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f Hyundai goes hybrid
With its Blue-Will concept car 
Hyundai is showing a new 
parallel hybrid powertrain with 
a 1.6 litre gasoline engine, CVT 
transmission, a 100 kW electric 
motor and a lithium ion polymer 
battery under the rear seats

China poised for EV 
leadership, says study
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Chinese automakers are set to 
leapfrog current engine technologies 

and gain leadership of the world market 
for electric vehicles, says a leading 
German-based strategy consultancy. 
The global market for electric and plug-in 
hybrid vehicles will be between 9 and 10 
per cent by 2020, conclude researchers 
at Roland Berger, with the share in China 
likely to be over 50 per cent.

The consultants expect the value 
of the global batteries, motors and 
electric components markets to show 
similar spectacular growth, reaching 
€20-50 billion by 2020 and rising to 100 
billion in the following decades.

Roland Berger’s bullish forecast came 
a week before Volkswagen announced 
it had signed a memorandum of 
understanding with China’s BYD to 
explore a partnership in the area of 
electric mobility. BYD, a mobile phone 
battery supplier which entered the 
automotive business less than a decade 
ago, has shown a production-ready 
pure electric crossover – the e6 – with 
a claimed range of 250 miles (400 km) 
on a single charge and already sells the 
plug-in hybrid F3DM – a world first.

“Hybrids and electric vehicles will play 
an increasingly important role,” said Dr 

Ulrich Hackenberg, VW board member 
for technical development. “Particularly 
for the Chinese market, potential 
partners such as BYD could support us 
in quickly expanding our activities.” 

Berger also notes that with lower 
labour costs and a majority of the 
raw materials such as lithium being 
processed in China, the Chinese 
manufacturers are benefiting from 
lithium-ion battery costs some 30 per 
cent lower than in the west. China 
also has 80 per cent of the world’s 
neodymium, a key material for magnets.

“When you take all these facts into 
account, China’s goal of becoming the 
technology leader in e-mobility seems 
absolutely realistic,” says Wolfgang 
Bernhart, author of the study. “This 
is a wake-up call for the traditional 
automotive powers.”

German drivers are enthusiastic and 
well informed about electric cars and 
expect to see them on their country’s 
roads within the next three to five years, 
according to the findings of a survey 
conducted for the supplier Continental.

The study, released at this year’s 
Vienna Motor Symposium, also 
reveals that drivers expect that by 
2020 one in every four new cars sold in 
Germany will be electrically powered: 
in the nearer term, 11 per cent of the 
1000-plus motorists questioned said 
they “could well imagine” opting for 

an EV in the next three to five years, 
while a further 10 per cent said an 
EV would be a “thinkable” option. 
However, over 50 per cent said they 
could not yet imagine switching over 
to an electric model.

While the overwhelming majority 
of those surveyed were positive 
about the environmental benefits of 
electric vehicles, some 17 per cent 
responded negatively because of fears 
that nuclear power generation might 
have to be increased or that greater 
conventional energy generation would 
result in more CO2 being emitted.

“One remarkable result is that only 
very few respondents indicated that 

they didn’t know enough about the 
subject; just 3.7 percent, in fact,” 
commented Continental. “This just 
goes to show that electric drive is an 
increasingly popular topic.”

35.5mpg standard for US
President Obama has imposed 
the first-ever coast-to-coast fuel 
efficiency standards for vehicles 
sold in the US. Under new 
regulations to come into force 
in 2012, automakers will face a 
sharp 40 per cent hike in CAFÉ 

consumption 
standards. The 
move comes 
after decades 
of inaction and 
brings the rest of the 
US into line with 
California’s tougher laws. 

BYDe6: a leap frog 
technology

German drivers 
keen on EVs



Q2, 2009 • RICARDO QUARTERLY REVIEW  5

Daimler buys EV stake
German luxury car maker Daimler 
has bought a 10 per cent stake in 
Californian electric car producer 
Tesla. Tesla already has its Roadster 
electric sports car on sale and plans 
to launch its Model S electric  
sedan in 2011. 

European lease for plug-in Prius
Toyota is to lease 150 units of the 
experimental plug-in version of 
its new Prius hybrid. The vehicle 
will initially go to fleet operators 
in France and has a lithium-ion 
battery for improved electric range. 

Flex fuel motorcycle
Honda has launched the world’s 
first motorcycle capable of running 
on multiple fuels. A new control 
system means the CG150 Titan 
Mix, now on sale in Brazil, can use 
bioethanol and other biofuels, as 
well as gasoline.

BMW boosts hydrogen efficiency
Using high-pressure direct injection 
of hydrogen and a diesel-like 
engine architecture, BMW and 
Austrian research institutes have 
been able to achieve efficiency 
levels close to the 42 per cent of the 
best turbo diesels.

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 
eight 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 
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VW completes downsizing 
programme

Lexus hybrid has 
heat recovery
The new Lexus RX 450h gasoline 
hybrid luxury SUV features a 
heat recovery mechanism on 
the exhaust system which uses 
waste exhaust-gas heat to speed 
warm-up of the engine coolant on 
start-up.

This allows the vehicle to switch 
to electric operation earlier in a 
journey, especially in winter, says 
Lexus. The model achieves 148 g/
km CO2 in the European test cycle 
– a figure that is better than most 
2-litre diesel SUVs.

BMW, meanwhile, is developing 
an exhaust-mounted thermo-
electric generator capable of 
producing between 100 W and 
1000 W. The system feeds electrical 
energy back to the battery and is 
due for production in 2012 or 2013.

“This is energy for free,” said 
Klaus Dräger, BMW’s head of R&D. 
“At 1 kW it would save 1 litre of  
fuel per 100 km.”

Fiat Powertrain has at last announced 
details of its Multi Air valve control 

system, which is claimed to boost 
power on 
gasoline engines 
by 10 per cent, 
while at the 

same time 
as cutting 
consumption 
by 10 per 
cent, NOx by 
30 per cent 

and CO and 

hydrocarbons by 40 per cent each.
Multi Air operates only on the 

inlet valves, controlling combustion 
through cylinder-specific valve lift 
and timing adjustment rather than 
throttling; multiple lifts and internal 
EGR are also enabled. 

Fiat claims Multi Air represents as 
big an advance for gasoline engines 
as common rail has been for diesels. 
Its first application will be in the third 
quarter on a 1.4 litre engine in the Alfa 
Romeo Mito; the second Multi Air 
engine will be a twin-cylinder 900 cc 
unit for small Fiat models. The system 
can also be applied to diesel engines, 
says Fiat.

With the presentation of two more 
small-capacity engines at the 2009 

Vienna Motor Symposium, Volkswagen 
has completed its switch to downsized 
and direct-injection power units.

The 1.2 litre TSi is a compact, 
turbocharged four-cylinder which 
replaces the current 1.6 litre gasoline 
units. Giving 105 hp and 175 Nm torque 
from 1500 rev/min in its initial form, it 
consumes just 5.5 litres per 100 km in 
the new Polo, corresponding to a CO2 
saving of 30 g/km. 

Described by Falko Rudolf, head 
of Volkswagen diesel engine 
development, as “an engine as 
universal as the Golf,” the new 1.6 
litre TDI diesel is a modular unit 
which will serve as the basis for all 
future VW four-cylinder diesels. 
The entry-level engine for the 
new Polo and Golf, the new unit 
will be available later this year 
with outputs raging from 75 hp to 
105 hp. 

Equipped with a 1600 bar 
piezo common rail system, diesel 
particulate filter and an upstream 
oxidation catalyst close to the 
cylinder head, the new TDI meets 
Euro 5 and, claims Volkswagen, is 
“perfectly equipped” with regard to 

future emissions requirements.  
In standard form in the Polo the 

TDI gives CO2 emissions of 109 g/km, 
while with the BlueMotion economy 
package the figure drops to 96 g/km. 
At the Geneva show in March VW 
showed a Concept Polo BlueMotion 
with a 1.2 litre three-cylinder version of 
the new engine, offering 75 hp and CO2 
emissions of just 87 g/km.

Fiat’s valvetrain 
advance



RQ Interview – Tom lane and andy Palmer, Nissan

How far ahead is your  
planning horizon?
In terms of concrete plans, we set it 
at five years; and we revise this plan 
annually – the cycle’s a full year, so as 
soon as we make one we start to do 
the next year’s and we build on the 
previous year’s one. Before the actual 
product plan we have exploratory and 
advanced phases – these could be five 
to seven years out, and sometimes 
eight depending on the technology. 
We do those in co-operation with R&D 
and Design, because those drive and 
inform certain advanced technology 
development.

Do you have a vision of 2020  
and beyond?
Our current plan is official through 
2013; we have started recently doing a 
longer term vision, so last year we did a 
vision for 2020. Which is not completely 
connected with today; it’s more just 
describing a destination.

Do you have an idea of the kinds of 
vehicles you will be building in 2020,  
or any numbers?
For us, the first thing is more about 
understanding the customers and the 
markets: what markets do we expect 
to grow or decline by then, what trends 
do we see in customer needs and 
demographics – so those factors drive a 
need. Our guys make a matrix of needs – 
lifestyle, age and income, and particular 
social conditions in each country.

So you map out those for your  
major markets?
Yes. And then we try and lay products 
on top of those.

What about fundamental changes  
of strategy such as moving to electric 
vehicles? How soon do they appear  
in the product plan?
I can say they are very solidly part of 
the product plan! We are doing electric 
vehicles.

At what point did you say, ‘we are 
doing electric vehicles’? 
Without telling you too much, we’ve 
had an electric vehicle in our plan for 
a couple of years now. What has now 
happened is that the importance of that 
vehicle and that direction has grown. 
We see the trends that will 
support the electric 
vehicle are becoming 
more entrenched.

Does that then 
impact on your  
regular vehicle 
production? Are 
you looking at 
suiting your capacity 
to different forms of 
vehicles?
Yes, in a practical 
sense: cars go 
through dealerships, 
dealerships can only 
handle so many cars. 
You can’t just keep 
adding cars! So, looking 
forward, I have to make some 
of them go away. When a new 
technology or direction is emerging, 
one of our jobs is to figure out how 
to consolidate the line-up. We have to 
try to reduce the range to make room 
for the new and interesting things that 
we’re going to do.

How do you anticipate volumes, or 
does volume not enter into it?
It very much enters into it, because 
when you decide to do something you 
have to have some visibility on your 
business case. So I need to be able 

Nissan goes electric
As vice president of global product planning, it is Tom Lane’s role to predict the 
future and decide which models Nissan should be developing for customers in 
2009, 2013 and even 2020. RQ’s Tony Lewin asks how it’s done and, on page 8, 
hears from Nissan’s first head of electric vehicles, Andy Palmer, how the  
Renault-Nissan Alliance plans to become world leader in electric vehicles
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to explain how we’re going to get the 
money back that we’re investing. There 
are forecasting techniques based on 
current sales, segments, demographics: 
lots of ways to forecast things. But 
when you get to electric vehicles, it’s a 
lot more speculative.

When it’s a concept people aren’t  
really familiar with, how do you 
approach that?
You have to explain the context for 
them: imagine a world in the future 
like this, OK? And I can give you this 
product and it does these things, and 
you’re gonna be able to recharge it over 

here, and drive this far, and it’s going 
to cost you this much – and maybe 
here’s some other cars that might be 
competitive with it; what do you think 
of this offer? You can’t just show them 
the car and stand back and ask them 
to evaluate it because they don’t know 
what to say.

You’ve talked about economic and 
environmental factors: what other 
factors influence your planning?
Well, the biggest and probably 
the easiest thing to predict is 
demographics: we’ve known for 20 
years that the Japanese market was 

going to decline, because we’ve got 
an ageing population and very little 
immigration; you know what the 
population situation’s going to be in 
Europe in 15 to 20 years. The same with 
the US. That’s the easiest thing to work 
with. The economy – the current crisis 
notwithstanding – is generally fairly 
easy to predict: there are cycles but it’s 
relatively stable around a trend. You 
might be wrong one year or another – 
mark it up, or mark it down – but you 
know the rough size of it.

What about determining where  
there is going to be big demand? China 
in a sense is not ‘demographic’ because 
the people are already there; it’s only 
now they’re buying cars.
We look at the rates of motorisation, 
so it’s basically income. When your 
income gets to a certain level, as a 
society you begin to demand personal 

“For us, the first thing is more about understanding 
the customers and the markets: what markets do 
we expect to grow or decline by then, what trends 
do we see in customer needs and demographics ”

The Qazana concept 
from Nissan explores a 
new market niche for a 

an adventurous compact 
coupé-SUV
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RQ Interview – Tom lane and andy Palmer, Nissan

When will the first  
Nissan electric vehicles roll out?
It will be 2010. Our intention is to launch 
something that has mass appeal: our 
position is that EVs shouldn’t be seen as 
some kind of niche. They’re not go-karts 
or milk floats – they’re mass market. It 
won’t be a one-shot product: we’ll roll 
out the EV technology across a range of 
vehicles over a length of time. 

Will this be a dedicated EV or an 
adaptation of an existing model?
We won’t be bringing just a conversion: 
we’re looking at something that is 
bespoke to this particular product.

Which region – Japan, the US or 
Europe – will be the first to receive 
these EVs?
The US and Japan will be slightly 
ahead of Europe. This is dictated by 
the infrastructure: the business model 
for Europe is the hardest to define as 
it’s not a single country, so it needs a 
lot of lobbying and discussion to get a 
consolidated answer.

What is the most likely charging 
solution?
It will vary from region to region and 
country to country. We’re hedging 
our bets, really, because there are 
different schemes both for charging 
and for whether you buy or lease. 
Perhaps the most talked-about is the 
Better Place solution: we will configure 
our vehicles so they can co-exist with 
Better Place, which basically means a 
drop-and-change type battery station. 
But we’re not saying that’s the one and 
only solution: there are alternatives, 
and the infrastructure developers we 
are working with will enable those 
solutions. In the US and the UK, for 
instance, there’s a much greater degree 
of garaging, making overnight home 
charging with existing electrical 
supplies an obvious 
solution. The other 
solution is quick-
charge, which 
demands another 
infrastructure 
but you can 

make the charge in 20 to 30 minutes. We 
have at least three solutions, but we’re 
not wedded to any of those in particular.

Don’t the different solutions mean 
different types of vehicle architecture?
Our vehicles are designed with all of 
those solutions in mind, including 
the drop-out battery pack. It is an 
engineering challenge, but it’s no more 
onerous than, say, diesel or gasoline, 
left or right hand drive. 

“Our intention is to launch something 
that has mass appeal” Andy Palmer

“We don’t see EV as anything 
other than mass market, 
mass production. You need 
economies of scale, the planet 
needs zero emissions”
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transportation. So, if I were trying to 
predict what markets were going to 
grow, I’d look at the rates of income 
growth and the size of the population. 
I could show in two to three years that 
Vietnam’s going to be important, so I 
begin to figure out how am I going to 
position myself so that when it takes off 
we’ll be ready.

And would that involve changes  
in the mix in the development pipeline? 
Would it involve looking ahead to more 
capacity in particular parts of  
the world?
Sure. There’s definitely a global shift 
going on in what are currently major 
developed countries: a shift in the mix 
of products we sell there, a shift in the 
way it’s going to be in 20 years. We’re 
going to go through a period, very 
soon, where the developing markets are 
actually bigger than Europe, Japan and 
the US together.

When do you think that will be?
We’re crossing that point in the next 
couple of years, I don’t remember 
exactly when, but we have a forecast 
for this – so that in 2020 the developing 
markets will clearly be the dominant part 
of the market for us. That’s not just us; in 
terms of the total industry volume that’s 
where most of the sales will be going.

What are the hardest things to change? 
The longer term development is 
powertrain; and it’s getting longer, 
because it’s getting more complicated. 
One of the beauties of electric 
cars once you get them is that it’s 
actually quite easy, because there’s 
no homologation by the market for 
emissions – it’s just zero. So once 
you become fairly big in electric cars, 
that whole side of the business gets 
a lot simpler. But yes, powertrain is 
the longest term, hardest decision, 
because it just takes the longest.

With EVs, are you going to be  
dropping one area of production and 
moving to another?
Yes, there’s an investment in motors 
and converters and associated 
technology; but with the body 
technology, it’s still the same. We’ll 
be putting it together on the same 
lines, so you can utilise your same 
manufacturing business.

Tom Lane joined Nissan Motor USA 
as a product planner upon graduation 
from California State University in 1981. 
After spells at JD Power and Hyundai 
Motor America and gaining an MBA 
he returned to Nissan in 1991, moving 
through several product planning roles 
to become corporate vice president, 
product strategy and product planning 
division, in 2006.
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The drop-out battery pack weighs 250 
kg. Where is it positioned in the vehicle?
It’s a big piece of architecture, and 
obviously you have to build the vehicle 
around it. It’s on the underside of 
the vehicle. Renault and Nissan are 

approaching EVs as an alliance and 
want to share as much architecture 
as we can. Are we on 100 per cent the 
same platform? No. But we are sharing 
the major componentry, starting with 
the battery. 

What volumes are in prospect?
I could give you numbers, but it 
would be just speculative. First of 
all, we’re in the middle of the worst 
recession most of us have ever seen; 
now we’re planning with a new set 
of technologies. But I can say we are 
looking at magnitudes in the tens 
of thousands: we don’t see EV as 
anything other than mass market, mass 
production. There will be a ramp-up 
period, this is clear, and there will be 
a great deal of education needed for 
consumers to appreciate it. These are 
expensive pieces of kit – the battery is 
around $10,000. You need economies of 
scale, the planet needs zero emissions.

Could you outline the different ways EV 
use might work in different markets?
Home charging is the obvious one. You 
have a service provider – it could be the 
car company, the electricity utility or a 
company like Better Place – and they 

install the chargers in your own garage. 
The second business model would be 
fast charging: here you look to see how 
you can get a network set up. Obvious 
places would be car parks, train stations, 
supermarkets, that type of thing. We 
would look at the density of population 
and the road network [to decide on this]. 
The last one is the drop system.

We know the battery will cost  
$10,000. What will be the cost of the 
vehicle minus the battery?
It shouldn’t be significantly different 
from a conventional car without a fuel 
tank. There are some [extra] costs for 
electronics, but we aim to be in that 
order of magnitude. Perhaps there 
will be a price premium. But it won’t 
be significant, nothing that makes 
it unaffordable. The total cost of 
ownership shouldn’t be very different: 
of course you have the lease cost, but 
you don’t have to fill it with gasoline 
every day.

How many models are you wanting to 
offer in Nissan’s EV range?
More than one! We have a rollout 
plan: next year’s vehicle is the first 
of a series, and this series is already 
set. Renault has its own series; we 
at Nissan have our own, and they 
won’t necessarily mirror each other. 
Renault’s customer set tends to be 
more Euro-centric; Nissan’s set tends 
to be more Asian and American. We’ll 
be in slightly different segments, but 
the technology is shared.

Will Renault-Nissan become  
global EV leader?
That’s why I’m in this job; that’s why 
we haven’t cut a single dime from the 
development programmes in spite of 
the cuts we’ve had to make elsewhere. 
We won’t be the first, but hopefully we 
will be the most serious.  

UK-born Andy Palmer joined Nissan
in 1991 as business administration
manager at the Nissan Technical Centre 
Europe, moving to Japan in 2002 in a 
succession of commercial vehicle roles 
before being named corporate vice 
president in charge of the LCV unit in 
2005. In March 2009 he was promoted 
to senior vice president in charge of the 
LCV, Infiniti and zero-emission vehicle 
business units.
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“That’s why I’m in this job; that’s why 
we haven’t cut a single dime from the 
development programmes in spite of the 
cuts we’ve had to make elsewhere. We 

won’t be the first, but hopefully we will be the 
most serious” Andy Palmer

Kangoo BeBop (left) from Nissan Alliance 
partner Renault will enter the market in 
2010; Nissan Nuvu concept (below) houses 
Alliance EV technology but a larger model 
will be the first publicly-available Nissan EV, 
also in 2010



BMW K 1300 motorcycle
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BMW’s 
“Brilliant” 
engine

It is not just for premium cars that BMW is world famous: it is also 
renowned for producing some of the world’s finest motorcycles. In 2006 
BMW approached Ricardo to participate in an engineering programme 
that would help to develop a new four-cylinder engine for its K 1300 
motorcycle to be launched in late 2008.  Jesse Crosse and Anthony Smith 
describe a fascinating engineering collaboration



Although extremely well known 
for its powertrain technology for 
four-wheeled vehicles, Ricardo 

made the headlines in the world’s 
motorcycle press earlier this year for 
the assistance it provided to BMW in 
the development of a major premium 
motorcycle, the K 1300. Commissioned 
in 2006, the project lasted 30 months 
and culminated in the launch of the 
revised K 1300 range consisting of 
the K 1300S, K 1300R and K 1300GT 
motorcycles to a rapturous response 
from journalists around the globe.

Ricardo has been undertaking 
motorcycle projects throughout the 
company’s entire history but has been 
particularly active over the past 20 
years, serving manufacturers world-
wide from scooters and tuk-tuks in the 
developing nations to the premium 
products of the leading brands of 
Europe, North America and Japan. To 
consolidate and develop this aspect of 
the company’s service, a global centre 
of excellence in motorcycles and 
small engines has been established 
by Uwe Moser, product group director 
for gasoline engines at the Ricardo 
Schwäbisch Gmünd Technical Centre 
in southern Germany. 

“Before the K 1300 project we 
had already been maintaining close 

ties with BMW Motorrad in Munich 
through our work on a number of 
exhaust system development projects. 
Then when in early 2006 a request 
for quotation arrived for support 
for a major upgrade to the K 1200 
four-cylinder engine, it was clearly 
appropriate that we should base the 
Ricardo aspects of the programme 
here given our very close location 
to BMW.” Despite having one of 
the strongest and most respected 
engineering organisations in the 
motorcycle industry, BMW had a 
clear rationale for requesting external 
engineering support. With its highly 
ambitious – indeed unprecedented 
– new product strategy, it would 
require an additional 
engineering resource 
capable of operating 
seamlessly as a 
part of the BMW 
product development 
process and staffed 
by skilled engineers 
knowledgeable in the 
unique requirements of 
motorcycle development. 
The engineering 
challenge for the upgrade 
programme was no less 
significant, requiring an 

increase in capacity from 1200 to  
1300 cc, something that would actually 
necessitate a substantial re-working of 
the engine.

Ricardo was subsequently 
awarded the contract, along with full 
responsibility for the programme, 
and work started immediately in June 
2006. “BMW particularly liked the 
fact that we could deliver a complete 
package in-house, including 
transmission and exhaust, 
from a technical centre 

BMW K 1300 motorcycle
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“The idea of outsourcing such a 
major project was quite a departure 
for BMW, but our location and the 
existence of the centre of excellence 
in motorcycle engineering made 
the prospect of collaboration with 
Ricardo an attractive option”
uwe Moser, Ricardo



which could provide motorcycle-
specific engineering expertise close 
to its own Munich based operations,” 
continues Moser. “The idea of 
outsourcing such a major project 
was quite a departure for BMW, but 
our location and the existence of the 
centre of excellence in motorcycle 
engineering made the prospect of 
collaboration with Ricardo an attractive 
option.” 

In order to bring the best skills to 
bear that Ricardo has to offer, Paul 
Etheridge, Ricardo chief engineer 
for motorcycles and small engines, 
was asked to relocate from the UK to 
Schwäbisch Gmünd in order to lead 
the programme. An avid motorcycle 
enthusiast in his personal life as well 
as a respected industry expert, he was 
able to draw on motorcycle expertise 

across four international Ricardo sites: 
Shoreham and Leamington in the UK, 
as well as Germany and the Czech 
Republic.

The K 1200 had been in production 
since 2004 and it was important to keep 
as many of the common components as 
possible. Major castings would remain 
unchanged, but there would be a 1 
mm increase in the cylinder bore (the 
maximum possible with the existing 
crankcase) and a 5.3 mm increase 

in stroke, increasing the capacity 
from 1157 to 1293 cc. Altogether 

that would require at the very 
minimum a new crankshaft, 
connecting rods and pistons as 

well as improvements to the 
combustion and exhaust 
system. 

Significant undertaking
Despite being an 

upgrade rather 
than a complete 

new engine, 
Etheridge 
realised this 
would be 

a significant 
undertaking. 

The increased 
performance would 

require a review of the design 
of the crankshaft bearings, 

crankshaft balance, the thermal 
and structural characteristics of the 
crankcases and cylinder head, and 
the combustion system. Improved 
refinement and shift quality was 
requested too and there would be 
a complete redesign of the exhaust 
system, plus a thorough recalibration 
of the engine management system. 

Ricardo’s vast array of software 

tools made it possible to do a 
thorough job on all of these elements 
quickly, says Etheridge. “We did a 
full sweep of CAE work using WAVE, 
FLOWMASTER, VALDYN, and our 
FEARCE (finite element) codes.” 
VALDYN was used for driveline 
dynamic modelling and particularly 
for identification of resonances in 
the clutch as well as NVH in the shaft 
drive. As it later transpired, the results 
would correlate exactly with the 
finished prototypes.

 Three BMW models were lined up 
to receive the new engine: the ‘naked’ 
K 1300R, the sports K 1300S and the 
K 1300GT touring bike. To ensure that 
the needs of all three bikes would be 
met with the revised engines, Ricardo 
would need to adopt and follow all of 
the BMW processes from concept to 
production, something which involves 
multiple prototype phases.

An early prototype comprising the 
very first running engine ‘off the board’ 
was built using some solid machined 
components, sand castings and other 
rapid prototype parts. Subsequent 
prototypes moved closer to production 
with forged crankshafts and connecting 
rods and, later still, components 
were made using production tooling 
but without adhering completely to 
production processes.

The final step is to manufacture 
engines using full tooling and 
production processes. Naturally, 
exhaustive validation and testing 
were needed at every step. Engines 
underwent many hours of testing on 
dynamometers before being installed 
in motorcycles for durability testing 
on chassis dynamometers. “Only then 
would we put a man on the bike for 
road testing,” says Etheridge.
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All programme milestones met
The work rate during these phases was 
prolific, to say the least, with increasing 
numbers of engines built at each 
prototype stage. Despite the project 
being intended as one to upgrade 
an engine rather than the design 
of an entirely new one, there was 
nevertheless a phenomenal amount of 
detail involved in its execution. There 
were power and torque targets to 
meet, production variability had to be 
considered, breather and oil systems 
were re-validated, engines were 
fully calibrated and Ricardo provided 
calibration support to BMW right 
through to sign-off. 

During the project Ricardo was 
responsible for working with BMW 
engineers to meet all of the exacting 
technical and programme milestones 
for the new engine. This included 
working with BMW drawing standards 
and being given complete access 
to CAD systems for the generation 
and modification of drawings and 
specifications – so much so, recalls 
Etheridge, “that Ricardo became an 
extension of the BMW engineering 
team.” 

The upgrade expands in scope
During early development work 
Ricardo and BMW identified that the 

light load combustion stability needed 
to be improved in the new engine 
compared with its predecessor, to 
improve the low speed driveability of 
the bike. 

“A few years ago,” explains 
Etheridge, “customers accepted a 
lower combustion stability at light 
loads as the norm with a high- 
performance bike, but now they are 
much more discerning.”

The initial brief from BMW was 
to carry over the existing cylinder 
head and valve train from the K 1200. 
The engineering team felt that this 
characteristic might be addressable 
on the new engine via calibration 

BMW K 1300 motorcycle
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Centre of 
excellence in 
motorcycle and 
small engine 
engineering

The Ricardo technical centre 
at Schwäbisch Gmünd in 

southern Germany is home to the 
company’s centre of excellence in 
motorcycles and small engines. 
This is one of many such centres of 
excellence providing a group-wide 

specialist resource and expertise to 
Ricardo’s product groups and major 
programme teams. “The rationale 
for the creation of this centre of 
excellence is simple,” explains Uwe 
Moser (left). “Motorcycles and small 
engines frequently have application-
specific requirements that are 
fundamentally different from those 
of the automotive sector. Volumes 
in particular can vary widely from 
niche applications such as micro-UAV 
engines, through to hand-held tool 

applications where the quantities 
produced can often exceed those of 
mainstream automotive products. 
At the same time they tend to share 
many of the more stringent design 
targets such as optimised fuel 
consumption, NVH, emissions and, of 
course, lifetime cost.” 

In leading development 
programmes in its own right, the 
centre of excellence can draw upon 
resources from the entire Ricardo 
group while delivering engineering 



refinement, but it soon became 
clear to both BMW and Ricardo that 
mechanical design changes would also 
be required. 

Combustion stability can be affected 
by a number of things, the main 
areas being calibration, in-cylinder air 
motion, fuel/air mixing, combustion 
system design and the level of residual 
exhaust gas in the cylinder through 
intake and exhaust valve overlap. Not 
surprisingly, fixing this problem turned 
out to be something of a combustion 
system development project in its own 
right, rather than a detail requiring 
minor adjustment.

 Using WAVE and VECTIS to model 
the induction process, in combination 
with measurements made on test 
rigs and use of the Ricardo design 
of the experiments toolset, the team 
identified a number of areas that 
could be improved. The main culprit 
was identified as the substantial 
combustion residuals at light load 
from the selected valve timings, which 
erred on the side of performance and 
top-end power. Ricardo’s extensive 
experience in combustion modelling 
indicates that a certain level of 
residuals can be tolerated; any more 
and combustion becomes unstable. 

Next came simulation and testing 
of many different combinations of 
valve lift, period and overlap to arrive 
at the best possible camshaft profiles 
for power and torque, but without 
exceeding the exhaust gas residuals 
target. This, combined with a new inlet 
port design, completely transformed 
the low-speed behaviour of the 
engine. In addition, the combustion 
system improvements reduced fuel 
consumption and exhaust emissions.

The new design of intake port 
improved the in-cylinder air motion 
and helped to control residual 
combustion gases. Next, changing 

the camshaft phasing and profiles, 
together with recalibration, 
smoothed the engine’s low-speed 
response completely. Much of the 
work revolved around striking the 
right balance between outright 
performance and dynamic stability 
at low engine speeds – but after four 
months the work was completed 
and the changes incorporated into 
production designs. The study of this 
phenomenon having been completed, 
a prototype bike was produced with 
the proposed modifications in order 
to validate and build confidence in the 
recommendations arising from the 
study. BMW project engineers and 
senior management rode the bike and 
signed off the development before the 
productionisation work commenced.

The combustion system work 
undertaken by Ricardo and the result 
obtained on the bike was considered 
a great success by BMW, and 
clearly showed how the cause of an 

undesirable but very subjective vehicle 
characteristic could be identified and 
solved during the early stages of engine 
development thanks to the use of the 
right tools, techniques and expertise. 

Improving engine and driveline dynamics
Due to the increased capacity, power 
and torque, all aspects of the K 1300’s 
bottom end and driveline needed 
reviewing. The first task was to make 
a rotational dynamics model of the 
original K 1200 cranktrain using 
VALDYN, and to calculate bearing 
loads and crankshaft strength using 
ENGDYN in order to provide a base 
load for comparison. A new connecting 
rod was designed to suit the bigger 
engine’s new pistons, based on an 
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support based on a deep knowledge 
of product requirements and the 
capabilities available from the 
global component supplier base. 
The centre is also able to provide 
this same expert assistance to 
programmes led elsewhere in the 
global Ricardo organisations such that 
the company can thus provide best- 
price technology and quality for its 
motorcycle and small engine clients, 
regardless of their location.

Like motorcycle engineering teams 

the world over, the commitment 
brought to the engineering process 
is in many respects akin to that of a 
motorsports team. For example, to 
ensure that early K 1300 programme 
targets were met, the team at 
Schwäbisch Gmünd worked solidly 
through the Christmas holiday of 
2006, taking just a single day off, in 
order to deliver the first 15 prototype 
engines on time to BMW. In testing, 
not a single one failed to deliver its 
power target.

“For motorcycle projects in 
particular, a thorough understanding 
of the product is crucial to the 
quality of the engineering solutions 
delivered to customers,” concludes 
Moser. “Over 80 per cent of our 
motorcycle and small engine centre of 
excellence staff members are active 
motorcyclists, and their passion for 
the product makes a real difference 
in a market in which performance, 
quality and competition are 
everything.” 

“Ricardo’s vast 
array of software 
tools made it 
possible to do a 
thorough job 
on all of these 
elements 
quickly”
Paul Etheridge, 
Ricardo
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analysis of shank strength. In addition, 
the analysis of the crankshaft revealed 

that the existing crankshaft 
bearings would be more 
than strong enough despite 
the increased bearing 
loads. 
The crankshaft counter-

weighting needed careful adjustment 
because packaging was tight inside the 
crankcase and also because the bigger 
engine’s crankshaft would inevitably 
have a greater variation in cyclic speed. 
So as much inertia as possible was 
packaged within the crankshaft itself to 

better control the effect, and balance 
the loads on the main bearings.

Given the larger bore sizes 
and increased loads, a rigorous 

stress analysis was made of both the 
crankshaft and crankcases using finite 
element modelling. The results showed 
that all the safety factors remained 
well within limits and no major 
modifications would be necessary.

VALDYN was also used to make a 
rotational dynamics model of both the 
original K 1200 and the proposed 
K 1300 drivelines, from the pistons right 
through to the rear wheel. The K 1200 
model was then adjusted to match 

physical measurements made on the 
bike of torsional motion at various 
points in the driveline. The results 
provided new information on how the 
driveline behaved so that the model 
could then be modified to represent 
the K 1300. This proved to be an 
extremely useful tool and an effective 
guide in selecting clutch stiffness 
and damping, scissor gear stiffness, 
damping and preload. This work led 
to the development of a new 2-stage 
driveshaft in order to further optimise 
gear shift dynamics and hence shift 
quality. 

Using this kind of ‘linearised 
frequency domain’ model is 
very unusual in the analysis of a 
motorcycle driveline but proved 
extremely effective, reducing the 
number of design changes needed 
and the amount of physical testing 
that would be required later in the 
K 1300’s development cycle. As 
with the combustion development 
work, a prototype was produced 
to demonstrate the benefits of the 
proposed modifications, which again 
was signed off for productionisation 
by BMW project engineers and senior 
management.

 “A genuine leap forward… simply staggering” 
Superbike Magazine

The BMW Motorrad 
perspective

Dr Christian Landerl, executive vice 
president of development 
and model lines, BMW 
Motorrad, on the  
K 1300 programme 
and the company’s 
strategy to 
develop its 
brand in new 
market 
sectors

Given BMW’s expertise as an engine 
designer, what first prompted you to 
outsource this work?
Nowadays it is quite common 
outsource engineering work to cover 
peak load. What exactly you outsource 
will depend heavily on the situation 
and on your own expertise. The 
obvious thing would of course be a 
technological revision of an existing 
concept, while core activities such as 
the completely new development of an 
engine would normally be carried out 

by BMW Motorrad itself.

Why did you choose 
Ricardo to work 

with you on this 
project in particular?
We choose 
our partners 
by tender on a 
project-to-project 
basis according 

to expertise, 
capability and 

not least cost effectiveness. In this case, 
Ricardo made us the best offer and was 
awarded the contract.

What were the main reasons for 
upgrading the K 1200?
To make the motorcycle even better 
and more desirable than it already 
was and thus offer the customer 
significant added value. And of course 
this creates a purchase incentive, 
too. Customers also expect model 
revisions to be carried out on a 
regular basis.

What did you see as the main 
technical challenges?
I would say increasing output while at 
the same time improving rideability, 
even in the bottom part-load range, 
combined with low fuel consumption 
and outstanding exhaust emission 
levels, as well as a perceptible 
improvement in comfort in the 
powertrain and improved shifting. 
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Full responsibility
Ricardo had full responsibility for 
exhaust system design, sound 
quality and NVH, and worked closely 
with BMW’s exhaust supplier. The 
base OEM exhaust design included 
a sophisticated reactive silencer; 
but Ricardo also worked closely 
with an after sales supplier of high 
performance aftermarket motorcycle 
exhausts, to develop a sports version 
available as an option on the K 1300R 
and S models.

Design of the OEM system involved 
thermal, mechanical and finite 
element analysis, plus some physical 
measurements of aspects such as 
exhaust vibration levels, to meet 
BMW’s stringent standards. The final 
product included a flap valve, enabling 
it to meet global noise regulations in 
drive-by tests, while still producing the 
kind of compelling exhaust note that 
customers demand. Having the right 
kind of sound is a key selling point, and 
the result has been a great success.

Praise in the motorcycle press
The entire programme lasted only 30 
months, from May 2006 to January 
2009, with production having started in 
October 2008 at BMW’s Berlin plant. The 
new BMW machines have already been 
tested by the international motorcycle 
press: the world’s leading motorcycle 

weekly, Motorcycle News, concluded 
simply that “the engine is brilliant”, while 
Superbike magazine hailed the K 1300 
range as “a genuine leap forward” with 
performance “simply staggering”. 

In addition to such public acclaim, this 
project has shown how Ricardo was 
able to offer a comprehensive capability 
to work in partnership with and as an 
integral part of BMW’s  

own engineering team. Key stages 
of the programme were delivered in 
record time using some of the latest 
CAE and design technologies, and a 
truly remarkable product has resulted 
from a unique collaboration between 
Ricardo and BMW.  

 

Will this approach (outsourcing to 
Ricardo) extend BMW Motorrad’s 
development capacity?
Of course, the capacity which was 
freed up in BMW Motorrad’s own 
development department was used for 
the development of the engine for the 
S 1000 RR which recently had its press 
debut.

BMW appears to have a very 
aggressive new product strategy for its 
motorcycle products. Can you describe 
the way in which you see the BMW 
motorcycle brand developing? What 
new market sectors are you targeting?
With our core models in the enduro, 
touring bike and sports touring bike 
areas we are addressing our traditional 
customers – there won’t be any 
change here. In addition to this we 
want to attract new and especially 
younger customers who we have not 
been able to reach with our existing 
product portfolio. We are deliberately 
expanding our range to include market 

segments which are new for BMW 
Motorrad. With the S 1000 RR we are 
moving into the superbike segment 
for the first time, and with the G 450 X 
and our second brand Husqvarna we 
are covering the segment of sports-
oriented off-road bikes.

What are the major market trends 
affecting the BMW motorcycle 
brand? Do you see it as developing in 
a distinctly different manner to the 
BMW automotive brand or are the 
two very closely related? 
In comparison to the competition, 
BMW Motorrad has been highly 
innovative for years. Now the 
sporting component is being clearly 
emphasised with new models and 
developments. In this way, the image 
of BMW Motorrad is being moved 
much more towards that of BMW 
automobiles. BMW Motorrad is 
being perceived as more sporty and 
dynamic than before.

You work with a number of 
manufacturing partners in Asia and 
elsewhere – is this collaborative 
approach a major enabler of your 
expansion? How do you see this 
changing in the medium and  
longer term?
BMW Motorrad operates 
internationally in terms of its markets. 
And the same applies to material 
purchasing, of course. This enables 
us to secure access to the best 
technologies available worldwide. 
At the same time it allows us to stay 
closer to the markets and protect 
ourselves from currency fluctuations. 
What is more, this approach means 
that even in very price-sensitive 
vehicle categories we are able to 
maintain an attractive and high-
quality BMW Motorrad range.
The trend towards internationalisation 
will continue – but a BMW will always 
remain a BMW with its characteristic 
core values, “built by BMW 
Motorrad.”

 “The engine is brilliant”
Motorcycle News
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Now that most of society has 
embraced the idea that the 
world’s resources are limited, 

the appeal of autonomous systems 
in vehicles which help the driver 
to optimise driving style for better 
fuel economy is much greater. Car 
ownership, personal mobility and, 
especially, driving skills are all emotive 
subjects – yet at the same time it’s well 
understood in engineering circles that 
driving style is one of the main causes 
of excessive fuel consumption. Safety 
specialists agree, too, that it is often 
the driver rather than the vehicle that is 
the weak link in the chain. 

Based on a Ford Escape hybrid, the 
Sentience research vehicle addresses 
those problems without taking 
control of the vehicle away from 
the driver. Sentience literally means 
‘consciousness’ and by providing the 
vehicle with a degree of intelligence, 
information on the topography of 
the road ahead and real-time traffic 
information, it can function more 
efficiently and safely. Sentience 
exploits the benefits of both advanced 

hybrid technologies and intelligent 
transport systems to the full, reducing 
fuel consumption in track-based 
testing from anything between five 
and 24 per cent. 

The Escape is a full hybrid which 
can operate in several modes. It can 
run under electric-only power, using 
the power of the petrol engine only, 
or operate in mixed mode where both 
the petrol engine and electric motor 
are brought into play. In regenerative 
braking mode, kinetic energy is 
recovered by using the electric motor 
as a generator to charge the battery 
when the vehicle is slowing. 

A comparison of test data from 
the Sentience vehicle – operating its 
Enhanced Acceleration/Deceleration 
(EAD) strategy – with average vehicle 
use across mainland UK roads, 
suggests a national fuel saving of 
up to 14 per cent may be possible, 
the equivalent of between 1.2 and 
2.9 million barrels of oil per year. Yet 
despite these impressive predictions, 
the cost of implementation is minimal 
and has been achieved by clever 

Sentience is a fifteen-month, Ricardo-led project using automotive, 
telecoms, navigation, and intelligent mapping technology to help 
vehicles anticipate road conditions ahead. This saves fuel, boosts safety 
and, as Jesse Crosse reports, costs only a few dollars per car

horizon
the electronic
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horizon

The Sentience demonstrator vehicle (left) 
is based on a Ford Hybrid Escape in which 
on-board systems have been linked in such 
a way as to extend the electronic horizon 
and optimise operation for maximum 
fuel economy. A Nokia N95 mobile phone 
(above) is configured as a human machine 
interface (HMI) providing information such 
as route details, speed limits and vehicle 
systems status. 
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combinations of existing technologies 
already in the marketplace and which 
are installed on many existing vehicles.

“Sentience has been a unique 
collaboration between three industries 
which would not normally work 
together,” explains project director, 
Tom Robinson of Ricardo. Other 
project partners are Jaguar Land 
Rover, TRL, Orange Business Services, 
the UK mapping agency Ordnance 
Survey, and innovITS, the UK centre 
of excellence for intelligent transport 
systems and sustainable mobility, 
which part-funded the project. 

EU targets demand intelligent 
systems
Clearly, there is a pressing need to 
improve both CO2 emissions and 
safety on the roads; nevertheless, the 
project team believes that EU targets 
are unlikely to be achieved through 
conventional means. Current safety 
measures are expected to deliver a 
cumulative reduction in fatalities of 40 
per cent by 2020 but the EU target is 75 
per cent. CO2 emissions reduction has 
already fallen well behind targets, as 
the 140 g/km average by 2008 agreed 
by ACEA has not been met. Instead, 
an EU-wide fleet average of 120/130 
g/km will be phased in between 2012 
and 2015, with heavy fines in store 

for those manufacturers who fail to 
comply: the EU’s medium term target 
is 95 g/km by 2020.

The steady increase in the 
intelligence of vehicles is one way of 
improving both CO2 emissions and 
safety. Driver information systems 
can assess driving technique, provide 
real-time advice to drivers and supply 
‘green’ routing directions for optimal 
fuel consumption. As technology 
progresses, semi-autonomous control 
will help to overcome the inadequacies 
of the driver and will provide 
longitudinal control over acceleration 
and deceleration. Further down the 
line, fully autonomous control may 
provide intelligent traffic management 
with both longitudinal control and 
lateral control as well as vehicle-to-
vehicle communications.

There were three phases to the 
Sentience programme. The first 
lasted six months and encompassed 
simulation and specification. The 
following 9 months were spent on 
implementation and assessment, 
while the third phase was devoted to 
demonstrating the technology. The 
initial step was to create and validate 
a model of the Escape to assess its 
performance. This was accomplished 
on a variety of routes such as a flat 20 
km route and a second 20 km route 

containing sections of flat, uphill and 
downhill sections, covered at different 
speeds with air conditioning on and off. 
Other routes were also simulated with 
both head and tail winds to provide an 
extremely comprehensive picture.

Opportunities for energy saving
The next steps were to assess the 
opportunities for saving energy using 
regenerative braking by exploiting the 
vehicle’s extended horizon, through 
the use of telematics and knowledge 
of the road ahead. Ultimately, the 
amount of energy captured is limited 
by the battery capacity and the size of 
the electrical machines generating the 
electricity during regenerative braking. 
Yet the vehicle can also analyse 
which are the best points during the 
route to use electrical power, given 
that it knows what the traffic will be 
like as well as knowing the detailed 
topography of the roads it will soon 
encounter. The potential for the car’s 
ability to look ahead was assessed in 
detail during the simulation phase.

Finally, the car was modified with 
the components it needed. These 
included a bespoke wiring harness, 
a modified air conditioning unit, a 
custom cruise control box, Ricardo’s 
rCube-based Sentience control unit, 
a wireless router and receiver for 

“The data allows the vehicle to look  
ahead for some distance, 1.2 km is good 
but 2.5 km is the optimum. The dynamic 
programme then works out the best 
strategy for the next part of the route.” 
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in-vehicle communications and a CAN 
data logger. All of these components 
are hidden away out of sight, leaving 
the Escape looking perfectly standard 
except for the mobile phone sitting in 
its windscreen-mounted cradle and the 
installation of a small GPS receiver.

So how does all this translate 
to real world driving? It has often 
been said that the essence of good 
driving is anticipation. And that is 
what Sentience is really all about, 
anticipating what lies on the route 
ahead then planning the use of the 
car’s energy resources as efficiently as 
possible. Most drivers will understand 
that accelerating hard from a green 
traffic light to the next red light and 
then braking hard is an inefficient way 
to drive and wastes fuel. 

However, most drivers probably do 
not have the technical knowledge to 
modulate the engine load to best effect 
on different gradients and conditions 
for best fuel economy. Neither has 
any driver the ability to know that a 
few hundred metres ahead around the 
next blind bend, there is a traffic queue 
forming and that the best course 
of action would be to start slowing 
gradually to save fuel.

Reading the road ahead
Sentience can do all of these things 
and more by reading the road and 
traffic conditions ahead and adopting 
the most efficient strategy for the 
hybrid powertrain accordingly. To 
do this, it focuses on three areas: 
Enhanced Acceleration/Deceleration 
(EAD), Optimised Engine Load (OEL) 
and Enhanced Air-Conditioning (EAC). 

EAD is a form of adaptive cruise 
control and makes sure the vehicle 
adheres to speed limits while driving 
in the most economical way. “EAD 
reduces the speed variability which 
occurs with most drivers and which 
impacts on fuel consumption. But it 
doesn’t stop the vehicle completely – 
that still remains the responsibility of 
the driver,” explains Robinson.

 OEL manages the hybrid systems 
for optimum use of either the electric 
or combustion engine by drawing 
on advanced knowledge of the route 
ahead. The powertrain controller was 
modified by Ford to allow integration 
with the Sentience system, and the 
Ricardo rCube rapid prototyping 
platform is used to execute the control 
strategies as well as interfacing with 
the vehicle systems. “OEL looks for 
opportunities beyond where you are 
now to provide an overall gain,” says 
Robinson. “It decides which energy 

source should be used when, by 
considering the whole route.”

EAC manages the air conditioning 
ahead of temporary stops. The air 
conditioning compressor is driven 
by the engine, so when the engine is 
stopped (for example when the hybrid 
is running in electric-only mode, or 
at a halt) there would normally be no 
air conditioning. But by linking the air 
conditioning control system to that 
of the hybrid drive, again overseen 
by Ricardo’s rCube, knowledge of 
when the combustion engine may 
be stopped will allow the system to 
plan an appropriate cooling strategy. 
This control system keeps the cabin 
temperature within a narrow range 
while still allowing the gasoline engine 
to switch off and hence minimising 
the time that the engine is run solely to 
drive the air conditioning. Ricardo has 
applied for a patent on the EAC control 
system used, which is applicable to 
all types of hybrid vehicles including 
the “start-stop” systems which are 
becoming increasingly common.

The intelligence to look ahead
Sentience’s intelligence comes 
from a combination of advanced 
mapping data, internet-enabled 
mobile communications and GPS. 
The mapping information is based 
on what Ordnance Survey calls the 
OS Mastermap Integrated Transport 
Network layer. This is an advanced 

form of mapping that includes much 
more than the usual topographical 
information, and provides details of 
gradients, curves, speed limits and 
features that may affect speed, such 
as crossings, schools, traffic calming 
measures and traffic lights. 

The project team call this ‘electronic 
horizon’ information and it is created 
by a combination of route driving, data 
logging and manual data entry. Road 
routes were prepared near Ricardo, 
TRL and Orange sites, in addition 
to the six routes on the TRL proving 
ground. “The data allows the vehicle 
to look ahead for some distance,” 
explains Robinson. “1 km is good but 
2.5 km is the optimum. The dynamic 
programme then works out the best 
strategy for the next part of the route.”

But there’s more to the data side of 
things than the extremely enhanced 
mapping: this is where mobile 
communications provider Orange 
plays to its strengths. Orange provides 
the HMI (human machine interface) in 
the form of a Nokia N95 mobile phone 
configured with bespoke software or a 
so-called ‘widget’. Once the widget has 
been launched, the driver can enter 
the desired destination, get topological 
details of the route, see the state of 
charge of the battery and adjust the 
enhanced air-conditioning functions. 
The user can configure various 
functions and view pop-ups which 
display new topological features that 

With EAD enabled, fuel 
efficiency was improved by 
between 5.3 and 23.9 per 
cent in a variety of simulated 
conditions involving high 
and low traffic density and a 
mixture of urban roads and 
motorways 
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Extending the electronic horizon

display new topological features that 
may affect Sentience.

The phone provides the real-time 
link with the outside world needed for 
providing live traffic information, for 
example, and the prevailing speed limit 
in force at any given point. Ricardo and 
Orange worked closely together to forge 
a link between the HMI and Ricardo’s 
rCube, the rapid prototyping controller 
which supervises the important 
Sentience EAD functions. The phone is 
also connected to a GPS device enabling 
it to track the location of the car.

On the road
So, what can drivers expect to happen 
when they try the Sentience vehicle 
operating the EAD strategy for the first 
time? Well, the first thing is that there 
is no real need to adapt to anything 
particularly new because Sentience 
integrates neatly with the Escape’s 
native cruise control system. All the 
driver has to do is switch on the cruise 
function and then Sentience takes 
over and does the rest (except steer, 
of course). But instead of simply 
maintaining a set speed like a cruise 
control system, Sentience will slow for 
junctions, corners, and traffic lights so 
that the driver steers throughout and 
brakes when necessary. In this way 
despite its high level of automation, 
Sentience still requires that the driver 
is the final authority for decisions 
regarding braking and emergency 
manoeuvres, such as stop signs, red 
traffic lights or for the unexpected such 
as if a pedestrian steps out. 

Integrating with vision-based systems
The system could, in the future, 
integrate with vision-based systems 
which can identify road signs and 
pedestrians, for example, as well as 
with autonomous braking systems. 
These are already entering the 
market and can stop the car in an 
emergency if they see an obstacle 
suddenly appearing. There are also 
opportunities to link the system 

with future vehicle-to-vehicle (V2V) 
communications devices, which are 
currently under development by a 
consortium of OEMs and suppliers. 
‘V2V’ uses wireless networking to 
allow intelligent interaction between 
vehicles for the purpose of traffic 
control and active accident avoidance.

For the moment, however, the main 
emphasis has been on EAD because it 
is this aspect of driving which can best 
be improved by the use of Sentience 
and show a substantial potential for 
reducing CO2. All types of roads, from 
motorways to minor roads, have been 
catered for in both the simulation and 
modelling work and in the physical 
testing carried out at TRL on test routes. 

Test results show major potential
In all, the Sentience vehicle completed 
many hundreds of laps across six 
different routes at TRL’s proving 
ground and 612 km on the road routes. 
EAD succeeded in strictly maintaining 
the speed limits and, as expected, 
the variability of speed was less 
than when under driver control. In a 
production implementation it is likely 
that a Sentience-enabled vehicle would 
provide a user-configurable trade-off 
between fuel saving and journey time, 
as well as a dynamic routing capability.

With EAD enabled, fuel efficiency 
was improved by between 5.3 and 
23.9 per cent in a variety of simulated 
conditions involving high and low 
traffic density and a mixture of urban 
roads and motorways. Road trials, 
which took place in the evenings, 
returned a fuel saving of more than 
five per cent. 

Climatic dynamometer testing of 
the Sentience vehicle was undertaken 
by Ricardo to evaluate performance 
with Enhanced Air Conditioning (EAC)
enabled. Under temperatures typical of 
UK summer weather conditions, fuel 
consumption over the urban portion of 
the NEDC cycle was reduced by more 
than 9 per cent in all tests, in comparison 
with operation of the vehicle’s standard 

air conditioning system. Further 
dynamometer-based testing is required 
to conclusively establish OEL’s impact 
on fuel consumption, but the project 
team predicts savings of between 4 and 
9 per cent. And by making assumptions 
based on hybrid vehicle growth trends, 
if all hybrids in the UK by 2015 were 
equipped with EAD then the national 
fleet fuel consumption could be reduced 
by between 0.76 and 1.8 per cent.

Low cost of implementation: just €20
But perhaps one of the great 
strengths of Sentience is the low cost 
of implementation. “In the future, 
the EAD, OEL and EAC functions of 
Sentience could simply be extensions 
of the navigation, powertrain control 
and climate control systems,” says 
Robinson. “In a vehicle already 
equipped with a phone and satellite 
navigation, no additional hardware 
would be necessary. But that doesn’t 
mean Sentience would be restricted 
to vehicles with a comparatively 
high specification. Assuming high 
volumes, a standalone system could 
be incorporated for around €20.” 

While control and integration 
software would be needed, any 
additional processing and storage 
capacity would be modest and 
relatively easy to integrate into the 
architecture of most vehicles. The 
system does rely on the availability of 
high-resolution mapping data but that 
is already becoming available and is 
not expected to pose any problems.

On that basis, the project team 
expects that, technically speaking, 
the entire Sentience system could be 
production-ready in just three to four 
years, with individual sub-systems 
such as EAC air conditioning control 
available now for immediate integration 
with future production programmes. 
Considerable interest has already been 
expressed by many OEMs and the 
Sentience vehicle is currently being 
demonstrated to potential customers 
around the globe.  

“In the future, the Ead, oEl and EaC 
functions of Sentience could simply be 
extensions of the navigation, powertrain 
control and climate control systems. In a 
vehicle already equipped with a phone and 
satellite navigation, no additional hardware 
would be necessary... a standalone system 
could be incorporated for around €20” 
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This highly topical question was 
addressed in the form of a 
simulation study carried out by 

Ricardo as a part of its role in a major 
UK-based research initiative in which it 
is partnering with automaker Jaguar-
Land Rover, power company E.ON and 
consultants Amberjac Projects. 

The study marks the completion of 
the first stage of the range extended 
hybrid electric vehicle (REHEV) project 
and has focused on a range of vehicle 
charging scenarios and levels of 
market penetration in order to predict 
the likely increase in UK national 
energy usage. Four vehicle fleet 
charging scenarios were simulated, 
comprising uncontrolled domestic 
charging, uncontrolled off-peak 
domestic charging, ‘smart’ domestic 
charging and uncontrolled public 
charging throughout the day – for 
example, by commuters who recharge 
their vehicles while at work. Charging 
was assumed to be single phase AC 
as this is the most likely near-term 
solution, but the study also considered 
fast-charging scenarios, as for a 
large number of vehicles the energy 
demanded over a time period is likely 
to be the same and distributed evenly.

Assuming a 10 per cent market 
penetration of plug-in hybrid electric 
vehicles and pure electric vehicles 
in the UK vehicle parc (a proportion 
representing approximately three 

million passenger and light goods 
vehicles), the study showed a daily 
peak increase in electricity demand 
of less than 2 per cent (approximately 
1GW) for the scenario of uncontrolled 
domestic charging – the ‘worst case’ in 
terms of peak power demand. 

Other scenarios are less challenging: 
off-peak domestic charging, for 
example, increases electricity 
consumption throughout the night 
but has no impact on the peak daily 
demand. Since it will be a number 
of years before a 10 per cent level 
of market penetration is achieved 
even with the recently announced 
UK government incentive plans, grid 
capacity at a national scale should 
be adequate for this significant 
electrification of the vehicle fleet.

While the national impact is shown 
to be manageable, the research team 
emphasise that local improvements 
may nevertheless be necessary – for 
example, where local network capacity 
is marginal or where particularly high 
concentrations of electric or plug-in 
vehicles occur. 

“The increasing electrification 
of road vehicles is likely to be a 
key enabler for future significant 
reductions in transport-related CO2 
emissions,” said Neville Jackson, 
Ricardo group technology director. 
“While the provision of publicly 
accessible street level infrastructure 

in the form of recharging points 
remains a challenge, the research 
findings of the REHEV project show 
that existing UK power grid capacity 
will be sufficient in the medium term 
to support a significant expansion of 
plug-in hybrid and electric vehicle use 
and is therefore not a constraint on 
implementation.” 

The REHEV project consortium is 
now continuing its work, which will see 
the development of a modular electric 
and electric/diesel powertrain, suitable 
for several different vehicle types. 
This will initially be tested on a large 
premium sport utility CO2 platform, 
delivering 120 to 130 g/km and with 
significant zero emissions potential. 
Future passenger and 
commercial variants 
could have an all-electric 
range of in excess of 
20 miles, meaning that 
the majority of typical 
vehicle trips could be 
completed with 
zero tailpipe 
emissions. 
Longer-range 
travel would still be 
accommodated with 
the internal combustion 
engine, removing the 
range anxiety issues 
often associated with 
pure electric vehicles. 

Can the power grid support EV expansion?
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In a further sign that Ricardo is 
consolidating its position as 

a technology thought leader in 
fuel economy, the company was 
contracted to provide technical 
support to the US National Highway 
Traffic Safety Administration (NHTSA) 
on the final 2009 light duty vehicle 
CAFE rulemaking which will come 
into force for 2011. 

Ricardo provided its expert advice 
to NHTSA based on technical analysis 
of comments received for the Notice 
on Proposed Rule Making (NPRM), 
the process through which interested 
parties may comment on proposed 
US regulations. The company was 
contracted as an objective and 
independent authority in assessing 
comments provided to the NPRM 
process on the cost and effectiveness 
of fuel saving technologies. The 
NHTSA project drew on Ricardo’s 
full range of systems-engineering 
expertise, encompassing gasoline and 
diesel technology, hybrid propulsion, 
transmission and driveline systems, 
controls and electronics, and vehicle 
engineering. 

This role was recognised by NHTSA 
in the final published version of the 
2009 CAFE rule, which states that: 
“NHTSA chose to contract Ricardo 
because of its extensive experience 
and expertise in working with both 
government and industry on fuel 
economy-improving technology 
issues.” 

Ricardo’s work for NHTSA builds 
upon previous support provided 
by the company to US authorities 
including the Environmental 
Protection Agency (EPA), the National 
Academy of Sciences, and branches 

of the military. In addition to the 
company’s long-standing work for 
customers across the automotive, 
commercial vehicle and off-highway 
sectors, this NHTSA project further 
demonstrates Ricardo’s position 
as a global thought leader in fuel 
economy. As with its work for 
regulatory authorities in Europe, Asia 
and elsewhere, Ricardo provides its 
objective and independent guidance 
to regulators to help ensure that 
future regulation is both feasible and 
practical from a manufacturing and 
technology standpoint.

A member of the Ricardo motorsport 
engineering team since 2000, Eiji 
Taguchi is one of Japan’s best known 
Formula One powertrain designers 
and innovators. He joined Honda 
Motor Company in 1961 and after 
15 years of working on road car 
R&D projects, he moved into the 
motorsport department where he 
stayed for over 20 years. During 
this time he was involved with race 
engine and component design and 
development throughout Honda’s 
supreme years between 1986 and 
1992 when its engines dominated 
Formula One. Taguchi had a 

particularly close 
relationship with the 
Honda president 
– the driving force 
of the motorsport 
team – and formed 
a powerful small 
group which was pivotal in the 
technical innovation and attention to 
detail which drove Honda to the very 
top of the sport. He was also a close 
friend of many of the iconic characters 
of Formula One of this era, including 
John Surtees, Ayrton Senna, Nigel 
Mansell, Alain Prost, Frank Williams 
and Ron Dennis. After many years 

persuasion by publisher Nigensha, 
Eiji Taguchi has finally agreed to 
release his memoirs of this period 
with Honda. Published in Japanese 
in the spring of this year, his account 
of Thirty Years of Speed is already 
into its second impression, having 
completely sold out in its first run. 

Taguchi joined Ricardo in 2000 
and has been a pivotal member of 
the team responsible for building 
and developing the company’s 
business in Japan. His broad 
technical understanding and his 
long experience in Formula One has 
helped to inspire the ‘can-do’ attitude 
and culture that is essential for 
engineering at the very pinnacle of 
competitive motorsport. 

Ricardo motorsport has long 
provided engineering skills, 

Ricardo’s Taguchi marks 
Thirty Years of Speed 

Ricardo News

Ricardo  
helps shape 
US CAFE  
fuel economy 
rules
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Final arrangements are underway 
for the launch of the EconoMark 

consortium. Led by Ricardo, this pre-
competitive programme will carry out 
a series of in-depth, benchmarking 
assessments of the fuel economy, 
CO2 and regulated exhaust emissions 
and performance of passenger 
car products that are considered 
representative of the current 
technological state-of-the-art. The 
consortium is open to all interested 
parties including OEMs and suppliers.

Vehicle selection for the EconoMark 
consortium is driven by the interests 
of participating members, based 
for example on considerations of 
vehicle performance and the technical 
attributes included in its specification. 
Members rank candidate vehicles 
and final selection is based on the 
collective view of their priority for 
evaluation. The benchmarking 
process will include a full in-depth 
study at the vehicle and engine level 
with flexible content to be agreed 
on a case-by-case basis by the 
participating consortium members.

Typically, vehicle testing of 
emissions and fuel economy will be 
carried out together with performance 
and coast-down evaluation. Engine 
testing will include detailed mapping, 
performance testing and friction 
breakdown assessment. A full engine 
tear-down will then be used as the 
basis of a thorough design evaluation.

Each vehicle studied by the 
EconoMark consortium will be 
the subject of a detailed report 
– exclusively available to the 
participating members – outlining 
the results of the benchmarking 
process. The first vehicle selected 
for evaluation by the EconoMark 
consortium is the VW Golf Mk6 
BlueMotion. Consideration is also 
being given at this stage to a study 
based on the Mercedes C250 CDI 
BlueEfficiency.

The detailed proposal and 
agreement document is currently 
available for review by prospective 
EconoMark consortium members. For 
further information please contact 
Adrian.Greaney@ricardo.com. 

technology, drivetrain components 
and software to Formula One 
and many other international 
motorsport series. The company’s 
specialists are regularly consulted 
by the sport’s regulatory bodies, 
such as the FIA. Currently, 
the FIA is in discussion with 
Ricardo with respect to a new 

concept of engine to span many 
race series in the future. 

EconoMark 
consortium 
launches

Neville Jackson to chair Low 
Carbon Vehicle Partnership

Professor Neville Jackson, 
Ricardo group technology 
director, has been 
appointed the new Chair 
of the Low Carbon Vehicle 
Partnership (LowCVP), 

a UK Government sponsored 
partnership aimed at encouraging 
the rapid adoption of low carbon 
technology. The Low Carbon Vehicle 

Partnership was established in 
January 2003 with funding from 
the UK Government, with a brief 
to accelerate the industry shift to 
low carbon vehicles and fuels. The 
Partnership’s membership comprises 
representatives of government, the 
motor and fuels industries, vehicle 
users, environmental groups and 
consumers. 

The management team 
of Ricardo Shanghai has 
been further strengthened 
with the appointment 
of former Shanghai 
Automotive Industry 

Corporation executive, Ken Weisman 
(Wei Yan Qin), as executive vice-
president for business development. 
Weisman, a well-known figure within 
the Chinese motor industry, brings 
with him considerable knowledge, 
derived from more than twenty 
years’ experience in the regional 
automotive industry, to his new role 
with Ricardo. 

He joins Ricardo from SAIC 
Motor Company where he was vice 
president. Since 2004 he has held 
executive director appointments with 
the company carrying responsibility 
variously for vehicle platform 

engineering, business strategy 
and programme management. 
Additionally, he was also a non-
executive board director of Ricardo 
2010 Consultants Ltd, the UK 
company set up by Ricardo to act as 
the nucleus for the development of 
SAIC Motor’s own-brand engineering 
capability and transferred to 
ownership of SAIC in 2007. Before 
this Weisman was vice president of 
the Pan Asia Technical Automotive 
Center (the GM-owned engineering 
organisation for China).  

A Chinese national, Ken Weisman 
is married and lives with his family 
in Shanghai.  He has an executive 
MBA awarded by the China Europe 
International Business School, and 
both Master and Bachelor level 
degrees in Mechanical Engineering.

New VP for Shanghai

Eiji Taguchi discusses driveability
issues on Honda’s 1990 3.5 litre V10 
engine with Gerhard Berger (right) 
and Ayrton Senna 
(in cockpit)
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Capiton...

The continued expansion and 
development of Ricardo in Russia 
has been marked with parallel 

announcements of a major contract win 
and an award from a major automotive 
industry conference.

The first of these came in March 2009 
when the news broke that Russia’s 
largest car and SUV manufacturer – 
JSC AVTOVAZ – will collaborate with 
Ricardo on the design and development 
of the new VAZ-21176 VVT gasoline 
engine. The new engine programme 
will involve the rigorous evaluation 
of the existing equivalent product 
by Ricardo, prior to commencement 
of a full design and development 
programme intended to deliver a 
new power unit calibrated to Euro 
5 emissions levels in a C-segment 
AVTOVAZ vehicle. In addition to the 
new design benefiting from Ricardo’s 
advanced automotive technology and 
design, testing and calibration skills, 
AVTOVAZ will also gain in terms of 
technology transfer as the programme 
is structured in a manner enabling 
co-working between its engineers and 
those of the Ricardo team. 

Following just a few days after the 
announcement of the contract with 
AVTOVAZ, Ricardo was accorded the 
accolade of ‘best newcomer’ to the 
Russian automotive industry’. The 
award was made at the Adam Smith 
Conferences’ annual forum on the 
Russian Automotive Industry, which 
is widely recognised as one of the 
most important events in the country’s 
automotive calendar. This forum brings 
together the leading international, 
domestic and joint venture OEM’s, 
component and system suppliers, 

distributors and engineering service 
partners such as Ricardo, who are 
active in the Russian market. 

The award comes at a time when the 
company’s services are increasingly 
demanded by Russian customers 
and follows the significant expansion 
of Ricardo’s Moscow operations 
over the past year. Fellow award 
category winners included automakers 
Volkswagen and AVTOVAZ, respectively 
for best foreign and Russian vehicle 
launches, and Vadim Shvestov of Sollers 

for top Russian automotive executive. 
Accepting the award on behalf of 

Ricardo, Raul Meyer, Ricardo group 
business development and marketing 
director (pictured above), said: “We are 
pleased to accept this award as best 
newcomer to the Russian market in 
recognition of the significant business 
that we have been able to achieve 
very rapidly in Russia through our 
commitment to providing the latest 
globally competitive technology coupled 
with local delivery of services. The 
emerging markets of Russia as well as of 
countries including China and India have 
played an increasingly important role in 
the success of Ricardo.”

“In Russia in particular, we now 
have numerous major engineering 
programmes in place with the 
leading domestic and international 
manufacturers across all sectors from 
automotive to commercial vehicles. We 
look forward to continuing to work with 
our partners in Russia to deliver globally 
competitive products and technology 
in one of the world’s most exciting and 
rapidly developing markets.”

New business 
and award in 
Russia





Delivering Value Through Innovation & Technology www.ricardo.com/wave-rt

WAVE-RT’s  patent pending technology 
for real-time engine modelling addresses 
three key issues where traditional tools fall 
short: accuracy, speed and process.

 Accuracy: multi cylinder, transient, crank-angle resolved data means  •
WAVE-RT can address critical control system applications (HCCI, 
multi-turbo, etc.)

Speed: proven faster than real-time •

 Process: unique process delivers a WAVE-RT model in minutes.  •
WAVE-RT models are based on a donor WAVE model (fully resolved 
1D gas dynamics model) and are fully MISRA C compliant. Flexible 
structure means WAVE-RT models can be compiled and applied in 
any real-time environment.

For further information or to arrange a demonstration, visit our website 
at www.ricardo.com/wave-rt or e-mail WAVE-RT@ricardo.com

A breakthrough in real-time engine 
modelling for both SiL and HiL systems

Keep it      eal 




