren MP4-12C sports car
is produced – the world’s greenest supercar
power unit, the design of which was the result
of a highly successful collaboration with
Ricardo. Throughout the visit, the ministers
were able to meet a number of the most
recently recruited engineering graduates
and newly qualified apprentices employed
by Ricardo, underscoring the company’s
commitment to on-going engineering skills
development.
“It was fantastic to visit Ricardo”,
commented Deputy Prime Minister, the Rt
Hon Nick Clegg MP. “I was blown away by
the enthusiasm and dedication of everyone
there. The people I met are a real credit to

Robert Bell,
managing
director of
Ricardo-AEA

advising on and developing major
environmental policies. This acquisition
supports our on-going strategy and
marks the continued development of
Ricardo as the global multi-industry
supplier for high quality strategic,
technical and engineering services.
“The two businesses share a similar
technology-focused professional culture,
based on the delivery of innovative world
class services to our customer base,
utilizing highly skilled employees. Our
common long term strategic drivers of
reducing carbon emissions, maintaining
air quality and the management of
scarce resources provide an excellent
opportunity to further develop Ricardo’s
expertise in delivering high value-added
services to our global customer base.”
Ricardo-AEA is based around
consulting practices focused upon
air & environmental quality, energy &
climate change, chemical emergency &
risk management, resource efficiency
& waste management, sustainable
transport, and knowledge management.
An in-depth feature on this new Ricardo
division will be included in the Q1 2013
issue of RQ magazine.

not only the company but also to British
manufacturing. Ricardo is a great example
of British innovation, combining some of the
world’s best expertise with a century of strong
British history. Both Vince and I were incredibly
impressed with the quality of what Ricardo
is producing, but also with everyone working
with such dedication and enthusiasm. It really
is an inspiration for business.”

Launch of ‘Export Week’

Following the visit by Nick Clegg and Vince
Cable, Trade Minister Lord Green also visited
Ricardo and fellow local company Epic,
to mark the start of the UK Government’s
‘Export Week’ initiative. “I was extremely
pleased to be able to welcome Lord Green
to Ricardo as part of the launch of Export
Week,” said Ricardo plc chief operating
officer Mark Garrett. “Ricardo operates on an
international stage, developing and applying
clean, energy-efficient technologies for the
benefit of our clients in all parts of the world.

Exports are thus crucial to our success,
with over half of our business derived from
overseas customers.”
Commenting on his visit, Lord Green said:
“Firms are seizing upon the challenge to
export – with a 10.5 per cent export growth
from 2010 to 2011 and more success stories,
like Epic and Ricardo’s, where companies
are exporting and creating sustainable jobs
locally.”
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Clean Energy & Power Generation

Optimizing
battery pack
technology for small
electric vehicles
The development of cost-effective, lightweight, high energy
solution capable of vehicle
density and safe battery technologies is widely considered to
integration in a crash-safe manner.
be a crucial enabler for the successful and widespread take-up
The electrical architecture was based on
of pure battery-electric vehicles.
the Ricardo universal battery management
In order to address this challenge the SmartBatt project
system, providing integrated fault detection and
– a collaboration between nine research partners from five
charge optimization functionality.
European countries, including Ricardo – has sought to develop
“We were pleased to have been able to participate in the
battery pack design and optimization processes capable of
SmartBatt project and to have thoroughly explored many new
delivering a 20 kWh, 200-400 volt pack with a 15 percent
and innovative approaches to the design and optimization of
reduction in weight compared with current state-of-the-art
electric vehicle battery pack systems,” said Dave Greenwood,
systems, while delivering a continuous power rating of 36
head of the Ricardo hybrid and electric systems product group.
kW, and a peak performance of 70 kW for up to 30 seconds.
“Through this work we have been able to demonstrate that
Remarkably, the battery pack delivered by the project exceeds
a highly optimized pack design, fully integrated with vehicle
the capacity target by in excess of 10 percent, providing a
requirements, is possible using a rigorous flow-down technique
total of 22.92 kWh of energy storage.
based on the application of advanced design software. This
At the European Electric Vehicle Congress held in November
work has provided crucial enabling lightweight technology
Course
in Brussels the prototype battery pack was on display, and a
for the next-generation of more efficient and functionally
Combustion
Engines attractive
- Basic electric vehicles.”
presentation – provided as a part ofInternal
the European
project day
12 Feb,out
14by
May,
16 Jul,
19 Nov The SmartBatt project was part funded by the European
programme – described the work carried
Ricardo
within
SmartBatt to develop the design and
optimization
Commission
the Seventh
Framework
programme.
A one
day courseprocesses
designed for anyone
looking tounder
familiarise
themselves
hands-on
with enginesInfound in everyday cars
that had enabled it to meet (and exceed) the project’s exacting
addition to Ricardo, the project participants were AIT Austrian
Internal Combustion Engines - Advanced
specification.
Institute of Technology GmbH, Axeon Technologies Ltd,
13-14 Feb, 15-16 May, 17-18 Jul, 20-21 Nov
In addition to the functional requirements and weight
Fraunhofer-Institut für Fertigungstechnik und Angewandte
An intensive two day course ideal for anyone who wants a crash course in understanding diesel and gasoline engine technology
reduction targets outlined above, the
battery pack needed to
Materialforschung, Fraunhofer-Institut für Betriebsfestigkeit
offer a range of 120 km based on NEDC
operation.
The
Hybrid
Vehicles
& design
Batteries und Systemzuverlässigkeit LBF, Impact Design Europe, SP
and assessment process considered
cell Mar,
selection
based
Technical Research Institute of Sweden, the Vehicle Safety
13-14
16-17
Oct on
the particular attributes of the target
vehicle
–
assumed
to befor anyone
Institute
of Graza University
of Technology,of
and
Volkswagen
This two day course is ideal
who wants
thorough understanding
hybrids
and batteries.
the size of a Volkswagen Golf – and was intended to deliver a
Aktiengesellschaft.
Life Cycle Analysis
19 Mar, 9 Oct
This one day course is ideal for anyone who wants to understand what Life‘Movember’,
Cycle Assessment
(LCA)
is and learn the
process
growing
a moustache
during
the for
conducting a LCA study.
month of November to raise awareness and

A great reception for Movember!

sponsorship funds for charities focusing on
testicular and prostate cancer. Not to be left
out, Lisa and Shirley decided to join them.
This one day course is ideal for anyone who wants to adapt a structured approach to solving problems.
“The idea came from Lisa’s husband
Introduction to ISO 26262
Dan,” explains Shirley, “who found a supplier
17 Apr, 26 Sept
of false moustaches on the internet and
The purpose of this one day course is to provide attendees with an understanding
of how
their day-to-day
work fitsitin with the ISO
challenged
us participate.
We thought
26262 process.
would amuse visitors while also raising
money for a very good cause, so we jumped
Hazard Identification & Risk Assessment in the context of ISO 26262
at the chance. It was horribly itchy wearing
18 Apr, 27 Sep
a false
moustache
a whole
but
This one day course allow attendees to gain an understanding of techniques
for hazard
identififor
cation
and month,
an understanding
of how to
at
least
we
got
to
take
ours
off
at
lunch
and
apply the ISO 26262 risk-graph.
overnight, unlike the guys here who were
Automotive Transmissions - Overview
doing Movember.”
24-25 Apr, 13-14 Nov
Through their efforts, they not only raised
This two
day course is
ideal for
anyone who wants to understand why we have
transmissions,
what they
do,
how
they are constructed
Visitors to the Shoreham Technical
Centre
Howes
(right).
a smile
with many visitors
but
also
generated
and what are the challenges faced in engineering.
in November could have been forgiven for
In common with many workplaces in
an impressive £481 for charity, contributing
doing a double-take as they were welcomed
the UK and around the world, many of
to a total of £9,446 raised across the three
by receptionists Lisa Folwell (left) and Shirley
Ricardo’s male staff members participated in
UK sites.
Problem Solving
20 Mar, 10 Oct
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Ricardo Training and Seminars
Technical training by engineering experts

Gain a thorough
understanding of
the subject from the
experts

Seminar programme:
Internal Combustion Engines Basic
12 February, 14 May, 16 July,
19 November

Ricardo is a leading global multiindustry engineering provider of
technology, product innovation
and strategic consulting.

A one day course designed for
anyone looking to familiarise
themselves hands-on with engines
found in everyday cars.

With almost a century of innovation
and automotive heritage to
its name, Ricardo has been
responsible for many breakthrough
technologies and products that
have transformed the way we live
today.

Internal Combustion Engines Advanced
13-14 February, 15-16 May, 17-18
July, 20-21 November

Our courses are developed by
our experts for anyone looking to
enhance their own understanding.
They are designed to transfer
professional and detailed
knowledge gained from years of
experience. Past attendees range
from entry-level to director level,
who are from OEMs, fuels and
lubricants companies or suppliers to
the automotive or related industries.

For more information about our
current seminar programme or to
discuss individual company-specific
training requirement, please contact:
seminarinfo@ricardo.com

An intensive two day course ideal for
anyone who wants a crash course in
understanding diesel and gasoline
engine technology.

Hybrid Vehicles & Batteries
13-14 March, 16-17 October
This two day course is ideal for
anyone who wants a thorough
understanding of hybrids and
batteries.

Life Cycle Analysis
19 March, 9 October
This one day course is ideal for
anyone who wants to understand
what Life Cycle Assessment (LCA) is
and learn the process for conducting
an LCA study.

Problem Solving
20 March, 10 October
This one day course is ideal for
anyone who wants to adapt a
structured approach to solving
problems.

A.B., Oil company

Introduction to ISO 26262
17 April, 26 September
The purpose of this one day course
is to provide attendees with an
understanding of how their day-today work fits in with the ISO 26262
process.

Hazard Identification & Risk
Assessment in the context of
ISO 26262
18 April, 27 September
This one day course allow attendees
to gain an understanding of
techniques for hazard identification
and an understanding of how to
apply the ISO 26262 risk-graph.

Automotive Transmissions Overview
24-25 April, 13-14 November
This two day course is ideal for
anyone who wants to understand
why we have transmissions, what
they do, how they are constructed
and what are the challenges faced in
engineering.
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DELIVERING
VALUE THROUGH
INTELLIGENT
TRANSPORTATION
SYSTEMS
We provide innovations that improve fuel economy and lower
emissions while increasing convenience and safety. Our indepth expertise in driver advisory systems, telematics, and
autonomous cooperative vehicles and machines delivers game
changing benefits to your customers
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