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The task of RQ is to highlight 
the latest thinking in global 
engineering and technology in the 
transportation and clean energy 
sectors and related industries. 

We aim to achieve this by presenting an up-to-
date mix of news, profiles and interviews with top 
business leaders, as well as in-depth features on 
programmes – both from within Ricardo and other 
leading companies. 

Client confidentiality is of the utmost importance 
to Ricardo, which means that we can only report 
on a small fraction of the work carried out by the 
company. so we are especially grateful to those 
Ricardo customers who have kindly agreed to 
co-operate with RQ and allow their programmes 
to be highlighted in print: without such help from 
customers it would not be possible to present such 
a fascinating insight into the development of new 
products, technologies and innovations.

RQ magazine is printed on paper 
certified as being in compliance 
with the environmental and 
social standards of the Forest 
Stewardship Council.
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BMW brings carbon 
into volume build
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Sixth-generation 
BMW 7 Series 
incorporates 
structural carbon 
elements in its centre 
section

The latest in technology, innovation and sustainability across world industries
INDuSTRy news

The sixth-generation BMW 7 series will be 
the first volume-manufactured passenger 
car to incorporate carbon-reinforced 
composites as core structural elements. 
The company’s so-called Carbon Core 
construction, developed using experience 
from the innovative i-series electric 

models, uses carbon fibre reinforced 
plastics to enhance the stiffness of the 
passenger compartment, to reduce 
structural weight and to improve handling 
by lowering the vehicle’s centre of gravity.

Carbon elements are used on the 
transmission tunnel and the rear parcel 

shelf, in the B-pillars and, in one long arc 
almost 3 metres long, to transmit impact 
loads from the A-pillar along the roof rails 
and down into the rear suspension area. 
Core-free carbon crossmembers are the 
only elements linking the right and left 
sides of the roof frame.

BMW claims the use of carbon fibre 
components, along with aluminium, high-
strength steels and hot-stamped steels, 
results in a body in white mass saving 
of some 130 kg, though no absolute 
BiW figure has been quoted to enable 
comparison with aluminium-intensive 
competitor vehicles such as the Audi A8 
and Jaguar XJ.

BMW uses a mixture of bonding 
and mechanical fastenings to link the 
carbon to the metallic elements, and all 
the carbon components are produced 
using renewable power at the company’s 
Moses Lake facility in Washington state. 
Assembly of the 7-series at Dingolfing in 
Germany takes place on a conventional 
framing line.

Audi’s new A4, also announced this 
summer, claims weight reductions of 
up to 120 kg, depending on the engine 
choice, thanks to a steel-based intelligent 
materials mix. The newly-revealed Alfa 
Romeo Giulia, a competitor to the A4, 
boasts ‘the extensive use of ultralight 
materials’ and employs carbon fibre for 
the prop shaft, bonnet, roof and seat 
frames to give an ‘extraordinary’ power to 
weight ratio.

Honda’s racer for the road
The Honda RCV213V-S could be the 
closest thing yet to a road-legal MotoGP 
championship winner. Launched in a 
limited edition of 213 units this summer, 
the road bike is closely based on the 
racing model which took the MotoGP 
championships in 2013 and 2014, 
replicating its philosophy of light weight, 
mass centralization and ease of handling 
but dialling back on peak power.

The 999 cc liquid-cooled V4 engine 

swaps the pneumatic 
valves of the racer for 
conventional coil springs, 
and output falls from 175 
kW (238 hp) to 117 kW (160 hp) 
at 11,000 rev/min; a sports kit, for track 
use only, brings this back up to 158 kW 
at 13,000 rev/min. Along with changes 
to the seamless transmission and frame 
geometry, the road bike adds lights, turn 
signals, starter, stand and a catalyst-

equipped exhaust. yet even with these 
extras it weighs just 170 kg, promising 
outstanding performance for those able to 
afford its asking price – which is an instant 
sell-out €188,000.

The latest in technology, innovation and sustainability across world industries

industry newsindustry news
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

news IN BRIeF

in the year that the Renault nissan 
alliance celebrates the production of its 
quarter-millionth electric vehicle, evidence 
is growing that market experience is 
leading to further improvement in EV 
performance.

nowhere is this more important in 
the highly customer-sensitive area of 
driving range. in a move that may prove 
significant for the industry, Renault has 
taken the design and manufacture of 
its electric motors in house and has 
announced a new motor for the class-
leading ZoE hatchback (above). The new 
R240 improves the ZoE’s performance 
and boosts its range by 30 km to 240 km, 
and by giving a name to the new motor 
Renault is making it just as much a feature 
of the ZoE’s appeal as a DCi diesel or TCi 

gasoline unit would be in a Clio.
The big news in EV circles in the coming 

year is likely to be the Chevrolet Bolt, 
priced at $30,000 and promising a Tesla-
challenging 200-mile (320 km) range; also 
expected – perhaps for the 2017 model 
year – is a substantially revised nissan 
Leaf.

A shake-up of the production 
arrangements for the Pininfarina-
designed Bolloré Bluecar urban EV 
– which is a feature of many rental 
schemes in French cities, including 
Paris –  sees Renault assume the build 
of the hatchback version and Peugeot-
Citroën’s Rennes plant in northern France 
manufacturing the Bluesummer, a new 
open-topped four-seater derivative with a 
claimed urban range of 200 km.

New thinking 
for new 
engines
Engineering developments presented 
in the run-up to the Frankfurt iAA 
in september continue to boost the 
efficiency of combustion engines 
and strengthen the case for further 
downsizing.

Toyota claims a class-leading 36 
percent efficiency for its 1.2 litre three-
cylinder gasoline turbo for the Auris and 
other models, aided by an Atkinson-type 
combustion cycle and reduced pumping 
losses. Fourteen models will be equipped 
with new high-efficiency engines by the 
end of 2015, says Toyota, one of them the 
Land Cruiser with a new 2.8 litre diesel 
claiming 44 percent thermal efficiency.

Audi, too, is revising the combustion 
process in search of greater power and 
reduced emissions. its new 2.0 TFsi adopts 
a Miller-type cycle, with much-shortened 

inlet valve openings of 140 degrees and 
additional fuel injection upstream from 
the inlet valve under part load. The result 
is 190 hp and a strong flat torque curve 
from 140 to 4400 rev/min. Audi is also 
working with electrically powered bi-turbo 
arrangements, as demonstrated on a 2.5 
litre TT concept giving 600 hp.

sister organization Volkswagen is 
looking at a new generation of high-
revving diesels as well as a high-
performance three-cylinder Tsi gasoline 
giving up to 150 kW with a complex multi-
turbo boosting arrangement. BMW, too, 
is boosting three-cylinder performance: 
adding water injection at high loads 
reduces fuel consumption and thermal 
stresses, enabling the use of higher 
compression ratios and a 10 percent gain 
in power and torque. The water for the 
injection is collected from condensation 
from the air conditioning system.

Meanwhile, a Ford development 
programme has found that strategic use 
of cylinder deactivation on its tiny one-litre 
Ecoboost gasoline three-cylinder can cut 
consumption by 6 percent.
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engineering and technology worldwide 
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Audi over the moon
Forty-six years after American astronauts first walked on 
the moon, the ambitions of premium car maker Audi are 
extending just as high. Audi engineers are investing their 
know-how into the only German team entering the Google 
Lunar XPRIZE to develop a lunar explorer vehicle. Audi says its 
expertise in light weight, all-wheel drive and piloted driving will 
be important contributions.

Pothole alert
Jaguar Land Rover is developing a road surface sensing 
technology that is able to scan for bumps, potholes and loose 
manhole covers in the road ahead, sharing this information 
with other vehicles via the cloud and allowing them to adjust 
their suspension settings in real time.

Keep your smartphone cool
A little-publicized problem of the connectivity generation 
is that smartphones can overheat while being wirelessly 
recharged in a car. Now Chevrolet has the solution: the 2016 
Impala and Malibu incorporate Active Phone Cooling, where 
an air vent from the air conditioning system is aimed at the 
charging point to keep the phone’s temperature down.

Safety technology benefits proven
Real-life insurance data from Sweden demonstrates that 
features such as collision avoidance systems and automatic 
braking have helped reduce claims in rear-end collisions 
by 28 percent. The study covered all accidents, regardless 
whether people were injured. Volvo, which pioneered these 
technologies and which has a 20 percent market share in 
Sweden, says the main benefit of City Safety is its ability to 
reduce the incidence of whiplash and other neck-related 
injuries caused by low-speed traffic accidents. The secondary 
benefit to Volvo car drivers is a reduction in accident damage 
to their cars and the costs that this incurs.

Climate goals mean new Co2 standards
If Europe is to meet the climate goals set by the G7 world 
leaders in June, new vehicle fuel efficiency standards will 
have to be set for new cars, vans and trucks before 2025. In 
a middle-of-the-road scenario where transport would cut 
CO2 emissions by 30 percent by 2030, a study by Transport 
& Environment found that CO2 standards for all vehicles in 
2025 and 2030 would deliver a significant 42 percent of the 
emissions reduction required from transport.

Peugeot and Honda set economy records
Production-specification models from Peugeot and Honda 
have set spectacular fuel economy records, reflecting 
the efficiency of the latest generation of downsized turbo 
diesel engines. A Peugeot 208 BlueHDI averaged 2.0 litres 
per 100 km in 2152 km of driving around a closed course, 
while Honda’s latest Civic Tourer 1.6 diesel has earned 
a place in the Guinness World Records by visiting all 24 
contiguous EU countries during a 25-day, 13,527-km drive 
averaging 2.82 lit/100 km.

EVs sharpen up their act

industry newsindustry news
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Trucks take lead 
on autonomy
The long and straight interstate highways of nevada have 
become the first roads in the world to authorize the operation 
of autonomous trucks. Earlier this year Daimler was granted a 
road licence for its Freightliner inspiration truck rig equipped 
with its intelligent Highway Pilot system for autonomous 
driving, the first such licence ever issued.

Demonstrating the self-driving truck on Us Highway 
15 near Las Vegas, Dr Wolfgang Bernhard, Daimler board 
member for trucks and buses, stressed that the company 
had been given a full operational licence, not just a testing 
licence, for the inspiration. nevada is the only state so far to 
authorize autonomous truck operation, though the vehicles 
still have to revert to driver control for congested cities and for 
manoeuvring into depots and loading bays. other Us states 
are considering legislation, and it will be a long time before 
true coast-to-coast operation becomes possible.

ninety percent of truck crashes were as a result of driver 
error, said Bernhard, with the long, straight highways of the 
Us some of the worst for driver fatigue. Autonomous control 
could sharply reduce the accident rate, he noted.

Heavy-duty engine designers continue to extract 
improved performance and fewer harmful emissions 
from combustion engines, with Daimler’s latest 
oM471 (pictured) incorporating an X-Pulse injection 
system running at 2700 bar (with a pressure booster 
in the injector) to enhance power and torque at the 
same time as cutting diesel consumption by up to 3 
percent. At the same time, Daimler subsidiary Fuso 
has released early field trial results for its Canter 
e-Cell electric truck in Lisbon, indicating a possible 
cost saving of €1000 per 10,000 km compared with a 
diesel equivalent. BMW is involved in a pilot project for 
a battery-powered Terberg 40-tonne short-haul urban 
logistics tractor truck with Scherm: each loader will 
save 11.2 tonnes of Co2 a year, says the company, 
and will be able to operate 
for a full working 
day before 
recharging.

Clean trucks on 
their way

Decarbonization may 
soon begin
in the run-up to the United nations CoP21 climate talks in Paris in 
December, industries, governments and fossil fuel producers are 
beginning to publicly acknowledge the need to reduce fossil fuel use and 
cut GHG emissions.

A report from the World Bank identifies three guiding principles in the 
path towards a zero-carbon future: planning ahead with an eye on the 
end goal; going beyond carbon pricing with a policy package that triggers 
changes in investment patterns, technology, and behaviours; and 
protecting poor people and avoiding concentrated losses.

Amid hopes that the link between economic growth and rising Co2 
emissions may at last have been broken, it is expected that all countries 
at the Paris talks will sign up to binding targets for Co2 and other 
emissions.

Following the agreement between French President François Hollande 
and German Chancellor Angela Merkel to end fossil fuel use by the end of 
the century, the G7 group of world leaders took up a similar commitment 
at their June meeting in Germany. Part of the pledge is a 60 percent cut 
in GHG emissions by 2050, though green groups have criticized the target 
as too little and too late.

A presentation by oil major shell concedes the need to halve today’s 
Co2 emissions by 2050, when it expects renewables to have taken up to 
30 percent of the global energy market; new Climate Economy, a group 
of 28 leading CEos, economists and ministers, paints a more optimistic 
picture, saying that clean global growth ‘is now within reach’ if current 
climate pledges are adhered to. The highly respected international 
Energy Agency, meanwhile, forecasts that renewable energy could 
overtake coal as the world’s principal electricity source within 15 years – 
again if existing pledges are kept.

xxxxxx
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VIeWpoint

Ever since the launch of the nissan 
Leaf as the first volume-market 
electric car in 2009, the car business 
has been delivering mixed messages 
about the prospects of Electric 
Vehicles (EVs) within the overall mix 
of car sales.

Few still subscribe to the bullish 
prediction of Renault nissan CEo 
Carlos Ghosn that by 2020 one in 
ten of all passenger car sales will 
be electric; doubters point to the 
slump in Us EV sales as gasoline 
prices have fallen. Equally, however, 
those same sceptics who insist that 
EVs are an over-hyped revolution 
that will never happen have also had 
the wind taken out of their sails by 
the stellar performance of Tesla in 
the premium sector, often a solid 
predictor of future trends across the 
mass market.

so the question now is not so 
much whether or when electric cars 
will reach take-off velocity, but what 
will cause that shift to happen. And 
despite what are by any standards 
disappointing sales figures, 
especially in Europe, several recent 
developments hint at a change in 
public and business consciousness 
towards electric cars and, perhaps 
more importantly, how EVs fit into 
the bigger energy picture.

For example, Tesla’s recent spring 
launch of its Powerwall domestic 
energy storage battery was instantly 
oversubscribed: the stylish wall-
mounted device allows the capture 
of daytime solar energy (or cheap 

night-time current) for later use and 
for protection during power outages 
and brown-outs – an increasingly 
likely prospect with energy grid 
capacities becoming borderline as 
dirty coal and politically unacceptable 
nuclear generation units are taken out 
of national energy mixes.

Daimler’s subsidiary Deutsche 
Accumotive and several other 
organizations have been swift to 
follow Tesla’s well-publicized lead, 
and both nissan and GM are launching 
schemes to re-use EV batteries for 
domestic and industrial stationary 
power.

China-based EV manufacturer 
BYD has been making inroads in 
Amsterdam and London with its 
battery-electric E6 taxi: now an 
update to the taxi’s operating system 
allows for bi-directional charging. 
The significance of this development 
is that not only can the vehicle be 
charged, but conversely the vehicle 
can now power the house, the office 
or even the workshop. india’s Eicher 
Motors recently unveiled its Multix, 
a cheap diesel micro pick-up where 
the engine can operate as a current 
generator to power homes and 
machinery. Again, this promises 
independence from an often unreliable 
grid.

And in a somewhat eccentric move, 
BMW Mini has shown a concept for 
a lamp post housing an EV charging 
point, a piece of lateral thinking with 
the potential to expand the provision 
of EV recharging with minimal 
disruption to the urban environment.

While seemingly unconnected, what 
all these developments do have in 
common is that they give consumers 
and businesses a much greater say in 
their relationship with energy – how 
they acquire it, how they store it, and 
how and when they choose to use it 
or re-sell it. And if that added control 
allows consumers to save money as 
well as reducing carbon emissions and 
promoting grid security at the same 
time, perhaps this could turn out to be 
the psychological breakthrough that 
the EV has always needed.

Dawn of the electric revolution?
Paul Rivera – Executive VP and head of the Ricardo 
santa Clara Technical Center in California’s silicon Valley

So the question 
now is not so much 
whether or when 
electric cars will 
reach take-off 
velocity, but what 
will cause that shift 
to happen

Hyperloop to begin tests
PayPal and Tesla entrepreneur Elon Musk’s ambitious Hyperloop 
rapid transportation concept has moved a step nearer reality with 
the announcement that a five-mile test track is to be built at Quay 
Valley, California, at an estimated cost of $100 million.

The Hyperloop concept aims to transport people and 
goods between Los Angeles and san Francisco – a distance 
of around 350 miles or 565 km – in about half an hour. The 
system consists of passenger and passenger/vehicle capsules 
travelling in a sealed tube at Mach 0.99 (1220 km/h), or very 
close to the speed of sound: each capsule is supported on a low-
friction air cushion and blown along by powerful fans, with linear 
motors for the initial acceleration and at regular intervals along 
the track to boost the speed.

Where the route has to make a curve, the Hyperloop modules, 
which will be separated within the tube by about 37 km, will slow 
down slightly. This, says Musk’s open-source launch briefing 
document, will help save energy.

The test track is being built by Hyperloop Transportation 
Technologies, while a related organization, Hyperloop Technology, 
has recently announced a design competition for the passenger 
modules. Aimed at all areas and levels of industry, even students 
and independent engineering teams, the design contest calls for 
half-scale models which will be tested on the track in June 2016.

With each capsule seating 28 passengers, the system could 
transport an average of 840 passengers per hour. This, says 
Musk, is more than sufficient to transport all of the 6 million 
passengers travelling between Los Angeles and san Francisco 
areas per year.

With the announcement that the soon to be released Toyota 
Mirai will be able to travel a full 312 miles (500 km) on a tank 
of hydrogen, fuel cell vehicles have suddenly come back 
into the picture as a viable alternative to eVs for medium-
distance zero emissions travel.

Toyota is offering Mirai early adopters a comprehensive 
three-year package including free fuel, roadside assistance, 
servicing and education. Hyundai is already in the market 
with its fuel cell iX35/Tucson crossover.

BMW, which is co-operating with Toyota on fuel cell and 
hybrid technology, surprised commentators at its Group 
Innovation Day in July with a hydrogen-powered 5 Series GT 
prototype, as well as an adapted i8 sports coupé. The 245 
hp fuel cell system integrates perfectly with BMW’s eDrive 
technology, as found on the i3 electric car, says the company, 
offering a 500 km range and allowing a smaller – and therefore 
much less expensive – high-voltage battery of just 1 kWh.

Hydrogen in favour
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What lessons have you learned from the first-generation Volt?
i like to say that our first-generation Chevrolet Volt owners are 
among the most studied customers not just within GM, but 
also within the industry. With their permission, we have been 
studying their charging and EV usage behaviour through data 
obtained via onstar. The Us Department of Energy and several 
universities have also studied the behaviour of our Volt owners. 
We learned several key things from the data and from talking 
directly to our owners through social media, including the fact 
that more than 80 percent of all trips taken in Volts are done 
using all-electric propulsion. Likewise, our owners typically 
charge their cars more than once a day. We also know that 
Volt owners are passionate about using as much all-electric 
propulsion as possible so when we started development on the 
second-generation Volt we knew we had to deliver more range.

What are the main operating strategy differences in the new 
Volt, and how has the engineering changed to reflect this?
The second-generation Chevrolet Volt is better in every 
meaningful way. For example, the battery system delivers up to 
50 miles (80 km) of all-electric range, a more than 30 percent 
improvement from the first-generation. This was accomplished 
all while reducing the number of cells in the battery system by 
nearly 100, and by cutting the mass of the battery system by 
nearly 30 lbs (14 kg). We completely re-engineered the drive 
unit on the second-generation Volt for improved efficiency in 
both EV and extended range modes. We optimized the size of 
the two electric motors for improved operation and were even 
able to eliminate the use of heavy rare earth materials in one 
motor altogether. still, the second-generation Volt delivers on 
the promise we set out when we originally engineered the first 
generation: all-electric propulsion for daily commuting, combined 
with the flexibility of travelling longer distances without any 
sacrifices. 

Volt 2 has greater capabilities than Volt 1, yet costs less. 
Where have you been able to find the principal cost savings? 
In the battery?
Being able to reduce the number of cells in the battery system, 
while also optimizing controls, did help us to reduce overall 
battery system cost, but we also focused on delivering 
improved efficiency from the drive unit. in fact, we were able 
to remove 100 lbs (45 kg) from the mass of the drive unit and 

were able to integrate the power electronics directly into the 
drive unit, which also helped us to reduce the amount of high 
voltage cabling and other components needed on the drive 
unit itself. it was more than just the battery, it was a holistic 
approach on improving the propulsion system at every level.

How much commonality can you achieve across your spread 
of electrified vehicles? How much does Volt 2 share with the 
Malibu hybrid and the Cadillac CT6 PHeV?
That’s a great question and we have a great story to tell on this. 
Let’s start with the 2016 Chevrolet Malibu Hybrid. That vehicle 
essentially borrows the same drive unit that is used in the 2016 
Volt. We had to make some modifications in terms of motor size 
and material make-up, but other than that, the Malibu Hybrid 
drive unit is built on the same line as the Volt drive unit. Likewise, 
the Malibu Hybrid uses the same regenerative braking system 
as the 2016 Volt and uses some of the same control systems. 
in terms of the Cadillac CT6 PHEV, we’re leveraging the industry-
leading battery cell technology developed with our supplier, LG 
Chem, on that vehicle. The cells are the same as the ones we will 
use on the 2016 Volt and the CT6 PHEV also uses some of the 
same software control systems as the 2016 Volt.

Can there be any sharing between FWD and RWD 
architectures?
on the battery side, there’s enormous opportunity for sharing 
across vehicle architectures. A battery cell or module really 
doesn’t care whether it’s used in a FWD or RWD application. 
similarly, electric motor designs can be utilized in various 
architecture applications. We can also use regenerative braking 
and electronic control systems across multiple vehicles and 
architectures. 

Is the CT6’s eVT (electric variable transmission) unique to 
this model, or could it be used in trucks, for instance?
Right now, that transmission is unique to the CT6 PHEV and i 
cannot comment on any potential future product applications.

Where will the Bolt fit into all of this? What systems can it 
share with the Volt 2?
We’re not ready to go too deep into the technology and potential 
sharing on the Bolt EV at this point but there are opportunities 
that exist, yes.

Mass electrification
As General Motors follows up its pioneering Volt extended 
range EV with the second-generation Volt, the Malibu Hybrid 
and, soon, the pure-electric Bolt city car, Tony Lewin questions 
Pamela Fletcher, executive chief engineer for electrified 
vehicles, about GM’s strategy on hybrids, EVs and batteries

INTeRVIeW
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forward and we’re working hard to get as much improvement 
as we can without sacrificing vehicle performance and quality. 
Where we’ll end up isn’t something i can talk about today.

Will the Bolt battery mark a step change in  
battery design and cost?
We haven’t provided any details on the battery system that will 
be used in the Bolt EV and we’ll reveal details about that in the 
coming months.

Can these improvements be translated across  
to larger vehicles?
Again, more to come on that in the coming months.

Sales of the Cadillac eLR range extended eV have been 
disappointing. Do you see a future for a GM pure eV in the 
premium sector where Tesla has been successful?
of course. in fact, i would point to the fact that we recently 
announced significant upgrades to the ELR for 2016, 
including a revised electric drive system that improves power 
and torque by more than 25 percent. Again, we heard from 
customers where we needed to raise the bar on the ELR and 
we delivered. We absolutely think there’s a place for EVs in 
the premium vehicle market but i am not going to outline our 
strategy here today. 

Chevrolet’s Bolt eV 
city car was unveiled 
in concept form at 
the 2015 Detroit auto 
show. Production 
is promised for the 
2017 model year, 
with an anticipated 
range of 320 km and 
a selling price under 
$30,000

Will the Bolt offer a range-extender engine like  
the BMW i3, or is this not an issue?
The Bolt EV is designed to be an all-electric vehicle, not an 
EREV.

What level of battery capacity do GM engineers think is 
suitable for: (1) city BeVs, (2) mid-range PHeVs, (3) mid-
range hybrids and (4) full-size PHeVs?
We think where we are today in terms of battery range and 
where we have already announced future vehicle programmes 
is an ideal path right now. An all-electric vehicle with at least 
200 miles (320 km) of range priced around $30,000 after 
applicable incentives is a game-changer and ideal for anyone 
looking to make an EV their primary vehicle. in terms of EREVs, 
when we can get to a point where we expect that 90 percent 
of all daily trips will be all-electric, we think that pretty good 
asset utilisation – and by asset i am talking about maximizing 
the use of the battery, the most expensive asset on board the 
vehicle. PHEVs and hybrids will continue to see improvements 
in efficiency, but we think that the estimated 48 MPG (4.9 
lit/100 km) city fuel economy rating on the Malibu Hybrid is 
pretty impressive. 

How much can foreseeable improvements to structures, 
aero, motors, transmissions, controls and electronics 
improve range on a given battery capacity?
improvements in all of these areas will result in increased 
battery range and overall efficiency. i think we’ll continue to 
see incremental improvements in all of these areas going 

Pamela Fletcher, GM executive chief engineer for electrified vehicles, 
grew up in a motor racing family where she developed a strong 
interest in high performance engines. After graduation from the GM 
Institute, having been sponsored by McLaren, she worked at a 
race engine producer and then moved to Ford. Her next 
move was to co-found an engine development company 
for Earnhardt’s NASCAR team, but she was drawn back 
to Detroit and GM in 2005, where she soon became 
propulsion systems chief engineer on the team that 
developed the original Volt. Fletcher was named to 
her present position in 2013.

“We know that Volt owners are passionate about using 
as much all-electric propulsion as possible so when we 
started development on the second-generation Volt 
we knew we had to deliver more range”
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There can be little doubt that the 
international railway industry is in an 
era of significant growth. High speed 
networks are being developed and 
expanded across Europe and Asia, 
offering not just a viable alternative to 
short-haul air travel, but one increasingly 
preferred by the travelling public. 
Similarly, towns and cities – ranging 
from communities as small as 100,000 
people in Europe to the mega-cities of the 
developing nations – are investing in tram, 

metro and monorail infrastructure as a 
means of providing the transportation 
life-blood of future growth, or to improve 
air quality for their citizens by relieving 
gridlocked road networks. At the same 
time, while the American love affair 
with domestic air travel continues 
unabated – not least due to the sheer 
distances involved – long-haul rail freight 
is in something of a resurgence, taking 
significant truck movements away from 
the interstate road network.

Against this backdrop it is hardly 
surprising that Ricardo has always 
had a stated strategy of expanding 
into the rail sector. While Ricardo has 
been no stranger to the rail industry, 
the company’s primary focus in this 
sector has been – at least until very 
recently – on diesel power systems for 
locomotives and multiple units. In more 
recent years Ricardo’s involvement has 
been broader, including for example, 
partnering with Malaysia’s Scomi 

RAIL
Following the announcement in April that Ricardo had signed a share and asset 
purchase agreement to acquire LR Rail, July 1 saw the effective completion of 
the acquisition and formation of the new international Ricardo Rail business. 
Anthony Smith speaks to the MD of the new business, Paul seller

Vision
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on monorail driveline technology; 
supporting Canada’s CN Rail on natural 
gas propulsion systems; carrying out 
research into rail-based flywheel energy 
storage with Bombardier and Artemis 
and, most recently, collaborating on 
vehicle design with American Maglev. 
But despite this growing body of 
experience, Ricardo retained the 
broader strategic ambition to gain the 
necessary critical mass to become 
a serious player in the rail consulting 
industry, an aim that could only be 
realized through acquisition.

An innovative proposition 
from left field
As the managing director of LR Rail – the 
railway consultancy business of the 

Lloyd’s Register Group – Paul seller led 
a senior-level team tasked in 2014 with 
finding a purchaser for its business. 
Lloyd’s Register Group had taken the 
decision to divest its rail business in 
order to place it in the ownership of 
an organization that would be better 
placed to prioritize the resources 
and investment and to provide the 
strategic focus on the rail sector, key 
considerations needed to build a world 
class global rail business.

While many of the established leading 
players in the international rail consulting 
sector were on the bid list, so too – much 
to Paul seller’s surprise – was Ricardo: 
“The very first time we met the Ricardo 
bid team was in november 2014. They 
were ‘left field’ – something of an 

outsider in the playing field of contenders 
as we had been looking principally at 
existing railway consulting firms and 
certification providers. But we found 
the Ricardo team both dynamic in their 
thinking and culturally aligned with the 
ethos of LR Rail. There was a strong focus 
on fulfilling a strategic journey to develop 
a rail business, with bureaucracy and 
politics set to one side; we quickly formed 
a very strong impression that with 
Ricardo we would genuinely be part of a 
growth project to create an international 
force in railway consulting.”

Nucleus of a new Rail 
consulting business
From the outset, Ricardo’s bid 
strategy had been to create its new rail 
consulting organization, to be known as 
Ricardo Rail, around the structure of the 
acquired company. “Ricardo was very 
clear with us that, far from dismantling 
LR Rail and merging us into an existing 
rail industry consultancy, we would 
be held together and be empowered 
to drive the growth of our business, 
bringing into it Ricardo’s existing rail 
team and also accessing the company’s 
broad-ranging technology development 
base,” continues seller. “This made it by 

The Thameslink upgrade project is a £6bn, nine-year programme 
of works due to complete in 2018. Stretching from the south coast 
of england, through London’s suburbs and central districts and as 
far north as Kings Lynn by the Norfolk coast, Thameslink will bring 
new, longer trains, resolve some notorious network bottlenecks, 
and deliver major improvements to key stations such as Farringdon, 
Blackfriars and London Bridge, amongst others.

Central to the entire programme is the ‘Core’, a short, double-
track section through central London running between Blackfriars 
and St Pancras, and through which all cross-city services will 
pass. With a new signalling design to cater for up to 24 trains per 
hour (current capacity is 16 tph) this section will offer service 
frequencies more akin to that of a metro. And herein lies a major 
technical challenge for Thameslink, and it is where a team from LR 
Rail has been busily engaged.

Most metro systems under construction or refurbishment today 
would turn to Communications Based Train Control (CBTC) to manage 
the level of traffic intended for the core. This is because CBTC is 
designed for the stop-start nature of metros, with automated control 
of train movements allowing shorter headways between services.

But as a Network Rail (the uK’s rail infrastructure company) 
project - and consistent with its commitment to adopt train control 
technology championed by the eu to bring consistency across 
Member States - Thameslink will use european Train Control System 
(eTCS) as its standard for signalling. This is despite preconceptions 
that eTCS is optimized for regional and national mainline railways and 
not a metro-style operation.

David Mee, Principal Consultant, has been an integral part of the 
project team since the signalling concept was first in development in 
2009. “The year 2015 is key”, he says. “After months of development 
for the concept for delivering 24 trains per hour through the core, 
we will start test running in the core itself by this autumn. So we are 
moving towards a significant point of the whole programme”.

For Mee and his team within Network Rail, this will be the 
culmination of many months’ work and planning. “our role has been to 
develop the safety programme for the project. Being involved from an 
early stage allowed us to influence the subsystem requirements and 
operations, not only to achieve high levels of safety but also ensure 
performance is optimized.

“Ricardo was very clear with us 
that, far from dismantling LR Rail 
and merging us into an existing rail 
industry consultancy, we would be 
held together and be empowered to 

drive the growth of our business” 
Paul Seller, managing director, Ricardo Rail

Signalling the Thameslink ‘Core’
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far the most attractive bidder to us.”
one of the initial complexities 

identified with the acquisition was that 
of LR Rail’s certification business. it is 
important when operating in this area to 
have a means of managing the potential 
conflict of interest in organizations 
where employees can be engaged both 
in providing consulting services to 
clients and also assessing regulatory 
compliance and providing certification. 
This was something that the new 
Ricardo Rail team realized very quickly 
could be turned into an opportunity by 
creating a separate certification body 
– to be known as Ricardo Certification 
– which could become a third Ricardo 
service line to the international rail 
industry alongside technical consulting 
and performance products.

A complex transfer in  
record time
Following the announcement of the 
share and asset purchase agreement on 
April 17, a cross functional integration 
team, drawn from across LR Rail and 
Ricardo, have delivered an extremely 
complex transfer of business activities 
in less than eleven weeks.

“The complexity of this sale and 
acquisition is not to be underestimated,” 
explains seller. “We are talking about 
over 450 rail engineers and specialists 
working in 15 territories around the 
world, in three different business 
entities, and with a hundred of these 
people working for Lloyd’s Register 
entities that were not being sold to 
Ricardo. We have seven hundred active 
contracts, of which two hundred require 
formal novation, and in many of our 
territories staff relocation is required.”

“Despite these challenges,” he 
continues, “we have achieved in less 
than three months what ordinarily 
might have taken years. And while this 

business separation and integration 
has been going on, a number of the 
very same people have been doing 
their day jobs too, as our commercial 
and business targets have not gone 
away and we must aim to maintain 
turnover, profitability and the continued 
confidence of our customers.”

emerging synergies
seller identifies two significant 
areas of synergy that were already 
coming to the fore even during the 
transition period. The first was a shared 
organizational culture based on a 
strong engineering ethos, significantly 
easing the process of integration. The 
second, as he explains, was even more 
tangible: “We had long wanted to exploit 
business around products, and we 
can clearly learn a lot from being part 
of Ricardo both in exploiting our own 
intellectual property (iP) and in using 
our established rail industry presence 
to bring new opportunities for iP from 
the core Ricardo organization. We have 
already begun to work on joint bids 
with other parts of Ricardo. There are 
pockets of Ricardo Rail – particularly 
in our Dutch operation – that are 
focused much more upon engineering 
and products. synergies are already 
being widely exploited, for example 
guided busways where Ricardo’s 
existing commercial and autonomous 
vehicle capabilities are extremely 
complementary.”

Future North American 
growth prospects
over a five-year timeframe seller is 
ambitious to grow the new Ricardo Rail 
business and sees north America as 
being particularly attractive both for 
technical consulting and assurance 
services. in heavy rail, the Us is a 
primarily private sector rail freight market 

based on the main inter-state networks, 
but there are many mass transit and 
commuter networks too in the major 
cities. Whereas even in comparatively 
recent years many would have viewed 
this as a declining twilight industry, Us 
rail is currently resurgent and clearly an 
increasingly attractive market. 

in particular, seller sees assurance and 
certification as offering opportunities 
here: “i believe that we are already seeing 
moves in the north American railway 
industry towards a European style of 
safety and performance management, 
and this is an area where we are ideally 
equipped to help. The prevailing safety 
culture in the Us can be described as 
‘rule-based’, where the focus is upon 
meeting a pre-defined set of safety 
criteria. This is effectively the approach 
used in the UK in the 1980s, where 
changes to the railway were checked by 
government inspectors – from handrails 
and signage to wheelset quality – but 
very little was risk-assessed.”

in contrast to this very prescriptive 
approach,” seller continues, “the 
European approach of today will check 
conformance where appropriate but, 
more importantly, it is also more forward-
looking and objective in its assessment 
of risk. We need to check the safety 
management systems, assess the risk 
profile and ensure that this risk profile 
has been independently evaluated by an 
independent assessor, and we are now 
seeing the start of this change happening 
in north America. This represents a clear 
future opportunity for Ricardo Rail.”

Central europe, China  
and Japan
seller’s second target for medium-term 
expansion is the German-speaking 
markets of Germany, Austria and 
switzerland, not least due to the strong 
cultural synergies with the netherlands 

Growth in the North 
American heavy 
rail sector has been 
dominated by a 
resurgence of freight, 
while that in european 
networks has been 
dominated by high 
speed passenger 
services
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where Ricardo Rail already has a very 
strong presence. Here there is clearly 
apparent potential to leverage the 
practical advantages offered by Ricardo’s 
established German base, albeit one 
which until now has focused primarily on 
the automotive and related sectors.

“in China we have a good presence in 
the Beijing area,” continues seller, “both 
in the metro sector as well as with many 
of the manufacturers in that region, but 
we are also looking here to expand out 

into other regions and again, Ricardo’s 
experience with locomotive engine 
manufacturers in China gives the new 
Ricardo Rail brand added cachet in this 
market.” 

To those unfamiliar with the 
international rail industry, it might come 
as a surprise that China already ranks 
second in the world, behind Germany and 
ahead of France, in the manufacture of 
rolling stock and railway equipment. The 
large Chinese manufacturers are already 

big players in almost all markets other 
than Europe, and seller believes that 
it is only a matter of time – most likely 
through a major acquisition – before they 
become a major player here too. Again, 
seller sees this as an opportunity for 
Ricardo Rail.

“This changing structure of the 
international rail industry,” he explains, 
“underscores the rationale of our 
strategy of forming and developing 
business relationships with equipment 
suppliers in Europe as well as in China. 
We straddle the divide between these 
markets, and we include others in 
between such as the Middle East, and 
we can provide our service to all.”

Ricardo Rail also has a small presence in 
Japan and again, this is an area that seller 
intends to grow. He views the Japanese 
market for assurance and certification 
as changing and, rather like the Us, 
beginning to take independent assurance 
very seriously. The increased export 
focus of rolling stock and equipment 
manufacturers also makes the ability 
of a European company to certify such 
products extremely attractive. 
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Drax, owners of the uK’s largest power station, 
has developed a vehicle purpose-designed for the 
transport of biomass material used in the generation 
of sustainable low-carbon electricity. The company 
developed the vehicle with the support of LR Rail’s 
rolling stock design team. At the uK’s Rail Business 
Awards in February 2014, the design won the Rolling 
Stock excellence award for the introduction of the 
most successful new idea or new build into the on-
train passenger or rail freight environment.

At 18.9 metres long and offering a capacity of 
116 cubic metres – in terms of volume it is almost 
30 per cent larger than any other freight wagon on 
the network – it genuinely pushes the boundaries 
of rail vehicle engineering and will play a key role 
in transforming Drax into one of europe’s largest 
renewable generators.

Biomass is biological, plant-based material sourced 
from forestry products and residues, agricultural 
by-products, and energy crops. The Drax power 
station imports biomass from as far away as North 
America. But, unlike coal, biomass must be kept dry 
as it is transported from the ports to the power station in North 
yorkshire, which meant using the existing open-top coal wagons 
was out of the question.

The solution, designed by LR Rail, was based around lineside 
magnets. As the train approaches the hopper house it passes a 
magnet that triggers the top doors to open. A similar magnet then 
closes them upon leaving.

To ensure the doors would not be activated by magnetic activity 
elsewhere on the tracks – risking damage to overhead wires, 
tunnels and other lineside equipment – the train driver turns a key 

before entering the hopper house, sending a pressure signal along 
the rake to prime the wagons for opening and to disarm them 
again before setting off. Also, interlocking the pneumatic system 
that powers the top doors with the brakes means the train cannot 
proceed unless all the wagons are securely closed.

“This is the sort of project that designers like ourselves relish,” 
says Richard Gibney, who led the LR design team at LR Rail’s Derby 
office. “It was an opportunity to reimagine an entire concept, 
taking advantage of lessons learnt from an existing model and 
removing some of the inefficiencies.”

Purpose-designed biomass wagons

“This changing structure of the 
international rail industry underscores the 
rationale of our strategy of forming and 
developing business relationships with 
equipment suppliers in europe as well as 

in China. We straddle the divide between these markets, 
and we include others in between such as the Middle 
east, and we can provide our service to all.”  
Paul Seller, managing director, Ricardo Rail



 RQ • Q2 • 2015  15

Ricardo Rail

Intelligent Rail
Intelligent Rail is the term for a range of LR Rail services, 
originally developed for the Dutch network, that extend 
across the entire process – from the measurement 
technologies themselves through to the planning and 
delivery of operational improvements using the evidence 
found within the gathered data.

And, as a one stop shop for the collection, storage 
and analysis of asset performance data, Intelligent 
Rail has become a powerful tool for organization-wide 
approaches to asset management.

The modular configuration of the measurement 
platform designed by LR Rail means the company 
can provide measurements from both trackside and 
onboard sensors for a range of purposes. For example, 
the “Gotcha” Wheel Impact Load Detection module is 
currently being installed at 36 locations on the national 
network, and will soon be keeping a watchful eye on the 
wheel condition of around 80 percent of trains on the 
uK’s tracks.

Network Rail is also trialling the “PanMon” module, 
monitoring both uplift forces and pan head condition 
using a combination of radar, laser, optical and flash 
technology to capture high-definition images of 
pantographs on passing trains, providing real-time 
measurement of the condition and wear of the carbon 
strip and the status of end-horns and aerofoils.

other modules include “Infra-monitoring” and 
“Smartfleet”;  these both use sensors and data-
loggers installed onboard on normal service trains to 
provide real-time monitoring of track and rolling-stock 
condition, providing a flexible and cost-effective 
alternative to dedicated measurement vehicles.

Vertical market integration
Historically, the former LR Rail tended 
to work on new-build projects – new 
infrastructure, new railways and new 
vehicles, where the company would 
offer support ranging from the human 
factors design of stations, to signalling 
strategies and certification. The 
company focused much less on the 
optimization of ongoing operations, 
such as maintenance, and this is a 
further area in which seller aims to 
develop the Ricardo Rail service offering.

“i would like to see us doing more with 
train operating companies” he explains. 
“This could include vertically separated 
markets like the UK train operators, or 
the vertically integrated national rail 
operators in other territories. Building 
on the synergies of the Ricardo group, 
i would like to see Ricardo Rail helping 
train operators to improve the energy 
efficiency of their railway, to help them 
make efficiency improvements to their 
maintenance operations to improve 
fleet utilization and optimize whole life 
costs. in the netherlands, for example, 
we already provide wheel-rail monitoring 
technology that monitors wheelsets and 
ensures that anomalies on the wheelset 
are rectified quickly such that wheelflats 
do not go unchecked and hence risk 
causing much greater damage to 
the vehicle and infrastructure. As a 
proportion of the LR Rail business, the 
maintenance sector was comparatively 
small, but i see significant value in the 
future for Ricardo Rail and its customers 
in a new focus in this area.”

New rail scheme evaluation
A further area outside the remit of the 
former LR Rail, but where opportunities 
may arise for the new Ricardo Rail, is 
in assisting at the front end of railway 
scheme development. This tends to 
be focused on skills of railway strategy 

and operational planning rather than 
on engineering. now in the same group 
as Ricardo strategic Consulting, seller 
believes that there is clearly a further 
potential synergy to be exploited: 
“Combining our skills with Ricardo 
strategic Consulting, i believe that 
Ricardo Rail will be able to look at 
technology selection, supply chain 
management and other strategic issues 
in a similar manner to the way that 
this service has leveraged the Ricardo 
technical consulting offering in the 
automotive and allied sectors.”

Beyond conventional rail
The conventional focus on heavy rail 
and metro systems is, believes seller, 
beginning to break down. “increasingly 
we are seeing light rail and even guided 
busways as opportunities. With the 
growth in number of such schemes and 
the ability with the new Ricardo Rail to 
offer technologies and innovations such 
as high-speed flywheel energy storage 
that are applicable across all vehicle 
types, this is clearly an area in which i 
see us growing and i look to build upon 
the synergies with Ricardo in terms of 
its commercial vehicle sector expertise.”

Whilst there are few international 
standards in the light rail sector, seller 
also sees opportunities in the new 
concept of ‘hybrid tramways’. in these 
schemes, which are being explored 
in many cities, the vehicles are also 
engineered to heavy rail standards. 
This allows the tram network to share 
sections with mainline traffic between 
towns and major communities, while 
operating on dedicated routes within 
city centres. While such systems 
provide a pragmatic and potentially very 
cost-effective means of developing 
tram networks, they also require much 
higher mainline standards of assurance 
and certification.

New transport modalities
so much for the infrastructure and 
vehicle technologies of the future, but 
what does seller see as the probable 
changing patterns of transport use?

“The big advantage with private 
transport is its ability to come to your door. 
if autonomous vehicles can offer a viable 
alternative – in the manner that Uber is 



in the Us today – an increase in multi-
modal journeys involving both hub-to-hub 
public transport and hub-to-destination 
shared and/or autonomous vehicle use, 
is probably a really attractive long term 
solution for congested developed markets. 
This clearly brings future opportunities 
both for Ricardo Rail in facilitating the 
hub-to-hub rail services as well as for the 
automotive business in developing the 
autonomous vehicle infrastructure.”

Beyond steel wheel/ 
steel rail
nearer term, seller believes that for 
most markets and applications, the 
steel wheel/steel rail paradigm will 
prevail – even in the longer term. 
“it’s just the most efficient model for 
almost all applications,” he explains. 
“However, in some of the world’s rapidly 
developing cities, monorail systems 
can be more attractive as they enable 

routes to be developed based on a 
series of discrete tower locations 
rather than a contiguous surface (or 
highly expensive sub-surface) route 
across an already developed city.”

Beyond this, seller contends that 
there are many alternatives based on 
more local networks, such as Maglev 
schemes, as well as more technically 
challenging concepts: “While some of 
these will undoubtedly find application 
in certain localities, i believe that the 
core focus will be on conventional 
steel wheel/steel rail, railway, tram and 
hybrid tram systems. My vision is that 
Ricardo Rail – backed by the resources, 
expertise and technologies of the 
whole Ricardo group – will be there 
to support operators, developers and 
manufacturers in all sectors.” 

For more information about Ricardo 
Rail, visit: http://rail.ricardo.com

“My vision is that Ricardo Rail –  
backed by the resources, skills  
expertise and technologies of the  
whole Ricardo group – will be there to 
support operators, developers and 

manufacturers in all sectors.” 
Paul Seller, managing director, Ricardo Rail
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‘Hybrid’ tram systems, 
where vehicles can 
share route sections 
with mainline traffic 
between towns and 
major communities, 
while operating on 
dedicated routes within 
city centres, offer a 
pragmatic means of 
expanding networks 
(below left/right) 
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The DDFlyTrain project has projected a fuel saving of around 10 
percent based on the use of high-speed flywheel brake energy 
recovery technology retrofitted to DMu rolling stock. This order 
of saving means that the technology has a potential return on 
investment within less than five years. The project has also produced a 
proof of concept test rig used to demonstrate the technology to 
rail industry stakeholders and a concept for integration 
onto a Bombardier Turbostar DMu. The hybrid solution 
is based on Ricardo’s TorqStor high-speed 
flywheel energy storage technology 
and the high efficiency Artemis Digital 
Displacement® hydraulic pump-motor 
transmission.

The research project, which started 
in 2013 and was led by Artemis, was co-
funded by Innovate uK and the Rail Safety 
and Standards Board. It included extensive 
simulation work based on field service data, 
which was used in the optimal sizing and 
design of a practical high-speed flywheel brake energy 
system for rail-based application; the data also helped in 
the construction and commissioning of a test rig for demonstration 
purposes. The project has also completed an initial integration 
exercise to incorporate the hardware and software onto a Turbostar 
DMu. Significant effort has been focused on the identification and 
management of the key operational concerns of such a solution.

Ricardo’s TorqStor is connected to the DMu driveline via Artemis 
Digital Displacement® hydraulic pump-motors in which computer-
controlled solenoid valves co-ordinate the responses of individual 
pistons to the overall power and torque requirements. Compared with 
conventional hydraulics, Digital Displacement® pump-motors have 
inherently high part-load efficiencies and controllability, and this 
makes it economically feasible to use hydraulics in energy-sensitive 
applications such as DMu regenerative braking.

Ricardo’s TorqStor differentiates itself 
from other flywheel designs with its unique 

permanent vacuum. This is made possible by its 
advanced magnetic gear system that enables 
the transmission of torque across a vacuum 

without the limitation of rotating seals or necessity for 
vacuum pumps. It provides an industrial design for deployment in 

real-world applications where durability and ease of serviceability 
are of paramount importance. It is also highly scalable in relation to 
the requirements of each application. With the value attaching to 
this potentially disruptive technology, the key aspects of Ricardo’s 
TorqStor are understandably the subject of protection by a family of 
patents.

In the DDFlyTrain project, the optimal configuration for a DMu was 
found to be two 4.5 MJ capacity TorqStor units with a maximum speed 
of 45,000 rev/min. The proof of concept demonstration test rig was 
a scaled-down version of the DMu architecture, based on a single 
220 kJ TorqStor. Discussions are now ongoing with key rail industry 
stakeholders with a view to pursuing further development and 
potentially, vehicle-based trials.

Ricardo TorqStor offers DMu fuel savings



For a company operating at the 
leading edge of aerospace composites 
manufacture and design, AEC has 
something of an unusual history. The 
company’s parent, Albany international, 
was founded in 1895 in the city of the 
same name in new York state, and as a 
specialist weaver Albany was for many 
years focused on the manufacture 
of the type of fabrics required by the 
papermaking industry. 

Well established in its core paper 
industry market, a significant turning 
point in the company’s history occurred 
in 1998 when it acquired another 
speciality weaver, Techniweave inc., 
whose products included fabrics 
based on ceramic, aramid (aromatic 
polyamide) and carbon fibres. Albany’s 
business incubator had developed 
3D composite pre-forms and other 
reinforcement technologies and 
a significant and highly profitable 
synergy arose from the combination of 
Techniweave’s composite expertise and 
Albany international’s long history of 
fabric weaving. 

At the root of this was the Jacquard 
weaving process, first invented during 
the industrial revolution over two hundred 

years ago for the manufacture of robust, 
patterned fabrics. This process has 
been used throughout the years for the 
manufacture of woven products such as 
tapestries and carpets. A defining feature 
of the Jacquard process is that the weft 
threads that are woven through the warp 
or horizontal fibre layers can follow an 
independent through-thickness path. in 
its traditional application this is used to 
create the complex pattern of the fabric.

Albany recognized that this same 
fundamental characteristic of the 
Jacquard process could be applied to 
great effect in the creation of a new 
concept of 3D woven composite pre-
forms. By providing a bespoke weaving 
process tailored to the requirements of 
the product, it could enable, for example, 
through-thickness as well as in-plane 
reinforcement, or to be made directional 
according to the particular needs of the 
product.

Following organic growth and additional 
acquisitions Albany formed these 
elements into a single composite-focused 
business known as Albany Engineering 
Composites (AEC), which has been 
extremely successful in creating and 
exploiting its 3D composite capabilities for 

Weaving a way to better

FueL 
eCoNoMy
A partnership between aerospace composites specialist Albany Engineering Composites 
(AEC) and Ricardo aims to exploit the benefits of the latest aerospace light-weighting 
technology for road vehicles. The novel three-dimensional technique, as Anthony Smith 
reports, is based on a 3D weaving system originally pioneered two centuries ago 
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aero engine turbine blades, casings and 
structural airframe components.

Avoidance of delamination
A key advantage of the use of 3D 
as opposed to more conventional 
laminated composites is that of 
avoiding the risk of one of the most 
common failure mechanisms of 
composite components – delamination. 
Traditional carbon composite structures 
are formed by using multi-layered 
laminations of 2D woven fibre held within 
a resin base. Products manufactured 
in this way can provide excellent in-
plane strength and rigidity and can 
represent a cost-effective weight 
saving solution. They can, however, be 
time-consuming to produce and require 
careful design in order to ensure that 
out-of-plane loadings are minimized and 
appropriately accommodated.

one of the key failure mechanisms 
of such 2D composites arises due to 
a fundamental lack of resilience in the 
event of extreme out-of-plane loadings 
such as impacts, and shear. in such 
cases the material risks suffering 
delamination of the composite matrix. 
once delamination has initiated, the 
strength of the component is severely 
and rapidly compromised, and failure is 
likely to result. The use of 2D composites 
therefore tends to be focused on the 
substitution of non-primary structural 
applications such as skin panels, or where 
thin boxed structures are fabricated.

The aerospace industry, however, has 
been quick to recognize the potential 
of the new 3D woven composites 
championed by AEC, particularly for 
applications requiring extreme levels 
of robustness where out-of-plane or 
impact loadings such as bird strikes and 

collisions with runway debris need to be 
accommodated.

LeAP into the future
since the formation of AEC as a 
business capable of delivering both 
3D woven pre-forms and finished 
composite structural components, the 
company has built a reputation in a wide 
range of aerospace applications. The 
primary focus has been upon engine 
components such as compressor blades 
and engine casings, but the company’s 
products have also included other 
safety-critical structural applications. 
For example, the landing gear of the 
Boeing 787 Dreamliner – which is 
manufactured by Messier-Bugatti-
Dowty – includes fibre-reinforced 
composite braces produced by AEC 
based on purpose-designed 3D carbon-
fibre pre-forms.

Perhaps the most significant contract 
in the development of AEC, however, has 
been in its selection by CFM international, 
a joint venture between safran snecma 
and General Electric (GE), as the sole-
source supplier to provide the turbofan 
blades, fan casing and other components 
for the new CFMTM LEAPTM engine. This 
highly innovative, clean-sheet engine 
design exhibits many significant new fuel 
saving technologies and is set to power 
the bulk of the next generation of twin-
engine, single-aisle commercial aircraft 
such as the Boeing 737 and Airbus 320. 

With a complex 3D sculpted shape, 
the pre-form for each turbofan blade is 
woven as a single piece of multi-layer 
fabric, thick at the base and thinner 
but broader at the top, making full 
use of the high degree of flexibility 
afforded by AEC’s computer controlled 
Jacquard process. A single 30 inch blade 

requires over ten miles of carbon fibre 
for manufacture, and on completion of 
weaving it is gun-metal grey in colour 
except for a small number of white glass 
fibres used for precise laser alignment 
for water-jet edge trimming and 
positioning in the tool.

The completed pre-form is then 
placed into a curved mould in a resin 
transfer process, in which the polymer 
is injected under high pressure and the 
blade baked at 350°F (177 Celsius) 
for five hours. once released from the 
mould, the blade is inspected using 
both X-ray and acoustic methods for 
internal voids. The surfaces are then 
abraded with blasting by an aluminium 
oxide prior to painting and bonding of 
a titanium leading edge – measures to 
protect against foreign object damage 
such as bird strikes. Although appearing 
complex and expensive to produce, 
the resulting component is more cost 
effective and more damage tolerant 
than 2D laminate and the value to the 
aerospace industry of this process is 
clear from the weight saving, with the 
completed blade weighing in at just 
8.8 pounds (4 kg), or approximately an 
eighth of the mass of a comparable 
titanium blade. in addition to the LEAP 
engine turbofan blades, AEC is also sole 
supplier of the fan casing, which is also 
a large-scale 3D composite structure. 
overall, the savings per two engine 
aircraft are over 1,000 lbs, providing a 
significant contributor to the circa 15 
percent fuel efficiency improvement of 
the LEAP engine over the current state-
of-the-art aero engines.

“This is a major change for the 
aerospace industry,” explains AEC’s 
senior VP of business development, 
research and technology, Brian 
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using AeC’s 3D 
composite technology, 
which allows for 
integrally stiffened 
structures, fibre paths 
can be developed in 
a part such that they 
can pass through the 
width and length of a 
part as shown in the 
path-lines(below/left) 
for manufacture on  
the company’s 
advanced loom 
systems (below/right)



Coffenberry. “With production starting 
with Airbus in 2016 and with Boeing 
in 2017, we expect LEAP engine build 
volumes to build over three years with 
LEAP engines replacing the bulk of 
metal blade, metal casing engines in this 
sector, peaking at an output of around 
2000 engines per year in 2020.”

in what is likely to be the largest 
aero-engine programme the world 
has ever seen, Coffenberry contends 
that this contract will bring aerospace 
composites closer to the mass-
manufacturing volumes: “Each LEAP 
engine will require an AEC manufactured 
composite fan case and 18 individual 
composite turbofan blades. Whilst 
aerospace is typically characterised by 
low production rates, this contract will 
see our overall output raising to in the 
order of 90,000 parts per year.”

While AEC’s efforts to date have been 
focused on the ‘cold’ side of the engine 
such as turbofan and compressor 
blades, where resin based carbon fibre 
solutions can offer a highly effective 
solution, the company is continuing 
to research potential solutions for hot 
zone applications such as turbine blades 
and exhaust nozzles, where metals 
remain dominant even in the latest 
generation of engines. AEC believes that 
its 3D weaving technology will be able to 
overcome some of the key issues that 
have prevented composite penetration 

of hot zone applications such as the 
inherent brittleness of ceramic matrix 
composites.

Simulation-led design
simulation is an important means by 
which AEC can optimize the design 
of its 3D woven structures for each 
application. The company has developed 
a range of design tools that can simulate 
production processes and finished 
component structural performance. 
“We have developed an advanced CAE 
capability that allows us to determine 
highly non-linear product performance 
very closely,” explains Coffenberry. 
“Based on our extensive and rapidly 
expanding knowledge base as to how 
3D woven composite products perform 
under load, we can calibrate structural 
simulations and also examine potential 
failure modes and factors of safety.”

This up-front focus on simulation-led 
design of both product and production 
process is crucial to achieving an 
optimal cost-benefit, says Coffenberry: 
“it once took months to design a fan 
blade, but we are now completing design 
iterations on a part of similar complexity 
in just days.”

An important aspect of maximizing 
the potential of the 3D woven composite 
technology is to empower the customer 
to optimize their product design 
exploiting the unique properties of 

the technology, rather than simply 
making the part to print. “We can 
provide detailed material property 
maps to customers for use in their 
own finite element models so that 
they can design a part based on 3D 
composite technology from the outset. 
Alternatively, they can work with us, 
share their CAE simulation models and 
design parameters with us, and we can 
design an optimal 3D woven composite 
structure in partnership with them.”

Cost focus
While Coffenberry believes that the 
significant weight savings of AEC’s 
composite blades and fan casings 
pay for themselves in reduced fuel 
burn throughout the life of the engine, 
process automation is key to further 
reducing costs: “We are contractually 
committed to delivering significant cost 
reductions throughout the life of the 
engine through continually improving 
and further automating our production 
process”, he says.

However, he believes that the 
economic case for substituting metal 
parts with complex 3D engineered 
composites structures can be 
significantly more compelling than that 
of more traditional laminated composite 
structures: “A more traditional laminate 
construction of blade would require in 
the region of 1000 plies of material to 

xxxxxxx
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AeC supplies 18 3D 
composite fan blades 
(above left) and one 
six-foot-diameter, 
3D composite fan 
case for the new LeAP 
engine  (above) – 
currently gearing up 
for production in  the 
largest aero engine 
production programme 
seen in history
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of weight saving to be achieved and, 
based on an in-depth understanding of 
production and process costs, calculate 
what the price will be.”

in order to evaluate the automotive 
potential of 3D woven composite 
technology, Ricardo and AEC established 
a joint research project to examine a 
range of structures. An initial study 
focused on the evaluation of an energy 
absorbing component representative of 
a typical automotive side intrusion beam. 
Two designs were extensively analysed 
and tested: a carbon/epoxy design 
based on a 3D woven preform and resin 
transfer moulding, and a high-strength 
steel part comparable with current 
production. This initial work provided 
a very impressive validation of AEC’s 
simulation capability in predicting the 
non-linear response of the composite 

be successively built up. in contrast, 
although the 3D woven blade is more 
complex in its internal structure, it 
is produced by a highly automated 
weaving operation and single-shot 
transfer mould process. A significant 
additional effort is required to optimize 
the weave design to ensure the best 
deployment of directional material 
properties, but the piece price once in 
production is significantly lower.”

exploring automotive 
light-weighting: the Ricardo 
connection
Having made significant inroads into the 
aerospace sector and matured both the 
process and product design simulation 
tools such that a pathway to ongoing 
cost reductions is confidently projected, 
AEC wanted to explore the potential of its 
3D woven composite technology within 
the automotive industry. Following an 
extensive market research exercise it 
approached Ricardo’s vehicle engineering 
team in order to create a partnership to 
research and evaluate the potential of 
the technology in road vehicle light-
weighting. in doing so they found a team 
with a like-minded vision for the future of 
automotive light-weighting.

“i have a very clear vision of what i want 
Ricardo to be able to offer the automotive 
industry in harnessing the potential of 3D 
woven composite components,” explains 
Chris Brockbank, director and business 
unit leader for vehicle engineering, Ricardo 
inc. “ideally i would like us to be in the 
position of having carried out sufficient 
research that we can predict on a part-by-
part basis that we can meet or improve 
upon energy absorption and damage 
tolerance properties, forecast the extent 

part – including the nature and location 
of damage as impact energy is absorbed.

Work is currently continuing on a 
second phase of this research. Having 
validated the modelling approach 
in this application, Ricardo and AEC 
are currently focusing on optimizing 
the design to make best use of the 
composite materials. 

Commercial justification
While AEC’s experience in aero engines 
shows that this price can be reduced 
over time as processes are improved 
– and the price in many applications is 
competitive in comparison with more 
traditional 2D laminated composites 
– the cost challenge will always be 
greater in automotive applications. 
in considering any new technology or 
innovation, one yardstick as to whether 
unit costs can be eroded (either by 
design innovation or volume-based 
economies of manufacturing scale) is 
that of raw material costs. 

For 3D woven carbon fibre resin 
transfer moulded components, AEC 
estimates that raw material base costs 
before any processing has taken place 
are in the region of $15 per pound ($33 
per kg); significantly more than the 

Advanced 3D 
composite technology 
is used by AeC for 
structural applications 
such as the turbo fan 
casing of the new LeAP 
engine (above) and 
the main landing gear 
brace of Boeing’s 787-8 
aircraft (below)
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equivalent for even the more advanced 
high-strength grades of automotive 
steel. With fuel typically the largest 
cost element for commercial airlines, 
the potential savings from this form of 
light-weighting in aerospace structures 
are such that the case for composites 
is compelling. But while a modern jet 
liner is typically in the air for much of 
its working life, the average productive 
utilization of passenger cars in the 
United states is dramatically less – in 
the region of a mere 5 percent. 

A changing world
Given these parameters, can a case really 
be made for automotive composites? 
Brockbank believes that new opportunities 
are just beginning to emerge: “The 
world is changing. Where in the past the 
commercial justification for weight saving 
was modest, more stringent fuel economy 
targets in the European and north 
American markets, including fines for non-
compliance with fleet averaged limits, are 
tilting the commercial balance strongly in 
favour of light-weighting.”

“Woven 3D composites have been 
proven to deliver significant weight 
reduction – and hence fuel saving – in 
some of the most challenging areas 
of the aerospace engineering, and 
they offer significant potential in the 
automotive sector in completely new 
areas such as primary structures, 
where there is a requirement for impact 
absorption and damage tolerance. 
The key to success will be to design 
components to fully exploit the potential 
of the new material technology rather 

than merely seek to substitute parts 
otherwise made in steel or aluminium.”

The automotive sector also offers 
some unique advantages over 
aerospace for composite applications. 
There is clearly a greater opportunity 
to explore the use of lower cost 
thermoplastics and fibres, which may 
in some cases improve performance 
as well as reducing cost. The ability to 
produce near-net shape pre-forms 
may also help to eliminate some of the 
processes required in more traditional 
manufacturing operations for complex 
components. Ultimately, as with 
aerospace, it will be necessary both to 
design components that fully exploit the 
unique properties of the material, and to 

maximize process automation.
With this strategically targeted and 

focused approach to the adoption of 
3D woven composites in automotive 
applications, Brockbank sees two distinct 
vehicle market sectors that will be most 
attractive in the short to medium term: 
“The light-weighting benefits of this 
technology are likely to be perceived 
first and foremost by the ultra-high 
performance and luxury sectors where 
more conventional composites are 
already finding applications. These 
early adopters will see not just the 
performance benefit of weight reduction 
but also the advantages in terms of the 
avoidance of fines for poor fuel economy 
and carbon dioxide emissions. 

“The second market sector is likely 
to take longer to develop but could 
potentially be much bigger – that of 
mass market, medium volume luxury 
brands. For this segment, the significant 
weight reduction and fuel economy 
advantages that light-weighting brings 
could in time become a significant driver 
for market share.”

outlook
And what of the future beyond this? 
“it’s even more difficult to predict,” says 
Brockbank, “but one thing for certain 
is that demands for fuel economy and 
the dominance of fuel costs in the 
economics of use may well resemble that 
of commercial aviation today and vehicle 
lightweighting will become even more 
essential than it is today. if that’s the 
case,” he concludes, “then i believe that 
3D woven composites will find increasing 
application in mainstream cars just as 
they are now in the latest generation of 
Airbus and Boeing airliners.” 

xxxxxxx

experimental 
comparisons of 2D 
and 3D composite 
structures show two 
different features: 
a capacity for 
higher strength and 
performance, as well 
as the ability to design 
3D composite parts for 
benign and progressive 
failure (below). AeC 
has developed its 
range of CAe tools in 
order to make the best 
use of these material 
properties, including 
in the research 
project with Ricardo 
that is investigating 
potential automotive 
applications (above)

Curved Beam Test – ASTM D6415
Comparison of 3D vs. 2D Composites
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A revolutionary Ricardo technology that 
promises to greatly extend the life of 
wind farm bearings has been successfully 
installed and commissioned on a 600 kW 
turbine in County Donegal, ireland.

Research has showed that wind farm 
bearing failure – and the consequent 
need to remove gearboxes for repair 
from difficult-to-access locations – is 

caused by localised wear in parts of 
the bearing race’s circumference. 
The Ricardo MultiLifeTM bearing 
system offers the potential to 
extend bearing life by (according to 
rig tests) in excess of 500 percent. 
it does this by rotating the race of 
standard bearings over time, thereby 
ensuring that damage or wear never 

reaches a critical localised condition 
during the turbine life. The technology 
is designed to be retrofitted to existing 
turbines with minimal modifications to 
the gearbox.

As part of the UK government’s 
Department of Energy and Climate 
Change funded oWDin (offshore 
Wind Drivetrain innovation) project, 
a MultiLifeTM system has been 
installed for live validation trials at the 
Barnesmore wind farm, a location that 
is known to experience aggressive 
wind conditions. This work – in which 

Ricardo is collaborating 
with scottishPower 

Renewables, the owner 
of Barnesmore, and 

the Universities 
of sheffield and 
strathclyde – will 
enable the full 
potential of the 

technology to be 
evaluated for the first 

time in an operating wind 
farm environment.

MultilifeTM installation 
team (left to right): 
Dalil Benchebra 
(Ricardo), Tom 
Howard (University 
of Sheffield), David 
Ferguson (University 
of Strathclyde), John 
Stanton and David 
Hawke (Ricardo)

Wind farm trials 
start for MultiLifeTM

Latest developments from around the global Ricardo organization

Symposium finds shared sustainability visions
The increasing scarcity of global resources, rapid urbanization and the 
need for a more environmentally and economically sustainable model 
of personal mobility were the starting points for a Ricardo symposium 
held in March, now available for viewing online.

Five women – each of them an influential auto industry thought 
leader – were on the panel at Shared Visions Shaping the Future: 
Innovation, Sustainability & Mobility. They made the case for moving 
beyond the current paradigm of automotive design, manufacture, 
operational use and end-of-life disposal in order to chart a sustainable 
future for transportation. The event was held at the Ricardo Detroit 
Technology Campus on 19 March, as part of the Ricardo 100th 
anniversary celebrations, and was hosted in association with – and 
broadcast live by – PBs Detroit.

The panel comprised Margo T oge, former Us EPA director of the 
office of Transportation and Air Quality and author of Driving the Future: 

Members of the symposium panel (left to right) Sharon Carty, Margo T Oge,  
Ann Marie Sastry, Valerie Ferret, and Jean Redfield
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Ricardo scoops  
Ford award

Ricardo Inc. was among just 11 leading global suppliers 
to receive a Gold award at Ford’s 17th Annual World 
excellence Awards, at a ceremony held at the company’s 
world headquarters at Dearborn, Michigan.

“It is particularly gratifying that the hard work, dedication 
and commitment of Ricardo’s employees has been 
recognized by Ford Motor Company in the year that we 
celebrate the 100th anniversary of our formation.” said 
Ricardo Ceo Dave Shemmans, who accepted the award 
from Ford Motor Company president and Ceo Mark Fields, 
and Hau Thai-Tang, group vice president, Global Purchasing.

Ricardo links up with 
China’s Foton

Ricardo has signed two contracts with the Beiqi Foton 
Motor Co. Ltd. – better known by the brand name of 
of Foton, and one of China’s largest manufacturers of 
commercial vehicles.

The contracts – a Memorandum of understanding 
for strategic co-operation on powertrain products, 
and a service contract for the development of a new, 
low-emissions 1-litre gasoline engine – were signed at a 
ceremony at London’s Lancaster House, in the presence 
of Guo Jinlong, Secretary of the Beijing Municipal 
Committee and Member of the Political Bureau, and  
Sajid Javid, uK Secretary of State for Business, 
Innovation and Skills.

A team led by Ricardo-AEA has 
been appointed by the European 
Commission to assess and recommend 
initiatives to combat the illegal wildlife 
trade through greater co-operation 
with businesses.

The illegal wildlife trade, excluding 
fisheries and timber, is estimated to be 
worth between Us $8 – 10 billion a year 
globally. it takes very different forms – 
ranging from the illegal importation of 
wildlife souvenirs by tourists unaware 
of the relevant regulations, to large-
scale smuggling by criminal gangs. 

The Ricardo-AEA team will analyse 
existing models of co-operation with 
business sectors aimed at tackling 
the illegal wildlife trade and, where 
potentially applicable, approaches 
used to prevent other kinds of illegal 

trade. The partnership brings together 
expert knowledge of the illegal wildlife 
trade, the regulatory environment, 
corporate social responsibility, and 
key stakeholders in the public and 
private sectors. Work is under way, 
and the project team will deliver its 
recommendations to the European 
Commission in november this year.

Ricardo-AEA’s project manager, 
Richard smithers, said: “Despite 
the presence of an extensive legal 
framework governing wildlife trade, the 
problem of illegal trade is increasing 
at an alarming rate. Businesses 
have the potential to play a key role 
in addressing this problem thanks 
to their direct links to consumers 
and suppliers, political influence and 
financial resources.”

Tackling the illegal 
wildlife trade: Ricardo-AeA 
leads the hunt

Combating Climate Change with Cleaner, Smarter Cars, sheryl Connelly, futurist 
of Ford Motor Company, Ann Marie sastry, CEo and co-founder of sakti3, 
Valerie Ferret, director of public affairs and corporate responsibility for Dassault 
systèmes, and Jean Redfield, president & CEo of nextEnergy. The moderator 
was sharon Carty, executive editor at AoL Autos. 

“it was fantastic to bring together such a powerful panel of women who are 
each internationally recognized in their respective fields,” commented Ricardo 
inc. president Clive Wotton, who hosted the event. “While achieving a sustainable 
mobility future will undeniably bring significant challenges, the consensus of the 
prestigious symposium panel was that it will also provide genuine opportunities 
for engineers, product developers, innovators and entrepreneurs.”

To watch the symposium Shared Visions Shaping the Future: Innovation, 
Sustainability & Mobility, visit http://www.dptv.org/video/ricardo-innovation-
and-sustainability-symposium-2015/?cmpgn=dptvhl 

Ricardo CEO Dave Shemmans (centre) receives the Ford Gold 
World Excellence award from Hau Thai-Tang (left), Ford group vice 
president, Global Purchasing, and Ford Motor Company president 
and CEO Mark Fields (right)

Wang Jinyu, general manager of Beiqi Foton Motor Co. Ltd (left) 
and Ricardo CEO Dave Shemmans (right) sign the agreements in the 
presence of Guo Jinlong and Sajid Javid (rear left-right)
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Ricardo will supply American Maglev 
Technology (AMT, Inc) with the passenger 
cars for a congestion-busting new rail 
system between the orlando Convention 
Center, Florida, and nearby hotels.

Ricardo will supply AMT, Inc with the 
rail cars, including design, engineering 
and integration of the magnetic levitation 
and propulsion system; work will begin 

immediately, with a target to deliver the first 
two cars by the summer of 2016.

“Ricardo’s full spectrum of technical 
capability, including our project 
management and low-volume vehicle 
manufacturing will ensure smooth 
coordination and delivery for this exciting 
new rail system for orlando,” said Clive 
Wotton, president of Ricardo Inc.

Ricardo to deliver carriages for new maglev rail system

Dongfeng Commercial Vehicle 
Co Ltd (DFCV) has selected 
Ricardo to support its further 
development of heavy-duty 
engines fuelled by natural gas for 
the Chinese market

under the agreement, Ricardo 
will leverage a global team to 
support DFCV to develop and 
implement improved technologies 
for natural gas heavy-duty truck 
engines. DFCV is one of China’s 
biggest truck makers, supplying 
the largest truck market in the 
world.

Ricardo to 
support 
Dongfeng on 
gas powered 
trucks

Ricardo congratulates 
McLaren on engine award
For the third year running, McLaren has been recognized in the 3–4 litre category of 
the prestigious international Engine of the Year Awards – a hat-trick of successes for 
the M838T 3.8-litre twin-turbo V8 engine, which has been designed and developed in 
collaboration with Ricardo.

“on behalf of Ricardo i would like to express my warmest congratulations to 
McLaren,” commented Ricardo’s director of McLaren programmes, Jason March. 
“The McLaren M838T is an exceptional engine that, i believe, defines the future of the 
supercar segment, with its extremely fuel-efficient and refined power delivery. We are 
proud to have helped McLaren in designing and developing it.”

The M838T engine is fitted to the 650s Coupé and spider, which are the core 
models in the McLaren super series. in addition to the collaboration on design 
and development, the McLaren M838T is assembled at a state-of-the-art engine 
production facility at Ricardo’s shoreham Technical Centre.

Thanks to the success of the collaboration on the V8 engine – and the multi-year 
engine supply contract signed in late 2013, covering the period from 2016 onwards 
– this near clean-room facility is currently being expanded to allow assembly of up to 
5000 engines per year.

New appointment to drive growth 
of California business
it was announced in March that Paul Rivera 
has been appointed executive vice-president 
for Ricardo inc, to lead the Ricardo santa Clara 
Technical Center in California’s silicon Valley.

Rivera will lead the strategy to further develop 
Ricardo California into a world-class technology 
centre, focused on emissions after-treatment 
and catalysis for conventional combustion 
engines, and the design, development, 
integration and testing of hybrid powertrains, 
electronic modules, fuel cell systems, and 
connected and autonomous vehicles. in addition, 
the expanded technical facility will increasingly 
focus on environmental consulting through 
collaboration with Ricardo AEA and Ricardo 
strategic Consulting. 

Having joined Ricardo in 2011, Rivera has 
most recently held the position of managing 
director of Ricardo Europe’s hybrid and electric 
systems business, as well as being global 
product director for these same technologies. 
A former board member of CALsTART with 

extensive experience of the electronics, 
sustainable transport and the renewable energy 
industries, he is originally from California 
and ideally placed to spearhead Ricardo’s 
development in this part of the Us.

“The san Francisco Bay Area and silicon 
Valley are one of the most innovative regions in 
the world, hosting many existing and potential 
clients that require engineering support to meet 
emissions targets, or to smoothly integrate their 
advanced technology into the next generation 
of transportation and mobility products,” said 
Clive Wotton, president of Ricardo inc. “With our 
broad set of skills, including those of Ricardo 
strategic Consulting, we are also able to assist 
venture capital and private equity groups in 
developing technology roadmaps and supply 
chain strategies, or to carry out technology-
focused due diligence assignments and evaluate 
technologies, businesses and innovations for 
potential funding.” 
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Delivering Excellence Through Innovation & Technology

RICARDO TRAINING

For more details, please contact: 
Glen Hall on +44 (0) 1273 794469 
or Donna Wild on +44 (0) 1273 794632
or email traininginfo@ricardo.com 

estore.ricardo.com

Testimonials 
“This course has provided a valuable detailed insight  into engine 
construction and market drivers. But more than that it was a 
thoroughly interesting  course at a world class organization”

“Excellent knowledge transfer from the enthusiastic  presenters at 
the cutting edge of their � eld”

TECHNICAL 
TRAINING BY 
ENGINEERING 
EXPERTS
Frequent courses o� ered in 
a wide range of disciplines

Available now: eLearning
Purchase Ricardo’s online Internal 
Combustion Engine Basics course today!

eSTORE
RICARDOKNOWLEDGE

Book your courses online at our new eStore.

Internal Combustion Engines - Basic
17 Nov 2015
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person

Internal Combustion Engines - Advanced 
18-19 Nov 2015
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person per day

Automated Transmissions
27-28 Jan 2016
Location: Ricardo Midlands Technical Centre
Price: £750 per person

Noise, Vibration & Harshness (NVH)
TBC - Contact us for details
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person per day

Diesel & Gasoline Engine Calibration
13-14 Oct 2015
Location: Ricardo Shoreham Technical Centre 
Price: £750 per person per day

Why Hybrid? Market Drivers & 
Legislation Explained!
TBC - Contact us for details
Location: Ricardo AEA, Marble Arch, London
Price: £995 per person

Hybrid Electric Vehicle
13-14 Oct 2015, 17-18 Feb 2016
Location: Ricardo Cambridge Technical Centre
Price: £750 per person per day

Turbocharging & Boosting Systems
TBC - Contact us for details
Location: Ricardo Shoreham Technical Centre
Price: £750 per person per day



Ricardo has the expertise, facilities and capability to provide 
leading-edge consultancy services to help your business 
design and develop the eMachine & power electronics that 
will drive tomorrow’s vehicles.

For more information about Ricardo hybrid and electric systems,
call +44 (0)1223 223200 (UK) or +1 734 397 6666 (US)

www.ricardo.com/eMachines
Delivering Excellence Through Innovation & Technology

• Competitive benchmarking of eDrive 
systems 

• System simulation
• Troubleshooting existing customer 

products and designs 
• Hardware and software design and 

component selection

• Advanced design architectures for 
electronic systems

• Electromagnetic design
• Mechanical design and thermal analysis
• FMEA and design veri� cation
• Rapid prototyping capability 
• Testing and validation

eMACHINES & POWER 
ELECTRONICS DESIGN 
AND ENGINEERING

Visit us at LCV 2015  9–10 September  Stand number: C3-604


