
Q
1

, 2
01

0

RicaRdo QuaRteRly Review

Saving jet fuel 
on the ground
IAI’s Ricardo engineered Taxibot cuts aircraft 
taxiing fuel consumption by over 90 percent

interview
Steve Clarke, 

Ricardo group 
commercial director

optimizing 
ethanol 

Growth Energy to 
collaborate on first 

vehicle demonstration 
of Ricardo’s advanced 

EBDI engine

a big step  
for batteries 

New lithium-ion 
chemistry and control 
technology promises 

lighter and more 
affordable batteries





News

04 Industry news
Volkswagen sets out electrification roadmap; Mercedes 
research car shows flexible plug-in hybrid and fuel cell 
platform; Porsche’s 500 hp V8 hybrid with 70 g/km CO2; 
new engines and transmission from Mazda; Ferrari’s first 
KERS road-car

24 Ricardo news
India’s Cooper develops engine family with Ricardo; 
eight-speed front-drive auto enjoys its first spin; biofuels 
consortium launched; new concepts in EV charging 
with Ricardo PEP stations; wind generator bearing 
breakthrough; 15 MW offshore wind drivetrain test facility 

Questions and answers

06 Steve Clarke, Ricardo group 
commercial director
Ricardo is responding to market shifts with fresh areas 
of activity and a new organizational structure bringing 
powerful sector experts to each domain. Tony Lewin 
hears how the new sector orientation strategy will 
benefit customers

Features

09 Optimizing ethanol
Ricardo and US bioethanol industry body Growth Energy 
are collaborating to demonstrate the benefits of extreme 
optimization of ethanol combustion with Ricardo’s EBDI 
technology. Savings of up to 30 percent are possible, 
discovers Anthony Smith

12 Taxiing without emissions
The average commercial aircraft uses 477 litres of fuel 
taxiing to its take-off position. With the Taxibot, developed 
by IAI and Ricardo, it’s less than 50 litres. Anthony Smith 
reports on an emissions-saving revolution in the making

18 Big step forward for batteries
A key breakthrough in lithium ion battery chemistry 
promises to make tomorrow’s core technology cheaper and 
more compact, bringing affordable electric cars a 
step closer. Jesse Crosse reports

contents
Ricardo Quarterly Review Q1, 2010

Head office: 
Ricardo plc, Shoreham-by-Sea,
West Sussex, BN43 5FG, 
United Kingdom 
Tel: +44 (0)1273 455611
Ricardo contacts and locations: 
www.ricardo.com/contacts 
RQ subscriptions: www.ricardo.com/rq 
Sales enquiries: business.development@ricardo.com

Conceived and produced 
for Ricardo by:
TwoTone Media Ltd 
Editor: Tony Lewin 
Contributors: 
Jesse Crosse and Anthony Smith
TwoTone Media Ltd contacts: 
Anthony Smith: AVSmith@2tmedia.com 
Tony Lewin: tonylewin@2tmedia.com

RQ magazine is printed on paper 
certified as being in compliance 
with the environmental and 
social standards of the Forest 
Stewardship Council.

12 18

0924



industry News

N
ew

s 
in

 b
rie

f
Market leader maps out 
electrification strategy

4  RicaRdo QuaRteRly Review • Q1, 2010

As evidence of the different 
approaches possible, VW subsidiary 
Audi showed an electric version 
of its new compact car 
and SEAT displayed the 
battery powered SEAT 
IBE concept. The A1 
e-tron has a 12 kWh 
lithium ion battery pack 
supplemented by a rear-
mounted 253 cc rotary 
range-extender engine, 
running at a steady 5000 
rev/min. CO2 emissions are claimed to 
be 45 g/km. SEAT’s IBE is pure electric, 
carries 18 kWh of battery power and 
weighs just 1000 kg.

Ferrari shows road-car KERS
An experimental car shown by Ferrari as 
part of its plan to reduce emissions uses F1 
KERS experience to add a hybrid system to a 
599 GTB road car (right) . The 100 hp electric 
motor is integrated into the seven-speed 
DCT and lithium ion batteries in the floor 
help lower the centre of gravity.

European CO2 league revealed
Calculations by JATO show that 
half of all European car sales in 
2009 were under 140 g/km.  
Top-scoring carmaker was Fiat, 
with a fleet average of 127.8 g/
km, followed by Toyota on 130.1 
and Peugeot on 133.6.

Volkswagen, the European market 
leader which has said it wants 

to challenge Toyota for global 
domination, has presented 
a roadmap setting out its 
electrification strategy 
for the coming 
decade.

Speaking at the 
Geneva motor 
show, CEO Martin 
Winterkorn said VW 
would seek to become the 
market leader in e-mobility by 
2018. “We want to attain an electric 
vehicle market share of three percent 
within our entire range of products,” 
he told reporters. “We will take the 
hybrid out of its niche status with our 
high-volume models. In the future, the 
heart of the brand will also beat with 
electricity.” 

Allied to the VW group’s goal of a 
ten million vehicle annual output by 
2018, this points to an electric-vehicle 
volume of 300,000 units. 

Presenting the Volkswagen group’s 
first hybrid model, the 3.0 litre gasoline 
Touareg SUV (pictured), Winterkorn 
outlined the launch schedule for 
the four brands’ electric and hybrid 
products. Five hundred battery-

powered Golfs will form a test fleet 
in 2011, a hybrid Jetta will follow in 
August 2012, and an electric version of 
the Up A-segment small car in 2013. 

The same year will see a Passat 
hybrid and volume production of an 
E-Golf – a task made significantly 
simpler by the introduction of the new 
modular MQB vehicle architecture. 
This system, say senior VW officials, 
will allow all powertrains – including 
electric, hybrid, plug-in hybrid and 
conventional – to be quickly rolled 

out across all the group’s brands and 
models. 

The same officials say the group’s 
R&D efforts will focus on two main 
forms of electrification – the full hybrid 
and the pure battery electric car. In 
addition, the innovative electronic 
powertrain control system developed 
for the new Touareg hybrid will be 
employed for all future electrified 
models, promising large production 
volumes and important scale 
economies. 

The new Touareg is 
first hybrid from VW 

group: many more 
will follow

SEAT IBE 
concept (left) is 

pure battery; 
Audi A1 e-tron 

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

RicaRdo 
QuaRteRly 
Review

F urther hints on how near-future 
luxury cars could evolve are 

provided by the latest research car 
from Mercedes, the F800 Style. 

A relatively compact 4.75 metres 
in length, the F800 is a five-seater 
built on a flexible platform that can 
accommodate either hybrid or fuel cell 
electric power. The version shown at 
Geneva had a full hybrid powertrain 
linking a 272 hp V6 gasoline engine 
to the rear wheels via a seven-speed 
automatic transmission incorporating 
an 80 kW electric motor. 

The provision of a substantial 
battery nevertheless allows the F800 
to operate as a plug-in hybrid using 
a domestic power source. In electric-
only mode it has a range of 50 km and 
is limited to 120 km/h. With both power 
sources in play it can accelerate to 
100 km/h in 4.8 seconds and has CO2 

emissions of 68 g/km.
The fuel cell version has a 100 kW 

electric motor and locates its four 
hydrogen tanks in the centre tunnel 
and under the rear seats. 

Additional advances on the F800 
include a touch screen HMI surface 
that responds to finger movements 
and gestures like an iPhone, and a 
further evolution of the radar proximity 
cruise control system that at speeds 
of up to 40 km/h intervenes in the 
steering to allow the car to follow other 
vehicles into bends.

On a production-car level, Mercedes 
announced that its first diesel hybrid, 
the E300 BlueTEC hybrid, would go on 
sale in 2011. This large luxury car has 
CO2 emissions of 109 g/km.

Porsche sprung a surprise on the 
Geneva show crowds not just with 
the debut of its 918 Spyder, but 
with the 500 horsepower hybrid 
supercar’s claim of CO2 emissions 
of 70 g/km. The 3.4 litre V8 engine is 
linked to Porsche’s seven-speed DCT 
and the rear electric motor, while the 
front axle houses twin 80 kW motors.

The driver can choose between 
four powertrain modes. In e-mode 
the 918 can travel up to 25 km on 
battery power, while at the opposite 
end of the scale the Race Hybrid 
mode gives some idea of the 
potential of hybrids in competition: 
the 1490 kg 918 has lapped the 
Nurburgring in 7:30 minutes, faster 
than the V10-engined Carrera GT.

Forward technologies 
from Mercedes

Mercedes links with BYD
Premium carmaker Daimler 
has signed a memorandum of 
understanding with China’s BYD to 
bring a new electric vehicle to the 
market. The vehicle, for the Chinese 
market, would appear under a new 
brand, the companies said.

Infiniti hybrid with twin clutches
Infiniti has shown an innovative 
hybrid with its e-motor integrated 
into the seven-speed automatic 
transmission. Clutches between 
engine, motor and gearbox allow the 
engine to be decoupled, permitting 
more driving on the e-motor.

Hydraulic car claims 170 mpg
Wisconsin start-up Valentin 
Technologies has announced a five-
seater, four-door station wagon 
claiming economy of 170 mpg (1.33 
lit/100 km). The IngoCar has a small 
engine linked to a hydraulic pump, 
an accumulator and wheel motors. 

Fiat eco:drive for fleet use
eco:drive, the Fiat-group software 
which allows drivers to upload their 
mileage and consumption data to a 
central server for comparison and 
driving technique improvement, 
has been extended for use in large 
vehicle fleets.

Japanese automaker Mazda has set 
out the implementation schedule for 
its SKY series of powertrain upgrades. 
SKY-drive, a new automatic 
transmission claiming the 
sporty feel of a dual clutch 
transmission as well as a 
5 percent saving in CO2, 
will appear in 2011, as 
will the SKY-G, the next-
generation direct injection 
gasoline engine whose 

15 percent increase in torque and 15 
percent cut in consumption make it as 
efficient as today’s 2.2 diesel.
The SKY-G is linked to a single-nano 

catalyst that reduced the use 
of precious metals by over 70 
percent. 2012, finally, will see the 
appearance of SKY-D, the next-
generation diesel engine giving 
a 20 percent gain in economy 

when installed with a ceramic 
diesel particulate filter.

Mercedes F800: flexible plug-in 
hybrid or fuel cell platform

Mazda SKY programme
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Why does Ricardo need to make 
changes to its divisional structure?
What we are doing is not so much a 
divisional change, rather a change 
to a greater level of market sector 
orientation across the organisation. For 
many years we have had a presence 
in what would holistically be called the 
wider automotive sector – passenger 
car, high performance vehicles, 
motorsport, motorcycles, commercial 
vehicles and agricultural and off-
highway vehicles. However, what we’ve 
noticed increasingly over a period of 
some time is that the approaches of 
each market are quite different: there is 
an opportunity to serve these sectors 
better if we operate in a way that is 
more appropriate for that market sector.

So is it a customer-facing change 
rather than an internal reorganisation?
It’s very much an external orientation 
that requires an internal alignment. For 
many years Ricardo has been organised 
around its product groups – what we do 
– and its geographies – where we do it. 
As we have expanded into other sectors 
such as defence, rail and clean energy 
we have become conscious of the need 
for a slightly different approach, one 
that is centred around that particular 
industry – the way they do business, the 
terminology, the norms for that industry 
– in order for us to serve that client 
base in a way that suits them. We term 
this our “market sector orientation” or 
“third axis”.

Can you provide some examples?
Our defence activities were contained 
within our vehicle systems product 
group. That was for legacy reasons, 
not business structural reasons. 
Within defence, we began to act in a 
more market-oriented, client-centred 
way, primarily by recruiting several 

New sectors beckon 
Recent years have seen Ricardo broaden its activities into areas such as marine, rail, clean energy  
and power generation. Now, a fresh structure is being put into place to bring the benefits of high-level 
automotive thinking to a new wave of customers in these and other fast-expanding sectors, as Tony 
Lewin hears in an interview with group commercial director Steve Clarke
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“We put the market diversification strategy 
into place some time ago and recent business 
performance has proven testament to that. What 
we are doing now is shifting that to another gear”
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recognised senior defence people – 
people who were absolutely au fait 
with the buying needs and the business 
approaches of the defence sector. They 
changed the shape of that business, 
and for us that was the informal pilot for 
rolling out this group-wide market sector 
orientation. One of the tangible results 
of this was the Ocelot programme we 
are working on with Force Protection for 
a clean sheet high-survivability vehicle 
that has a global appeal.

What are the market sectors Ricardo 
has chosen?
There are ten of them: government, 
passenger car, high-performance and 
motorsport, motorcycles and personal 
transport, commercial vehicles, 
agricultural and industrial vehicles, 
defence, rail, clean energy and power 
generation and, finally, marine.

Is this also a move to please the 
investment community as it appears to 
show a shift away from dependence on 
the auto industry?
We have been active in the government, 
defence, clean energy and commercial 
vehicle sectors for some time. A lot 
of analysts have commented on our 
full financial year results, saying how 
resilient they were considering the 
fall-off in world passenger car activity. 

The reason our results were so strong 
was at least in part due to our ability to 
secure programmes in those sectors. We 
put the market diversification strategy 
into place some time ago and recent 
business performance has proven 
testament to that. What we are doing 
now is shifting that to another gear. 

Does this mean Ricardo will turn its 
back on the auto industry?
No. Our good results have given us the 
justification to formalise even further 
our approach of, in simple terms, 
taking the Ricardo holistic vehicle 
systems and powertrain technology 
and understanding, and applying that to 
neighbouring sectors or those related 
to passenger cars and automotive. 
This isn’t about leaving passenger cars 
behind: it is more a move more formally 
into some of these related sectors. 
We see sectors where there are future 
drivers for emissions improvement or 
CO2 reduction and we believe we are 
well placed to support those sectors: 
commercial vehicle, rail and marine to 
name a few.

How will the new system work with, 
for instance, a rail customer?
The key element of our new market 
sector orientation is bringing in domain 
sector experts. In rail it is and will be 

people who know the structure of the 
industry, the buying needs, the business 
approaches, the terminology, the players 
– customers, clients, partners. 

What can Ricardo now do that it could 
not do before?
It will enable us to deliver our group 
capability into a wider range of market 
sectors and at enhanced value. In the 
medium term one of the benefits that 
we see both for Ricardo and for the 
client base across the market sectors 
is the potential to read some of the 
technologies we have developed for 
one market sector across into other 
market sectors. So, for example, 
hybrid technology developed for 
automotive uses could be applied in rail 
or defence; flywheel energy storage 
devices are applicable to passenger 
cars, commercial vehicles and trains. 
We can have a cross-fertilisation of 
technologies and learning from projects 
conducted in one sector across to 
another.

Are there any non-technical skill areas 
where auto industry practice can 
inform other sectors?
The exploratory discussions we have 
had with some clients show that the 
things we perhaps take for granted in 
the automotive space – complex project 
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The new market sector orientation provides 
a third strategic dimension overlaying 
Ricardo’s product groups and global 
organization, bringing crucial domain 
expertise to focus the service offering across 
the automotive and related industries and 
develop new market sectors



management across geographies, 
the development processes and 
acute focus on delivering on time 
and to quality – are definitely seen 
as of interest to some of those [non-
automotive] clients. That is not to say 
that these sectors do not consider 
delivery important…

Additionally some clients have 
positively commented on the rigour 
of Ricardo’s technology identification, 
selection and delivery approach, “we 
make the unknown, known” as one of 
our team would put it. 

Is the prime purpose of the new 
strategy to attract clients from outside 
the auto industry?
It is a growth strategy, yes, but what 
we are doing is making ourselves 
very relevant. We recognise that to be 
most successful we are recruiting and 
developing talent with real market-
sector and domain expertise. This 
will make it easier and faster for us to 
communicate with customers and for 
them to navigate around Ricardo and 
hence to be having discussions from 
the outset which provide a window into 
all of Ricardo’s skill sets. 

How have the responses been so far?
So far, it has all been very encouraging 

and supportive, recognising 
the value that that a 

different perspective can 
bring. One example I 
can give you is around 
clean energy and, in 
particular, geared wind 

turbine solutions. A systems approach 
to engineering is something that is 
absolutely core to Ricardo: taking that 
approach into this part of the market 
has been very well received in terms of 
value to that sector. 

How would this apply to the rail 
example mentioned earlier?
Core Ricardo skill sets such as our 
diesel capability, transmission 
capability, hybrids, intelligent 
transportation, vehicle systems, noise, 
vibration and harshness – all those 
are very relevant skill sets for rail and 
we would like to think can assist in 
meeting a number of the drivers and 
challenges of the rail market. What we 
have to do is take those offerings to the 
market in a way that is palatable to that 
market. One of the main roles of the 
market sector group is to be seen as the 
thought leaders, the custodians of that 
sector – inside Ricardo and externally 
as independent consultants, partners 
and solution providers on issues of 
industry and public importance – such 
as, say, the technical difficulties that 
unfortunately struck Eurostar trains 
during the cold weather this year.

Does the choice of these ten market 
sectors say anything about what 
Ricardo believes will be future growth 
areas?
Each of the market sectors is at a 
different stage of growth. So some are 
very advanced, others such as rail and 
marine are newer for us, though we 
have worked in both in the past. Each of 
these market sectors have been chosen 
based on the perceived attractiveness 
of Ricardo’s current skill set as well as 
future technologies we will develop to 
meet the drivers that are prevalent for 
that sector. We think that each of these 
sectors will grow to become a significant 
part of our business.

What kinds of synergies are you 
expecting with the new strategy?
We foresee synergies in the medium 
term. In three to five years’ time I 
would like to think that with a lot of the 
technologies we are developing as part 
of our self-funded R&D programmes, 
we challenge ourselves in the inception 
phase to ensure wherever possible that 
they have applications across a number 
of market sectors. Indeed we have a 
current example with flywheel energy 
storage devices.

Will more R&D work now be done in 
locations such as India and China?
A core role for the market sector groups 
is to be a major avenue for growth. The 
sector leadership roles are global, so 
we will develop business in the sectors 
across all of our geographies where 
there is a demand and this will naturally 
be performed near the client. There is 
huge appetite in China, for example, 
to develop world class technologies 
across a number of sectors. 

How will the customer notice the 
difference?
I’d like to think that some customers are 
already noting the difference in the shape 
of our increased client understanding. 
Our main customer-facing teams are and 
will be a combination of domain sector, 
technical and programme experts. This 
means we better appreciate their whole 
approach to business: how projects 
are delivered, the terminology, the 
technology readiness and the attitude 
to risk, for example. Effectively, we are 
increasing the line speed of a lot of the 
communication and understanding 
between us. 

Stephen Clarke held a number of 
technical and managerial positions in 
the auto industry before joining Ricardo 
in 2000. He was appointed executive VP 
of the Ricardo Shanghai representative 
office early in 2005 and subsequently, as 
the head of Ricardo’s vehicle engineering 
operations. He was appointed as group 
commercial director in October 2009.

RQ interview – Steve clarke

“We recognise that to be most successful we are 
recruiting and developing talent with real market-
sector and domain expertise”



eBdi engine technology

A highly optimized engine 
fuelled on ethanol can provide 
a cost-effective, low-carbon, 

high-fuel economy alternative to fossil 
fuel power – this is what a new US-
based project seeks to demonstrate. 
The ethanol boosted direct injection 
(EBDI) vehicle project announced to the 
press at the opening of the US capital’s 
auto show brings together for the first 
time the shared skills and expertise of 
Ricardo and America’s foremost body 
representing the US ethanol industry.

Two demonstrator vehicles are to be 
produced incorporating Ricardo’s EBDI 
engine technology; the vehicles will show 

that even for larger applications, extreme 
optimization of ethanol combustion can 
enable engine downsizing of the order 
of 50 percent and still deliver substantial 
fuel economy and CO2 emission 
improvements from a cost-effective, high 
performance and inherently low emission 
powertrain. Based on engine test work 
already carried out, Ricardo estimates 
that a fuel economy improvement of 
up to 30 percent is possible with no 
loss of power or performance, by using 
a downsized EBDI engine in place of 
currently available gasoline powertrain 
technology.

The project will use Ricardo’s EBDI 

optimized fully flex fuel capable engine, 
developed from a production V6 
gasoline unit, to re-power two GMC 
Sierra 3500 HD pickup trucks, each with 
a kerb weight of some 2.7 tonnes (6000 
lbs) and a towing capacity up to 7.5 
tonnes (16,500 lbs). The project team 
selected these comparatively large 
vehicles as the basis for the programme 
in order to demonstrate the full 
flexibility of the EBDI engine concept. 
By selecting a vehicle of this class, the 
engineers aim to show that EBDI is 
applicable across an extremely wide 
range of vehicle types – in essence, 
anywhere that higher blends of ethanol 

Optimizing 
ethanol
An announcement at this year’s Washington auto show 
marked the start of a unique collaboration between Ricardo 
and Growth Energy, aimed at demonstrating the benefits of 
extreme optimization of ethanol combustion using Ricardo’s 
EBDI engine technology. Anthony Smith reports

“ethanol is the only 
renewable fuel that 
is ready to displace 
more foreign oil. if we 
are ever to achieve the 
energy independence 
that is vital to the 
economic and national 
security of our nation, 
we must begin to put 
more ethanol into our 
fuel tanks ”  
General (retired) wesley 
K. clark, co-chairman of 
Growth energy



are generally available – from medium 
duty on- and off-highway applications 
to small family cars. 

The fuel saving potential of EBDI is 
however at its best in larger vehicles 
when it is employed to substitute 
for high capacity gasoline engines; 
it can offer the most attractive cost 
advantages where substituting for 
diesel engines in larger vehicles due to 
its inherently low engine production 
cost and the avoidance of complex and 
expensive aftertreatment technology. 
As was made clear by Ricardo Inc 
president Kent Neiderhofer as he 
unveiled the project to the assembled 
reporters at the Washington show, the 
sheer extent of downsizing targeted on 
this vehicle was immediately apparent 
from the scale difference of the vehicle 
on display and the extremely compact 
and lightweight EBDI engine which will 
be used to re-power it.

American jobs and energy security
On introducing the presentations, 
General (retired) Wesley K. Clark, the co-
chairman of Growth Energy, emphasized 
the potential energy security benefits 
for America of further development 
of ethanol as a motor fuel: “Ethanol is 
the only renewable fuel that is ready to 

displace more foreign oil. If we are ever 
to achieve the energy independence 
that is vital to the economic and national 
security of our nation, we must begin to 
put more ethanol into our fuel tanks – 
and less gasoline from foreign oil.

“As science moves from making 
ethanol from corn to producing 
it from corn cobs and other plant 
materials,” continued the General, 
“ethanol will provide even greater 
sustainability. Through this project 
with Ricardo we aim to be able to put 
potential customers in the driving seat 
and demonstrate to them that with 
EBDI technology, ethanol can deliver 
performance and fuel economy and 
offers an attractive and sustainable 
transport solution using an American-
produced renewable fuel. Consumers 
should have a choice at the pump – and 
domestic ethanol should be one of 
those options for fuel.”

The initiative for the research 
partnership between Growth Energy 
and Ricardo on the EBDI vehicle 
programme arose in part from the very 
turbulent times in which the automotive 
industry found itself throughout 2009. 
Despite serious expressions of interest 
on the part of a number of potential 
industrial partners approached by 

Ricardo, it became clear that few, if any, 
were in a position to commit to such 
a demonstration project. However, in 
parallel with this realization, the idea of 
a faster and potentially more attractive 
route to market for EBDI technology 
arose through partnership with the 
ethanol industry. 

Growth Energy is a proactive 
ethanol industry group committed 
to the promise of agriculture and 
growing America’s economy through 
sustainable clean energy. It actively 
promotes the reduction of greenhouse 
gas emissions, expanding the use 
of ethanol in gasoline, decreasing 
dependence on foreign oil, and 
promoting the creation of American 
jobs in the ethanol supply chain. By 
collaborating with Growth Energy 
as opposed to a single automaker, 
vehicle manufacturer or engine builder, 
Ricardo has ensured that neither of 
the lead partners in the project has 
any commercial motivation to restrict 
the technology to a single automotive 
brand or product line. Equally, both 
partners are fully committed to the 
open dissemination of the results.

“We are actively engaged worldwide 
in developing a wide range of high fuel 
economy, low carbon technologies 
aimed at creating practical solutions 
for a more sustainable transport 
system for the future,” explained Kent 
Neiderhofer. “While we firmly believe 
that many of these technologies will be 
particularly appropriate to individual 
market sectors, EBDI engine technology 
offers a uniquely American solution for 
a wide range of vehicle applications, 
combining extreme optimized flex-
fuel engine technology offering high 
fuel economy, low emissions and 
uncompromised performance using a 
source of renewable fuel produced here 
in the United States.” 

These sentiments were echoed by 
Jeff Broin, chairman of the Growth 
Energy board of directors: “Ethanol 
is a high-octane, clean-burning fuel, 
produced right here in the United 
States. It has the potential to create US 
jobs while reducing our dependence 
on foreign oil, and it is cleaner than oil. 
We have known for years that engine 
technology would catch up with fuel 
technology – and this project today is 
proof of that. Demand for ethanol as a 
transportation fuel is only going to grow 
in the days to come, because of its low-
carbon, renewable qualities. Ethanol is 
literally the fuel of the future, and now 
we will have engines in our cars, trucks 
and tractors that can are designed to 
make the best use of that fuel.” 

eBdi engine technology
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The Ricardo EBDI 
engine (right), and 
one of the two GMC 
Sierra 3500 HD trucks 
(below right) to be 
used for the vehicle 
demonstration project

“by using a truly flex-optimized engine 
such as eBdi, the best possible 
performance and fuel efficiency can 
be delivered from whichever gasoline-
ethanol mix is selected by the driver 
when next stopping for fuel. ”  
Rod Beazley, director of the Ricardo inc  
spark ignited engines product group
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EBDI: optimized power from  
renewable fuel
Ricardo’s EBDI engine technology 
solves many of the shortcomings of 
current generation flex-fuel engines, 
which are typically only optimized for 
gasoline operation and do not make full 
use of the properties of ethanol. Unlike 
existing flex-fuel engines, EBDI takes 
full advantage of ethanol’s properties 
of high octane and latent heat of 
vaporization to deliver near-diesel levels 
of engine efficiency at substantially 
reduced cost. 

For example, a flex-fuel product derived 
from a standard gasoline engine might 
suffer a fuel economy penalty of about 
30 percent when operating on higher 
ethanol blends such as E85. The Ricardo 
EBDI engine addresses this problem by 
being able to adapt its operation to offer 
fully optimized flex-fuel performance on 
any blend of fuel from standard pump 
gasoline to E85 fuel. It achieves this 
through the sophisticated application 
of the latest in boosting technologies, 
fuelling strategy and combustion control, 
matching the effective compression ratio 
and in-cylinder conditions to precisely 
those required for optimal performance 
and fuel efficiency. In doing so it offers 
exceptional fuel economy and high 
specific performance without the need 
for complex aftertreatment technology 
to meet current or planned emissions 
regulations. 

The results of test-bed evaluation 
of the EBDI engine already carried 
out by Ricardo have demonstrated 
the potential of this technology to 
deliver significant fuel-efficiency 
improvements with uncompromised 
performance, in particular while 
operating on high ethanol blends. 
“People are likely to be amazed with the 
performance and fuel economy that can 
be delivered from a comparatively small 

displacement 
engine running on 
a renewable fuel 
such as ethanol,” 
said Rod Beazley, 
director of the 
Ricardo Inc spark 
ignited engines 
product group. “In our project with 
Growth Energy, we will be substituting 
a 3.2-litre V6 engine in a 1 tonne pickup 
truck vehicle usually powered by a 
6.0l V8 gasoline or a 6.6l turbo diesel 
engine. The reason we are doing this 
is that while the engine test results 
speak for themselves, there is no 
substitute for experiencing in an actual 
vehicle the benefits of uncompromised 
performance and extremely high fuel 
economy that can be achieved using 
a renewable fuel like ethanol in an 
optimal manner. Moreover, by using 
a truly flex-optimized engine such as 
EBDI, the best possible performance 
and fuel efficiency can be delivered 
from whichever gasoline-ethanol mix 
is selected by the driver when next 
stopping for fuel.”

Ethanol helps reduce gasoline prices
The US Department of Energy 
estimates that for every one billion US 
gallons of ethanol produced, 10,000 
to 20,000 jobs will be added to the 
economy. If Growth Energy’s Green 
Jobs Waiver is approved by the U.S. 
Environmental Protection Agency, it 
could create as many as 136,000 new 
jobs when the ethanol blend rises to 15 
percent. According to US Department 

of Energy estimates, ethanol use 
reduces the price of gasoline by 
as much as 20-35 cents/gallon 
(US), saving the average American 
household $150-$300 per year. 

This project is highly relevant to the 
emerging needs of the North American 
transportation sector. Under the 
Renewable Fuels Standard adopted by 
Congress as part of the 2007 Energy 
Independence and Security Act, the 
United States has established the goal 
of including 36 billion gallons (US) 
of renewable fuels, such as ethanol, 
in the national fuel mix by 2022. The 
intent of the legislation is to reduce the 
consumption of fossil fuels – reducing 
net emissions of greenhouse gases – 
and reinforce economic and national 
security through the development of 
domestic sources of renewable energy. 
The achievement of these targets will 
require the co-ordinated efforts of 
automotive manufacturers, engine-
makers and renewable fuels producers 
in delivering a fleet of passenger, 
light- and heavy-duty vehicles 
that are optimized for renewable 
fuels such as ethanol. Through the 
project announced by Ricardo and 
Growth Energy, the partners aim to 
demonstrate that EBDI offers a market-
ready solution that could enable the 
delivery of such optimized vehicles. 

As with the original EBDI engine 
project, which was completed 

in early 2009, Ricardo 
is grateful for the 
additional support 
provided by partners 
Behr, Bosch, Delphi, 
Federal-Mogul, 
Grainger and 

Worrall Castings, and 
Honeywell. Full details of 

the test and demonstration 
activities to be carried out 
on the two vehicles to be 

developed by the project will be 
announced towards completion of the 
work in the second half of 2010.  

Ricardo Inc president 
Kent Neiderhofer 
explains the benefits 
of the EBDI engine to 
Congressman Steny 
Hoyer, House 
Majority Leader
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Eco taxiing
Ground emissions from aircraft are a significant and increasing 
problem for the global aviation industry. Anthony Smith describes IAI’s 
Taxibot concept, engineered in partnership with Ricardo, which aims to 
reduce fuel costs and CO2 emissions as well as improving local air 
quality and reducing noise pollution in the vicinity of airports

“Nothing was left 
to raw assumption, 
we needed to create 
exactly the same 
steering feel for the 
pilot through a six 
wheeled three axle 
vehicle as would 
normally be 
experienced in the 
conventional 
taxiing mode”  
Ricardo chief engineer for  
the taxibot project, eric white
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In the space of just a few decades, 
the international air travel market has 
expanded beyond recognition, from 

a preserve of the very rich to being an 
everyday feature of modern life. With 
this boom in affordability our collective 
expectations of being able to travel 
at will between far distant locations 
have transformed the way that we do 
business and spend our vacation time. 

The consequent expansion of civil 
aviation has seen once modestly sized 
national and regional airports becoming 
vast international transit hubs serving 
multiple full-service airline networks, 

and has more recently given rise to the 
development of the low cost carrier 
sector. 

With this growth now being mirrored 
by a similar democratization of air travel 
across the developing world, it is small 
wonder that the global aviation industry 
is faced with the challenge of limiting its 
carbon emissions. To this end in 2009 
the representative body for the airline 
industry, the International Air Transport 
Association (IATA), presented proposals 
that would see a 1.5 percent average 
annual improvement in fuel efficiency 
to 2020; a general stabilization of 

emissions with carbon-neutral growth 
from 2020 onwards, and a 50 percent 
absolute cut in emissions by 2050 
compared to 2005. 

While emissions in general are being 
targeted in all aspects of aviation, it 
is widely recognized that a particular 
area of focus in terms of fuel efficiency 
needs to be that of emissions from 
airport operations. At cruising altitude 
the typical jet engine of a modern large 
commercial airliner is a highly energy-
efficient machine. However, it is hardly 
surprising that machines optimized for 
operation at an altitude of 10,000 m 

Eco taxiing



and at speeds of over 850 km/h may 
be rather less efficient when used at 
ground level for slow speed taxiing 
manoeuvres. According to European 
aircraft manufacturer Airbus, taxiing 
at airports using the aircrafts’ main 
engines results in a huge consumption 
of fuel, forecast to cost around $7bn by 
2012, with consequent CO2 emissions 
of approximately 18 million tonnes per 
year. 

But if taxiing using main engines 
is costly in terms of fuel and CO2, 
it also has extremely negative 
impacts in terms of local air quality 
and noise. Indeed, in many cases 
plans to expand and develop airport 
infrastructure to increase capacity 
have been made contingent upon tight 
local environmental improvement 
targets. But there is a further practical 
consideration that makes taxiing using 
main engine propulsion undesirable 
too: damage to aircraft engines – 
termed foreign object damage by 
the airline industry – caused by the 
entrainment of debris into the turbine’s 
air intake. Here again, Airbus estimates 
that such incidents are costing the 
industry around $350m per year.

Taxiing – without main engines
A number of airport authorities in 
Europe and North America have 
already attempted to address the issue 
of taxiing emissions through the use 
of advanced simulation and modelling 

methods to maximize the efficiency 
of ground movements of aircraft or to 
encourage the taxiing of aircraft with at 
least one engine switched off. However, 
what if taxiing could be accomplished 
without any of the aircraft’s main 
engines running? This was the question 
that the Innovation team at the Lahav 
Division of Israel Aerospace Industries 
Ltd (IAI) asked themselves in 2007. 
The concept they came up with was 
to become known as Taxibot, a semi-
robotic towbarless tractor that would 
tow aircraft from the airport gate to 
the take-off point and return them to 
the gate after landing, thus eliminating 
the need to run the plane’s engines 
during taxi-in and taxi-out, other than 
as required by the engine’s brief cool 
down and warm up requirements.

The Taxibot concept is based on 
the assumption of zero interference 
with the aircraft systems, such that 
the concept can be engineered for 
commercial introduction quickly 
and without specific adaptation for 
individual aircraft. Its aim is to provide 
a ground vehicle that enables the pilot 
to manoeuvre the aircraft between 
the gate and the runway in exactly the 
same manner as at present, steering 
through the nose landing gear and 
braking in the usual manner via the 
aircraft’s own brakes. The only obvious 
difference for the flight crew would be 
that the aircraft’s main engines would 
be switched off and the tractive effort 

instead provided by the Taxibot. 
Yet while such a conceptually simple 

innovation might appear extremely 
attractive, the engineering challenge was 
considerable. IAI is one of the world’s 
leading designers and manufacturers 
of military and commercial aerospace 
systems, but it needed support in the 
development of next-generation ground 
vehicle design if it were to bring the 
Taxibot concept from the ideas stage to 
a working prototype. For this reason, it 
contacted Ricardo.

Richard Gordon, Ricardo project 
director for Taxibot, takes up the 
story: “IAI had come up with a highly 
innovative concept in Taxibot and had 
performed some high level modelling 
to demonstrate how the system 
might work. They have an incredible 
depth of knowledge on aircraft and 
airport systems, but they needed a 
vehicle engineering partner to realize 
a viable full size and fully operational 
demonstration vehicle capable of 
proving the Taxibot concept via a 
thorough test programme.” 

Building the tug
The donor vehicle selected by IAI 
to form the basis of the Taxibot 
demonstrator was a Krauss Maffei 
PTS-1 aircraft towbarless tractor 
originally owned and donated to 
the project by Lufthansa LEOS. 
This 36 tonne, two-axle vehicle was 
powered by twin V8 Mercedes diesels 
delivering a combined 750hp through 
its hydrostatic drive. For the Taxibot 
concept to be demonstrated, the 
vehicle would need to be completely 
re-built in stretched form with a third 
axle to enable installation of IAI’s 
patented rotating “turret” mechanism, 
a platform that can tilt and move 
axially, into which the nose landing 
gear (NLG) would be clamped, 
together with associated energy 
absorption systems and controls. 
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dual Ricardo ‘R-cube’ electronic 
controllers manage the forces applied 
to the nose landing gear as well as 
vehicle speed, steering, and all the 
communications with the customer’s 
electronic systems for navigation, speed 
setting and control tower integration
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This turret system needs to be 
precisely monitored and controlled 
in order to provide smooth and 
uninterrupted towing forces to the 
aircraft, adapted in real-time to 
accommodate the effects of braking 
through the aircraft’s rear wheels. 
Moreover in order to ensure that using 
Taxibot is almost invisible and non-
intrusive to the taxiing experience of 
the flight crew, it would need to mirror 
precisely the steering performance of 
the aircraft’s NLG wheels.

This re-engineering of the donor 
tug had to start from first principles of 
vehicle structural design and dynamic 
analysis, a process greatly assisted by 
the use of CAE simulation tools. “We 
made extensive use of ADAMS multi-
body dynamics and motion analysis 
software in designing the vehicle 
systems and structures,” explains 
Ricardo chief engineer for the Taxibot 
project Eric White. “Nothing was left 
to raw assumption. Engineering the 
steering system in particular was a 

complex challenge as we needed to 
create exactly the same steering feel 
for the pilot through a six wheeled 
three axle vehicle as would normally be 
experienced in the conventional taxiing 
mode.”

While the existing engines were 
retained, Ricardo extended the 
hydrostatic drive to the additional 
wheels and engineered a completely 
new control system enabling the 
precise control of tractive effort to 
each of the vehicle’s now six wheels. 
Construction of the vehicle took place at 
the Ricardo special vehicles workshops 
at Shoreham, UK, taking place 
alongside many of the defence vehicle 
programmes such as Ocelot (reported 
in RQ Q4/2009). 

The resulting Taxibot demonstrator 
vehicle – complete with its complex 
hydrostatic drive system, as well as 
hydraulic systems handling the four-
wheel steering and aircraft pick-up 
and clamp actuators – weighs a total 
of 52 tonnes. Dual Ricardo ‘R-Cube’ 
electronic controllers manage the 
forces applied to the nose landing 
gear as well as vehicle speed, steering, 
and all the communications with 
the customer’s electronic systems 
for navigation, speed setting and 
control tower integration as well as 
the operational logic of the vehicle 
systems and the pilot interface. The 
resulting six-wheeled vehicle is capable 
of robotically towing Boeing 747 and 
Airbus A340 airliners.

Initial testing
To accommodate the testing needs 
of the programme, a large hangar 
and office suite was rented for the 
project at the Dunsfold aerodrome, 
approximately 25 miles south west of 
London. This location would provide 
extensive space both for vehicle 
adaptation and fine tuning, as well 
as providing a live airfield that could 
be rented for the purposes of testing. 
Indeed Dunsfold is no stranger 
to vehicle testing, as the location 
would be extremely familiar to many 
motoring enthusiasts as the home of 
the BBC’s internationally famous Top 
Gear programme. 

However, when Ricardo prepared 
its initial engineering programme 
recommendations for IAI it was clear 
that a very large amount of vehicle 
and aircraft testing and development 
would be required to develop and 
prove the Taxibot. Given the high 
value of commercial airliners, the costs 
associated with chartering – even for 
a retired airframe still equipped with 
NLG, steering and braking systems – 
would be extremely prohibitive. For 
this reason Ricardo recommended 
engineering a full-scale test trailer 
intended to replicate the towing 
performance of a commercial Boeing 
747 airliner.

The test trailer – designed and 
constructed by Ricardo on site at 
Dunsfold specifically for the Taxibot 
programme – was a triumph of 
pragmatism. In order to replicate 
as closely as possible the towing 
performance of an airframe, it was 
engineered using life expired parts 
from a 747 aircraft including the NLG 

CAD model showing detail of the Taxibot’s 
turret system showing the entry of the nose 
landing gear wheels (left). Taxibot testing at 
Dunsfold (below) using the test trailer system.



assembly and an entire cockpit. The 
trailer includes variable weights and 
a hydrostatic dynamometer to apply 
drag to the wheels representative of 
that experienced on a large passenger 
aircraft. With a loading capability of 
up to 100 tonnes, it has been used 
for extensive development testing of 
the Taxibot system, replicating the 
processes both of towing and of flight 
deck control of the tug. 

Initial testing of the Taxibot using the 
test trailer was focused on the NLG load 
and unloading process, both automatic 
and manual as well as the emergency 
unload procedure. These were followed 
by extensive testing and development 
of the pilot steering system using 
the NLG to actuate steering via the 
turret assembly. In addition to this, 
extensive development was carried out 

of the speed and force control loops 
to ensure that the vehicle behaves 
exactly as intended regardless of 
surface inclination or airframe loading. 
Crucially, the control system needs 
to ensure that maximum force levels 
are not exceeded in order to protect 
the fatigue life of the NLG. In addition, 
Ricardo has developed and tested an 
auto-steering capability that will enable 
future operation of Taxibot as an semi-
autonomous vehicle.

Following the vehicle test and 
development programme carried out 
with the test trailer, it was important 
to complete testing based on the 
mass and inertia of a full size aircraft. 
A further series of tests was therefore 
carried out on a retired Boeing 747-
200 which is located at Dunsfold. 
This former passenger aircraft was 
originally operated by British Airways 
but is now used for film and TV 
projects, most notably in the James 

aircraft logistics
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operation of taxibot

Despite the complexity of the vehicle’s on-board systems, 
the operation of Taxibot is conceptually quite simple. On 
engaging with the Taxibot, the nose wheel of the aircraft 
enters the vehicle turret and is quickly clamped securely into 
position. The turret is able to rotate freely and can hence 
take steering and braking requests directly from the nose 
wheel in such a way that the pilot should not notice the 
presence of the tug whilst being towed normally by Taxibot. 

A crucial aspect of the Taxibot design is that the aircraft 
brakes slow the aircraft down, not the tug. This, coupled 
with the management of the nose landing gear forces, 
makes operational towing possible. With the Taxibot 
engaged, the flight crew can manoeuvre the aircraft around 
the taxiways of the airport, relying solely on auxiliary power 
units for on-board power and air conditioning needs.

 To orchestrate the technology, IAI has developed and 
provided a high-level vehicle controller that will integrate 
with airport control towers and provide speed target, towing 
force and other mission data while constantly monitoring 
geographical position. While the current demonstrator 
assumes that an operator is present in the vehicle, the 
control architecture of the vehicle is already in place to 
support semi-autonomous tug operation so that in the near 
future no tug driver would be needed for taxiing.
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Bond movie, Casino Royale. The first 
tests using this full size aircraft were 
carried out in January 2010. 

Taxibot moves south
IAI has entered into a Memorandum of 
Understanding between with Airbus 
on future development of Taxibot as 
well as a Memorandum of Agreement 
with ground equipment manufacturer 
TLD. With testing of the Taxibot system 
at Dunsfold now completed, the 
entire project – including the Ricardo 
and IAI engineering team – is being 
relocated as we go to press, some 
1000 km south to the Airbus facility 
at Toulouse airport, France. Here, 
further evaluation with the test trailer 

will be carried out prior to the first 
tests of the system using a full size 
in-service aircraft, an Airbus-owned 
A340-600 weighing approximately 
350 tonnes. As a part of the further 
development work to be carried out by 
IAI and Ricardo together with Airbus, 
the auto-steering capability is to be 
implemented, opening the way for 
automatic taxiing.

Subject to satisfactory completion of 
these tests, IAI and Airbus have stated 
that they may establish a Joint Venture 
(JV) to develop and certify the Taxibot 
and market the programme. According 
to current plans, the Taxibot operational 
system is expected to be ready for first 
deliveries towards the end of 2011.

Long-term benefits
The benefits of the successful 
commercial implementation of Taxibot 
could be considerable and wide 
ranging. According to IAI figures, 
an average passenger jet aircraft 
consumes over 477 litres of fuel while 
taxiing: with the Taxibot towing, the 
aircraft consumes just 26–57 litres 
depending on mission. 

By 2011 it is estimated that air traffic 
will have grown to around 81,000 
mainliner flights each year, such that 
worldwide use of the Taxibot could 
reduce the cost of global annual fuel 
consumption for taxiing by some 
$6.25bn per year, while eliminating over 
16 million tonnes of CO2 emissions. 

With further development, the Taxibot 
concept could also help to facilitate the 
complete robotization of the taxiing 
process – and eventually to the full 
automation of airport ground traffic. 
This could yield further significant 
benefits in terms of smoothing traffic 
flows at the world’s most congested hub 
airports, while also making best possible 
use of the existing infrastructure. As 
such, this innovative vehicle concept 
could fundamentally alter the way 
that we travel, mitigating a significant 
proportion of the carbon emissions of 
the global aviation industry while also 
helping airports to reduce their local 
environmental impacts. 

the benefits of the successful commercial 
implementation of taxibot could be 
considerable and wide ranging. according 
to iai figures, an average passenger jet 
aircraft consumes over 477 litres of fuel 
while taxiing: with the taxibot towing, the 
aircraft consumes just 26–57 litres

A retired Boeing 
747 is prepared for 

testing using the 
Taxibot at Dunsfold 
(the unique engine 

arrangement of 
this former British 

Airways plane was 
created for its use in 
filming of the James 

Bond movie  
Casino Royale)



Reducing the cost 
and weight of

batteries

lithium-ion battery technology
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The increasing electrification of 
road cars as a means of reducing 
CO2 has certainly gripped the 

imagination of the public, but the 
awkward fact remains that the necessary 
motors, batteries and control systems 
add weight and cost money – a lot of 
money. All agree that what is needed are 
step changes in both the cost and the 
performance of such pro-environmental 
technologies. 

This is where Red-Lion comes in. 
Completed in late 2009, Red-Lion 
(REDuced cost Lithium ION) has been 
an innovative collaboration between 
Ricardo and QinetiQ with financial 
support provided by the Energy 

Saving Trust. This project has resulted 
in a new and highly flexible battery 
management system architecture, 
and has demonstrated the potential 
of a new low cost lithium-ion cell 
chemistry for Hybrid Electric vehicles 
(HEVs).

When it comes to reducing the cost 
of electric drivetrains, there is a very 
real need for something between 
evolution and revolution. Hybrids, 
without doubt the most popular green 
solution in the eyes of car buyers, 
have a powertrain costing up to four 
times as much as a comparable EU4 
gasoline engine; this extra cost gives 
a 55 percent improvement in CO2 

emissions. A substantial part of that 
extra cost is tied up in the battery 
technology, an uncomfortable truth 
that afflicts the development not 
only of hybrids but also that of the 
pure electric vehicle, which is rapidly 
approaching the point of true large-
scale commercialisation. 

“To make a significant difference in 
atmospheric CO2 levels,” says Nick Owen, 
Ricardo project director for research and 
collaboration, “what is needed is a three 
percent reduction in CO2 per annum. 
Indeed, that’s the general level of global 
targets being set by various governments 
including the US.” 

However, setting targets is one thing: 

Major developments in battery design and control systems 
are essential if the electrification of the vehicle drivetrain is to 
advance as rapidly as consumer demand. Jesse Crosse reports 
on a significant breakthrough in lithium-ion battery technology 
which promises to bring affordable electric cars a step closer
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achieving them is another, and the 
EU is currently lagging behind its CO2 
reduction target by around 1.6 percent 
per annum. 

Battery is the core technology
There are plenty of technical options 
available for reducing CO2, but no 
single silver bullet capable of solving 
the world’s problems on its own. 
One common denominator, though, 
is the battery used by almost every 
electrified vehicle – pure EVs, range-
extender hybrids, parallel hybrids, 
plug-in hybrids and mild hybrids. The 
Shell Scenarios 2008 report predicts 
that 40 percent of all transport fuel will 

be electricity or hydrogen by 2050, 
so while the pressure is on to deliver 
cheaper, lighter and smaller battery 
technologies, the opportunity for these 
technologies to flourish in larger scale 
markets is growing. 

“Ricardo has already collaborated on 
advanced hybrids and in 2006 through 
the Efficient-C project collaboration 
with PSA, a Citroën Berlingo hybrid 
diesel was demonstrated achieving 
CO2 emissions of 90 g/km,” explains 
Owen. The battery system was of a 
similar size to that of the current Toyota 
Prius, making the Efficient-C an ideal 
basis on which to assess the new 
lithium-ion battery technology. The 

Red-Lion project’s aim was to validate 
this technology as a direct replacement 
for the original battery; also included 
was the development of a new battery 
management system. Finally, the 
project would seek to demonstrate 
and quantify the benefits of the new 
technology and highlight its potential 
for further improvement.

Ricardo worked in partnership with 
QinetiQ, which developed Red-Lion’s 
new chemistry. Lithium-ion batteries 
have come to the fore because they can 
store more energy than nickel metal 
hydride, lead acid and nickel cadmium 
systems. Lithium-ion batteries are 
classified by their cathode materials 



of which three main types are in use 
today:

Lithium cobalt oxide (LiCoO2);•	
Mixed metal oxide types (using •	
cobalt nickel and manganese), and;
Lithium-iron phosphate (LiFePO4).•	

Cobalt has been favoured by the 
industry for its high energy density, 
but cost and the chemistry’s 
inherent instability and reliance on 
management systems for safety 
means it is not likely to be used for 
volume automotive applications. 

Lithium-ion cell structure
Individual cells are mechanically quite 
simple, containing an anode and cathode 
like any other battery; physically, anode 
and cathode comprise a coating on a 
metal collector. They are separated by 
a thin polymer separator soaked in a 
lithium salt electrolyte (usually LiPF6) 
dissolved in a solvent allowing the lithium 
ions to pass through the separator and 
complete the electrical circuit. Individual 
cells can either be enclosed in vacuum-
sealed laminate bags (in which case they 
are described as pouch cells) or wrapped 

up into a cylinder like a conventional 
domestic dry battery. 

The Red-Lion battery comprises 
bundles of four cells assembled into 
modules of 16; these in turn are fitted to 
a rack of four modules to make up the 
pack. So a rack comprises a total of 256 
separate cells.

Innovative chemistry: lithium iron 
sulphide
The lithium iron sulphide chemistry 
is new, at least in terms of what is 
available commercially. Originally 
identified in the 1970s, the potential 
performance of this new chemistry 
is higher than the established types 
because two lithium ions are available 
for reaction instead of just one. 
QinetiQ began serious research into 
the material in 1998 and patented two 
procedures for creating a cathode and 
using it together with a carbon anode.

“At that time” says Gary Mepsted, 
technical manager of QinetiQ’s Power 
Sources team “QinetiQ was interested 
in developing a Li-ion cathode material 
with superior energy density for 
military applications but we also 
discovered that it is much safer to 
overcharge than commercial Li-ion, 
and since it contains iron it has the 
potential to be much cheaper.”

Lithium iron sulphide systems 
actually have a capacity (in terms of 
mAh/g) some 2.5 times greater than 
that of current lithium cobalt oxide 
based systems, but they deliver this 
performance at a lower voltage. 
Since the stored energy in Wh/kg is 
the product of voltage and capacity, 
lithium iron sulphide can deliver 1.5 
times the total energy per kg of of 
lithium cobalt oxide – still a substantial 
gain. 

A particularly important 
characteristic of any battery is how the 
rate of discharge affects its capacity. 
Generally, if a battery is discharged 
very quickly by subjecting it to a high 
load (such as continually accelerating 
an electric vehicle at maximum power) 
then the capacity is reduced. Lithium 

lithium-ion battery technology
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”the Red-lion project’s aim was to validate 
this technology as a direct replacement for 
the original battery, the project would seek 
to demonstrate and quantify the benefits 
of the new technology and highlight its 
potential for further improvement”
Nick owen, Ricardo project director for research  
and collaboration
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iron sulphide batteries perform well 
in this respect, maintaining 85 percent 
capacity even at a discharge rate of 
10C (i.e. full discharge in 6 minutes 
based on the ‘C’ or hourly rate in 
amp hours). This high performance 
has been achieved by coating thin 
electrodes and increasing their 
porosity to produce what are known as 
high rate electrodes.

Critical factor: cycling
Another critical aspect of battery cells 
is how many times can they be cycled 
(charged and discharged) before their 
ability to store energy (their capacity) 
becomes seriously impaired. To replicate 
the kind of cycling they could meet in a 
hybrid vehicle application, the cells were 
charged and discharged to 30 percent of 
their total capacity by cycling between 

0.8 volts and 2.45 volts, carried out at a 
1C discharge rate (full discharge over 
one hour). Although the cells exhibited 
a very gradual capacity fade this is to be 
expected given the maturity of the new 
chemistry. With further development 
of the electrodes and fine-tuning of the 
chemical makeup of the electrolyte, 
it is expected that the cycle life will be 
improved still further.

“When designing the new pack for the 
Efficient-C project, a number of factors 
were cast in stone,” explains Peter Miller, 
Ricardo director of electrical/electronic 
engineering. Most obvious of these 
constraints was size and shape – the 
new pack would need to drop straight 
in to the space occupied by the existing 
pack. Heat rejection was also a major 
consideration. The high rate of energy 
transfer in lithium-ion batteries means 
they get hot during both charging and 
discharging, so an efficient cooling 
system is essential. The Red-Lion pack 
would have to function using air cooling, 
with air drawn from the cabin as before. 

High voltage isolation was a major 
consideration too. The power electronics 
of the existing pack were designed to 
work on 288 volts nominal and 200 amps 
peak current, so the new battery would 
have to deliver the same – along with 
a 2 kWh energy capacity to enable the 
Efficient-C to meet its existing NEDC 
fuel consumption figures. Finally, the 
interface between the battery and the 
vehicle’s CAN databus would also have 
to remain the same.

Ricardo and QinetiQ: sharing tasks
The separate stages of the project 
were closely dovetailed between 
Ricardo and QinetiQ, with QinetiQ 
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”to make a significant difference in 
atmospheric co2 levels what is needed is a 
three percent reduction in co2 per annum. 
indeed, that’s the general level of global 
targets being set by various governments 
including the uS”
Nick owen, Ricardo project director for research  
and collaboration

Cell manufacture: robotized stacking of 
cells and cell pressing plant (far left and left); 
and ultrasonic welding of tabs (below)



lithium-ion battery technology
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handling the cell chemistry and testing 
before handing over to Ricardo for cell 
capability analysis. Similarly, QinetiQ 
was responsible for the cell package 
design and manufacturing and Ricardo 
took charge of the pack design. Ricardo 
developed the battery management 
system electronics and software, 
based on a completely new and highly 
flexible architecture independent of 
cell type and chemistry. QinetiQ then 
built the packs before final integration 
and testing by Ricardo.

It became clear early in the process 
that some specialised tools would 
be necessary and to perform the cell 
capability analysis, Ricardo drew upon 
its expertise in software design to 
develop a new package called ‘Cell-
Modeller’ to analyse test data and 
extract key parameters from it. It also 
developed ‘Pack Designer’ to calculate 
how best to use the cells in any given 
application. 

“The design and integration of the 
pack consisted of four main work 
areas,” says Miller. “The design 
of the cooling system had to be 
integrated with the pack design, which 

incorporates the cooling fans. The 
second was the design of the modules, 
each of which holds 25 percent of the 
cells. Next was the main structure 
itself, supporting the four modules. 
The final task was the placement and 

mounting of the battery management 
system (BMS) and its related 
components in the car.”

Keeping cool
Cooling systems for lithium-ion 
batteries are critical. Ricardo started 
with thermal analysis using its 
VECTIS computational fluid dynamics 
(CFD) software and investigated 
various different cell arrangements 
to optimize the airflow through 
the pack. Thermal analysis was 
made using estimates of the heat 
dissipation from each individual cell 
so it was then possible to choose 
a cell arrangement which gave the 
optimum thermal performance for 
the pack. This approach also helped 
to make the necessary compromise 
between packaging and the cooling 
requirements.

Considerable effort was expended 
on the design of the module – the core 
component of the battery pack – on 
account of the number of functions it 
has to perform. It determines not only 
the spacing of the individual cells to 
allow sufficient cooling, but also their 
retention and security, the routing 
of wiring, the bus bar mounting and 
the battery management system 
mounting.

Structurally, the pack had to fit 
existing mountings and its design 
would be limited by the need to 
allow sufficient space for cooling 
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”our joint approach to delivering the 
programme and innovating technology 
along the way has really shown that hybrid 
and all-electric vehicles are becoming a 
closer reality for the future ”
Mark Roberts, energy and environment strategic  
business director, QinetiQ

The Efficient-C hybrid vehicle battery used 
as the basis of the Red-Lion project (below). 
CAD image showing structure of the new 
Red-Lion battery pack developed by the 
project (left) and the completed pack (right)



and for the modules themselves. The 
construction comprised sheet metal 
over an aluminium frame with four 
vertical members (to coincide with 
the existing vehicle mountings) and 
three horizontal members providing 
the mounting locations for the module 
frame. The electrical installation of 
the pack had to be made with minimal 
wire lengths and provide maximum 
accessibility during assembly. Wires 
and bus bars were carefully designed 
to carry the high current generated by 
the battery pack and ensure sufficient 
electrical isolation.

Intelligent charging
With complex battery systems, any 
pack – no matter how advanced its 

chemistry might be – is useless without 
a battery management system (BMS) to 
control the input and output of energy 
coming not just from charging devices 
but also from the vehicle’s regenerative 
braking system. Individual lithium-ion 
cells can reach full charge before others 
in a pack, but overcharging while the 
rest catch up will damage them. So the 
charging of lithium-ion packs must be 
performed intelligently and cells must 
be electronically managed individually, 
the charge current to each cell being 
reduced or halted as each one becomes 
fully charged. 

The Ricardo-developed voltage 
temperature balancing module (VTBM) 
boards support up to 16 cells each and 
perform this balancing of the cells. 

Contactor boards measure 
pack current, pack insulation 
and resistance, and read 
the cell status data from 
the VTBM boards. Both the 
VTBM technology and the 
overall BMS were designed 
as a universal system suitable 

for any li-ion chemistry, or 
nickel metal-hydride (NiMH), 

ultra-capacitors or asymmetric 
supercapacitors.

Integration testing
The final job was to test the system 
with two weeks of integration testing. 

Calibration data was loaded into the 
BMS from the pack designer software 
and several aspects of the BMS function 
validated, such as the state of charge 
(the amount of energy in the pack), the 
cell balancing, self checking on start-up, 
and the safety systems. Three patents 
have been applied for by Ricardo 
covering the key aspects of the BMS. 
The highly flexible nature of this new 
BMS is demonstrated in that it is now 
being used in collaboration with other 
partners investigating a completely 
different cell chemistry. 

Final testing of the complete Red 
Lion pack established that a complete 
vehicle sized unit would indeed be 
capable of delivering a 25 kW discharge 
rate and accept charge of 20 kW (during 
regenerative braking, for instance), 
thus meeting the requirements of the 
project.

“Developing an entire new battery 
pack from basic chemistry through to 
the battery management system was a 
substantial task to undertake in a single 
project,” says a delighted Owen. “It’s a 
huge triumph and we’ve delivered the 
first milestone.” 

“Our joint approach to delivering the 
programme and innovating technology 
along the way has really shown that 
hybrid and all-electric vehicles are 
becoming a closer reality for the 
future,” adds Mark Roberts, energy 
and environment strategic business 
director at QinetiQ. “And because 
iron sulphide-based cell chemistry is 
cheaper to produce than traditional 
cobalt cells, lower production costs 
could make hybrid and all-electric 
vehicles more affordable in the future.”

With the first new cell chemistry 
of this type to come out of the UK for 
some time, Red-Lion does indeed 
deliver the step-change in battery 
systems technology the industry needs 
to move the electrification of vehicle 
drivetrains further along the path to 
commercialisation. 
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”developing an entire new battery pack 
from basic chemistry through to the 
battery management system was a 
substantial task to undertake in a single 
project. it’s a huge triumph and we’ve 
delivered the first milestone ”
Nick owen, Ricardo project director for research  
and collaboration
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With the increasing concerns about 
carbon emissions and energy security, 
increased use of biofuel content within 
the traditional fuel supply chain for 
pump blends of gasoline and diesel 
is occurring globally. In addition to 
this, many regions are increasingly 
making higher biofuel blends available 
to consumers who wish to use these 
for financial or operational reasons 
or through personal concern for the 
environment. 

However, there are known 
engineering issues associated with the 
increased use of biofuels, and such 
areas of concern are likely to change 
and develop as new automotive 
powertrain technologies are deployed.  

To help meet this challenge Ricardo 
has launched a consortium of 
automakers, Tier 1 suppliers, oil 
companies, additive manufacturers 
and government agencies, with 
the aim of evaluating the impact of 
biofuels on current and future light 
duty engine technologies. 

“The increasing use of biofuels 
offers some potentially attractive 
benefits in terms of reduced global 
carbon emissions and increased 
energy security through diversity 
of fuel resources,” explains Ricardo 
project director for fuels and lubricants, 
Craig Goodfellow. “However, for 
biodiesel in particular, the challenge of 
creating stable and consistent supplies 

of fuel and engineering the powertrain 
system to operate without detriment 
to performance and durability is 
both complex and considerable. By 
drawing together this pre-competitive 
consortium of interested partners, we 
aim to focus research and help chart 
the means by which such challenges 
can be addressed.” 

For biodiesel, areas of focus will 
include understanding the effect of 
the wide variability of fuel chemistry 
resulting from the very broad range 
of potential feed-stocks, challenges of 
fuel storage resulting from instability 
and reactivity to air, and the potential 
for fuel dilution of lube oil. 

The work of the consortium will 

Biofuels consortium launched

Ricardo News

The long and highly successful 
engineering collaboration between 

Ricardo and Cooper Corporation of 
India was once again highlighted with 
the launch of the first of a completely 
new range of Cooper engines at the 
prestigious Delhi Auto Expo in January. 

The new two-cylinder vertical inline 
engine family unveiled at the Delhi 
show is available in diesel, CNG and 
LPG versions ranging from 26 to 55 
hp and is intended for both domestic 
Indian and export markets. Part of a 
complete range that will ultimately 
include inline four and six-cylinder 
variants of up to 280 hp, these engines 
are intended to provide robust, 
durable, high fuel economy and low-
maintenance power for applications 
including automotive products as well 
as generator sets, pumps, construction 
equipment and industrial and off-
highway vehicles. Moreover they are 
future-proofed in terms of meeting 
both the current automotive Bharat IV 
emissions regulations (comparable 
with Euro IV) as well as being capable 
of upgrade to meet even tougher future 
norms. 

The new product (shown right) 
incorporates the latest 1400 bar 
common rail direct injection technology 
for its diesel variant or multipoint gas 
injection for CNG and LPG applications, 
using centrally mounted injectors for 
optimum combustion. Extensive use 

was made of computer 
aided engineering (CAE) 
technology by Cooper 
and Ricardo engineers 
to deliver a truly world-class 
design. Performance and 
emissions were optimized 
using Ricardo’s market-
leading WAVE engine 
performance and gas 
dynamics simulation software. 

The cylinder head 
incorporates double 
camshafts with roller 
finger followers for low 
friction, actuating four 
valves in each cylinder for 
excellent engine breathing. 
Extensive use of finite 
element analysis was made 
using both Ricardo FEARCE as well 
as other industry standard software, 
to produce a durable, thermally and 
mechanically efficient cylinder head 
design. The robust nature of the engine 
and its superior NVH signature are 
assisted by the use of a structural 
bedplate configuration, with the 
crankshaft and crankcase subjected to 
stress and fatigue analysis using the 
Ricardo ENGDYN coupled crankshaft 
and cylinder block analysis product. 

Low cost of ownership was of 
paramount importance to the design 
team, and the new engine boasts 
excellent longevity and ease of service. 

This longevity is evidenced by an 
impressive B10 life of 7000 hours (the 
service life for a statistical expectation 
of 10 percent attrition) or 250,000 km 
in a vehicle application. With a highly 
competitive regular oil change interval 
of 500 hours, all service points are 
provided on one side of the engine 
and hydraulic lash adjusters help to 
avoid the need for periodic tappet 
adjustment. The new engine is also 
designed for straightforward long 
term maintenance, for example with 
the inclusion of wet cylinder liners for 
simple replacement.

Cooper launches engine 
developed with Ricardo



Breakthrough 
wind bearing 
technology
A new Ricardo bearing technology 
which aims to extend the service life 
of wind power gearbox bearings by 
up to 500 percent is to benefit from 
a share of £3 million in funding to 
be provided by the Northern Wind 
Innovation Programme (NWIP). The 
funding is intended to stimulate 
innovation and technological 
developments for the offshore wind 
industry in the north of England. 

Turbine gearbox bearing durability 
is a key issue for wind energy 
providers, in particular for offshore 
farms where in-service maintenance 
is both expensive and challenging. 
Bearings are subject to a wide range 
of different operating conditions and 
installation constraints, resulting 
in a diversity of failure modes that 
continue to challenge the wind 
industry. Forensic investigation 
undertaken by Ricardo on behalf 
of clients has unearthed classic 
faults categories: some are due to 
unequal load distribution applied to 
the bearings in epicyclic gears, while 
others arise after running at partial 
turbine power when the rolling 
elements are prone to skid rather 
than roll and cause scuffing of the 
precision ground surfaces. 

Irrespective of the cause, wear on 
the inner bearing ring is concentrated 
over a small arc of some 40 degrees 
and can lead to premature failure, 
whilst the remainder of the ring 
remains unworn. One pragmatic 
solution involves rotating the “fixed” 
inner race at fixed intervals such that 
the wear is distributed around the 
full circumference of the race. This 
ensures that the fatigue damage 
or wear never reaches a critical 
condition during the turbine life – an 
approach also applicable to the outer 
races of direct drive turbines subject 
to sustained gravity loads.

The new consortium project will 
be led by Ricardo and involves 
the University of Sheffield and an 
industrial bearing manufacturer 
When fully developed, the new 
Ricardo bearing technology aims 
to provide a five-fold increase in 
bearing life in comparison with 
existing wind energy gearbox 
bearings.
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be structured as a series of modules. 
The first module focuses on the 
effect of biofuel content on diesel 
performance, emissions and economy 
using conventional and advanced 
combustion control systems. Three 
further modules are currently under 
consideration – investigating the 
effects of biodiesel on fuel-in-oil 
dilution and how advanced post-
injection calibration techniques can 
reduce the problem; the effects 
of biofuel content on gasoline 
performance, emissions and economy, 
and the effects of biodiesel in-vehicle 
storage stability. 

This modular approach will enable 
a flexible scope to be developed, with 
content finalized and approved by the 
steering committees of each module, 
which will comprise members from 

all sponsoring organizations. This 
approach will maximize the benefits 
of the pre-competitive research to 
be carried out, enabling members to 
share costs while participating and 
paying solely for those aspects of 
most relevance to their respective 
businesses or regulatory responsibility.  

The consortium Module 1, which is 
part funded by the UK Government’s 
Department for Transport, has 
already commenced but will 
remain open to applications from 
prospective members throughout the 
duration of the work. Organizations 
wishing to register an interest in 
participating in Module 1 or in any 
of the future modules, or to obtain 
further information, should contact 
F&LConsortium@ricardo.com.   

The formal ‘first spin’ of the initial 
prototypes of the next-generation 

eight-speed automatic transmission 
system being developed by Ricardo 
in partnership with Weifang Shengrui 
of China took place at Ricardo’s UK 
Midlands Technical Centre only 
seven months after the start of the 
design work. The event was hosted 
in the presence of a visiting high-level 
delegation from China comprising 
members of both the senior 
management team of Weifang Shengrui 
and representatives of the Weifang 
regional government.

The new front wheel drive 8AT 
transmission offers key advantages 

including a relatively simple 
arrangement utilizing standard 
component design and manufacturing 
techniques. It has the potential for very 
good shift quality, a highly compact 
design package competitive with less 
well specified products, and flexibility for 
further adaptation for four wheel drive 
or integration with hybrid powertrain 
systems. It uses a combination of 
epicyclic and parallel axis gearing in 
which three simple planetary gears are 
used together with a single brake and 
four clutch units. Ricardo and Weifang 
Shengrui signed a contract in June 
2009 under which Ricardo became the 
development partner for this ‘industry-
first’ product. The production version of 
the 8AT transmission is planned for late 
2011. 

The ‘first spin’ of the 8AT transmission 
prototype was initiated by President 
Liu Xiangwu of Weifang Shengrui. 
Speaking in an interview for the BBC 
television news team that was present 
to film the event, President Lu said: “In 

China Ricardo is well known as an 
independent 
company dealing 
with automotive 
research and 
engineering. 
This is why we 
have come to 

Ricardo for this co-
operation.” 

‘First spin’ for advanced 
transmission

President Liu 
Xiangwu of Weifang 
Shengrui formally 
starts the first 
spin of the 8AT 
transmission
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Capiton...

New concept 
in EV charging

Ricardo has been selected by HORIBA 
Instruments to assist it in the design of 
a new 15 MW drive train test system for 
offshore wind, which is to be carried 
out for the UK’s Energy Technologies 
Institute (ETI). The new drive train test 
rig is intended to be built at the NaREC 
Test Facility in Blyth, Northumberland. 
Co-located with NaREC’s existing 
renewables testing facilities such as 
blade testing, the offshore wind nacelle 
drive train test rig will be capable of 
dynamically testing a wind turbine 
drive train or nacelle with input powers 
up to 15 MW. 

Providing this facility in an onshore 

location will provide a significantly 
lower cost alternative to deploying 
and testing offshore. Complete 
turbine nacelles will be able to be 
tested, reducing the technical and 
commercial risks of mass production 
and deployment; the programme will 
also enable turbine manufacturers 
to accelerate the development of 
new and more reliable prototypes, 
increasing the deployment of new 
turbines. As such it will enable the 
reliability and performance of new 
technologies to be assessed early on 
in the development process and will 
reduce the risk involved in developing 

large multi-megawatt wind turbines 
for offshore use.

Commenting on the award of this 
contract by ETI, HORIBA executive vice 
president and general manager, Rex 
Tapp, said: “We are pleased to have 
been awarded this key contract by ETI 
to design the world’s first open-access 
offshore wind turbine test system. 
HORIBA Instruments is a leader in the 
development of testing technology 
across a range of industrial sectors 
and on a global basis. We look forward 
to working with our longstanding 
partner Ricardo to deliver the test 
system design for this new facility.”

Offshore wind test facility

Ricardo Inc, in collaboration with 
PEP Stations LLC, unveiled a new 

electric vehicle charging station at the 
2010 North American International 
Auto Show (NAIAS) at Detroit’s Cobo 
arena. The new PEP Station is aimed 
at building a substantial charging 
infrastructure as the electric vehicle 
market begins to grow. 

Similar to a standard fuel pump, the 
PEP Station allows drivers of electric 
vehicles to access electricity via an 
access card or credit card. When a 
vehicle connects to the PEP Station’s 
220V power supply, the unit recognizes a 
connection and the LCD screen prompts 
the user to accept the price per hour 
of connectivity, if payment by credit 
card is desired, or swipe an access 
card. The user is asked to select the 
amount of charging time required and 
charging will begin, subject to credit card 
authorization if necessary. When the 
vehicle’s battery has been fully charged, 
or the time selected elapses, the station 
automatically discontinues the current. 
If the user does not desire to fully charge 
the vehicle, or wishes to discontinue 
the charge prior to the selected time 
expiring, he or she simply disconnects 
the power cord. The entire process is as 
easy as traditional methods of fuelling 
vehicles.

At the 2010 NAIAS the PEP Station 
was the exclusive recharging station 
provided for EcoXperience, the high-
profile showcase of electric vehicles 
and green technologies which featured 
a quarter-mile indoor ride-and-drive 

test track surrounded by 
landscaped and forested 
terrain. Beautifully 
designed and easily 
identifiable by its stainless 
steel exterior, the PEP 
Station has been designed 
to be a smart, stylish, 
and simple charging 
station for the electric 
vehicle driver of today and 
tomorrow.

“The first question 
most people ask when 
they begin to toy with 
the idea of owning an 
electric vehicle is, ‘How 
much will I save in gas?” 
says PEP Stations President, James 
Blain. “Equally as important as the 
first question, the second question is, 
‘Where will I charge my vehicle?’ That’s 
where we come in. As the electric 
vehicle market begins to flourish, 
consumers will need a convenient, 
reliable and easily accessible way to 
charge their vehicle outside of the 
home. It’s that simple. The PEP Station 
does just that in a safe, reliable, user-
friendly, 220V charging station that 
can easily be installed at commercial 
destinations.”

“With CO2 emissions reduction 
targets being adopted around the world 
with the aim of mitigating the effects of 
man-made climate change, we believe 
that the increasing electrification of new 
vehicles is a trend that will continue to 
grow,” adds Ricardo global director of 

controls & electronics, Karina Morley. 
“The creation of a commercially viable 
and effective recharging infrastructure 
will be a key enabler to the achievement 
of such climate change goals, allowing 
electric and plug-in hybrid vehicle 
users to maximize their zero-emission 
mileage. Ricardo has been a proud 
partner in the engineering development 
of the PEP Station, helping to create 
a world-class vehicle recharging 
product.”

Conceptualized, designed and sold 
by PEP Stations, LLC, PEP Stations are a 
joint collaboration between Ricardo and 
James Blain Associates, a Michigan-
based design and architectural 
company with over thirty years of 
award-winning commercial design 
experience. For more information visit 
www.pepstations.com.  
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Seminar programme:

Advanced technology seminars, 
workshops and training courses
Ricardo is recognised worldwide as a leading authority in the development of the latest power 
systems for automotive and clean energy applications.  While best known for our engineering 
and consulting programmes, an increasingly popular service is our regular series of seminars and 
training courses through which aspects of the company’s knowledge and expertise can be shared with 
customers.  These events are typically hosted at Ricardo Technical Centres and are led by some of our 
most experienced engineers and research scientists.  

We constantly strive to develop new seminars and courses re�ecting the very latest thinking and most 
topical areas of power systems technology and product development.  We also strictly limit delegate 
numbers in order to create an environment conducive to discussion of aspects of particular interest to 
participants. Modestly priced, our Ricardo seminars and courses provide exceptional value for money 
but are consequently in high demand. 

Our current programme of seminars is listed below.  Most of these will be hosted at the Shoreham 
Technical Centre, further presentations may also be made at other Ricardo facilities or at customer sites 
subject to demand.

Digital Signal Processing for 
Scientists and Engineers: 
19-20 May 2010 

Crankcase Lubricants: 
16 June 2010

Internal Combustion Engine 
Fundamentals: 
6-7 July 2010

This one and a half day seminar 
provides a theoretical and practical 
introduction to DSP from an 
automotive engineering viewpoint. 
Content ranges from analysis of 
time and frequency domain data 
to the use of adaptive �ltering for 
active noise cancellation. 

A one-day seminar discussing the 
features of crankcase lubricants, 
the latest developments and likely 
future requirements. Provides an 
insight into lubricant formulation 
and interaction with design and 
materials. Includes discussion of 
how to formulate lubricants to 
meet industry challenges.

Two one-day seminars covering 
the fundamentals of gasoline 
and diesel engine combustion 
and technology. The seminars are 
aimed at engineers who wish to 
gain a broad based knowledge of 
engine technology, and who wish 
to broaden their understanding of 
engine combustion, emissions and 
related issues.
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