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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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INDustRy news

Commercial Vehicles

Pickups line up for aero attention

with their bluff fronts, chunky wheels and 
boxy cargo beds, full-sized North American 
pickup trucks rarely appear as if they have 
spent much time inside a wind tunnel. 
Now, however, GM claims that as a result 

of wind tunnel developed aerodynamic 
improvements it has been able to design 
its new 2014 GMC sierra as the most fuel 
efficient V8 pickup on the market and with 
lower interior noise.

though stopping short of quoting 
absolute values, GM aerodynamicist Diane 
Bloch said that one of the most important 
wind-tunnel discoveries was that air 
should not be allowed to flow between 
the pickup cab and the cargo bed. on the 
vexed question of whether pickups were 
more economical with the tailgate raised 
or lowered, she said aerodynamics were 
better with the tailgate up; a tonneau cover 
would give a useful improvement, GM said. 

Running boards can help smooth airflow 
along the truck’s sides, too: “Round, 
tube-style running boards can provide a 
minor improvement to the truck’s drag 
coefficient,” said Bloch, “Fully integrated, 
flush-mount running boards are even 
better.” However, other accessories such 
as bug deflectors and aftermarket bumpers 
can have a detrimental effect.

The latest in technology, innovation and sustainability across world industries

The vote of the European Parliament’s 
Environment Committee to set CO2 
emissions levels for light commercial 
vehicles has met with contrasting 
reactions from environmental groups, 
automotive manufacturers and 
component suppliers.

While European Automobile 
Manufacturers’ Association ACEA 
described the 2020 vans target of  
147 g/km CO2 as “extremely ambitious” 
and “only achievable using full hybrid 
technologies,” green groups complained 
that the decision represented a weakening 
of the original proposal and that industry 
estimates of a €2000-3000 on-cost per 
vehicle to achieve the new standard had 
been based on wrong information.

From the supplier organisation 
CLEPA, CEO Jean-Marc Gales, himself 
a former executive at PSA Peugeot 
Citroen, welcomed the Committee’s 
vote: “We believe that the 147 g/km 
target is achievable with existing 
technologies. The retention of super 
credits for low emission vehicles 
and eco-innovation will also boost 
the development of breakthrough 
technologies.” 

Many argue that there is already 
a strong business case for new-
generation vans as their extra cost 

will soon be recouped in the form of 
lower fuel bills. A study by TNO for the 
European Commission shows the 
on-cost for achieving 147 g/km would 
typically be €500 – four to five times 
lower than originally estimated. On 
this basis, green groups are calling 
for the European Parliament to set a 
more ambitious goal of 118 g/km, a 
figure that would save the typical light 
commercial operator around €825 a 
year per vehicle in fuel costs. 

Commercial Vehicles

Euro CO2 
rules worry 
van makers
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Highlighting the latest thinking in automotive 
engineering and technology worldwide 

news IN BRIeF

the most frequently cited problem of 
wind power is that it is intermittent, with 
no power during calm spells and no easy 
way of absorbing surplus power when 
winds are too strong. Addressing this 
issue is a proposal from researchers at 
MIt which relies on pumped storage of 
large quantities of water to provide a 
reserve of power to keep current flowing 
when the wind is not blowing.

MIt’s proposal, which is the subject 
of a patent application, is a hollow cast 
concrete sphere which serves as both 
an undersea anchor for the wind turbine 
superstructure and a storage vessel for 
the pumped water. A single such sphere, 
25 metres in diameter and anchored in 
400 metre deep water, could store up to 
6 Mwh of power, says MIt, potentially 
increasing the value of wind energy by 
allowing it to be stored and fed back into 
the grid at times of peak demand when 

prices are high.
A thousand such spheres could 

supply as much power as a nuclear 
plant for several hours, enough to earn 
them consideration as a reliable source 
of power, say the study’s authors. 
Advantages would include instant 
ramp-up of power delivery and the ability 
to store energy produced from other 
sources.

German researchers, meanwhile, 
have floated the idea of so-called virtual 
power stations to even out variations 
in renewable energy generation. Many 
dozens of individual low-capacity sources 
such as wind turbines, photovoltaic 
installations, bio gas plants, combined 
heat and power generators, micro hydro 
turbines and heat pumps would be 
centrally controlled to cope with predicted 
load levels and to maximise the value of 
the energy generated.

Volkswagen’s announcement 
that it is working on a ten-
speed dual clutch 
gearbox has drawn 
attention to what 
appears to 
be a ratio 
race between 
automakers and 
transmission 
manufacturers 
intent on 
providing the most 
sophisticated 
driveline solutions.

transmission 
designers argue that 
with the narrower powerbands of 
modern downsized and downspeeded 
engines, increasing the number of gears 
can give a broader spread of ratios for 
improved launch from rest and more 
economical cruising at speed; narrower 

gaps between ratios make for 
smoother shifts and help keep 

the engine closer to its most 
efficient operating speed, 

thus saving fuel.  
while Vw has not 

given technical details 
of its ten-speed DCt, 
Ford and GM have 

confirmed their joint 
venture to design 

and manufacture 
a new generation 

of nine- and 
ten-speed planetary 

automatics for both front 
and rear wheel drive cars. 

ZF’s nine-speed automatic will soon 
appear on volume production models 
such as the Range Rover evoque, and 
Korea’s Hyundai Kia has confirmed its 
ten-speed unit will enter production 
this year.

Clean energy

storing wind energy

Passenger Cars

ten-speed gearboxes debut

Alstom energy recovery for London tube
In a move which will reduce CO2 emissions and help keep 
the London underground network cooler, Alstom is to trial 
its HESOP energy recovery system on the Victoria line. 
Some 99 percent of the energy of a train slowing down 
for a station is recovered and transferred to other trains 
accelerating at the same time. Alstom is also working 
on using F1-derived flywheel energy storage units from 
Williams Hybrid Power in its Citadis tram range.

BMw i programme “halves Co2 emissions”
The lifecycle CO2 emissions of BMW’s upcoming i3 
electric and plug-in hybrid models will be half those of 
conventional vehicles, says BMWi boss Ulrich Kranz. 
Energy-intensive production of the carbon fibre used in 
the i series structure is assured using renewable sources, 
and water consumption is cut by 70 percent. The i3 is set 
for launch in late 2013. 

Four-way cat removes PM, too
BASF has developed an innovative four-way catalyst 
(FWC) that processes particulate matter as well as CO, 
NOx and hydrocarbons. This eliminates the need for a 
separate particulate trap and, says BASF, will help gasoline 
engines meet new Euro 6 standards for particulate 
numbers.

toyota’s electronic anchor
Toyota’s premium Ponam boat range now features a 
GPS-based Virtual Anchor system that aligns the boat’s 
bow into the wind and against the direction of the tide or 
current so that the vessel can maintain position in deep 
water or without the need to drop anchor. Any changes in 
wind or current direction are automatically compensated 
for, and Toyota claims the system eliminates the need for 
“excessively increasing” engine speed.

Cars vulnerable to cyber attacks
The increasing electronic content of future vehicles, 
along with their integration into online, diagnostic and 
telematics networks, could make them vulnerable to 
malicious cyber attack, according to research carried out 
at the universities of San Diego and Washington. A major 
concern is if safety systems become compromised, say 
the researchers.

Clean diesels and hybrids boom in us
North America is experiencing an upturn in the sale of 
hybrids and clean diesels, albeit from a low base; between 
2010 and 2012, diesel registrations rose by almost 
25 percent, said data firm Polk. Toyota is celebrating 
cumulative global hybrid sales of 5 million, while supplier 
Bosch predicts a surge in the sales of gas-powered cars on 
the back of the shale gas boom in the US. VW CEO Martin 
Winterkorn, on the other hand, judged hydrogen fuel cell 
vehicles as too costly and therefore unviable.
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Motorsport

Aston Martin races 
hybrid with a difference
The Nürburgring 24 Hours race has seen hybrids before – machines 
as varied as a Lexus SUV and a flywheel-assisted Porsche. But Aston 
Martin’s Rapide S is doubly different: as well as being a luxury four-door 
coupé it counts as a hybrid as its V12 engine runs on two different fuels 
– gasoline and hydrogen.

The fuels are fed into the engine via independent inlet systems, the 
hydrogen side requiring turbocharging. The car can run on either fuel or a 
combination of the two, and on hydrogen was able to complete the first-
ever zero-emission qualifying lap of the demanding 25 km circuit. 

The Rapide successfully completed the 24-hour race, running in its 
own class for experimental cars; it ran mainly on gasoline but completed 
one zero-emission hydrogen lap in each of its race stints.   

“This is a historic day for two reasons,” said Jose Ignacio Calindo, CEO 
of Alset Global, which prepared the hydrogen equipment. “Besides being 
the first hydrogen-powered race car to compete and undertake zero 
CO2 emissions laps in an international event, it has showcased the most 
practical technology available to fundamentally address the challenge of 
global emissions without disrupting the automotive industry.”

Passenger Cars

Automation for safety

The presentation of a new generation of Mercedes-Benz’s S-Class 
always signals a step up in automobile technology, especially in 
the areas of safety, comfort and convenience. Among the key 
innovations of the recently revealed 2014 model are enhanced 
night vision systems and a forward-looking stereo camera, linked 
to multi-stage radar sensors, that allow the vehicle to scan the 
road ahead and pre-condition the suspension in real time for the 
surface conditions it is about to encounter. Also new is the ability to 
automatically follow and steer after another vehicle in stop-start 
and slow-moving traffic.

The Pre-Safe Plus anticipatory safety system will react to and 
automatically brake for pedestrians and cross traffic approaching 
the S-Class’s path; rear-end impacts are anticipated, too, and the 
restraint systems (including airbags in the rear belts) pull passengers 
away from potential impacts to minimize the risk of injury.

On a more detailed level the S-Class is the first car not to feature 
a single light bulb: instead, 56 LEDs feature in each headlamp, 35 
in each tail light and over 300 in the interior. Even the cup holders 
are innovative: they are able to cool or warm drinks over extended 
periods using the Peltier effect.

Passenger Cars

Next-generation diesels in prospect

Volvo and Volkswagen are set to raise the game in engine 
efficiency with their next-generation diesels boasting 
significant increases in injection pressure and much closer 
control of the combustion process.

Though revealing few technical details, Volkswagen CEO 

Martin Winterkorn did announce that VW would introduce high-
performance diesels with 3000-bar common rail systems and 
specific power outputs of 100 kW (134 hp) per litre, promising 
a 15 percent improvement in efficiency by 2020. Company 
sources suggest that an electric supercharger is used to 
supplement the conventional turbocharger.

Volvo’s new diesel is part of a wholly new generation of 
downsized four-cylinder engines, including gasoline units, set 
to debut later this year. Thanks to a feedback loop linking the 
combustion pressure sensors and the Denso i-ART 2500-bar 
injection, combustion is much more consistent and the engines 
can safely be run close to their limits without fear of exceeding 
legislative emissions limits, even at extended mileages.

Cylinder-by-cylinder control also improves NVH and, says 
Derek Crabb, VP of powertrain engineering, contributes “several 
percent” to fuel economy. “It’s the second step in the diesel 
revolution,” he noted:  “It is a breakthrough comparable to when 
we invented the lambda sensor and the catalytic converter in 
1976.”
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VIewpoint

It is a widely understood fact within 
the auto industry that sound quality 
is a major determinant of most 
vehicle purchasing decisions. While 
the brand marketing and product 
publicity extolling the performance 
or fuel economy attributes of a car 
may lead us to visit the showroom 
where we can admire the product 
in the metal, it’s on the test drive 
that decisions are often confirmed 
one way or the other. We may all like 
to post-rationalize our purchase 
decision in terms of hard facts and 
practicalities, but in truth most of us 
are swayed by softer considerations 
of the experiential ‘feel’ of the 
vehicle. And of all of the sensory 
considerations, the least recognized 
but the strongest influence may be 
that of sound.

Nowhere is this more important 
than for premium end of the market 
where halo products must excel in 
every respect if they are to attract 
customers. For luxury sports models 
in particular, the challenge is not so 
much one of insulating the driver, 
passenger and other road users 
from the noise of the engine, but of 
delivering the right sound for the 
product and the brand – a sound 
which is music to the ears of the 
brand’s very discerning customers.  

In many respects it is helpful to 
think of the challenge in musical 
terms: if the engine is the musician, 
then the intake and exhaust systems 
are very much the instruments 
through which the music is being 
played.  

For many years now we have been 
using increasingly sophisticated 
simulation techniques and testing 
methods to get the balance exactly 
right for each product.  But with the 
advent of turbocharging as an aid 
to engine downsizing, increasing 
performance and improving fuel 
economy, a completely new challenge 
has emerged. Typical turbochargers 
cut both intake and exhaust noise by 
around 15 dB, because the pressure 
differences across compressor 
and turbine constitute strong 
mismatches of acoustic impedance. 

This situation hinders the delivery 
of the sporty sound that customers 
expect from high performance vehicles, 
in effect separating the musician from 
the instrument. 

All is not lost, though. We can 
engineer the precise sound that we 
require using a variety of methods: 
optimal control of muffler systems 
(while ensuring that external pass-
by noise requirements are met), 
intake sound generation systems 
that filter and finesse sound from the 
pressurized intake manifold, or entirely 
electronic systems that deliver sound 
in a precisely optimized manner to 
the passenger compartment. The 
task is more complex and challenging 
than ever before, but with the right 
CAE and test facilities combined with 
engineering skill and resourcefulness, 
I am sure that we can continue to 
provide exactly the type of sound that 
customers require from premium 
sports cars. If this type of music 
is the food of love for premium car 
purchasers, I for one will do my best 
to ensure that in future products it 
continues to play on.

Does turbocharging mean the end of  
sporty sound quality?
Matthew Maunder – Ricardo technical specialist, NVH

Motorcycles and Personal transportation

Europe to require 
motorcycle ABS
Anti-lock braking will be compulsory on all motorcycles over 
125 cc sold in the European Union from 2016; smaller-capacity 
machines (between 50 and 125 cc), including scooters, will be 
required to have either full ABS or a combined braking system 
linking front and rear wheels.

Some motorcycle manufacturers and importers have 
anticipated the move, with BMW having made ABS standard 
across its complete worldwide range from the 2013 model year 
onwards. 

As a pioneer of motorcycle ABS and a major supplier of braking 
systems, Bosch has welcomed the new regulation. “A standard-
fit ABS can prevent more than one-quarter of all motorcycle 
accidents with personal injuries,” said Gerhard Steiger, president 
of the Bosch Chassis Systems Control division, referring to the 
findings of a Bosch accident study. 

Bosch supplies systems for all 
categories of powered two-wheelers, 
including its new low-cost ABS9 

Light, aimed at entry-
level bikes which 

have only one 
hydraulic brake 

channel.

I am sure that we 
can continue to 
provide exactly the 
type of sound that 
customers require 
from premium sports 
cars. If this type of 
music is the food of 
love for premium car 
purchasers, I for one 
will do my best to 
ensure that in future 
products it continues 
to play on.

Commercial and Industrial Vehicles

Stop-start for 
industrial engines
Engine stop-start systems can significantly reduce fuel 
consumption and have become almost universal for modern 
passenger cars, but they have yet to migrate to commercial 
and industrial vehicles – even though fuel can account for the 
vast majority of a heavy machine’s lifetime operating costs.

Sensing an opportunity, Volvo Penta has announced 
automatic stop-start as an option for its industrial diesel 
engines, estimating that the function can achieve fuel savings 
of 5 percent or more by switching the engine off when idling.

 “Fuel consumption is by far the biggest cost for operators 
of industrial equipment in areas such as material handling, 
construction and mining,” said Ron Huibers, president of Volvo 
Penta Americas. “When fuel can represent up to 90 percent of 
the machine’s lifetime operating costs, a reduction of up to 5 
percent in fuel consumption is extremely valuable.”

Volvo Penta’s start-stop can be activated or disabled as 
required, stopping the engine automatically after a pre-set 
idling time and restarting it as soon as the operator activates 
any of the machine’s controls. Benefits also include lower 
emissions and a reduction in work-site noise, says Volvo.
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tesla’s principal model, the Model s sedan, is already 
successful. How closely related is the new Model X crossover 
that will take the brand into the all-wheel drive market?
The Model X here is still a concept, but they both share their 
platform, the rear wheel drive unit, the suspension and a lot of 
other smaller components. Mechanically and electrically they 
are the same, but the four-wheel drive version of the Model X 
has an additional motor to drive the front wheels.

wasn’t the Model X expected to be smaller and less expensive 
than the Model s?
No, the Model X is still a large car as it has three rows of seats, 
all forward facing. The size is comparable with other vehicles 
with three-row seating. It will be similar in price [to the Model 
S], but we are working further ahead on a higher volume 
vehicle which will be significantly less expensive.

what build volume are you anticipating for the Model X?
We’re hoping that it will do a similar volume to the 21,000 a 
year of the Model S, or hopefully even more if we can ramp up 
production and there is demand for it.

will tesla ever consider the option of a range-extender motor 
to make it a plug-in hybrid?
 No, never. It’s a matter of principle. There’s no gasoline in the 
Tesla, only electric. As [Tesla CEO] Elon Musk just said, the 
hybrid is a bit like a frog: it can move on both land and water, 
but it’s not great at either. That’s a good image, I think. We only 
make all-electric cars: Tesla’s goal is to spread the adoption of 
electric cars.

Are your batteries designed and manufactured in-house? 
Are the different-capacity battery packs physically the same 
size?
They are physically the same batteries, but we have built them 
in three different capacities – 40, 60 and 85 kWh. The number 
of cell blocks are different, and so are the cells themselves, 
with different chemistries and different energy densities. The 
85 kWh battery has the highest energy density you can get.

Do you use water to cool the batteries? 
The cells in the battery are both heated and cooled, depending 
on operating conditions and what is needed. We make sure 
they always stay at a very comfortable operating temperature 
– but I’m not sure if I can share publically precisely what that 
operating temperature window is. It’s a fairly wide range, 
though – and that’s where Tesla has its knowledge and 
expertise, because we have much higher energy than anybody 
else. We buy the individual cells from different partners but we 
build the whole battery ourselves.

what warranty do you have on the battery? Can the battery 
be removed and replaced, or is it part of the structure?
There are different levels of warranty depending on the size 
of the battery. For the big one, the S3 85 kWh battery, it is 
eight years and unlimited mileage. The others have different 
levels, but European warranties have not yet been decided. The 
battery can be removed, but it won’t be updated in service – 
although the software controlling it can be updated.

the Model s uses a single motor powering the rear axle, and 
the Model X has the option of a front-axle motor for all-wheel 
drive. Have you ever considered in-wheel motors such as 
those offered by Protean?
The motors in the wheels? Overall, they’re not [so] efficient. 
They add more weight and complexity for no efficiency 
gain. You can do away with driveshafts and so on, but in our 
experience it’s not worth it.

your cars all have single-speed transmissions. Could you 
improve range by going to more gears? 
You lose a lot of power by changing gears. One gear is enough, 
I think, in providing torque at low speed and still having a nice 
maximum speed. There is no need for more than one.

what about in Germany, where drivers like to travel at full 
speed all the time? And what about a hill start when towing a 
heavy trailer, say a boat?
First of all, I think that that characterisation of Germany, where 
I have lived and worked for Mercedes for ten years, is not true. 

INteRVIew

silicon Valley sensation
With a strong order bank, rising production and a surge into 
profit, Californian electric car maker Tesla has suddenly 
become the darling of Wall Street. At the presentation of the 
new Model X crossover tony Lewin caught up with Jerome 
Guillen, programme director for the successful Model S sedan
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There is definitely a lot of torque, and we will have to see what 
kind of towing capacity we come up with for the Model X – it 
hasn’t been set yet. I don’t think we are going to have any kind 
of gearbox.

How have you configured the regenerative braking on your 
vehicles? It has been a point of criticism on some other 
brands’ electric vehicles.
As soon as you take your foot off the throttle the regenerative 
braking turns on. You can have it at the normal level or a lower 
level, whichever you want. When you touch the brakes the 
regen braking continues too, so you have both mechanical 
and electrical braking blended together. The traction control 
monitors the wheels every millisecond – it helps us save as 
much energy as possible.

will your models feature external noise generators for the 
european market?
At the moment we don’t have them and we won’t install 
one until it is absolutely mandatory. Bikes don’t have noise 
generators, and we don’t want the streets to start sounding 
like you’re in Las Vegas with every electric car making its own 
different noise. 

to return to your future smaller vehicle, will it still be rear-
wheel drive in configuration? Can you use simpler solutions?
We’re not really disclosing anything about the vehicle’s 
concept or any detail of our product plans. We’re a premium 
brand, so we always intend to make premium vehicles; 
whether we need a simpler solution just because it is smaller 
is questionable: I was involved with the electric Smart – it’s a 
pretty small car, and from what I understand Daimler is pretty 
happy with that vehicle.

will the new smaller vehicle also be produced at the same 
Fremont plant?
Yes, we have plenty of space – five million square feet, and 
we’re only using about 20 percent of it right now. So there’s 
plenty of room to grow.

will you have to adapt your manufacturing 
techniques for the higher volume 
production, maybe with different 
materials? 
Again, this is a car that’s some 
way away. It’s a few years 
out still. It will be built in the 
same plant but we intend to 
have a much higher volume 
than the current vehicle, 
so there will probably be 
manufacturing technologies 
that will be more suitable for 
those higher volumes. 

In planning the new car, will you [like BMw] use composite 
structures to make it as light as possible so you can use a 
smaller battery and thus save on the main high-cost item?
We’ll always try to make the car as light as possible, so 
that’s why the [current car’s] body is all aluminium. As for 
carbon composites, I am not going to say anything about this 
technology right now.

toyota and Daimler each hold a significant stake in tesla. 
what have you gained from your partnerships with these 
companies?
We are pleased with our relationships with those two 
companies – it’s a sign of endorsement that both of these 
companies are working with us for all electric powertrains. The 
RAV-4 for Toyota, the Smart for Daimler and now we’re working 
on the B-Class for Mercedes. They are also paying us for the 
work, so it’s a transaction – but both of those companies have 
invested in Tesla. Yet, more than the size of the investment, 
it’s the fact that they are supporting us that matters.  

Jerome Guillen, Director of Model s Programs
Prior to joining Tesla in 2010, Guillen created and led the Business 
Innovation department at Daimler, helping develop the Car2Go scheme. 
Until 2007 he worked with Freightliner LLC as General Manager of the 
Cascadia programme, responsible for the development and introduction 
of a new generation of Class 8 trucks. 

Guillen holds a PhD in Mechanical Engineering from University of 
Michigan, in addition to an MSc in Energy Technologies from ETSII in 
Madrid, Spain and a BSc in Mechanical Engineering from ENSTA in Paris.

we will never consider the option of 
a range extender motor. “there’s no 
gasoline in the tesla, only electric”

tesla’s Model X 
concept
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Personal private mobility is a phrase 
which began to appear frequently in 
the late 1990s: it neatly sums up the 
value that human beings place on 
independence, regardless of which 
socio-economic group they belong 
to. Urban mobility, in its turn, has now 
become a clearly identified sector in 
the motorcycle business at a time 
when individual use of cars in many 
urban areas is being discouraged 
or is becoming more difficult due to 
congestion. 

Providing competitive options for 
two-wheeled personal mobility is thus 
becoming an ever more important 
area of the market for motorcycle 
manufacturers, with the need for 
affordable transport growing at a 
rapidly accelerating rate.

For premium motorcycle 
manufacturer BMW Motorrad this 
presents both an opportunity and a 
challenge. In the last few years the 
German company has been especially 
successful in the touring bike market 
and produces a number of ‘best in 
class’ products based on its iconic 
boxer twin engine. 

BMW has also looked to expand 
by moving into new sectors. By 
launching the S1000RR in 2009 it 
successfully went head-to-head with 
established Japanese sports bike 
manufacturers in a highly specialized 
market sector. In 2011 the six-
cylinder K1600, a range-topping 
touring bike, further established 
BMW in a sector which it already 
dominated. 

Premium product – at a 
cost-competitive price
For BMW this further new sector 
– urban mobility, which includes 
scooters, required yet another new 
approach to product development. 
The new ‘maxi’ scooter is available in 
both C600 Sport and C650 GT models, 
though both share the same engine 
capacity of 650 cm3. The new scooter 
does not compete with the multitude  
of smaller 125-400 cm3 machines 
available: in fact, BMW has chosen a 
level of the market currently occupied 
by only four or five competitors. 
Maxi scooters are especially popular 
in Europe, with Spain and Italy in 
particular representing the strongest 
markets. Despite the premium nature 
of the products (a maxi scooter 

Riding
BMW Motorrad is renowned for its touring bikes and, more recently, its 
sports bikes too. Yet with the new C600 Sport and C650 GT maxi scooters, 
with a powertrain engineered by Ricardo, the Munich-based premium 
motorcycle maker is entering a completely new sector of the market. 
Jesse Crosse talks to Ricardo’s Paul Etheridge about how this ambitious 
programme was completed – in record time

MotoRCyCLes  AND PeRsoNAL tRANsPoRtAtIoN

into new territories
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costs in the region of €10,000) the 
market is ferociously cost competitive 
– so it was imperative that while 
incorporating all the brand image 
and quality attributes expected of a 
BMW, the new scooters would still be 
affordable.

Ricardo has already completed 
two other successful engine projects 
for BMW Motorrad: the four-cylinder 
K1300 upgrade between 2006 and 
2008 was followed by design support 
of the six-cylinder K1600 power train 
between 2006 and 2010 (see RQ Q2 
2009 and RQ Q2 2011 respectively). In 
2009 Ricardo was appointed to review 
an existing powertrain concept for the 
new scooter, an area of considerable 
previous Ricardo experience thanks 
to work on earlier scooter projects 
in the European and Asian markets. 
The task was to keep the price entry 
point competitive, yet also to simplify 
the design using certain well proven 

and readily available transmission 
components. 

In reality, this set of objectives 
required a complete overhaul of the 
existing driveline concept, taking in 
everything from the engine through 
to the back wheel. The most popular 
transmission type used in scooters 
is the step-less automatic CVT. 
The original concept incorporated 
a bespoke CVT module, which 
Ricardo would need to replace with a 
commercially available alternative – a 
major task. 

Detailed engineering 
proposal
This first stage consisted of a short 
study, completed in just three 
months. During that time Ricardo 
also supported the development of 
a detailed engineering proposal for 
the main programme including the 
complete design, development and 

industrialization of the engine, 
transmission, swing-arm, final 
drive and exhaust system. It was 
a decision for BMW to outsource a 
significant amount of engineering 
support for this product, due to 
internal capacity limitations.

Ricardo supported the powertrain 
design, an external scooter specialist 
was involved in vehicle design 
support, a new engine control unit 
(ECU) was developed, and the BMW 
industrialization and quality team 
worked together with the nominated 
engine manufacturer. Clearly, BMW 
itself was the most important member 
of the project team, closely managing 
the whole process to ensure that 
the finished result stayed true to its 
originally product brief and also met 
the exacting brand, technical, quality 
and cost requirements of the company. 

The project was challenging for a 
number of reasons, the first being 

Below: Parallel twin 
engine is inclined at 
70 degrees forward 
to allow a low step-
through platform, 
while a 270-degree 
crankshaft was chosen 
for both smoothness 
and a distinctive sound. 
transmission is by CVt.

the BMw C600 and C650 engine and transmission in numbers:
type: 2-cylinder 4-stroke liquid-cooled engine, 4 valves per cylinder
Bore x stroke: 79 mm x 66 mm
Capacity: 647 cm3
Rated power: 44 kw at 7500 rev/min
Max. torque:  66 Nm at 6000 rev/min
Compression ratio: 11.6:1
emission control: Closed-loop 3-way catalytic converter, exhaust 
 standard eu-3
Maximum speed:  175 km/h
Fuel consumption at constant 90 km/h: 4.4 litres per 100 km
Fuel consumption at constant 120 km/h:  5.6 litres per 100 km
Fuel type: Premium grade fuel, unleaded 95 (RoN)
Alternator: three-phase generator, 588 w
Battery: 12 V / 12 Ah, maintenance-free
Clutch: Centrifugal
Gearbox: CVt 
Final drive: Chain drive in oil bath
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the challenging time schedule for 
the introduction of a new market 
sector product. Secondly, despite 
the relatively high cost of scooters at 
this level, the final product still had 
to remain price-competitive within 
the segment. In practical terms there 
were also geographical and cultural 
differences to overcome as the 
project was split between Germany, 
UK, Czech Republic, Italy and Asia. The 
engineers were also up against tough 
competition technically from two very 
distinct and established competitors 
in this sector – for example the 
Yamaha TMax in the sport segment 
and the Suzuki Burgman in the 
comfort sector. 

Complete powertrain 
design
Although they may look simple, 
scooters are complex machines and 
are if anything even more complex 
than a conventional motorcycle. Some 
premium machines like the BMW have 
ABS, there are a significant number of 
bodywork components and the driveline 
is both complicated and compact. 
Ricardo’s final brief was to support 
the design of a complete powertrain 
compatible with BMW’s worldwide 
sourcing strategy, incorporating locally 
sourced materials whilst employing 
techniques meeting BMWs exacting 
manufacturing and quality standards.

“During this programme we made a 

large number of supplier visits 
with designers, manufacturing 
engineers and test engineers so that we 
were in control of the overall process, 
frequently reviewing manufacturing 
aspects with component suppliers and 
BMW quality specialists, and the hand-
over of documentation,” explains Paul 
Etheridge, Ricardo’s chief engineer on 
the project.

The powerful 647 cc engine produces 
44 kW [60 hp] and 66 Nm [48 lb ft] 
torque. It is a twin-cylinder, four-stroke, 
double overhead camshaft water-
cooled design. The cylinders are heavily 
inclined towards the front at 70°, a 
typical feature in scooters where a low 
step-through platform is needed. “We 

“we shouldn’t underestimate the challenge of putting 
such a big engine in a scooter. we worked very closely with 
BMw and the vehicle engineering partner in the concept 
definition phase to make sure the package was right – it’s 
very tight.”  Paul Etheridge, chief engineer for Ricardo

 RQ • Q2 • 2013  13

BMW maxi-scooter



shouldn’t underestimate the challenge 
of putting such a big engine in a scooter,” 
says Etheridge. “We worked very closely 
with BMW and the vehicle engineering 
partner in the concept definition phase 
to make sure the package was right – it’s 
very tight.”

Crankshaft balance is a crucial aspect 
of the design. The engine is a parallel 
twin, which in itself gives a number of 
options in relation to crankshaft angle. 
“Those choices influence balance and 
sound as well as the manufacturing 
process. In this engine BMW chose a 
270° crank,” explains Etheridge. “That 

xxxxxx

the BMw Motorrad perspective
thomas Ringholz, project leader, powertrain, BMw Motorrad

How competitive is the maxi scooter 
market and how difficult is it to engineer a 
product from scratch capable of being truly 
competitive?
the urban mobility segment is a new and 
important one for BMw Motorrad.  Most 
important is to define and set targets at an 
early stage for a successful entry in a new 
segment, especially for powertrain behaviour 
in the vehicle, so that the result will be 
competitive overall and also be able to beat 
the competition in magazine road tests.

How challenging was it developing scooter 
compared to a motorcycle?
After investigating and understanding the 
scooter specific product requirements (i.e. 
for package and transmission) in addition 
to the definition of specific test programs, 
it was developed in the same way and with 
same standards as our motorcycles.

though overall control was retained by BMw 
Motorrad, a significant proportion of the 
project was outsourced to partners. How 
unusual was this for BMw Motorrad and what 
were the benefits?
Development with the support of external 
partners is usual for BMw Motorrad for many 
years now.  In this case it was new because we 
decided to use partners for powertrain and 
vehicle, for simultaneous development. there 
were advantages for our internal capacity 
planning. the programme needed a high 
amount of flexibility in workforce capacity for 
design as well as for engine build and testing. 
this was provided well by our partners. 

Please outline some of the benefits that using 
an experienced powertrain developer like 
Ricardo brought to the project?
Ricardo was already familiar with multi-
cultural programs, and their experience 
with Asian suppliers helped to save time 
to fulfil the time schedule. For Asia more 
design/drawing effort and design/drawing 
loops were needed in comparison to 
europe. Ricardo always provided this need 
satisfactorily. BMw and Ricardo specialists 
complemented each other in a good way, 
and they developed a very efficient test 
programme.

the early project gateway was passed based 
solely on analysis and simulation results. How 
valuable was this approach to BMw Motorrad 
and would you do it again?
BMw has good experience with this, and we 
now use analysis based frontloading on all 
projects.  

the press reviews were very good. How 
satisfied are you with the end result given 
that this project was a first for BMw Motorrad 
on several levels?
Press and market responses to our new 
C600 and C650 scooters are very promising. 
we will observe the urban mobility market 
to define the future needs. It will be a 
challenging target to get and keep BMw there 
as a key player.
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gives the same firing interval as you 
would find on a 90° V-twin and we 
settled on that crank angle for two 
reasons. The first was to provide better 
inherent vibration levels for a smoother 
ride. The second was to give the engine 
a distinctive sound, a crucial aspect of 
the BMW brand and something our client 
had specifically asked for.”

Driveline
Scooters in this class usually have 
double sided swing arm for the rear 
suspension – but for the BMW a single 
sided swing arm was selected, also 

enclosing the final drive chain. Swing 
arm length is critical to provide good 
stability for the rider and in order 
to achieve this at the same time as 
locating the engine in the correct place 
in the chassis, the transmission is 
angled up at the rear to provide space 
for the swing arm and final drive. This 
arrangement of the drivetrain also 
provides robustness and refinement 
and keeps unsprung weight to a 
minimum for good handling.

An ideal configuration would be 
to mount the CVT directly on the 
end of the crankshaft, but the twin 

cylinder power unit would then be 
too wide. So scooter drive trains are 
typically arranged sequentially, one 
component after the other. The drive is 
transmitted from the crankshaft to the 
CVT (mounted behind the engine) by a 
central primary drive chain designed to 
last the life of the power train. 

“It was decided to use a chain 
because it is efficient, quiet and 
presents fewer manufacturing 
challenges than gears,” explains 
Etheridge. The drive sprocket on the 
CVT end incorporates a torsional 
damper to protect the chain from the 

“It was decided to use a chain because it is efficient, quiet 
and presents fewer manufacturing challenges than gears” 
 Paul Etheridge, chief engineer for Ricardo
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peak impulses of the engine, a crucial 
aspect of the design. 

The layout of a scooter final drive, 
from the output end of the CVT to the 
rear wheel, varies considerably from 
manufacturer to manufacturer. First of 
all there has to be a simple reduction 
gearbox. This cannot be placed 
immediately after the engine because 
the torque multiplication would be too 
high for the CVT to withstand. Beyond 
that is the transmission system to the 
rear wheel. One production solution 
uses no primary drive at all and has 
two final drive chains instead, but it 
could be argued that this cancels out 
any efficiency gained. Another solution 
is to use a gear train along the length 
of the swing arm; an elegant solution 
but one which, again, lacks efficiency 
due to the number of gears, carries 
an NVH risk and has a significant cost 
penalty compared to alternatives. 

A shaft drive was ruled out on the 
grounds of cost, and disadvantages 
due to the relatively short swing arm 
length of the scooter, so finally BMW 
decided on a fully enclosed, conventional 
chain drive.  It was further decided to 
run the chain in an oil bath, and which 
is expected to last much longer than a 
normal chain final drive. The CVT itself 
needs servicing every 20,000 km, the 
usual interval for such a device.

Powerful sound
The original engine concept remained 
substantially unchanged and the 270° 
crankshaft, bore and stroke of 79 mm 
x 66 mm (bore size shared with BMW’s 
K1200 motorcycle), balancer shaft 
layout and double overhead camshaft 
were all carried forward throughout the 
project. 

However, Ricardo carried out a good 
deal of detailed work to make the 
design production ready. The usual 
refinement and analysis of the engine’s 
gas flow and the mechanics of the 
valve train were achieved using WAVE 
and VALDYN respectively to optimize 
combustion efficiency and valve train 
dynamics. Then Ricardo’s design team 
performed some detailed engineering 
to integrate certain BMW standard 
parts into the engine. A considerable 
amount of analysis was also done on 
the driveline, again using VALDYN. 
In addition, Ricardo worked closely 
with the primary chain supplier, which 
also performed its own independent 
analysis to ensure the absolute 
robustness of the final component.

By streamlining and basing the 
engine around globally produced 
components and BMW standard 

xxxxxx

New focus on motorcycles and personal 
transportation

It’s absolutely crucial to understand the 
market and technology context of motorcycle 
and other two-wheeler projects, and to 
empathise with the product’s customers.  
one of the key factors that makes our Centre 
of excellence so successful in serving 
premium, technology-led brands such as 
BMw (and others) as well as the more volume 
and value-driven manufacturers in emerging 
Asian markets is that our team lives and 
breathes the product.  

we are all very keen motorcyclists, and 
we understand not only what influences 
the customer, but also the underlying 
technologies and the imperatives of each 
market.  In my own case, I have been working 
on motorcycle projects at Ricardo for nearly 
30 years – almost as long as I have held a 
motorcycle licence.

Ricardo has a unique track record of 
successfully delivering motorcycle engineering 
projects dating back to the 1920s, and in 
the past 25 years we have developed our 
motorcycle engineering activities around 
a specialist team equipped with dedicated 
facilities. In my opinion none of our competitors 
can provide such a proven, specialized and 
diverse whole motorcycle engineering service.

working with our colleagues across the 
global Ricardo organization, we can deliver 

almost any complexity of motorcycle or 
personal transportation project, from the 
most technologically advanced products for 
luxury and sports brands to the most value-
driven for emerging markets. In addition, 
based at our Motorcycle Centre of excellence 
we have added significant new development 
resources including, for example, the recent 
commissioning of our brand new motorcycle 
chassis dynamometer facility. 

From concept design to production 
implementation, and while meeting the 
technology transfer and engineering needs of 
our global clients, our aim is always to create 
a fantastic product that customers will want 
to buy. that’s where our extensive experience 
and enthusiasm for motorcycles really pays 
dividends for Ricardo clients worldwide.

the motorcycle sector is a complex one, and understanding it 
requires in-depth product engineering and industry knowledge, as 
Paul Etheridge, recently appointed head of the Ricardo’s German 
based Centre of excellence in Motorcycle engineering explains
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parts, Ricardo was able to improve 
powertrain efficiency and cut the bill 
of materials for the powertrain from 
the original concept layout without 
compromising quality: a major 
achievement.

The usual BMW development 
process involves building a first 
prototype to prove that the design can 
achieve the planned power and torque 
outputs, but on this occasion things 
were different, as Paul Etheridge 
explains: “This is one of the first BMW 
Motorrad products which has gone 
through the early project gateways 
based solely on analysis and simulation 
results. I think that is a real plus point 
for Ricardo’s process, which involves 
front-loading with analysis using our 
extensive CAE software tools to reduce 
the number of design and development 
iterations and associated prototype 
costs. We had to prove that we could 

do that to shorten the normal new 
product development process.”

Positive reviews
The C600 Sport and C650 GT are now in 
production and receiving good reviews. 
“The engine and transmission work 
well together, not always a given with 
this kind of CVT drivetrain,” said the 
UK Daily Telegraph, adding “on many 
scooters there’s a small delay between 
opening the throttle and the drive 
being taken up, making low-speed 
riding awkward, but on the BMWs it’s 
immediate, smooth and predictable, 
and when you give it a handful the 
acceleration is strong: 0-60 mph takes 
less than 6 seconds.” 

Motor Cycle News also gave 
the engine the thumbs up, calling 
it “powerful for a scooter, with a 
very motorbike-like throaty roar.” 
Ridermagazine.com liked the power 

train, too, reporting that “the two 
scooters accelerate briskly and cruise 
at high speed…like motorcycles.” 

North America’s Cycle World, testing 
the range in Madrid, was equally 
enthusiastic, describing the comfort 
and convenience of the new model 
as “all very scooter-like but with a lot 
more punch from the engine bay…. 
That’s an important point: The GT (and 
the 2-in. shorter overall, 25-lb. lighter 
Sport) is not a gutless grocery-getter.”

The new C600 Sport and C650 GT 
clearly represent another success for 
Ricardo and its client, BMW. It is an 
achievement of which both companies 
are rightly proud. Together with its 
partners, BMW has succeeded in 
producing a premium product at the 
right price and, perhaps even more 
importantly, delivering the kind of 
performance and brand attributes that 
its customers demand. 

sophisticated 
analysis and 
simulation 
techniques meant 
that there was no 
need to build costly 
prototypes to prove 
that the engine could 
deliver the planned 
power and torque 
outputs

”this is one of the first BMw Motorrad products which 
has gone through the early project gateways based 
solely on analysis and simulation results. I think that is a 
real plus point for Ricardo’s process” 
 Paul Etheridge, chief engineer for Ricardo
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In the two hundred years since Napoleon 
Bonaparte observed that ‘an army 
marches upon its stomach’, the critical 
importance of the logistics operation 
that supports forward operating 
military force has been increasingly 
well recognized. An army deployed in 
a theatre of operations requires food, 
water, ammunition, spares and fuel in 
order to take the fight to the enemy 
and sustain its position. While the 
logistics operation may not be the most 
glamorous or noteworthy operational 
function, it is perhaps both its most 
crucial enabler as well as its potential 
constraint – an army running short of 
any of these commodities is unlikely to 
sustain its position for very long. 

With the attendant risks and costs 
associated with the delivery into 
theatre of bulky commodity such as 

fuel which is valuable, volatile and 
vulnerable to attack, it is small wonder 
that the fully burdened cost of a litre of 
fuel delivered to a front-line base can 
be many hundreds of times the price 
to the consumer at a filling station 
forecourt. When setting requirements 
for future military vehicles, fuel 
economy thus is an increasing concern 
for planners – perhaps second 
only to crew protection and basic 
operational effectiveness. In addition 
to its direct benefits, the multiplier 
effect on logistics of reducing future 
vehicle energy requirements can be 
considerable. Put simply, if front-line 
vehicles require one less tanker load 
of fuel, not only is the cost of the fuel 
in the tanker saved, but also the cost 
of delivering it into theatre, and of the 
assets required to protect it en route. 

“More fight
less fuel”

DeFeNCe

So ran the sub-title of an influential 2008 report by the US 
Government’s Defense Science Board on Department of Defense 
energy strategy. The report helped pave the way for the highly 
innovative FED Alpha project and, as Anthony smith reports, 
neatly summarizes the project’s guiding principles

us Government legal notices in 
relation to this article
uNCLAssIFIeD: Distribution statement 
A. Approved for public release.
Disclaimer: Reference herein to any 
specific commercial company, product, 
process or service by trade name or 
trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply 
its endorsement, recommendation, 
or favouring by the United States 
Government or the Department of the 
Army (DoA). The opinions of the authors 
expressed herein do not necessarily 
state or reflect those of the United 
States Government or the DoA, and shall 
not be used for advertising or product 
endorsement purposes.
As the author is not a Government 
employee, this document was only 
reviewed for export controls, and 
improper Army association or emblem 
usage considerations.  All other legal 
considerations are the responsibility of the 
publisher.

18   RQ • Q2 • 2013

US FED Alpha project



the FeD project takes shape
Responding to the need to ensure that 
the next generation of military vehicles 
are both fit for purpose as well as fuel 
efficient as practically possible, in 2008 
the United States Army Tank Automotive 
Research, Development and Engineering 
Center (TARDEC) – the US Armed 
Forces’ research and development 
facility for advanced technology in 
ground systems – initiated its Fuel 
Efficient Ground Vehicle Demonstrator 
(FED) project.  

This high-profile initiative sought to 
combine the best available expertise 
from both government and industry to 
demonstrate the level of fuel efficiency 
that is achievable in hardware operating 
in a realistic military environment, and 
at what cost.  Carl Johnson, TARDEC’s 
team leader for FED, explains the 

background: “If you look at the logistical 
resource it takes to put a force on the 
ground, the number one consumable 
you need is water – and you obviously 
can’t reduce that. The second most 
delivered commodity is fuel, so it’s 
essential that we look to reduce fuel 
consumption. While the US forces use an 
extremely wide range of vehicles, by far 
the largest in terms of vehicle numbers 
and overall fuel consumed is the  High-
Mobility Multipurpose Wheeled Vehicle 
or ‘Humvee’.  So to attack the problem 
in terms of the ground-vehicle fleet it 
was important to focus on this as the 
highest-density vehicle on the ground.”

Increasing vehicle payloads 
and energy needs
Focusing on the High-Mobility 
Multipurpose Wheeled Vehicle 

(HMMWV) made perfect sense.  Not 
only is this one of the most widely used 
vehicles by US Forces but it also very 
clearly demonstrates the trend for 
increasing energy requirements and 
gross weight, with their increasing 
payload of electronic countermeasures 
as well as weapons systems and armour. 
When it was initially introduced in 1984 
the HMMWV weighed in at 7700 lbs (3.5 
tonnes). With the addition of armour 
and communications, surveillance and 
electronic countermeasures, the same 
vehicle on operation in Afghanistan can 
weigh 17,900 lbs (8.1 tonnes) – or the 
equivalent of adding the mass of three 
mid-sized family cars to each vehicle.

In establishing the FED programme, 
two teams were formed, FED Alpha and 
Bravo, with the objective of creating a 
state-of-the-art, fuel-efficient tactical 
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vehicle capable of fulfilling the role of 
the HMMWV, from a ‘clean sheet of 
paper’. The only design constraints 
were the requirement to achieve the 
maximum fuel efficiency possible in 
comparison with the HMMWV, but with 
no loss of operational performance. The 
FED Alpha team was to address this 
challenge using the latest automotive 
design and development processes 
and latest vehicle technologies. In a 
radical departure from more normal 
practice and in order to ensure that 
lessons were fully learned in terms of 
the design process as well as in the 
constituent technologies deployed on 
the vehicle, Ricardo was asked to lead 
the FED Alpha team. This approach 
effectively stood the normal military 
vehicle development process on its 
head.  Rather than TARDEC establishing 
vehicle specification criteria and 
bringing in expert support to help deliver 
it, the agency instead contracted design 
project leadership out to Ricardo and 
provided its engineers in support as part 
of the expert team.

embedded engineers
Throughout the design and development 
process, between a quarter and a 
third of the engineers were embedded 
TARDEC personnel, who would work 
alongside the Ricardo team to help fulfil 
both the programme and technology 
transfer objectives. “This was one of 
the most interesting aspects of the 
project,” explains Ricardo chief engineer 
for FED Alpha, Wesley Scharmen.  
“We really enjoyed the chance to run 
the programme and to share with 
the customer – both the embedded 
engineers as well as their colleagues 
back at base – how a well-run state-of-
the-art vehicle programme is completed 
by industry, and the technical issues 
involved.  The amount of freedom we 
were given to do the right thing and to 
share our knowledge with them was 
incredible. Working this way enforces a 
model of complete transparency. You 
also need to work their skill set into the 
team so that they can achieve their 
personal learning and development 
objectives.” 

FeD Alpha in numbers
Fuel economy
Composite 7.5 mpg   (31.7 l/100km)
Convoy escort 12.6 mpg (18.7 l/100km)
urban Assault  7.1 mpg (33.1 l/100km)
Churchville*  4.8 mpg (49.0 l/100km)  
tactical Idle 0.51 gal/hr. (1.93 l/h)
Munson* 14/28 8.3 mpg (28.33 l/100km)

specifications
on-board Power 30 kw
Max speed 82 mph (132.0 km/h)
Max speed on 5% grade 52 mph (83.7 km/h)
Acceleration – 0-30 mph (48.3 km/h)  6.6 sec
Acceleration – 0-50 mph (80.5 km/h) 18.7 sec
Range (Munson* 14/28) 275 miles (442.6 km) 

weight
Curb weight  9,970 lbs. (4,522 kg)
Ballistic/blast kit 1,610 lbs. (  730 kg) 
Payload 3,820 lbs. (1,733 kg)
Gross vehicle weight 15,400 lbs. (6,985 kg)

*Denotes the Churchville and Munson test course – numerical suffix indicates 
average/constant vehicle speed in miles per hour

FeD Alpha features 
V-hull design to 
deflect blasts, 
while the six-speed 
Aisin transmission 
has been specially 
calibrated for 
tactical fuel 
efficiency. 
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Concept development
One of the key early tasks in the concept 
engineering process was to develop 
a realistic drive cycle, reflecting a 
typical duty cycle of the front-line 
deployment of such a vehicle. The cycle 
was developed in four parts based on 
recorded data from existing vehicles 
in theatre, including highway/convoy 
operations, a simulated assault mission, 
off-road driving, and operation at idle 
– frequently done to provide power 
supply to on-board equipment – for 
approximately 25 percent of the time 
in use.  

Using this data as the basis of 
simulation work, Ricardo was able 
to offer TARDEC a range of possible 
concepts providing different cost and 
efficiency trade-offs, each based on the 

same aluminium vehicle structure 
and providing an upgrade 

path between the different 
concepts. These ranged from 
a conventional powertrain 
arrangement incorporating an 

existing JP-8 fuel compatible 
diesel with an integrated starter 

generator, capable of delivering 
a 70 percent fuel saving over the 

HMMWV – exceeding by a considerable 
margin TARDEC’s original objective of 30 
percent – up to a full hybrid powertrain 
comprising a next-generation military 
diesel featuring organic Rankine cycle 
waste heat recovery, delivering a 

predicted 109 percent fuel economy 
improvement.  As even the most 
conservative of the three concepts 
exceeded TARDEC’s objectives by a 
considerable margin and used relatively 
mature near or in-market technologies, 
the simplest was selected for further 
detailed design and engineering 
development.

supplier recruitment
To deliver a truly competitive 
demonstrator vehicle, close 
collaboration with suppliers would be 
required, and their recruitment was 
primarily a Ricardo responsibility. 
TARDEC’s Carl Johnson explains: “we 
went out with our own outreach to 
potential suppliers, but I don’t think it 
was as well received as when Ricardo did 
this for us, as the company has a much 
broader reach into the supplier base.” 

Wesley Scharmen agrees that 
supplier outreach can be important in a 
successful military vehicle programme. 
“The ability to leverage enthusiasm 
and support from the supply base is 

crucial. Most suppliers are used to high 
manufacturing volumes and amortize 
costs accordingly. With FED Alpha we 
needed to engage them on a one-off.  
We were completely upfront about 
the challenge, but we were also able to 
convince some leading partners about 
the learning benefits that they could 
accrue from it. We have given a lot back 
to them in data through supplier days, 
and I think it’s an investment that has 
served all partners very well.”

Lightweight structure
The body structure of the FED Alpha 
vehicle – designed in conjunction with 
and fabricated by Alcoa Defense – made 
extensive use of aluminium, reflecting 
the requirement for both strength and 
extreme fuel efficiency. As to potential 
issues of field service and repair of 
aluminium vehicle structures, TARDEC’s 
Carl Johnson is relaxed: “I think that’s a 
little overplayed these days, particularly 
where you have frame damage. If there’s 
major structural damage it’s likely that 
a conventional vehicle would be beyond 

“It’s essential that we look to reduce fuel consumption. 
while the us forces use an extremely wide range of 
vehicles, by far the largest in terms of vehicle numbers 
and overall fuel consumed is the  High-Mobility 
Multipurpose wheeled Vehicle or ‘Humvee’ ” 
Carl Johnson, TARDEC team leader for FED

Above: A fleet of oil-
tankers carrying fuel 
for NAto forces in 
Afghanistan parked 
at shireen Jinnah 
colony in Karachi,  
December  2011
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also includes provision for a remote 
weapon station and integral under-body 
blast shield.

The vehicle features a Ricardo 
optimized Cummins I4 engine with a 
supercharger and turbocharger and 
Aisin six-speed transmission that were 
each calibrated specifically for tactical 
vehicle fuel efficiency, based on the 
representative drive cycle developed 
by the project team. The powertrain 
is equipped with a high-efficiency 
Kollmorgen 28-volt permanent magnet 
integrated starter-generator enabling 
electric accessories and 30 kW of power 
for on-board equipment. The driveline 
utilizes a unique Ricardo designed carrier 
and differential assembly including 
non-geared hubs and super-finished 
gears to reduce friction and increase 
fuel efficiency, while accelerator pedal 
feedback and a fuel economy display 
inform drivers how to operate the vehicle 
for maximum fuel economy.

A further innovation for a military 
vehicle is that it incorporates low rolling 
resistance tyres produced specifically 
for FED Alpha by Goodyear.  While there 
were some concerns initially about  
minor issues of ‘chipping and chunking’, 
the tyres’ performance was broadly 
equivalent to a conventional tyre while 
contributing significant fuel economy 
benefits during tests.  This prompts 
the question of why the FED Alpha 
demonstrator is the first military vehicle 
to benefit from this technology that is 
comparatively mature for on-highway 
civilian vehicle application.  Underscoring 
the benefits of Ricardo’s approach 
to supplier outreach, TARDEC’s Carl 
Johnson explains: “When we asked the 
Goodyear engineers why they’d never 
developed a tyre like that before, they 
said ‘well, the military has never asked 
us to before’.” By working as a team, the 

repair anyway. There is in any case a 
sacrificial element to design too, the 
guiding principle being that vehicles are 
perishable, people are not.”

While FED Alpha was designed 
to incorporate the latest armour 
systems, these were included merely 
as representative mass within the 
demonstrator; the entire team felt that 
it was far better that real armour is put 
to use on the existing fleet in theatre, 
protecting lives.  Operational equipment 

level of innovation incorporated in FED 
Alpha was clearly improved.

Vehicle build, test and 
process validation
Construction of the FED Alpha 
demonstrator took place at the Ricardo 
vehicle build facility in Detroit, and 
the completed vehicle displayed for 
two days in July 2011 in the centre 
courtyard of the Pentagon. Following 
this it was delivered for government 
testing at the US Army’s Aberdeen 
Proving Grounds in Maryland.  

An extremely comprehensive range of 
testing was carried out, assessing every 
aspect of vehicle performance.  For the 
all-important fuel economy evaluation, 
comparison testing was performed by 
Ricardo on the FED Alpha and a M1151 
HMMWV. The purpose of this testing 
was to provide a direct ‘same-time, 
same-place’ fuel economy comparison 
of these two vehicles to validate the 
simulation fuel economy comparisons.

For the testing, the FED was ballasted 
to match the weight of the HMMWV, 
and a remote weapon station mounted 
on the roof to provide a like-for-like 
comparison. The vehicles were both 
fitted with data acquisition systems, 
as well as quick-removal fuel cells to 
facilitate weighing the amount of fuel 
used for each test. Each test was run at 
least twice, with the drivers switched to 
minimize driver variation.  The vehicles 
were tested on paved and gravel road 
courses at varying speeds, at full load 
acceleration, during extended idle 
periods and at constant speeds.

Fuel economy targets 
exceeded
The results showed the FED Alpha as 
having a 72 percent improved fuel 
economy over the HMMWV in the driving 

Celebrity status
In addition to assessing the views of military personal 
and defence chiefs, tARDeC has used the FeD Alpha 
vehicle as a part of its much more extensive public and 
media outreach activities.  one of the most public of 
these was a feature on ‘Jay Leno’s Garage’.  During the 
feature, the late-night us chat show host was able to 
test drive the FeD Alpha accompanied by Gen Dennis L 
Via, commanding general of Army Materiel Command 
(AMC), and Grace Bochenek, Ph.D, AMC’s chief 
technology officer, who provided Jay with an overview 
during the segment.

Jay Leno, television show host, interviewed Gen Dennis L. Via, AMC 
commanding general, and Dr Grace Bocheneck, chief technology 
officer of AMC, on the Fuel efficient Demonstrator, or FeD, for 
his online show, Jay Leno’s Garage. us Army Photo by Cherish 
washington, AMC Public Affairs.

Non-geared hubs 
and super-finished 
differential gears 
reduce frictional 
losses; low rolling 
resistance tyres 
were developed by 
Goodyear, while the 
Cummins I4 diesel 
engine is teamed 
with a 28V integrated 
starter-generator 
to power onboard 
systems
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tests, which indicates a 42 percent 
reduction in the amount of fuel used. 
This economy improvement was coupled 
with improved performance as well, with 
the FED Alpha providing significantly 
improved acceleration over the HMMWV, 
even meeting acceleration performance 
targets when loaded to 15,200 lbs (6.9 
tonnes). During idle scenarios, the FED 
Alpha used 29 percent less fuel. All tests 
were conducted using the same fuel 
source, JP-8.

The close correlation between the 
back-to-back tests and the up-front 
simulation work was a particularly 
satisfying outcome for the engineering 
team, underscoring the value of 
Ricardo’s simulation-led ‘Total Vehicle 
Fuel Economy’ approach to vehicle 
engineering.  For Wesley Scharmen, 
this sums up the key achievement for 
Ricardo: “The FED Alpha programme 

demonstrated that very significant 
fuel economy improvements could be 
made in a clean-sheet design based on 
relatively mature and low-risk readily 
available automotive technologies. After 
the build and test of the vehicle, Ricardo 
was able to check the correlation of 
our model and we found that we were 
within two percent of the predicted and 
real world fuel economy. The advanced 
simulation-led design process we used 
proved to be very accurate and was a 
crucial enabler for this success.”

TARDEC’s Carl Johnson is in broad 
agreement with this view: “The learning 
phase for us was really the first phase 
– allowing time for proper simulation, 
trusting your models, and then allowing 
the design process to move forward 
to schedule.  Typically, vehicles can be 
required urgently and the concept phase 
gets rushed – what we’ve learned in 

working with Ricardo on FED ALPHA is 
that a simulation-led approach is more 
effective at delivering the vehicle that’s 
required in a shorter overall timescale.”

FED Alpha has thus provided TARDEC 
with an extremely valuable template 
for future defence vehicle development 
based on Ricardo’s state-of-the-art, 
simulation-led design processes. 
If successful, this template will 
facilitate the smart and cost-effective 
procurement of ultra-fuel efficient 
vehicles that enable US forces to fulfil 
their combat roles in the safest manner 
possible, while minimizing the volume of 
fuel required – with all its attendant costs 
and risks – for front line operations.  

tests with the final 
FeD Alpha vehicle 
show a remarkable 
72 percent 
improvement in fuel 
economy over the 
HMMwV “Humvee”– 
yet performance has 
also improved
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RICARDo news

The centrepiece of Ricardo’s presence at 
Shanghai’s 2013 CIMAC World Congress 
on Combustion Engine Technology was 
a demonstration model of the next 
generation Atlas-II, the very latest 
high-speed version of Ricardo’s highly 
successful range of large, single cylinder 
research and development engines. 
Able to test engine concepts ranging 
from 150-200 mm bore with a stroke of 
up to 280 mm, the Atlas-II enables the 
evaluation of large, multi-cylinder engine 
designs in a single power cylinder. 

Focused in particular on the needs of 
manufacturers engaged in the design 
of large natural gas engines, this new 
product provides a highly flexible, multi-
fuel capable development tool which can 
deliver products faster to market and 
at considerably reduced cost. Further 
larger Atlas-II variants of up to 300 and 
400 mm bore are also planned, and in 

addition Ricardo is also installing 
one of these class-leading 
development platforms at its 
UK large engine development 
facility where it will be available 
for customer project use from 
August 2013. 

“In the design of the next-
generation Atlas-II we have 
attempted to meet our customers’ 
requirements for significantly 
faster, lower cost, and more 
effective development cycles for 
high and medium speed engines,” 
commented Simon Brewster, Ricardo 
head of large engines. “Recognizing the 
substantial increase of interest in the 
use of natural gas, we have specified 
the design of the Atlas-II to provide a 
development environment that meets 
the requirements of this fuel in addition 
to those of diesel, heavy fuel and marine 

diesel oil. Regardless of the intended 
fuel or application, the Atlas-II 

provides a development tool that 
will help customers save time and 
money – and create better large 
engines.” 

Gas engine development was a 
major theme of Ricardo’s presence 

at CIMAC 2013. Papers presented 
by Ricardo included a description 

of the power and efficiency upgrade 
approach for the development of 

the Caterpillar 10 MW medium speed 
gas engine, and a joint paper with GE 
Jenbacher on the integrated design, 
analysis and development processes 
applied to the design of a high specific 
output gas engine cylinder head. The 
joint Ricardo paper with GE Jenbacher 
was recognized with the award for best 
technical paper of some two hundred 
that were presented at the congress.

Demand for composite material is forecast to double by 2015, a trend 
which is leading to record levels of mergers and acquisitions (M&A), 
according to a new report from Catalyst Corporate Finance and 
Ricardo Strategic Consulting.

Improved fuel efficiency and demand for high-strength lightweight 
material is increasing the penetration of composites, according to 
the report. This is particularly true of the automotive and aerospace 
sectors, but wind energy suppliers and other industrial providers are 
also increasing their use of composites. The top five producers are 
reacting to these changes by investing heavily in production capability. 
Cytec, for example, is spending $250 million annually in the medium 
term to meet the demand from its aerospace customers. 

In the automotive sector, as the use of carbon fibre becomes 
increasingly important in achieving fuel economy and CO2 emissions 
targets, advances in production capabilities have been driven by the 
establishment of joint ventures between composite producers and 
major automakers. These include BMW’s joint venture with SGL Carbon 
to develop manufacturing technologies for ultra-lightweight carbon 
fibre for BMW’s upcoming vehicles and, in the UK, JLR and Cytec have 
a partnership to develop cost-effective composite structures for 

higher-volume production.
“Composite materials have an 

increasingly important role to play 
in achieving the targets for fuel 
efficiency and reduced carbon 
dioxide emissions that leading 
automakers are aiming for in the 
years ahead,” commented Ricardo 
Strategic Consulting European 
MD Ian Kershaw. “While many 
composite materials are already 
familiar to the motorsports and 
supercar sectors, work is underway to develop the out-of-autoclave 
production processes necessary for mainstream automotive 
components. We are pleased to have been able to collaborate with 
Catalyst on this important study and feel that it provides some very 
useful insights for those with an interest in the development of this 
exciting area of technology.”

Copies of the report are available for download from the Ricardo and 
Catalyst Corporate Finance web sites. 

Composites demand sparks M&A

Clean energy

Atlas-II launches 
at CIMAC

Latest developments from around the global Ricardo organization

The new Atlas-II 
high-speed version 
of Ricardo’s highly 
successful range of 
large single cylinder 
research engines
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Clean energy

Clean, efficient 
modular power  
for India 

Ricardo’s long-standing collaboration with Cooper 
Corporation of India has seen the development of 
a world-class engine family for use in applications 
as diverse as pumps, construction equipment and 
industrial off-highway vehicles and generator 
sets in the 20-210kw range, for both the Indian 
domestic and international markets. 

the new engine family that powers these 
products incorporates the latest 1400-bar 
common rail direct injection technology for its 
diesel variants or multipoint gas injection for CNG 
and LPG applications, using centrally mounted 
injectors for optimum combustion. Performance 
and emissions were optimized using Ricardo’s 
wAVe engine performance and gas dynamics 
simulation software. 

the robust nature of the engine and its superior 
NVH signature are assisted by the use of a 
structural bed plate configuration, providing 
robustness and solidity while maintaining a 
competitive product mass. Low cost of ownership 
was also of paramount importance to Ricardo 
and Cooper engineering team, and the new engine 
boasts excellent longevity and ease of service. 

In May 2013, the latest Cooper eCoPACK 62.5 
KVA and 82.5KVA three-cylinder diesel generator 
sets arising from the collaboration with Ricardo 
were announced.  Commenting on the launch of 
the eCoPACK three-cylinder generator family, 
Cooper Corporation’s chairman and managing 
director Farrokh N Cooper said: “the three-
cylinder engine series enjoys a unique position 
among diesel power generators in India. this will 
set a global platform for Cooper Corporation. 
It owes this distinction to several outstanding 
features and benefits like 25 percent lower fuel 
consumption, 25 percent smaller in size, 40 
percent lighter in weight, 42 percent saving in 
maintenance cost and several times quieter.”

Ricardo has announced that it 
has received an order from prime 
contractor General Dynamics Land 
Systems-Force Protection Europe 
(GDLS-FPE), for the assembly of 
76 additional vehicles, bringing the 
total Foxhound fleet size ordered to 
date by the UK Ministry of Defence 
to 376. Arguably the world’s most 
agile and best-protected vehicle in its 
weight class, all Foxhound vehicles 
are assembled by Ricardo at the 
purpose-designed production line 
commissioned in 2011.

“The Foxhound is exactly the right 
vehicle for British forces, providing 
what commanders on the ground 
in Afghanistan are describing as ‘an 
enormous leap forward’ in capability,” 
commented Ricardo CEO Dave 
Shemmans. “This highly impressive 
vehicle that has the potential to save 
many lives, and has resulted from our 
very successful subcontract with prime 
contractor General Dynamics. Ricardo 
is proud to have assembled all of the 
Foxhounds ordered for British forces 
by the MoD.”

Ricardo has been awarded a contract 
to assist in the upgrade of a 240 mm 
bore locomotive engine with the aim 
of providing a significant increase 
in power while also achieving 
compliance with international UIC III 
and Euro Stage IIIA standards. The 
work is to be carried out for YCSR, 
a joint venture between engine 
manufacturer Yuchai and rolling 
stock manufacturer CSR, which 
produces a range of high and medium 
speed diesel engines for use in the rail 
and other industrial sectors. 

While providing internationally 
competitive levels of performance, 

fuel economy and emissions, the 
upgraded engine is also required to 
maintain current durability levels. In 
addition to its current application in 
railway locomotives, the upgraded 
engine may also be used for marine 
and off-highway applications. For this 
reason the emissions targets to be 
addressed by Ricardo will also include 
those applicable to these non-rail 
sectors. A further fundamental 
challenge of the programme is that 
it must be carried out to a tight 
schedule mandated by the Chinese 
ministry of railways.

Rail

Chinese locomotive engine 
contract awarded

Defence

Ricardo to produce a  
further 76 Foxhounds 
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A report entitled Liquid Air in the energy 
and transport systems: opportunities 
for industry and innovation in the uK is 
the culmination of a six-month study on 
the potential of liquid air as a new and 
sustainable energy vector. organized by 
the Centre for Low Carbon Futures, the 
work was carried out by a collaborative 
group which included industrial partners 
Arup, Dearman engine Company, e4 tech, 
Highview, Messer Group and Ricardo, as 
well as academics from the universities of 
Leeds, Birmingham, strathclyde, Brighton 
and Imperial College London.

the chapter contributed by Ricardo 
analyses in detail the potential application 

of liquid air and liquid nitrogen in 
transport applications, ranging from 
their employment as a primary means of 
energy storage for propulsion, to possible 
uses as an enabler for other low carbon 
innovations such as split-cycle combustion 
and exhaust heat recovery.  A wide range of 
potential applications in different vehicle 
sectors is identified, and the chapter 
concludes that liquid air appears to offer 
a balance of characteristics that could 
make it competitive against alternatives 
such as hydrogen, advanced batteries or 
compressed air systems, to the extent that 
it merits further development.

“we were pleased to be able to 

participate in this important study 
organized by the Centre for Low Carbon 
Futures”, said Ricardo chief technology 
and innovation officer, Professor Neville 
Jackson. “Liquid air offers significant 
potential benefits as a future energy vector, 
both for use in light-duty propulsion and as 
an enabler for other promising low carbon 
powertrain innovations, particularly waste 
heat harvesting. It is clearly worthy of 
further research and development effort 
to create a better understanding of its 
potential alongside more widely recognized 
potential future low carbon technologies 
such as advanced battery systems and 
hydrogen.”

Government

Ricardo-AeA supports Kenya 
climate change action plan

Kenya’s National Climate Change Action Plan is intended to 
guide the country along a climate resilient and low carbon 
development pathway.  Ricardo-AEA has been assisting in 
this endeavour by helping to deliver the National Performance 
and Benefit Measurement Framework (NPBMF) – a key 
component of the Action Plan – which includes a unique MRV+ 
(Measurement, Reporting and Verification) system designed 
by Ricardo-AEA and integrating climate mitigation and 
adaptation actions. 

The system will help inform and guide the Kenyan 
Government on the implementation of concrete climate 
change response actions, whether in the form of policies, 
projects, programmes or business ventures.  As such it will 
help the country fulfil its international reporting obligations, 
for example in the development of Kenya’s greenhouse gas 
inventory. It will also help to track mitigation and adaptation 
actions ready to report to the United Nations Framework 
Convention on Climate Change.

“Ricardo-AEA was pleased to have been able to contribute 
to this important climate change initiative for Kenya,” 
said Ricardo-AEA principal consultant Gill Wilkins. “The 
national performance and benefit measurement framework 
demonstrates Kenya’s climate finance readiness and provides 
a strong platform for attracting international finance from 
multilateral and bilateral development partners.

“We’re particularly proud of our role in designing the MRV+ 
system which required expertise in a wide range of areas 
including greenhouse gas inventories, measurement reporting 
and verification, data management, indicator development 
and capacity needs assessment. Critical to its success was an 
ability to adapt this knowledge to the Kenyan context.” 

The MRV+ system report is available for download from the 
Ricardo web site. The full NPBMF report can be downloaded 
from the Kenya Climate Change Action plan website http://www.
kccap.info/ along with the Kenya Climate Change Action Plan 
main report, executive summary and other documents.

Clean energy

Ricardo contributes to landmark liquid air report 

Nairobi: Ricardo-AEA 
is supporting the 
Kenyan Government’s 
National Climate 
Change Action plan
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For more information about our 
current training course programme or 
to discuss individual company-speci� c 
training requirement, please contact: 
Shaun Howell or Donna Wild at 
seminarinfo@ricardo.com

Gain a thorough 
understanding of 
the subject from the 
experts
Ricardo is a leading global multi-
industry engineering provider of 
technology, product innovation 
and strategic consulting.

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

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

Internal Combustion Engines - 
Basic
16 July, 19 November
A one day course designed for 
anyone looking to familiarise 
themselves hands-on with engines 
found in everyday cars.

Internal Combustion Engines - 
Advanced
17-18 July, 20-21 November
An intensive two day course ideal for 
anyone who wants a crash course in 
understanding diesel and gasoline 
engine technology.

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

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

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

Introduction to ISO 26262
26 September
The purpose of this one day course 
is to provide attendees with an 
understanding of how their day-to-
day work � ts in with the ISO 26262 
process. 

Hazard Identi� cation & Risk 
Assessment in the context of 
ISO 26262
27 September
This one day course allow attendees 
to gain an understanding of 
techniques for hazard identi� cation 
and an understanding of how to 
apply the ISO 26262 risk-graph.

Automotive Transmissions - 
Overview
13-14 November
This two day course is ideal for 
anyone who wants to understand 
why we have transmissions, what 
they do, how they are constructed 
and what are the challenges faced in 
engineering.

Training programme 2013: “This course has 
provided a valuable 
detailed insight into 
engine construction 
and market drivers. 
But more then that 
it was a thoroughly 
interesting course 
at a world class 
organization”

Ricardo Training
Technical training by engineering experts



www.ricardo.com/winraces

Delivering Value Through Innovation & Technology

VECTIS (3-D) and WAVE (1-D) fluid dynamics 
software developed specifically for vehicle  
and engine performance simulation. 
Optimized technology, proven up to 10 times 
faster than the competition.

Fast 
analysis 
wins 
races
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