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New generation, NOT re-generation
The JCB Ecomax T4 engine meets Tier 4i emissions legislation without the need for a Diesel Particulate Filter. 

This innovative, highly efficient design will provide OEMs with improved packaging, significantly lower operating 

costs and up to 10% better fuel economy compared with Tier 3. With outputs from 55kW-129kW (74-173hp), peak 

torque up to 750Nm (553lb/ft) and a team of highly experienced Applications Engineers ready to tailor products to 

your requirements, JCB is the clear choice for OEMs and the leader in engine technology for the new generation.

For further information contact: engine.sales@jcb.com www.jcbpowersystems.com
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f China’s $326 bn rail spend
China will be a major global 
competitor in high-speed rail 
following its 2 trillion Yuan 
investment in 13,000 km of lines 
by 2012, according to a report by 
the World Bank. 

Stop-start for low cost cars
Continental AG has developed 
a stop-start system aimed at 
lower cost cars, especially in 
developing markets. The system 
has its own controller, making it 
easy to integrate.

Gas powers Coke truck
Coca Cola in the UK has begun 
trialling a 21-tonne Iveco 
distribution truck running on 
compressed biomethane. The gas 
is recovered from a landfill site, 
helping reduce GHG emissions.

Smoother steering
New polyamide rack bearings 
will improve the feel and NVH of 
electric power steering systems, 
claims supplier Nexteer. The 
low-friction setup is already 
fitted to the Citroën DS3.

Automakers 
reveal CO2-reduction 
strategies
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Windpower orders 
gather pace

As engineers finish lowering a 12-tonne 
experimental wave hub off the west coast 
of England and Norway’s Statoil begins 
testing its Hywind floating offshore 
windfarm for installation off the coast 
of Scotland, Siemens has signed a deal 
to equip what will be Denmark’s largest 
offshore windfarm. The 400 MW Anholt 
Offshore Wind Project will employ 111 
wind turbines, each with a capacity of 3.6 

MW, and supply renewable energy for 
400,000 homes, equivalent to 4 percent of 
Denmark’s total demand.

The company has also announced the 
supply of a further 227 MW of onshore 
capacity for the Crossroads wind plant 
in Oklahoma: the contract includes 
95 conventional turbines and three 
examples of Siemens’ new SWT 3.0-101 
gearless direct drive turbine. Siemens has 
already equipped two earlier Oklahoma 
Gas & Electric wind power installations, 
but these will be the first direct drive 
turbines in North America.

Meanwhile, Samsung C&T has teamed 
up with Siemens to install 600 MW of 
onshore wind generating capacity in 
southern Ontario as a first phase in 
a commitment to develop 2000 MW 
of wind power in the next six years. 
Canada expects to boost its total installed 
windpower capacity from 3400 MW 
today to over 15,000 MW by 2020.

In a series of recently announced 
contracts competitor Alstom will 

add almost 400 MW of windpower 
in European regions such as Spain, 
Scotland and Wales. The extension to 
the Whitelee windfarm in Scotland is 
one of the largest onshore schemes 
in Europe and is the first large-scale 
project for Alstom’s 3 MW ECO100 
turbine.

In unrelated developments. Siemens 
has received an order for a 15 MW 
photovoltaic plant in southern Italy and 
has acquired New York based specialist 
Quickstab, whose smart grid software 
is used to control shifting loads in a 
renewable energy grid and prevent 
blackouts. 

Siemens claims to be the world’s 
largest supplier of eco-friendly 
technologies and says that in the 
2009 fiscal year its installed products 
and solutions enabled CO2 emission 
reductions of 210 million tonnes, 
equivalent to the combined annual CO2 
emissions of New York, Tokyo, London 
and Berlin.

Japanese carmakers have gone 
public with their plans for future 

models that save on CO2 and emissions. 
Much the most comprehensive agenda 
is that published by Honda, where 
CEO Takanobu Ito warns that Honda 
will have “no future until we achieve a 
significant reduction of CO2 emissions”.

Central to Honda’s strategy is an 
increased focus on smaller cars and 
eco models, as well as the introduction 
of electric motorcycles and scooters 
in advanced as well as developing 
markets. On a technical level Honda will 
develop a new small diesel engine for 
Europe and will switch to lithium ion 
batteries (produced by its Blue Energy 
JV with Yuasa) for next-generation 
hybrids, including the new Civic hybrid.

Different hybrid systems will be 
tailored for different types of customer, 
says Honda, and a plug-in hybrid 
system will appear on medium and 

principles: the most concrete 
commitment is that to develop “next-
generation electric vehicles and ensure 
their wider market acceptance”.

Among European automakers PSA 
Peugeot Citroën has mapped out a 
powertrain strategy including 
Mitsubishi-based electric models, the 
e-HDI diesel with stop-start and energy 
recuperation, diesel hybrids and a family 
of small three-cylinder gasoline engines.

April 7th, 2010: 
Renault-Nissan 

and Daimler 
bosses sign  

co-operation deal

larger models in Japan and 
the US in 2012. Battery 
electric cars will be trialled 
in 2010 and go on sale in 
2012. Also mentioned is an 
Indian-built entry-level car 
made to sell domestically 
at 500,000 rupees (€8500) 
and for export to SE Asia.

Nissan’s assault will 
be on two fronts: Zero 
Emissions and Pure Drive. 
The latter will include new 
technologies already released, 
such as the XTRONIC dual-range CVT, 
the three-cylinder gasoline engine 
capable of 3.8 lit/100 km economy, and 
the high-efficiency single motor hybrid 
for rear drive cars, soon to appear on 
premium Infiniti models.

Toyota’s Fifth Environmental Action 
plan is less a menu of technical 
measures, more a statement of 

Honda plans electric 
bicycles and 

motorcycles for China as 
well as export markets – 

this is the EV-neo
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Hybrid for same price
Ford premium brand Lincoln’s 
2011 MKZ hybrid will cost $35,180 
– the same as the gasoline V6 
version. This is the first time that 
the benefits of hybrid have been 
offered for no extra cost.

GKN targets rail, renewables
Automotive and aerospace driveline 
components supplier GKN has 
formed a new engineering unit, GKN 
Land Systems, to boost its business 
in new sectors such as defence, rail, 
off-highway and wind power.

GM’s cleaner refrigerant
Air conditioning systems in US-
made 2013 model year GM models 
will be filled by a new refrigerant, 
HFO-1234y, made by Honeywell. 
This has 1 percent of the global 
warming effect of R134a.

Obama wants big role for rail
President Obama is proposing a 
six-year, $50 bn expansion and 
renewal of the US rail network 
to allow high speed trains to 
be integrated into the nation’s 
transport network.

The task of RQ is to highlight the latest thinking 
in global engineering and technology in the 
transportation, clean energy and related 
industries. We aim to achieve this by presenting 
an up-to-date mix of news, profiles and 
interviews with top business leaders, as well as 
in-depth features on programmes – both from 
within Ricardo and other leading companies.

It is a formula that has certainly been a 
worldwide hit: 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

In a €2 billion deal which is expected 
to set the pace for Europe’s high 

speed rail network, Bombardier 
narrowly beat Alstom to supply 50 very 
high speed (VHS) trainsets to Italian rail 
operator Trenitalia. Bombardier’s 420 
km/h Zefiro V300 was judged superior 
on technology and price, said Trenitalia, 
though the competition was close.

Bombardier claims its Zefiro VHS 
technology offers the lowest energy 
consumption per passenger, despite an 
operating speed range of between 250 
and 380 km/h. Driver assist software 
systems anticipating track conditions 
ahead can save 15 percent of traction 
energy, aided by supercapacitor energy 
recuperation under braking, says the 
company, while energy use by the 
ThermoEfficient air conditioning system 
for the complete train, which normally 
accounts for up to 30 percent of overall 

energy consumption, is cut by a quarter.
Each train is over 200 metres long  
and accommodates 600 passengers. 
The trains are scheduled to enter 
service in 2013.

The competitor system from 
France-based Alstom is also a single-
deck design, with a total of 10 MW 
power from its eight traction systems 
operating in individual powered bogies. 
Alstom claims superior space utilisation 
thanks to the wide bodyshell design and 
the positioning of all the subsystems 
under the chassis. Quoted maximum 
speed is 400 km/h, with a commercial 
operating speed of 360 km/h.

While Bombardier has already won 
orders for 160 of its VHS trains for China’s 
fast-expanding rail network, Alstom claims 
leadership of the market, having supplied 
50 percent of the trains worldwide capable 
of travelling at over 300 km/h.

Chinese truckmakers 
pose low-cost threat
International truck manufacturers are 
facing increasing competition from 
their Chinese counterparts, reports the 
Financial Times. Strong local demand 
and growing exports to neighbouring 
markets meant that Chinese 
truckmakers produced almost half 
the global total of medium and heavy 
trucks in 2009; in 2006 their share was 
just 20 percent.

Chinese trucks are successful 
because they have a major cost 
advantage over those made by Western 

of Japanese producers, says the FT. This 
was confirmed by the president of Lifan, 
Yin Ming Shan, in an interview for this 
magazine: “The cost of European trucks 
is so high,” he said. “For the price of one 
Scania or Volvo truck you can get three 
equivalent trucks from Lifan.”

While the low emissions standard 
of Chinese trucks means they cannot 
yet compete in Western markets, their 
high domestic sales volumes will help 
boost profitability to fund R&D to 
reach international norms. Global truck 
market leader Daimler, for its part, has 
finally been given the go-ahead for its 
JV with Chinese truck firm Foton Motor.

Heavyweights battle for
Italian high-speed train deal

Green highways 
planned
Two routes in Scandinavia are 
competing for the title of the world’s 
first green highway.

The 420 km stretch of the E14 linking 
Trondheim on the west coast of Norway 
to Sundsvall, on Sweden’s Baltic coast, 
will soon offer filling stations for biogas, 
E85 ethanol and RME biodiesel, as well 
as providing nine EV charging stations.

Shorter but more ambitious is the 
E18 running east from Finnish capital 
Helsinki to Vaalimaa, on the border 
with Russia and serving as the main 
entry point for goods. This €700 m 
scheme is envisaged as a sustainable 
development corridor, with fuelling 
stations providing ethanol produced 
locally from waste. Smart lighting 
and electric cars would draw their 
current from wind and solar arrays and 
geothermal pumps would provide heat.

The preparatory phase of the project 
runs until April 2011, with completion 
set for 2016.



RQ interview – yin Ming Shan, lifan

It could only have happened in China. 
One entrepreneur, employing just 
eight local people, begins putting 

together simple motorcycle engines 
using crude, off-the shelf components. 
Seven years later he is the leading 
producer of motorbike engines in 
China – population 1.3 billion – and 
after a decade and a takeover of a local 
truckmaker he is the 81st in the list of 
China’s top 500 private companies. And 
now, just 18 years since those nine men 
got together, he’s employing 14,000 in 
China and other Asian countries, and is 

touring Europe on a mission to acquire 
the technologies that will help his 
millions of cars, trucks and motorcycles 
secure a foothold in the toughest 
markets of all – North America and 
Western Europe.

To western ears the story of Yin Ming 
Shan, tall and lanky and still animated 
despite his 72 years, is one of classic 
entrepreneurial capitalism, redolent of 
American pioneers such as Thomas 
Edison and Henry Ford; Yin, brushing 
aside any notion of superiority, insists 
that he is nothing out of the ordinary 

and that there are thousands of others 
like him who owe their success to the 
growth-hungry climate of China in the 
wake of the 1980 market reforms.

 “All we did was buy components 
from the market – things like 
crankshafts, pistons, valves – and put 
them together. Our motorcycle engines 
were welcomed by the market, even 
though the quality was not good.”

Initially, explains Yin, there were no 
designs – the engines were generic 80 
cc units and no one claimed the rights 
for them. Yin was quick to understand 
the potential for improving these 
motors: “We started measuring all the 
parts, and after a year we had a thick 
book of drawings. What we learned 
from this process was how to get much 
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Local hero goes global
From humble beginnings as a back-street engine assembler 
in Chongqing province, Lifan has expanded exponentially to 
become China’s leading motorcycle maker in less than two 
decades. Tony Lewin asks its founder and president, Yin Ming 
Shan, about the secrets of Lifan’s success, the company he 
admires as a role model, and his plans to export trucks, cars  
and bikes to the world

Lifan’s first car – the 520 goes into pilot 
build at Lifan’s brand new car plant in 
Chongqing in early 2006 (right and page 9)
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better quality in the final product by 
minimizing the error chain that builds 
up when all the parts are assembled.”

Out of jail and into business
Few in the West would openly admit to 
a spell in jail, but for president Yin his 
nine and a half months of imprisonment 
for political offences are a badge of 
honour – especially in the light of his 
selection, many years later, for a series 
of regional government roles as well as 
honorary appointments in other arms 
of government. “As a publisher and 
editor in Chongqing I was imprisoned 
by the state – now I’m part of that state, 
helping to govern and form the laws,” 
he says with evident pride. “From being 
a prisoner of the government I became 
an officer of the government – a huge 
change,” he glows. “This was before 
the reform in 1980 and thousands of 
people were put into prison because of 
their political views. Writers in particular 
were pursued by the government as 
anti-revolutionaries.”

Yin does not expand on the views that 
put him behind bars in the pre-reform 
era, but his later success points clearly 
towards a strong understanding of the 
dynamics of business and enterprise. 
Having started with just 200,000 RMB 
Yuan in capital, Lifan – as it became 
known shortly after its foundation 
– now has production numbered in 
multiple millions, exports worth almost 
a billion dollars, and turnover of over 
12 billion RMB Yuan. But when asked 
whether he ever expected his business 
to become this big, Yin explodes into 

laughter: “Absolutely not – we had no 
idea! We just thought we would make a 
small amount of money – 50,000 a year 
seemed enough. We never dreamed 
of today’s scale. No one could have 
predicted this: 99 out of every 100 
entrepreneurs thought the same.”

Throughout, Lifan has remained 
a resolutely independent company, 
developing its own products and its 
own intellectual property and resisting 
the quick short-term rewards that 
would have come with a joint-venture 
operation or a tie-up with a foreign 
automaker.

Yin attributes much of his success to 
the reform of Chinese society and the 
opportunities this suddenly presented 
for budding entrepreneurs. Yet right 
from the beginning he clearly displayed 
a can-do mentality which extended 
not only to short and medium term 
business deals such as the acquisition 
of a local truckmaker, but also to 
perceptive longer-term thinking which 
drew him towards the higher margins 
of the passenger car business and, in 
particular, to the growing realisation 
that Chinese design and engineering 
had to make a quantum leap in 
quality if Chinese products were to be 
competitive outside China as well as 
within.

Here, Honda is the obvious role 
model as a company which started in 
small motorcycles and achieved high 
levels of quality before expanding into 
other sectors such as power products, 
marine motors, cars and, eventually, 
aircraft. While Yin is quick to laugh 
off any prospect of a move into the 
planemaking, the Japanese company 
is clearly an inspiration to him. “Honda 
is our teacher,” he says. “If our engines 
are good, we can expand everywhere. 
That’s why we’re interested in co-
operating with Ricardo – to focus 

on improving the quality of Lifan’s 
engines.”

Achieving world class quality
For all their success in the domestic 
market and surrounding Asian nations, 
independent Chinese automakers 
misfired badly on their first foray into 
Western territories three years ago: the 
products had minimal impact and were 
quickly withdrawn following a series 
of disastrous crash test performances. 
It’s a failing that Yin readily admits, 
conceding that it has damaged 
the China brand in the consumer’s 
estimation: “At the moment the quality 
standard of Chinese passenger cars is 
not as high as expected by European 
buyers – that’s the difference.”

Though clearly aware of the scale of 
the task of bringing Lifan’s products up 
to a world-class standard, President 
Yin projects a sense of confidence that 
this is something that can be achieved 
within a reasonable timescale, thanks 
in part to the co-operation of Western-
based engineering consultancies such 
as Ricardo for engine and emissions-
related work, and AVL for motorcycle 
engine testing.

While work on improving the 
emissions performance of its vehicles 
is already under way as stricter 
Chinese standards loom, engineering 
for greater safety is a much more 
fundamental task. Five years is his 
estimate of the time it will take for 
Lifan’s cars to become globally 
competitive: “Especially for the very 
mature European and North American 
passenger car markets we have further 
to go when it comes to safety,” he 
notes.

Given that Lifan’s electric vehicles 
will be adapted versions of its gasoline-
fuelled models, that safety proviso 
will have to apply to any export plans 

“Honda is our teacher. 
If our engines are 
good, we can expand 
everywhere”



for these, too; this would potentially 
short-circuit any potential first-mover 
advantage that could have been gained 
in export markets from the Chinese 
market’s early ramp-up of electric car 
volumes and the economies of scale 
that Chinese producers would enjoy as 
a result. Yin appears undaunted; patient 
and in no hurry, despite the tightness of 
these timescales.

Trucks, bikes or cars?
While Lifan’s motorcycles are already 
on sale in several hundred markets 
worldwide (as well as being assembled 

in countries such as Vietnam), more 
than half the group’s turnover is 
accounted for by the 150,000 trucks 
and buses it builds each year. These, 
explains Yin, sell strongly within China 
and in the neighbouring markets of 
Vietnam and Laos. Yet, playfully, he 
toys with the idea of bringing them 
to Europe, too: “The cost of trucks in 
Europe is so high,” he observes. “For 
the price of one Scania or Volvo truck 
you can get three equivalent trucks 
from Lifan. So perhaps we would have 
some chance in Europe.”

On balance, however, it is the much 

larger size of the car market (as well 
as tightening emissions standards for 
heavy duty vehicles) that has swung 
the decision towards passenger cars as 
the European spearhead, though it is 
clearly far too early for details of dates 
or market strategy.

Outlook
Though plans are in place to double car 
output to 150,000 units by 2012 and to 
launch both an SUV and a minivan next 
year, Lifan’s technical and marketing 
strategy beyond that horizon is clouded 
in client confidentiality and commercial 
secrecy. Yet if president Yin’s admiration 
of the Honda model is to be taken as 
seriously as its sincerity invites, much 
greater achievements lie ahead – though 
aircraft and a Formula One team are 
perhaps beyond even his imagination. 

RQ interview – yin Ming Shan, lifan

8 RicaRdo QuaRteRly Review • Q3 , 2010

“The cost of trucks in Europe is so high, for the  
price of one Scania or Volvo truck you can get  
three equivalent trucks from Lifan. So perhaps  
we would have some chance in Europe”

Q&A
Lifan makes 3 million motorcycle 
engines a year, along with 1.5 million 
bikes, 120,000 trucks and 70,000 
passenger cars. Do you have plans to 
expand into any further sectors?
We have already started making small-
size gasoline engines for generators, 
pumps and lawn mowers, and most 
of the motorcycle engines we sell go 
into three-wheeled models in overseas 
markets.

Might you go into outboard motors  
for boats, like Honda did?
Honda is the teacher for us, the example 
we follow. It started with motorcycle 
engines, and after it had become good 
at those it went into passenger cars and 
then boats – and now it’s aircraft too. 
For Lifan, it depends on how good we 

can make our engines: if our engines 
are good, we can expand everywhere. 
That’s why we’re interested in co-
operating with Ricardo – to focus on 
improving the quality of Lifan’s engines.

Are exports more important to you 
than the domestic market?
Yes, because it’s different for a private 
company to a state company. The 
competition on the domestic market is 
a bit unfair: companies are not all equal 
in the domestic market, but for exports 
we’re all level.

Will you be shipping cars to Western 
Europe and North America?
Yes, we will send passenger cars to 
Europe and America, but the emissions 
standards are much higher than in the 

Chinese domestic market. We need 
to improve the quality of our engines 
– and the whole vehicle – in terms of 
emissions and safety. After we have 
done this, we will definitely enter these 
market areas. That’s why we are eager 
to co-operate with Ricardo for the 
technology.

How long will it take you to catch up?
Three to five years – but if electric 
vehicles develop more quickly in China 
this could speed up the process. We 
could be exporting EVs to Europe and 
North America sooner than this.

How important is advanced  
technology to Lifan?
Fossil energy is running out, so EVs 
must be the future. When it comes 



As an enthusiast for English literature, 
president Yin cites Charles Dickens as a 
favourite author. Present-day conditions 
in China are rather like the grim scenes 
described in Oliver Twist, he observes 
provocatively. Perhaps the continued 
success of Lifan will allow Yin to point 
to his own company as an exemplar 
of non-Dickensian benign behaviour 
in the cut-throat competition that now 
characterises the Chinese automotive 
industry. 

Lifan – zero to hero in 18 years
1992 Established, with nine   
 employees assembling   
 motorcycle engines
1998 Granted licence to engage in  
 foreign trade
1999 Becomes Chinese market   
 leader in engines
2001 Motorcycles exported to Japan
2003 Purchases truckmaker   
 Chongqing Special Purpose   
 Vehicle Manufacturing Co.
2003 Listed 81st in China’s top 500  
 private companies
2005 Passenger car project approved
2005 Listed 350th in China’s top 500  
 enterprises
2006 Lifan 520 is first production car
2008 Builds 3.5 m engines, 1.7 m   
 motorcycles
2008 Listed 88th in Forbes’ Top   
 Enterprises of China
2009 Truck production reaches   
 150,000 units 
2012 Car production projected to   
 reach 150,000
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to traditional cars there is a huge 
difference in technology: in my 
view we are well behind European 
manufacturers – the difference is 
maybe 50 years. But when it comes to 
new energy cars – EVs and hybrids – 
the difference is not that big; just a few 
years. So it’s most likely that we would 
put the emphasis on this type of vehicle.

How has Lifan benefited from being  
a private company rather than a JV or 
co-operative venture?
There are two ways for a company to 
grow (in China): the first is to develop 
all their technologies themselves, and 
the second is to form a joint venture 
with another party. This approach 
speeds up the time to market and 
brings in profits more quickly. But if 

we (as a private company) develop our 
technology alone, than the IP is our own 
too. Japanese and Korean companies 
such as Honda and Hyundai are good 
examples of this: they all own their own 
IP and technologies. The process could 
take longer, but at the end it’s their 
own property – and that makes a huge 
difference.

How has this helped Lifan so far?
Our first IP was a motorcycle engine 
system that we developed ourselves. 
Now this engine dominates the 
Chinese market. We are confident in 
our own technology for passenger car 
engines – features like VVT, turbos and 
transmissions. But we prefer to buy this 
technology from a firm like Ricardo rather 
than sharing it with another car company.

Chinese cars have a poor reputation in 
Europe after the first few performed 
badly in crash tests. How do you plan 
to improve your vehicles’ safety?
I’m aware of the two vehicles exported. 
Their total failure [in crash tests] damages 
the Chinese brand. At the moment the 
quality standard of Chinese passenger 
cars is not as high as expected by 
European buyers. It’s just like us trying to 
send the Chinese football team to South 
America – it would be hopeless. 

How soon do you believe your quality 
can catch up?
We believe our quality will be [sufficiently] 
improved in three to five years. Thirty 
years after China opened up its markets, 
it is supplying all sorts of products to the 
whole world. It will be the same for the car.



2010 RevisiteD

Saic Motor
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In 2007 we described how Ricardo had helped establish an  
innovative automotive product development organization for China’s 
Shanghai Automotive Industry Corporation. Now, as Anthony Smith 
reports, this team has become the international advanced engineering  
hub of SAIC and styling centre of the born-again MG brand, which is 
poised to launch onto international markets
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2010 RevisiteD
When we first described the 

audacious story of the 
formation and development 

of Ricardo 2010 Consultants Ltd just 
three years ago, the organization 
was approaching the completion of 
its initial mission. A comprehensive 
product development plan for the new 
SAIC Motor own brand of ‘Roewe’ 
had been implemented, based on the 

core IP rights purchased from MG 
Rover in 2004 and founded around the 
team recruited by Ricardo from the 
UK automaker following MG Rover’s 
collapse the following year. 

By early 2007 the first brand new 
products were well on their way to 
start of production and the Ricardo 
2010 organization was a central part 
of SAIC’s truly international product 

development team. Ownership 
of Ricardo 2010 was about to be 
transferred to SAIC Motor – as had 
been planned from the outset should 
the organization prove a success. The 
team had already largely outgrown its 
home at Ricardo’s Midlands Technical 
Centre, having expanded in addition 
into two other local sites, and the most 
immediate administrative objective 



following its transfer of ownership and 
renaming as the SAIC Motor Technical 
Centre UK (SMTC UK), was identifying 
a new combined Midlands location for 
its activities. 

But if Ricardo 2010 had achieved its 
initial mission by 2007, how has SMTC 
UK performed since then, and has the 
success endured in the longer term? 
Perhaps the most profound change – 
and one which would set SAIC Motor 
on a more positive course than could 
have been predicted at the time – 
occurred in the months following the 
transfer of ownership. Following MG 
Rover’s collapse in 2005, the former 
UK automaker’s physical assets 
had been acquired by SAIC’s much 
smaller Chinese competitor NAC. This 
included rights to the MG brand and its 
then production facilities on part of the 
former Longbridge site in Birmingham, 
UK. 

NAC had gone into production with 
these same MG branded vehicles in 
China, which effectively meant that the 
most valuable tangible and intellectual 
property assets of the former UK 
automaker were being used in direct 
competition by their respective 
purchasers. In what may well in the 
future be seen as one of the auto 
industry’s most far-sighted decisions, 
in late 2007 SAIC acquired NAC and 
in so doing brought these two parts 
of the former UK automaker together 

once again under a single unified 
ownership. 

A new multi-brand platform strategy
“The acquisition of NAC immediately 
placed us in a strong position to develop 
our own brand portfolio based on both 
the newly established Roewe in the 
Chinese market and the internationally 
iconic MG marque,” explains SMTC UK 
president David Lindley. “We are now 
following a platform strategy between 
these two very strong brands with a 
common engineering approach subject 
to chassis and powertrain differences 
that appeal to the core characteristics 
and values of each.”

Lindley explains that the approach 
being adopted by SAIC is far closer 
to the highly sophisticated brand 
proposition of the Volkswagen group, 
in which vehicles are developed 
from common platforms to meet the 
unique characteristics of mature and 
distinct brands such as Audi, SEAT and 
Skoda, than to the more superficial 
badge engineering of the former 
products of MG Rover organization 
and its predecessors. “We are sharing 
platforms and maximizing engineering 
commonality and efficiencies of 
production, but each brand has its 
own very unique character and DNA in 
the market and this will be reflected in 
strong differences between respective 
Roewe and MG products. This will 

Saic Motor
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”the acquisition of Nac immediately 
placed us in a strong position 
to develop our own brand 
portfolio based on both the newly 

established Roewe in the chinese market 
and the internationally iconic MG marque” 
SMtc uK president david lindley

The creation of the company then 
known as Ricardo 2010 Consultants 
Ltd in 2005 was a bold and radical 
initiative for both SAIC as well as 
for Ricardo. Just one year earlier 
SAIC had acquired IPR from its 
then collaborative partner, MG 
Rover, in the form of the designs 
respectively of two existing vehicle 
and engine products, including 
the highly valuable material and 
process specifications which lay 
behind them. The collapse of the 
former UK automaker provided both 
crisis and opportunity for SAIC; if 
it did nothing, the value of its IPR 
purchase would diminish over time 
– but if it moved quickly and with 
Ricardo’s assistance, it could seize 
the initiative to secure the core of the 
team which had created these same 
designs and processes. 

In forming this new organization, 
which would effectively be an 
‘incubator’ for the nucleus of a future 
global R&D capability for SAIC, the 
two partners set out some very clear 
objectives. In addition to maximizing 
the utilization of SAIC’s acquired 
IPR, it must significantly accelerate 
the implementation of world-class 
product development processes by 
SAIC. It would also need to put in train 
the key elements of a comprehensive 
product plan and successfully 
deliver the crucial early vehicle and 
powertrain market launches. In 
doing so, it must in effect become a 
significant enabler of SAIC’s long term 
strategy and provide a jump start to 
the company’s ambition to become 
one of the top five global automakers 
by 2020.

the twenty-month 
mission of Ricardo 2010



extend to the external package – and 
the visible appearance of the two 
brands will be very different too.” 

Outside China, initial efforts are 
being focused on MG. The reason for 
this is that this strategy allows SAIC to 
develop new markets from a position of 
positive recognition where customers 
are likely to be more immediately 
receptive to this brand. Conversely, 
in China both the MG and Roewe 
brands have a very strong recognition, 
with the latter influenced by the very 
strong associations with the heritage 
and values of the former Rover brand 
history. 

Initial product success
The success of SAIC’s own brand 
vehicles developed from new 
platforms (as opposed to those in 
its original acquired IPR) has been 
extremely impressive. The first 
completely new vehicle engineered 
in-house by SAIC – the development 
of which dates back to Ricardo 
2010 period – was the Roewe 550. 
Sales in China following its 2007 
launch outstripped the company’s 
expectations by more than 100 
percent in its first year – yet Lindley 
views product quality and customer 
satisfaction as being equally 
important in terms of long term brand 
development: 

“We have started to consolidate 
Roewe as a premium Chinese brand, 
which is crucially important for SAIC. 
We don’t just want to compete with 
the best of the other domestic Chinese 
brands – we must be comparable 
with the imported brands if we are 
to be competitive in the longer term. 
Product performance, safety, quality, 
and to some extent price, must all 
be compare favourably with these 
international brands. The Roewe 550 
was a really important product to 
help us achieve that aspiration. Based 
on independent customer service 
satisfaction indices, Roewe is now 
ranked amongst the top three brands 
available in China – a pretty successful 
launch for a first completely new 
product of a very young brand.”

Since the Chinese launch of the 
Roewe 550, SMTC UK has led the 
development of the styling and 
engineering for the MG6, a fastback 
C/D segment vehicle developed from 
the same platform. This is the first 

completely new MG vehicle to be 
engineered for many years. Launched 
in China in early 2010, the MG6 is to be 
introduced to the UK late this year, with 
a possible European roll-out to follow. 
In order to be competitive in Europe 
the model has been engineered to 
meet EU5 emissions regulations as 
well as customer expectations for 
safety and feature content, including 
navigation and infotainment systems. 

A further significant milestone is 
that this model will be assembled 
at the former Longbridge UK plant 
– now known as MG Birmingham – 
on a semi-knock down (SKD) basis. 
This SKD assembly strategy may 
evolve over time, depending on the 
success of the model and the volumes 
required, says Lindley. “Our view as 
a business is that this is a sensible 
model with which to start our local 
SKD assembly operations. It’s a key 
product for the UK market and it will 
enable us to augment our existing 
very high quality processes already 
in place at our Chinese plants with 
additional checking and validation 
to ensure that it fully meets UK and 
European expectations. As additional 
models and potentially brands are 
introduced we may further expand 
this local manufacturing and assembly 
operation.”

The MG6 has already been 
extremely well received by the 
motoring press, with Matt Prior of 
Autocar magazine stating that: “No 
MG in the marque’s later incarnations 

drove this well. Fact is, the MG6 is 
already (and there’s still tweaking to 
do) borderline best in class to drive.” 
This is high praise indeed given that 
this was part of a back-to-back test of 
a pre-production development MG6 
along with the segment-leading Ford 
Focus. 

The platform strategy builds
Also tracing its early development 
back to the Ricardo 2010 period is the 
small car platform likely to be named 
MG3 when it is launched in China 
later this year. This small hatchback 
vehicle was previewed in the form of 
the ‘MG Zero’ concept at April’s Beijing 
motor show and all of the styling and 
engineering through to production 
release was completed in the UK 
technical centre.

A further new product platform 
launch was the lower-medium segment 
Roewe 350 sedan, which was launched 
early this year in China. The initial 
concept was developed in the UK and 
Lindley and his team are now working 
on an MG product from this same 
platform – a hatchback version with a 
launch currently scheduled for 2011. 

“So as you can see, since we started 
the project to create a completely new 
product development organization 
for SAIC with a coherent portfolio 
of newly engineered vehicles, we 
have successfully delivered three 
completely new platforms as the 
foundation of the range”, explains 
Lindley. “I can confirm that there 
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The new SAIC Motor Technical Centre at 
MG Birmingham (right), and the MG Zero 
concept car shown at the 2010 Beijing 
show as a preview for the forthcoming 
MG3 (below left).



are many more products in the 
development pipeline and it is our 
intention to cover all sectors including 
MPVs and SUVs, but we are unable to 
discuss them at this stage.”

Powertrain development
If the vehicle development story of 
SMTC UK is extremely impressive, 
then so too is the implementation 
of the SAIC’s own brand powertrain 
strategy whose origins can also be 
traced back to the days of Ricardo 2010. 

A completely new gasoline engine 
project was led by SMTC UK for the 
company’s lower end product ranges 
in both China and Europe. World-

class in cube size to enable maximum 
packaging flexibility, the engine 
offers internationally competitive 
performance, fuel economy and 
emissions. The engine has seen its 
first product release in the Roewe 350 
in naturally aspirated form and further 
derivatives and product installations 
are planned. 

A second larger capacity gasoline 
engine is also being developed, as is 
a diesel engine which is specifically 
intended for the company’s European 
products. The company’s first diesel 
car is planned as an MG6 variant to 
be launched within 12 months of the 
European introduction of the gasoline 
powered MG6. On transmissions, 
SMTC UK is leading the development 
of two entirely new six-speed 
units, while a further DCT is under 
development by the company in China.

Technology updates
Technology is seen as all important 
both in establishing the new MG and 
Roewe brands and in maintaining 

their market position. For this reason 
an active programme of technology 
updates is in train, aimed at increasing 
the feature richness of the company’s 
products in line with market 
expectations in both Europe and China. 

Longer term, SAIC also has a new 
energy powertrain group based in 
China, drawing support both from 
SMTC UK and external consultants. 
A plug-in hybrid electric vehicle is 
scheduled for production in 2012 and 
will include a hybrid transmission being 
developed in partnership with Ricardo; 
a small electric vehicle is also planned 
for introduction in the same year. 

Organizational development
With the acquisition of NAC in 
2007, the new SMTC UK – recently 
transferred from Ricardo ownership – 
was searching for new premises. The 
clearly obvious solution was to move 
into some of the vacant premises of 
the Longbridge site. A significant factor 
in this decision was the psychological 
impact on the highly successful 
product development team. As Lindley 
explains: “A major concern was that 
when our new SMTC UK organization 
moved onto the site, the move should 
not feel like a return to the old MG 
Rover. A lot of us had gone through the 
process of being made redundant from 
MG Rover, followed by the elation of 
working for SAIC through Ricardo 2010 
and, finally, as a part of the in-house 
SAIC team following the transfer of 
ownership. This was probably the best 
engineering job any of us had ever had 

Saic Motor

”Since we started the project to 
create a completely new product 
development organization for Saic with 
a coherent portfolio of newly engineered 
vehicles, we have successfully delivered 
three completely new platforms as the 
foundation of the range”
SMtc uK president david lindley

14 RicaRdo QuaRteRly Review • Q3 , 2010

Work progresses on the latest  
MG models at the engineering and 
design centre at MG Birmingham  
(below and opposite page)



in our lives. Despite the clear historical 
significance of the location, we didn’t 
want people to feel they were going 
backwards – we needed to ensure that 
the business culture and operations 
remained very different from the old 
MG Rover days.” 

The decision was taken very 
deliberately to move SMTC UK into a 
different building to that previously 
occupied by product development 
on this site before 2004. SAIC has 
since invested nearly £5 million in the 

new facility, creating a high-quality 
engineering environment including 
new IT infrastructure, a styling studio, 
engine test facilities and modern glass-
fronted conference rooms, break-out 
areas and open plan offices. “It doesn’t 
feel anything like the old organization 
but we remain extremely proud of 
the heritage – something that is really 
important in communicating the true 
values of the MG brand in our new 
products,” says Lindley.

The ultimate scorecard
So did the Ricardo 2010 project achieve 
its full objectives? Undoubtedly yes, 
according to Lindley, a view which 
is validated by the high-performing 
scorecard of achievements to date. 
SMTC UK is now a central part 
of the SAIC’s own-brand product 
development strategy. In addition to 
its engineering responsibilities, the 
renamed MG Birmingham site is now 
home to a newly built design centre: 
this is effectively the spiritual home 
of the future MG brand, acting as the 
styling house for all new MG models 
and responsible for the success of both 
the European products as well as the 
MG products in the Chinese market. 

From a local manufacturing 
perspective all of this is positive news 
too. With the MG6 about to launch 
on the UK market, this will be the 
first completely new product to be 
assembled – albeit in SKD form – at 
MG Birmingham in many years. With 
SAIC seemingly on course to achieve 
its stated ambition of becoming one of 
the global top five automakers by 2020, 
it seems clear that the Ricardo 2010 
organization very much accomplished 
its mission while its successor, SMTC 
UK, goes from strength to strength as 
one of the world’s leading automotive 
product engineering organizations. 

”it doesn’t feel anything like the old 
organization but we remain extremely 
proud of the heritage – something that 
is really important in communicating the 
true values of the MG brand in our new 
products” SMtc uK president david lindley
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First elements Saic’s all-new multi-brand platform strategy

Platform MG products Roewe products 

Small car 
MG3 – previewed in form of MG Zero 
concept car at 2010 Beijing show 

No announcement as yet 

Intermediate 
MG product – hatchback planned for 
launch in 2011 

Roewe 350 – 3-box sedan, launched in 
China early 2010 

Family car 
MG6 – fastback design, launched in 
China early 2010, European launch 
late 2010, SKD assembly in UK 

Roewe 550 – 3-box sedan, launched in 
China 2007 to wide acclaim. Outstripped 
sales plans 100% in first year – responsible
for top 3 customer satisfaction rating. 



Pioneering the next major developments in combustion engine design is part 
of Ricardo’s corporate DNA. One of its latest research projects is expected to 
yield a fundamental step forward in direct injection systems for spark ignition 
engines. Jesse Crosse finds out why.
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A clear view on

gasoline combustion
Ricardo has developed a new Spray 

Guided Direct Injection (SGDI) 
combustion system that is expected to 
significantly reduce CO2 emissions in 
spark-ignition engines by substantially 
reducing pumping losses. The system 
is compatible with alternative fuels as 
well as gasoline and costs less than 
diesel technology for similar benefits. 
Development of the SGDI combustion 
system is being carried out in the form of 

an advanced research programme led by 
Ricardo in collaboration with PETRONAS 
Research Sdn. Bhd., the Sir Harry Ricardo 
Laboratories of the University of Brighton, 
and with additional support from Cardiff 
University. 

The SGDI research project started 
three years ago, following work on 
a conventional engine for emerging 
markets. “Our aim was to leapfrog 
existing production SGDI systems 

and address the next generation 
technology,” says project chief 
engineer, Jason King. “The emphasis 
was also on developing a system that 
would be compatible not only with 
gasoline but also for future application 
with ethanol and methanol blends too.” 

Ricardo sees the trend for gasoline 
engines to 2025 and beyond heading 
inexorably down a path of aggressive 
downsizing, an approach which is 

Spray Guided Gasoline di



A clear view on

gasoline combustion
supported by the use of SGDI. These 
engines will need to be flexible enough 
to handle all available fuels (that are 
compatible with spark ignition) and 
produce high BMEP while having the 
potential to deliver a robust stratified 
engine operation. They must also 
support a variety of engine sizes; this 
can prove challenging since the SGDI 
technology can be difficult to package 
in engines with small bore sizes.

Currently only one type of injector 
is suitable for stratified SGDI, the 
‘A-nozzle’ injector with an outward 
opening pintle. This type of nozzle is 
very robust in its mixing of fuel and 
air at all speeds and loads for SGDI 

applications, whereas a conventional 
multi-hole injector is not. The only 
production injectors currently available 
with outward opening pintles are piezo-
operated and too expensive for use in 
low-cost, mass-market engines. 

For this reason the project centres 
around a solenoid operated A-nozzle 
injector, one of only a few of its kind 
available with solenoid operation. The 
price differential is startlingly high. 
“Taking a standard, solenoid operated 
MPI injector as the base, we estimate 
that a GDI multi-hole solenoid system 
is three times the price and a piezo-
electric system nine times the price,” 
explains King. In contrast, a solenoid-

controlled A-nozzle system also works 
out at around three times the price and 
is therefore feasible for a smaller, high 
volume engine. 

Injection strategies
There are a number of direct injection 
systems in the market today. Early 
stratified charge systems were 
wall-guided but the relatively high 
hydrocarbon emissions levels would 
not meet even today’s emissions 
regulations. Air-guided systems are 
good for homogeneous direct injection 
in high volumes but not robust enough 
for stratified operation. Stratified SGDI 
systems have appeared in the market 
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too, but so far in a relatively small 
number of premium cars. Air-guided 
systems rely on air motion to carry the 
fuel mixture to the desired location 
within the combustion chamber 
whereas spray-guided systems, as the 
name suggests, rely on the injector to 
deliver the right profile of fuel spray to 
the right location. No surprise, then, 
that Ricardo perceives a substantial 
opportunity to lead the field in SGDI 
engine design.

Because Ricardo’s approach factors 
in alternative fuels and is based on 
fundamental principles, it leapfrogs 
existing SGDI systems. The robust 
stratification enables the engine to be 
run like a diesel at all speeds and loads, 
in the sense that it doesn’t require 
throttling at any speed or load. This 
fundamental research is being carried 
out with two main pieces of equipment: 
a highly advanced optical single-
cylinder engine to minutely observe 
the stratified combustion process 
and a conventional ‘thermal’ single-
cylinder research engine to analyse 
thermodynamics. 

The work is jointly carried out by 
Ricardo and PETRONAS Research 
at the University of Brighton where 
the two test engines are installed. In 
addition to this, Cardiff University is 
providing assistance in experimental 
spray characterization using a specially 
designed rig. This comprises a 
cylindrical optical chamber equipped 
with quartz windows into which an 
injector delivers a charge that can 
be filmed using high-speed imaging 
systems to visualize the spray. 

This particular aspect of the work 

Spray Guided Gasoline di
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Single-cylinder research engines take the guesswork  
out of combustion system design

The single-cylinder thermodynamic 
research engine comprises the 
standard Ricardo Hydra single-
cylinder crankcase and cranktrain 
assembly. The valve train is fully 
variable using cam phasers for 
VVT and switchable tappets for 
variable valve lift. The valvetrain 
also incorporates an hydraulic lash 
adjuster. A common head casting 
accommodates two different spark 
plug and fuel injector packaging 
configurations and there is a 
common casting for the cam box and 
cam cover which can be machined to 
accommodate variations in the inlet 
and exhaust valve banks. The cylinder 
head has a high-tumble inlet port 
design with a tumble ratio of 0.9 and 
a high compression ratio of 11.5:1.

“To be able to extract and 
understand as much as possible from 
this research, we had incorporated 
a lot of variable and controllable 
parameters into the design” says 
Suffian Sahadan, staff engineer at 
PETRONAS Research. “Parameters 
like variable valve lift and timing, 
multi ignitions and injections plus 
flex-fuel capability, to name but a 
few. The design of a thermodynamic 
engine provides us a good platform 
to replicate real world overall engine 
functionality and performance but in 
order to appreciate what is happening 
inside the combustion chamber in 
itself, an optical version of the engine 
allows us to do just that. It is the 
crown jewel indeed.” 

The single-cylinder optical research 
engine is possibly the most advanced 

of its type in the world, with much 
greater optical access than existing 
designs and with superior vision into 
the cylinder, particularly around the 
spark plug. It has crystal clear optics 
thanks to a quartz optical cylinder 
liner which, uniquely for an engine 
of this type, protrudes right into 
the combustion chamber thanks 
to a specially developed cylinder 
head gasket system. The lower part 
of the engine has a conventional 
style connecting rod and piston 
with oil scraper rings running in a 
conventional cast iron bore to keep 
lubricating oil in the crankcase. 

The optical ‘half’ of the engine sits 
on top of this assembly, a hollow 
titanium connecting rod attaching 
the lower piston to the upper piston 
which has a unique upper design 
incorporating a quartz crown with 
bowl and valve cut-outs. Also 
incorporated in the piston’s quartz 
crown is a fish-eye lens giving a very 
clear view of the combustion process. 
The piston itself is a composite, with 
the quartz crown bonded to a ceramic 
base using an epoxy glue. A mirror 
gives a clear view vertically upwards 
into the combustion chamber by 
looking from the side of the engine, 
with the optical piston running ‘dry’ in 
the quartz bore. The cylinder head is 
black anodised to prevent reflection 
of the lasers and the engine can 
operate to a peak cylinder pressure of 
70 bar.

“our aim was to 
leapfrog existing 
production SGdi 
systems and address 
the next generation 
technology… 
developing a system 
that would be 
compatible not only 
with gasoline but  
also for future 
application with 
ethanol and methanol 
blends too”  
 Jason King, Ricardo
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allows detailed analysis of the injected 
charge, including observation of the fuel 
droplet size and velocity using Phase 
Doppler Anemometry (PDA). The rig 
has the capability to simulate elevated 
ambient temperatures and pressures 
of up to 12 bar and 150°C. The ability 
to change the pressure in the rig is 
significant as the spray shape is affected 
by pressure. It is also possible to observe 
the effects of changing the spray 
duration and the unit can simulate low 
temperature conditions down to -30°C, 
something that is particularly important 
in relation to the use of alcohol-blended 
fuel in cold climates. The rig is accurate 
enough to measure the instantaneous 
flow rates with a special device which 
shows in incredibly fine detail what the 
injector is actually doing.

Packaging spray-guided injectors
There are two fundamental methods 
of packaging spray-guided systems: 
longitudinal and transverse. Spray-
guided systems rely on the the injection 
of the fuel for its mixing at the correct 
air/fuel ratio and do not rely on air 
motion to help it mix (although air 
motion is needed to help it to burn). 
The two Ricardo test engines use 
the transverse method whereby the 
injector and spark plug are mounted 
perpendicular to the engine crank axis. 
But as the cylinder bore is reduced to 
about 80 mm it becomes necessary 
to organize the spark plug and injector 

longitudinally. Ricardo is successfully 
testing both systems but benefits are 
naturally enhanced with transverse 
configuration due to the motion of the 
intake air entering through the two inlet 
valves closest to the injector. 

A crucial aspect of the programme 

is the design of experiments (DoE). 
Understandably there are a huge 
number of variables to consider, 
from engine speed to EGR quantity 
and injection timing to spark energy 
– the range is huge, especially when 
considering the use of multiple injection 

High speed photography from the  
optically accessed engine showing 
fuel injection (above) and combustion 
development (sequence below).



strategies. The aspiration of the project 
is to achieve similar fuel consumption 
to a modern diesel engine at around 
half the cost. “Yet,” says King, “one 
important economic fact is that 
while the cost of developing an SGDI 
engine is higher than a conventional 
MPI engine in order to reduce fuel 
consumption, the cost of a diesel goes 
up to address both fuel consumption 
and reduce regulated emissions. 

Results to date have achieved a 20-25 
percent reduction in fuel consumption 
from fully homogeneous operation to 
running stratified at part load. In some 
instances it has been possible to run 
the engine on an astonishingly lean 
air-fuel ratio of 146:1 using a wide open 
throttle. As far as other combustion 
products are concerned, hydrocarbons 
are actually lower than a homogeneous 
engine, though there is an increase in 
NOx which will be controlled using 
external EGR and if necessary, a lean 
NOx catalyst. There is an expectation at 
this stage of the project achieving Euro 
6 with minimal NOx aftertreatment and 
possibly just using EGR, depending 
on customer strategies and the type 
and size of engine that the combustion 
system is deployed on.

Ricardo has worked closely with 
the University of Brighton for many 
years and supported the foundation 
of the Sir Harry Ricardo Laboratory in 
which the two single-cylinder research 

engines are installed. The first laser 
diagnostics tools were developed 17 
years ago and since then there has 
been a close association between the 
University and the tools and diagnostics 
specialists at Ricardo. Early on, the 
two establishments collaborated 
on fluid and thermodynamics and, 
more recently, on emissions and 
particulates. The details of the SGDI 
project were first discussed three years 
ago but were formalized early in 2009 
when University of Brighton Senior 
Research Fellow, Steven Begg, was 
appointed to oversee the analysis work 
being carried out on the SGDI optical 
and thermodynamic single-cylinder 
research engines.

Optimum running condition
The aim is to use the thermodynamic 
engine to determine optimum 
performance and then to research these 
conditions on the firing optical engine,” 
explains Begg. The team can apply a 
series of tools ranging from ultra-high 
speed photographic techniques to 
more complex fluorescence imaging 
techniques. “These help us to gain an 
understanding of how the air and fuel 
come together, how they mix, how 
they mix with exhaust gasses and 
also the subsequent characteristics of 
the combustion event itself, the burn 
rate, the heat release and so on,” Begg 
continues. The net result is a better 
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PetRoNaS joins the team

“We were extremely enthusiastic to 
join the SGDI research programme,” 
explains Farid Nor, project 
manager at PETRONAS Research. 
“PETRONAS and Ricardo have a 
long-standing relationship in the 
automotive field since 1997. It is in 
the interest of both parties to bring 
a team together in the research 
and development of advanced low 
emissions and high fuel efficiency 
combustion systems.

“The research programme has 
drawn upon the internationally 
respected Sir Harry Ricardo 
laboratories of the University of 
Brighton, which is one of the world’s 
most advanced and commercially 
focused combustion diagnostic 
research teams, as well as the 
spray characterization skills of 
Cardiff University. A large amount 
of Computer Aided Design and 
Computer Aided Engineering work 
was carried out by the engineers 
both at the PETRONAS Research 
facilities in Malaysia and Ricardo’s 
Shoreham Technical Centre. The 
coordination of activities from the 
various locations was achieved 
through regular discussions and 
web teleconferences, supported by 
effective data managements system 
at each of the project sites.”

the new system breaks new ground; it is 
a step change in SGdi combustion system 
design and will achieve diesel levels of fuel 
consumption without the costs associated 
with diesel engines
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understanding of the combustion 
stability of the engine, something that 
is directly related to the emissions that 
come out of the exhaust.

The optical techniques available 
today measure the air and fuel that flow 
into the engine, the combustion flame 
development and also the chemistry of 
the combustion gasses. The laser-based 
techniques at the team’s disposal are 
unobtrusive measurement techniques 
which do not require the insertion of a 
probe or influence the engine’s function 
in any way. Measurements can be made 
using the properties of light – whether it 
is reflected, refracted, or whether there 
are some atomic transitions occurring 
within the properties of the fuels which 
are excited using high-powered lasers. 

Measurement techniques
Phase Doppler Anemometry (PDA) 
is used for measuring fuel droplet 
size and velocity; particle image 
velocimetry (PIV) is used for measuring 
the gaseous flow field and laser-
induced fluorescence (LIF) measures 
the liquid and vapour phases of the 
fuel. Fluorescence techniques are also 
used for measuring the formation of 
the hydroxide radical and also the 
location and formation of NOx during 
a combustion event. By this, the team 
can track these sites and gain some 
information on the NOx and unburnt 
hydrocarbons within the cylinder. 

The optically accessed engine – and 
the spray characterization rig – also 
plays an extremely important role 
in validating the in-cylinder mixture 
formation and combustion modelling 
using the VECTIS CFD package. By 
validating both the statistical models 
of the fuel injection process as well as 
the complex in-cylinder models of the 
mixing and combustion processes, 
a much higher degree of confidence 
can subsequently be placed in the 
CAE simulation methods in exploring 
a much wider range of operating 
conditions than would be possible 
to test on the comparatively delicate 
optical engine. These can subsequently 
be validated in the conventional 
‘thermal’ engine as the final part of a 
sophisticated and highly integrated 
suite of experimental and analytical 
methods. 

Lars Schmidt is a PhD student 
who performed the analysis on 
the combustion process. Schmidt 
graduated from the University of 
Karlsruhe, having started his PhD in 
Mechanical Engineering and Applied 
Science at Brighton, while working in 
parallel for Ricardo, in January 2009. 

He had already spent six months at 
Ricardo on a placement while working 
on his thesis which examined 1D and 
3D analysis of the GDI engine in the 
summer of 2008. 

“I became involved in the SGDI 
project during the very early stages 
mainly doing analysis using 1D analysis 
in WAVE and 3D analysis in VECTIS,” 
he explains. “The early work involved 
converting port injection models into 
direct injection models, utilizing new 
cylinder head geometries and valvetrain 
strategies also suitable for bio-fuels.”

Combustion system design
The key aspect to developing the 
combustion system design lay in 
achieving the correct positioning of 
the injector and spark plug relative to 
one another: this was so successful 
that it worked almost immediately 

when put into practice. The design 
was accomplished through CAD and 
validation work before the hardware 
was developed. The new system 
breaks new ground; it is a step 
change in SGDI combustion system 
design and will achieve diesel levels 
of fuel consumption without the 
costs associated with diesel engines. 
Using this system it is possible to run 
any strategy the customer requires 
from stratified, a combination of 
homogeneous and stratified or boosted 
stratified. 

With the new optical engine freshly 
commissioned, optimization of the 
combustion system is expected to 
progress quickly and the first examples 
of this highly promising combustion 
concept could be incorporated in highly 
fuel efficient production engines from 
as early as 2013. 



RQ interview – didier leroy

Toyota’s public standing has been 
dented by the worldwide recall, 
despite the brand’s top-level customer 
satisfaction ratings. How do you plan 
to solve this image problem?
My position is that it wouldn’t work if 
we just talked and tried to convince 
people. We need to show, with 
evidence based on fact. You can ask 
any of our suppliers what quality level 
we demand compared with those of 
our competitors – but even this [higher] 
level isn’t enough, because we have 
faced some problems. So let’s take 
two steps ahead to make sure that we 
open up a big gap in relation to our 
competitors. Customer experience is 
the best way to rebuild and improve our 
quality reputation.

Toyota’s reliability levels are already 
very high. Is there more scope for 
gaining a competitive advantage by 
improving design and convenience, 
rather than simply pursuing the 
elimination of failure?
You are right – these are two different 
levels. But in terms of customer delight, 
both are very important. The key for us, 
and this is what we did for the recall, 
is to secure the customer – repair the 
car as quick as possible. We should be 
modest enough from our side not to 
say that our car is better – the customer 
should make this evaluation. When a 
customer says he wants to buy a Toyota 
because it’s the most reliable car on the 
market, this is ten or one hundred times 
better than one of us saying ‘you can 
trust in our car’. 

Your cars have often been 
characterized as dull and lacking in 
excitement, especially by buyers in 
Europe. How are you addressing this?
We should clearly define the identity of 
our brand through design, something 
we are working very hard on for both 
Lexus and Toyota in our ED2 studio 
[in France]. We are working hard to 

bring back the European customers’ 
expectations for interior quality and 
sensory quality – these are totally 
different compared with the US and 
Japan. What is important in Europe 
in areas like the touch and feel of the 
plastics is completely different in Japan 
and the US. If as Europeans we insist 
on a particular touch on the IP, in the 
US they tend to say that no one cares 
about it; if we ask a Japanese or a 
Chinese customer the same question, 
they do not care either. Yet in Europe 
we hear criticisms of poor, hard plastic 
– so how do you find the balance? 
Maybe customers in other markets will 
come to appreciate European interior 
and sensory quality, and European 
carmakers will set the standard 
elsewhere too.

Are you developing a product 
philosophy which will allow you 
to put more personality into all the 
cars, rather than just trying to make 
individual models more exciting?
In terms of brand identity, when you 
are out on the road and you see the 
daytime running lights of a certain 
German brand’s car you know what it 
is from 100 metres away. It’s easy to 
identify because there is a strong sign 
showing something different – and this 
is what we also want to do. But it’s not 
easy to develop a clear face for Lexus, 
a face for Toyota – something about 
the look that says this is obviously 
a Toyota, even without any logos. 
We don’t yet have this consistency 
throughout the brand: it’s part of the 
job we have to do.

So is the aim to unify the look 
of Toyotas in all markets of the 
world?
This is a worldwide trend, but 
it doesn’t mean we will have a 
uniform face, say like Peugeot. 
We need to keep some strong 
differentiation and are working hard 

on finding features which will give a 
strong sign to the customer that this 
is a Toyota, this is a Lexus. One of 
the key challenges is to find a form of 
differentiation which will always give 
an impression of a higher-range model 
rather than a lower-range one.

Lexus still has a small market share in 
Europe compared with the German 
premium brands. What do you see as 
the way forward?
The latest RX [hybrid crossover SUV] 
is selling well in every European 
market right now. But the CT 200h 
will represent a new start for Lexus in 
Europe – we’re expecting it to be 40 
to 50 percent of our European sales 
in a full year. Lexus is in the premium 
segment, and at the moment we don’t 
have a car in the C-premium segment, 
so the CT 200h it should give [overall] 
Lexus sales a big boost. This is the only 
segment to have grown over the past 
two years. The larger segments 
are shrinking fast, so the CT 200h 
is a wonderful opportunity.

Bringing back confidence
Didier Leroy was promoted to president of Toyota Motor Europe in June 
this year – just as the quality-icon company had finished recalling millions of 
cars worldwide for accelerator faults. He tells Tony Lewin how he will restore 
public faith in the brand, promote hybrids and bring Lexus into the C segment
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On a broader level, will the Lexus 
strategy change?
We are not trying to compete directly 
with BMW, Mercedes and Audi in 
Europe as they will do everything 
to ensure Lexus is not a big success 
here. So we’re not rushing for 
volume: instead, we’re concentrating 
on different areas such as different 
technology – CT 200h will be totally 
different as there is no other C-premium 
full hybrid – and the customer 
experience, with a specific quality of 
service at Lexus that we want to be very 
different to our competitors in Europe. 
At Lexus we are not what some of them 
are becoming today – a kind of mass 
production. Today, to buy a Lexus in 
Europe is to be different by choice.

Toyota is making hybrids a strong 
theme in its model offer. Do you plan 
to produce diesel hybrids as well as 
gasoline ones?
Our current strategy is gasoline 
hybrids: we don’t have any plans to 
do diesels. We do have a diesel hybrid 
in Japan – it’s for a small truck – so 
we have some experience already 
and know what are the good and the 
difficult points. There are problems 
such as smoothness between diesel 
and electric operation, and if you 
consider the total picture, including 
NOx, the best current solution is the 
gasoline hybrid. We’ve been looking 
at all the different solutions and we 
strongly believe that the gasoline 
engine, in terms of performance, 
CO2 and NOx emissions, and cost of 
ownership is a very good proposition.

Where do you now stand on electric 
vehicles?
We already have 20 plug-in hybrid 
Prius cars operating in London and 
around 200 in Europe. It’s a wonderful 
opportunity for us to learn through 
customer experience how to prepare 
the next step – which will be the 
introduction on the [broader] market 
of the plug-in hybrid. For us the plug-in 
hybrid is the best of both worlds – the 
electric world and the world of the 
traditional engine.

What does Toyota hope to gain from its 
investment in US EV maker Tesla?
Tesla is a good opportunity for us to 
learn through a very agile organization 
about speed of development. Because 
we are working on all the alternative 
hypotheses at the same time – hybrid, 
plug-in hybrid, electric, even fuel cells 
– it’s important for us to have this joint 
venture with Tesla.

Didier Leroy – President, Toyota Motor 
Europe, Managing Officer, Toyota 
Motor Corporation
Didier Leroy joined Toyota Motor 
Manufacturing France in 1998 from 
Renault, where he had been in charge 
of manufacturing. He was instrumental 
in setting up the Valenciennes plant 
in eastern France, where the Yaris is 
built, and was appointed senior vice 
president in 2003. In 2007 he was 
named an executive vice president 
of Toyota Motor Europe, as well as a 
managing officer of the parent Toyota 
Motor Corporation. Following the 
worldwide recall of Toyota vehicles 

in 2009 and 2010, Leroy took on 
the responsibility of chief quality 
officer for Europe, reporting 

directly to TMC president Akio 
Toyoda’s special committee for 
global quality. In June 2010 he 
succeeded Tadashi Arashima 
as president of Toyota Motor 
Europe, reflecting a new policy 
of giving local managers greater 
responsibility.

“One of the key challenges is to find a form 
of differentiation which will always give an 
impression of a higher-range model rather than 
a lower-range one”

Lexus CT 200h (left) is the first 
full hybrid in the premium C 
segment, while Toyota Auris 
HSD (top) brings hybrid power 
to the volume market
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Less than eight years after its launch, 
Ricardo Strategic Consulting (RSC) 
has celebrated its 400th client 
engagement. RSC was founded 
on the premise that sophisticated 
clients were seeking more from their 
consultants than traditional generalist 
firms could provide. The organization 
aimed to address this need by 
leveraging the talents and knowledge 
of its team of consultants and their 
extensive multi-industry experience, 
together with the deep technical and 
innovative engineering skills and 

knowledge of the Ricardo group. 
So successful has RSC been 

in its mission that its portfolio of 
engagements is now diversified 
across an extremely broad range 
of service offerings. These include 
operational and technology due 
diligence, technology and market 
entry strategy development, 
product development effectiveness 
improvement, integrated cost 
reduction, high-value problem 
resolution and supply chain 
optimization. The breadth of work 

covers the entire product lifecycle 
from upfront portfolio planning 
through to aftermarket, service and 
warranty management. RSC’s global 
client list has expanded beyond the 
automotive and commercial sphere 
into other technology intensive 
industries including aerospace 
and industrial products, where its 
advanced perspectives on product 
development processes are highly 
valued. In addition, RSC has expanded 
successfully into adjacent markets 
such as financial institutions, power 

Key milestone for Strategic Consulting

Ricardo News

Logistics operations can represent 
a significant part of the total 

carbon footprint of goods of all 
types – everything from supermarket 
produce to consumer durables such 
as cars, and industrial equipment 
and components. In order to help 
drive business improvement and 
sustainability throughout the supply 
chain from factory to point of sale, a 
research project known as Efficient 
and Reliable Transportation of 
Consignments (ERTOC) has been 
established in the UK. 

The project is based around a 
collaboration between transportation 
sector partners including Ricardo. Part 
funded by the government-backed 
Technology Strategy Board, ERTOC 
is led by GS1 UK and involves Unipart 
Logistics, IRIS Technology and Coventry 
University in addition to Ricardo. The 
collaborative two-year project aims 
to develop a standards-based open 
architecture data hub. This will deliver 
accurate information to enable transport 
operators and their customers to improve 
business efficiency and effectiveness. 

The focus of ERTOC is to demonstrate 
how a standardized data hub can 
track the carbon costs of transport at 
consignment level. By understanding 
the true environmental costs involved, 
users will be able to compare and assess 
different transport options to make 
better informed choices. The project 
will also develop a demonstration 
application that will use the information 
required for carbon tracking to show 
how a data-centric open architecture can 
deliver new functions.

ERTOC aims to provide information 
that will drive forward a number 
of benefits to transport operators, 
retailers, manufacturers and regulators. 
These include transport optimization 
through the comparison of the true 
environmental costs of different modes 
of surface transport; improved process 
efficiency through the simplified and 
standardized flow of information 
between transport users and providers; 
reduction in energy consumption and 
emissions by providing standardized 
access to driver behaviour data, and 
improved supply chain visibility by 
providing timely information on the 
status and location of consignments.

Existing tracking systems lack 
integration and are expensive and 
closed and provide limited, vehicle-
centric information. ERTOC’s open-
standards approach to the delivery of 
timely information on carbon emissions 
and costs related to transport will 
deliver significant benefits to the wider 
community through reductions in energy 
consumption, congestion and emissions. 

“The key element of intelligent 

transportation systems (ITS) is data 
and how this is used to improve 
systems,” explains Tom Robinson, 
project director responsible for ERTOC 
at Ricardo. “The increasing availability 
of data from telematics, infrastructure 
and web-based systems warrants a 
new approach in data management, 
provision and sharing that supports 
the development and supply of new 
systems and services.”

“Being able to access real data from 
all transport stages in the finished 
goods supply chain will enable our 
clients to make better informed 
decisions and drive cost and carbon 
out of their business,” said Richard 
Bruges, head of innovation at Unipart 
Logistics. “Our clients are increasingly 
conscious of the environmental 
impact of their supply chains and need 
much better information about the 
true environmental costs of product 
sourcing decisions. We expect ERTOC 
to provide a significant step forward 
by delivering accurate data to replace 
the estimates and proxy data on which 
current analysis depends.”

Sustainable 
logistics



Paul Jordan to 
chair UK marine 
energy group

Paul Jordan, Ricardo 
market sector 
director for clean 
energy, has been 
named as chairman 
of the Marine 
Strategy Group 

of RenewableUK, the leading 
industry association representing 
the interests of the UK wind, 
and marine renewable energy 
organizations. In addition to acting 
as an industry forum for this highly 
innovative and rapidly developing 
industry sector within the UK, the 
group will provide a focus for the 
development of RenewableUK 
policy and advice to Government 
and other key stakeholders in the 
development of the UK marine 
renewable power industry. 

“I believe that it is important that 
the UK maintains and significantly 
grows its pre-eminent position 
in marine energy technology 
development and deployment,” 
said Jordan. “The UK currently 
hosts the majority of the world’s 
leading wave and tidal stream 
technology developers and the 
potential environmental, economic 
and security of energy supply 
benefits for the country are huge,” 

Studies have shown that wave 
and tidal stream energy could 
supply up to 20 percent of the UK’s 
electricity demand, said Jordan, but 
the key to unlocking this potential 
requires a clear and concise 
long-term framework, focused on 
delivery by both the public and 
private sectors, and covering the 
industry requirements in terms 
of finance, site development and 
innovation. 

“RenewableUK has a crucial 
part to play in successfully driving 
forward development of the marine 
renewable power industry,” he 
added, “and my aspiration as chair 
of the Marine Energy Group is to 
help facilitate this in coordination 
with the sector’s key government 
and industry stakeholders.”

Paul Jordan joined Ricardo 
in April 2010 as market sector 
director for clean energy and power 
generation.
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A report on the UK auto industry 
based on work carried out by 

Ricardo has been published by the 
UK Government-backed Technology 
Strategy Board. This is the first time 
that research has revealed the areas of 
the automotive industry where the UK 
thrives, and also outlined areas where 
capability could be developed. 

The study – hailed as groundbreaking 
by the Technology Strategy Board 
– looks in detail at each Research 
and Development area within the 
auto industry, measuring the UK’s 
capability. Designed to be used as a 
basis by which funders and businesses 
can make future decisions about the 
development of the auto industry, it is 

envisaged that the report will help the 
UK to take advantage of the market 
opportunities that the development of 
low carbon vehicles brings. 

“This report demonstrates that the 
UK motor industry is well set to exploit 
the transition to ultra low carbon 
vehicles,” commented Paul Everitt, 
Chief Executive of the Society of Motor 
Manufacturers and Traders. “It has the 
skills, capabilities and technological 
strengths that are required for success. 
Industry is committed to low carbon 
technology, investing heavily in research 
and development, product testing and 
world-class production facilities.”

“This is a brilliant guide for the 
auto industry, putting them in a 
position where they can see where 
the opportunities and challenges lie,” 
added Iain Gray, CEO of the Technology 
Strategy Board. “It enables anyone 
to examine the current capability in 
the UK and maybe even recognize 
opportunities to help strengthen areas 
that show room for improvement. 

“It doesn’t draw conclusions about 
the direction that we should take or set 
out a strategy but is a rich resource of 
information, showing what the auto 
industry in the UK is good at and where 
we are best placed to grow. It’s going to 
help inform decisions about the direction 
that business takes and where future 
investment should lie, including those 
made by the Technology Strategy Board 
in conjunction with partners when it 
comes to the future direction of our Low 
Carbon Vehicles Innovation Platform.”

‘Groundbreaking’ 
Ricardo evaluation of UK 
automotive industry

generation and the rapidly expanding 
clean technology sector.

“This is a significant achievement 
for Ricardo,” said RSC global 
managing director Markus Doerr. 
“The business momentum continues 
to accelerate as demand for our 
services has surged in the post-
financial crisis era. Our clients 
come to us for help with some 
of their most serious challenges, 
seeking top-line revenue growth, 
operational improvement, new 
product strategies or support with 
mergers and acquisitions. In just a 
few years we have taken Ricardo from 
the position of a relative newcomer 

in this space to one of the world’s 
most respected technology-focused 
strategic consultancies. As the 
400th engagement milestone amply 
demonstrates, our clients come back 
to us again and again for assistance 
with their most difficult business 
problems.”

Customer savings in excess  
of $100 million
As an illustration of the benefits 
RSC has brought to its customers, 
the Integrated Cost Reduction (ICR) 
process introduced in 2005 has 
already delivered savings in excess of 
$100m for Ricardo customers.
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Capiton...

Shengrui’s 8AT moves 
closer to production

Two key appointments to Ricardo’s 
rail sector team bring world-class 
skills and experience in signalling and 
communications and in rail vehicle 
power systems. The new team 
members will enable the company 
to further improve delivery of its 
advanced technology solutions for 
rail industry customers. 

Respected rail industry 
professional Tracey Best joins 
Ricardo as project director, signalling 
control, from Invensys Rail where 
she was head of engineering and had 
accountability for all applications, 
engineering capability and operations 
within the Northern European 
division of the company. Before 
this she was managing director of 
Omnicom Engineering Ltd of York, 
UK, an advanced technology supplier 

of positional and digital imagery 
systems to the transportation sector. 
In the course of a distinguished career 
covering international markets and 
sectors from high-speed rail to mass 
transit systems, she has also held 
positions with Parsons Transportation 
Group, Alstom Transport Information 
solutions, and the former British Rail. 

Best is joined on the Ricardo rail 
team by Jim Buchanan, who has 
been appointed as chief engineer, 
rail, joining the company from 
Bombardier Transportation where 
he was lead engineer for diesel 
power systems. A specialist in rail 
vehicle traction technology, he has 
gained wide-ranging international 
experience in a career that has 
included appointments with 
Cummins Rail, Brush Traction, Alstom 

Transport Service, and Rolls-Royce 
Power Engineering. Jim Buchanan 
is a Fellow of the Institution of 
Engineering and Technology, and is 
married with two children.

“I am extremely pleased to 
welcome Tracey Best and Jim 
Buchanan to the Ricardo rail team,” 
said Ricardo global rail market 
sector director Simon Scott. “These 
appointments add critical mass to our 
rail business, enabling us to leverage 
the resources, skills and technologies 
of the Ricardo organization in a 
manner that adds significant value 
for rail industry customers. The fact 
that we have been able to attract such 
highly capable individuals to our team 
shows the opportunities that we will 
be able to exploit for the benefit of 
our customers and shareholders.”

Rail team grows

Following an extensive programme 
of vehicle-based demonstrations 

at Weifang, China, the highly advanced 
eight-speed automatic transmission 
– developed as the result of a close 
collaboration between Shengrui and 
Ricardo – has moved a significant step 
closer to production. The new front 
wheel drive 8AT transmission offers 
the prospect of improving powertrain 
efficiency and hence fuel economy, while 
also providing a highly satisfying and 
sporty performance. 

The vehicle tests of the 8AT 
transmission were carried out at 
Weifang on 1st  September in the 
presence of approximately 25 officials 
of the Chinese government as well 
as senior representatives of SAE 
China and major Chinese automakers 

including ChangAn, FAW, Great Wall 
and Dongfeng. Feedback from the tests 
was extremely positive, with those 
driving the vehicle commenting on the 
high quality of the transmission and 
the smoothness of its performance, 
helped by the 8AT’s advanced Ricardo 
control software and calibration. As a 
result of this formal review of the 8AT 
transmission, the Chinese government 
has now given its formal approval for 
the prototype to proceed to production. 

The project to develop the 8AT 
transmission started in mid 2009. The 
ground-breaking 8AT concept was first 
proposed by a respected transmission 
specialist, Professor Peter Tenberge, 
director and chair of machine elements 
in the faculty of mechanical engineering 
at Chemnitz University, Germany. As 

developed in collaboration between 
Ricardo and Shengrui over the past 
year, the 8AT includes a unique 
combination of epicyclic and parallel 
axis gearing, in which three simple 
planetary gears are used together with 
a single brake and four clutch units. 

Just seven months following the 
start of the project the first prototype 
was demonstrated at Ricardo’s 
Leamington Spa, UK, facility in 
February 2010, and in April a vehicle 
featuring an 8AT was subsequently 
unveiled at the prestigious Beijing 
Motor Show. Following completion of 
this important milestone review, it is 
anticipated that a production version 
of the new gearbox will be ready 
for manufacture in China in the near 
future.
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For more information 
about our current 
seminar programme 
or to discuss individual 
company-speci� c training 
requirement, please 
contact: 
seminarinfo@ricardo.com. 

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:
3-4 November 2010 

Internal Combustion Engine 
Fundamentals:
18-19 January 2011

Automotive Transmissions 
Fundamentals: 
16-17 February 2011

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. 

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.

A two day seminar covering the 
fundamentals of automotive 
transmission technology. The 
seminar will cover the main types 
of automotive transmission and 
is aimed at engineers who wish 
to gain a broad understanding 
of transmission technology, 
applications and future trends.
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