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I am sure that you are all aware 
of the significant changes 
that Lotus is going through to 
grow its leading position in 
the high value segment of the 
automotive industry.

Lotus Engineering continues 
to perform strongly, despite 
the previous difficult economic 
climate, ending the last 
financial year in a very strong 
position – both financially and 
operationally. Profits exceeded 
target more than 3 fold and staff 
numbers increased by 20%. 
Our key offerings in exciting 
niche vehicles, lightweight 
architectures and processes, 
driving dynamics, high power 
density, low CO2 engines and 
hybrid and electric vehicles are 
increasingly attractive in the 
marketplace and are helping 
Lotus Engineering enhance its 
global reputation for engineering 
excellence and to grow 
significantly.

To continue to build on recent 
successes in Lotus Engineering 

and continue to deliver world 
class engineering projects like the 
102EX Rolls Royce Phantom, it is 
necessary for us to make some 
changes to our organisation.

As from mid 2011 Lotus 
Engineering will focus entirely 
on external 3rd party customers. 
This will ensure that we can fully 
concentrate on developing 3rd 
party client business and expand 
into new areas of technology 
and partnerships where Lotus 
Engineering can apply its strong 
engineering and technical 
expertise.

Our latest projects continue 
to progress with the Fagor 
Ederlan Range Extender engine 
completing its mechanical 
development phase in September 
this year – from which point it 
will commence vehicle trials and 
client in-vehicle development 
programmes. And the series 
hybrid Evora 414Evolution 
development programme is 
gaining pace with a drivable 
vehicle ready early next year.

In its new guise Lotus 
Engineering will continue to 
develop its global engineering 
footprint and will continue 
to stand for clever, bright 
engineering solutions at an 
affordable price, a reputation 
for delivery and transparent 
partnerships with its clients. >

Mark James
Director of Lotus Engineering
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NORWAY: Postal service orders 
Ford’s Transit Connect electric 
van

Norwegian Post becomes the 
first European customer of the 
Ford Transit Connect Electric, 
ordering 20 units. The all-electric 
van has a target range of up to 
130km (about 85 miles) and is 
considered ideal for fleet owners 
with well-defined routes. 

Read more 

CHINA: Valeo starts new 
electronics centre/wiper 
systems plant

Valeo steps up its R&D 
presence in China with a ‘global 
electronics expertise centre’ in 
Shenzhen.

The new electronics centre, 
which will employ more than 100 
engineers by the end of the year 
and 200 by 2015, will develop 
electronic hardware services 
for all Valeo Group entities. It 
will also play a major role in the 
future development of electronic 
components for electric vehicles.

Read more 

JAPAN: Analysts cut profit 
forecasts in wake of disaster

As well as the enormous human 
cost, the March 11 earthquake 
and tsunami in Japan wreaks 
havoc on the auto industry in 
the second quarter as its effects 
on automotive supply chains 
gradually become known. It 
becomes clear that the effects 
of supply chain disruption on 
OEMs and suppliers around the 
world will last for many months 
to come.

Read more

JAPAN ‘QUAKE: Key 
components supply-chain 
disruption to worsen – IHS 
Automotive

Read more

CHINA: Dana starts on tech 
centre

Dana is another Tier 1 on 
the China value-added bus. 
Dana announces it has broken 
ground for a technical centre 
in Wuxi, Jiangsu, China, for off 
highway axles, driveshafts, and 
transmissions; commercial 
vehicle driveshafts; light duty 
axles and driveshafts; and 
sealing and thermal products, 
including electric vehicle battery 
coolers. The centre is expected 
to be fully operational by the end 
of 2011.

Read more

SWEDEN: Saab production 
disrupted as suppliers not paid

At the end of March Saab starts 
to experience difficulties with 
suppliers that disrupt production. 
Once it becomes known that you 
have cash-flow problems, the 
situation can worsen as more 
suppliers demand things like 
up-front payment. Things are still 
not resolved three months later...

Read more

INDUSTRY NEWS

JUST-AUTO EDITOR DAVE LEGGETT REVIEWS SOME OF THE LAST QUARTER’S NEWS HIGHLIGHTS
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US: Toyota Prius reaches 1m US 
milestone as hybrid sales climb

Toyota reveals that it has sold its 
millionth Prius hybrid in the US, 
six months after global sales of 
the world’s first mass-produced 
hybrid petrol-electric vehicle 
reached 2m and a month after 
the company announced that its 
total hybrid sales had passed the 
3m mark. It’s being helped by 
rising fuel prices.

Read more

FRANCE: Pelata resigns COO 
post as Renault turns “painful 
leaf”

There’s a bit of spin at work 
over at Renault following the 
huge corporate embarrassment 
of the ‘unfounded industrial 
espionage allegations’ against 
three senior Renault execs. 
COO Patrick Pelata falls on his 
sword, but Carlos Ghosn carries 
on regardless. Actually, Pelata 
stays on within the Renault-
Nissan alliance. Carlos Tavares 
is eventually announced as the 
new COO.

Read more

FRANCE: Renault appoints 
Carlos Tavares as new COO

Renault has unveiled Carlos 
Tavares as its new chief 
operating officer following the 
resignation of Patrick Pelata as 
a result of the the automaker’s 
so-called spy affair.

Read more

SHANGHAI: Brilliance BMW 5 
hybrid gets production green 
light

Also at Shanghai, BMW confirms 
that it will start production of 
a plug in hybrid version of its 5 
series in China from 2013. The 
plug-in is based on the long 
wheelbase version of the 5 which 
BMW’s China joint venture, BMW 
Brilliance Automotive, began 
building in Shenyang last year. 

The car, called ‘New Energy 
Vehicle’, is based on the ‘mild’ 
hybrid drivetrain BMW showed 
last year in the ActiveHybrid 5 
concept. That car is equipped 
with a twin-turbo I6 engine, 
eight-speed transmission and 
40kW electric motor.

Read more 

SHANGHAI: Audi Q3 freewheels 
into the limelight

At the Shanghai Show, Audi 
reveals that the compact Q3 SUV 
will be the first Audi to feature 
‘disconnect coasting’ - a system 
that automatically freewheels 
downhill to save fuel. It will be 
fitted as standard to front-wheel 
drive ‘eco’ models with two-litre 
petrol engines.

Read more

INDUSTRY NEWS

JUST-AUTO EDITOR DAVE LEGGETT REVIEWS SOME OF THE LAST QUARTER’S NEWS HIGHLIGHTS
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JAPAN: Toyota to collaborate 
with WiTricity 

Toyota Motor Corporation (TMC) 
has entered into a technological 
collaboration agreement with 
Massachusetts, United States-
based WiTricity Corporation 
concerning the practical 
application of automotive 
wireless charging systems 
and the promotion of their 
widespread use. TMC plans to 
participate in a WiTricity capital 
increase. 

Read more

US: Honda, too, welcomes local 
pipe-fed hydrogen station

American Honda, which three 
years ago began leasing five FCX 
Clarity fuel cell electric vehicles 
on lease to film producer Ron 
Yerxa, author and actress Jamie 
Lee Curtis and her filmmaker 
husband Christopher Guest; 
business owner and car 
enthusiast Jim Salomon; actress 
Laura Harris; and Jon Spallino, 
has welcomed the opening this 
week of the world’s first station 
supplied by an existing hydrogen 
pipeline.

Read more

US: Ford develops its first three 
pot motor

Ford reveals that it has developed 
its first three-cylinder engine. 
The one-litre ‘EcoBoost’ three-
cylinder petrol engine, developed 
in Europe, is the smallest, by 
cylinder count, the automaker 
has built.

Read more

UK: Toyota plant to feature 
17,000 solar panels

Toyota says it will install 17,000 
solar panels at its UK Burnaston 
plant in a bid to cut its carbon 
dioxide production by 2,000 
tonnes a year. The panels will 
cover 90,000 square metres 
(970,000 square feet), equivalent 
to more than four football 
pitches. Toyota says the solar 
panel project is the biggest of its 
kind in any car factory in Britain.

Read more

GERMANY: Ford seat ‘monitors 
driver’s heartbeat’

And finally, a seat that can 
monitor a driver’s heartbeat 
and help older drivers known 
to have heart conditions has 
been developed by a team from 
Ford’s European Research and 
Innovation Centre and Rheinisch-
Westfälische Technische 
Hochschule (RWTH) Aachen 
University. The seat uses six 
embedded sensors to detect 
electrical impulses generated by 
the heart.

Read more

INDUSTRY NEWS

JUST-AUTO EDITOR DAVE LEGGETT REVIEWS SOME OF THE LAST QUARTER’S NEWS HIGHLIGHTS
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Nigel Mansell officially opened 
Group Lotus’ revised and 
restored Hethel test track with 
a roar from the 1981 Essex-
Lotus 81B in which he started 
his glorious Formula One career 
more than 30 years ago.

Mansell led a convoy of seven 
stunning racing cars from 
the Lotus stable, including 
the innovative 1980 Type 88 
twin-chassis car – which the 
rule makers never allowed to 
race; the Lotus Type 125 Exos 
Experience car driven by fellow 
F1 legend Jean Alesi; and a 
brace of Lotus Renault GP cars 
piloted by current F1 stars Vitaly 
Petrov and Bruno Senna.

This was the first time that 
modern-era F1 cars had blasted 
around the historic Hethel 
tarmac since the early 1990s. 
The layout of the 2.2 mile circuit 
had changed very little, with one 
extra corner added, but the new 

asphalt and larger run off areas 
are better suited to modern 
racing and performance car 
testing. Its mixture of corners, 
straight and braking zones 
makes it ideal for testing and 
optimizing every performance 
aspect of the new era of Lotus 
products, and evaluating car 
control at the Lotus Driving 
Academy. In addition to a 
spacious new workshop, the test 
track will soon be accompanied 
by a new pit building and 
hospitality suite. 

Dany Bahar, Group Lotus CEO 
said: “A year ago we set out our 
plans to introduce a new model 
line up, ambitious motorsport 
plans and a revitalization of the 
iconic Lotus brand. A year in, we 
are meeting all the targets and 
milestones we set ourselves. 
One of the milestones was 
the opening of our test track. 
You might say this is just a 
refurbishment of a track and 

not a major achievement in 
itself, and I agree. However, 
mentally and psychologically 
seeing this project accomplished 
demonstrates that step-by-step 
our vision is becoming a reality. 
It shows our entire workforce 

and our partners that we are 
delivering on our promises.” 

Nigel Mansell, Group Lotus 
ambassador and 1992 Formula 
One World Champion said: 
“What a joy it was to be reunited 
with my old 81B after 30 years. 

LOTUS LEGENDS UNVEIL NEW HETHEL TRACK

LOTUS NEWS

This is a very special place, 
Hethel, and it was wonderful to 
open the circuit today by driving 
alongside my sons Leo and Greg.” 

Clive Chapman, Managing 
Director of Classic Team Lotus 
said: “I remember my father 

Left to Right: Jean Alesi (Group Lotus Ambassador); Greg Mansell (Lotus Evora GT4 race car driver), Leo Mansell (Lotus Evora GT4 race 
car driver); James Rossiter (Group Lotus Factory Driver); Nigel Mansell; Johnny Mowlem (Group Lotus Factory Driver); Bruno Senna 
(Lotus Renault GP 3rd Driver); Vitaly Petrov (Lotus Renault GP Driver)
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testing the Lotus 49 on this 
circuit. He didn’t wear a helmet 
and you could see him grinning 
from ear to ear because he knew 
he had another winner. The 
circuit’s longest straight doubled 
as a runway, and we would land 
here in my father’s plane after 
adventures and race tracks 
around the world. The revised 
circuit has managed to keep a lot 
of the character of the original, 
and seeing those seven cars 
lapping today is something I shall 
never forget. Lotus is enjoying 
exciting times once again, and 
it fills me with pride when I see 
brand new Lotus’ around the 
world still bearing my father’s 
initials.” 

Jean Alesi, Group Lotus 
ambassador and F1 legend said: 
“It’s extremely fast. The first 
time I went out I was surprised 
about the length of the straights, 
but then of course it’s not only 
for motor sport but for testing 

road cars. The layout is perfect 
for that. It’s a proper test track. 
Today I drove Lotus’ customer 
F1-experience car, the T125. 
The development of this car is 
ongoing, and very very promising. 
James Rossiter is doing a great 
job helping to develop the car, 
and will make this new track his 
home. I shall be validating these 
tests.” 

Bruno Senna, Lotus Renault GP 
third driver said: “Vitaly [Petrov] 
and I got to chase each other 
around in our F1 cars today, 
which was awesome. It’s a really 
fun, technical track designed 
to test the car’s handling and 
braking. I guess this is the 
first time in many years that 
a contemporary F1 car has 
been driven around here. The 
relationship I have with Group 
Lotus is very special, to be given 
the opportunity by these guys 
who trust my abilities and what 
I can bring to the team. And we 

have family history, of course. 
Ayrton [Senna] made his name 
with Colin Chapman, and so 
there is a lot to be grateful to 
Lotus for. For me, to drive this 
circuit where my uncle used 
to test his cars, is a special 
feeling.” 

James Rossiter, Lotus 
Motorsport factory driver said: 
“The circuit has been completely 
resurfaced and extended. Now 
there’s a lot more track and 
you can push harder thanks to 
that. The thing that makes it so 
perfect for Lotus is that it has 
every aspect of corner you can 
imagine; high speed, medium 
speed; slow speed; changes 
of direction at a steady-state, 
decelerating, and accelerating; 
you’ve got a massive braking 
area at the end of a long straight, 
with a tight chicane; there are 
two 190 degree corners, which 
are long, open and steady-state. 
So it has a little bit of everything, 

which is ideal for developing every 
aspect of a performance car.” 

Karl Heinz Kalbfell, Group Lotus 
Operations spokesperson and 
former CEO of Rolls Royce Motor 
Cars and Maserati said: “Every 
time I come back here to see the 
changes, both in infrastructure 

LOTUS LEGENDS UNVEIL NEW HETHEL TRACK

LOTUS NEWS

and the product, and to see 
people here driven by Lotus’ 
inspirational goals, it gives me a 
lot of confidence that we are all 
on the right track. This is exactly 
what Colin Chapman would have 
wanted. He was a man always 
looking forward, not backwards.”>
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Signing ceremony held at the 
Proton centre in Shah Alam

Lotus Cars Limited, a wholly-
owned subsidiary of Proton 
Holdings Berhad, today signed an 
agreement for a syndicated loan 
amounting to £270m extended by 
six local financial institutions and 
led by CIMB Bank Berhad.The 
additional five banks are Malayan 
Banking Berhad, OCBC Bank 
(Malaysia) Berhad, Affin Bank 
Berhad, Export-Import Bank of 
Malaysia Berhad and EON Bank 
Berhad.

The agreement was signed by 
Group Lotus Chief Executive 
Officer Dany Bahar on behalf of 
Lotus Cars Limited at a signing 
ceremony held at the Proton 
Centre of Excellence Complex in 
Shah Alam.

Dato’ Sri Nazir Tun Razak, Group 
Chief Executive of CIMB Group, 
Dato’ Sri Abdul Wahid Omar, 
President & Chief Executive 
Officer of Maybank, Tuan Syed 
Abdull Aziz Jailani Syed Kechik, 
Chief Executive Officer and 
Director of OCBC Al-Amin; Encik 
Adissadikin Ali, Chief Executive 
Officer of EXIM Bank, Dato’ 
Zulkiflee Abbas Abdul Hamid, 
Chief Executive Officer of Affin 
Bank and Mr Peter TC Chow, 
Head of Group Business & 
Investment Banking & Principal 
Officer of EON Bank - signed on 
behalf of their respective banks.

The loan syndication forms part 
of the funding required to execute 
the five year business plan. With 
the closing of the syndication 
exercise, the external portion of 
the funding is now in place and, 

together with other financial 
resources, this step means that 
Lotus has successfully raised the 
required funding to realise the 
future vision.

Group Lotus Chief Executive 
Officer Dany Bahar said: “On 
behalf of Group Lotus, I would 
like to express our sincere 
appreciation to CIMB Bank 
Berhad, Malayan Banking 
Berhad, OCBC Bank Malaysia 
Berhad, Affin Bank Berhad, 
Export-Import Bank of Malaysia 
Berhad and EON Bank Berhad 
for their support and, above all, 
confidence in our future plans.”

 “With the help of this external 
financing, we look forward to 
introducing our exciting new 
models to the world which will 
complement our current product 

range. I am confident that the 
execution of our business plan 
will mark the return of the 
iconic Lotus brand into the elite 
ranks of the world’s premium 
sportscar manufacturers and 
generate greater profitability and 
long-term financial sustainability 
for the company and its 
stakeholders”

LOTUS CARS LIMITED SIGNS A SYNDICATED FINANCING FACILITY WITH SIX FINANCIAL INSTITUTIONS

LOTUS NEWS

“I would like to thank our 
shareholders Proton for 
the unwavered support and 
confidence in Lotus. I believe 
Lotus has a lot to offer to Proton 
moving forward. As the future 
plans bear fruit, Proton will 
benefit in terms of branding, 
product development, and sales 
and marketing.” >
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Lotus is proud to partner 
‘Fashion For ReliefTM’ to raise 
funds for the Japanese Red 
Cross in support of those 
affected by the devastating 
earthquake and tsunami.

Naomi Campbell and ‘Fashion 
For Relief’ will be raising vital 
funds with a star studded fashion 
show and auction at the historic 
Forville Market in Cannes on 
Monday 16th May and Lotus has 
donated a customised Lotus 
Evora to the charity for auction.

Lotus’ contribution is a bespoke, 
high-performance Evora S with 
a dramatic colour scheme which 
reflects Naomi’s design direction.

Naomi Campbell says, “The 
destruction caused by the 
earthquake in Japan is 
completely heartbreaking and I 
felt compelled to do our part and 
support Japan at this time. I am 
delighted that Lotus Cars has 
joined forces with ‘Fashion For 
Relief‘ for the second consecutive 
year and I am sure with their 

continued support we will raise 
crucial funds for this deserving 
cause.”

Gino Rosato, Director of 
Corporate Operations at Lotus 
says, Fashion for Relief does 
great work for those in desperate 
need and we are proud to be 
part of this fundraising effort. 
Our entire workforce gets behind 
these projects and we love to 
see the Lotus family making 
a difference to families and 
communities around the world. >

Lotus Cars Limited appoints 
Lotus China Symphony as the 
official distributor of Lotus cars 
in China.

Lotus China Symphony (Lotus 
China) is based in Beijing 
and will offer a full customer 
sales, service and ownership 
experience for customers in 
China and will embark on 
comprehensive marketing 
activities focused on increasing 
the presence and perception of 
Lotus in China.

The full range of high 
performance Lotus cars will be 
available in China, the award-
winning Lotus Evora, the iconic 
Lotus Elise and the stunning 
Exige. Lotus China has initially 
ordered 100 cars, with the Evora 
accounting for the majority of 
these first customer cars, with 
the remainder being Elise and 

LOTUS CARS AND NAOMI CAMPBELL REUNITE FOR JAPAN LOTUS IS COMING TO CHINA

LOTUS NEWS

Exige. This ensures that the 
exclusivity of the iconic Lotus 
brand is maintained in such an 
important market. >
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A full 24 hours at Le Mans, our 
best IndyCar performance so 
far, and the longest grand prix 
in history. It was a weekend 
to remember for Lotus 
Motorsport.

Grand Prix Du Canada

We were expecting the 
unpredictable at the Circuit 
Gilles Villeneuve, and who could 
have predicted biblical weather, 
five safety cars, a red flag, five 
stewards’ investigations, clashes 
between team-mates, and a 
surprise lead change just one lap 
from the finish. Fabulous. But at 
four hours and four minutes and 
39.537s – the longest grand prix 
in history – it required marathon-
level endurance, and that was 
just for the TV commentators.

Both Lotus-Renault GP cars 
were in strong positions until, on 
Lap 56, Nick Heidfeld crashed. 
He was fighting for fifth with 

Kamui Kobayashi and tapped the 
rear of the Sauber. This tore off 
Nick’s front wing and, unluckily, 
it folded underneath the car and 
launched the R31 in the air. It was 
quite a scary moment for Nick but 
the car took off down an escape 
road and came to a rest without 
hitting a tyre wall. The DNF is 
miserable for the German given 
his impressive pace all weekend.

Vitaly Petrov kept his head while 
everyone was losing theirs, and 
drove an incredibly controlled 
race. His fifth place and ten point 
reward elevates him to seventh in 
the drivers’ standings, one spot 
ahead of his team-mate.

“Once again, the team scored 
points today, which means we’ve 
finished in the top ten with 
at least one car at every race 
since the start of the season,” 
explained team principal Eric 
Boullier. “We’ve also understood 
some of our recent problems, 
and the solutions we brought 
with us to Montreal were 
promising because our pace 
has clearly improved. This said, 
despite all these positives, 
we leave Montreal with mixed 
feelings. Firstly, we could have 
scored points with both cars 
today. Unfortunately, Nick was 
caught out by Kamui Kobayashi, 
who was unusually slow on exit. 

Until then, his race had been 
perfect. With a bit more luck, 
Vitaly could have finished a bit 
higher too.”

24 Heures Du Mans

A wonderful result at Le Mans 
for the Lotus Jetalliance team, 
with the brand new Evora GTE 
proving reliable and competitive. 
Car 65 of James Rossiter, 
Johnny Mowlem and Jonathan 
Herschi completed the full 24 
hours, finishing seventh in the 
GTE-Pro class, third in the ILMC 
championship, and 22nd overall. 
Despite the infancy of the Evora 
program their car ate up the 295 

SOMETHING FROM THE WEEKEND 

LOTUS NEWS

laps all the way to the chequered 
flag, its crew on hand for 21 
pitstops.

Lotus Jetalliance #65 finished 
ahead of cars from Prospeed-
Porsche and JMW-Ferrari, and 
outlasting models from Porsche, 
Ferrari, Corvette and Aston 
Martin. Class victory went to the 
#73 works Corvette.

Lotus’ car 64, driven by Martin 
Rich, Oskar Slingerland and 
John Hartshorne, retired at 
4:30am after breaking a wheel 
and suffering tyre failures. They 
classified 45th overall, 17th out 
of 18 in the class.
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Team principal Jan Kalmar was 
thrilled to have got one car to 
the finish, and to have taken 
the result the team deserved 
after months of hard work: “An 
incredible moment for all of us. 
Many of us haven’t slept for three 
days – but it was worth it. This 
result is an achievement you 
simply cannot describe. We’ve 
shown we’re doing an absolutely 
professional job.”

IndyCar At The Texas Motor 
Speedway

For the first time in IndyCar 
history, the series held two races 
in one day. That meant double 
the work for the KV Racing 
Technology-Lotus team, but they 
were rewarded with their finest 
performance yet since joining the 
series in 2008.

Saturday saw Takuma Sato take a 
career-best fifth place in Race 1, 
having started an impressive P4. 

EJ Viso, too, had his best race 
yet this season finishing seventh 
and driving through the field 
from his P19 starting position. 
Tony Kanaan, who started sixth, 
finished 11th but was happy to 
draw the longest straw of all in 
Race 2’s lottery-style qualifying 
ceremony. He started Race 2 
from pole, and finished in fifth. 
EJ, who started 29th out of the 
30 runners, came home 10th. 
In total, between the two races, 
EJ made up 31 positions and led 
his first laps of the season. Taku 
started 25th but made up 13 
places to finish Race 2 in 12th.

“We got lucky with the draw for 
race two,” Kanaan admitted. 
“After Race 1 I knew that we 
knew I didn’t quite have the 
speed of some of the other guys. 
We changed the car quite a bit 
between races and I liked the 
changes we made...the only 
problem is that everyone else 
had time to make changes too. 

But hey, anytime you get out of 
Texas in one piece it’s a good 
race...and we are still fifth in the 
championship race, so we’ll take 
it.”

“I am pretty happy with the result 
last night,” Viso said. “It was great 
to finish in the top-10 in both 
races especially coming from so 
far behind. With the race being 
shorter than normal, though, it 
was hard to catch the guys up 
front.”

“The first race was solid,” reported 
Sato. “The balance was not great 
at the start of the race and I lost 
some positions, but I gained them 
back later, which was exciting. 
The second race was really crazy. I 
started from the back of the pack, 
but I got through. It was difficult to 
gain many positions because there 
were no cautions, but I enjoyed 
having to fight back. I am very 
pleased with where we finished 
today.”

EJ has been nominated for the 
Firestone Tire-ific award for the 
incredible amount of places he 
picked up in both races. Please 
vote for him on www.indycar.com.

Claudio Berro, director of Lotus 
Motorsport, said: “There is plenty 
to celebrate this weekend. A 
riveting Canadian Grand Prix 
and another ten points in the 
bag for Vitaly Petrov. The car 
had good pace in both qualifying 

LOTUS NEWS

and race trim. At Le Mans, the 
Lotus Evora GTE did us proud, 
lasting the mammoth distance 
and beating rivals who’ve had a 
lot more running, so this is a very 
encouraging step for what is the 
first major test of a long term 
project. In Texas, KVRT-Lotus 
scored some great results, the 
best weekend so far for them, 
and congratulations to Takuma 
Sato on his career-high fifth.” >

SOMETHING FROM THE WEEKEND 
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Three JPS Team Lotus type 79s 
have taken to the track together, 
for the first time ever.

At Snetterton on Wednesday 4th 
May 2011, 33 years after winning 
the 1978 Formula One World 
Championship, Classic Team 
Lotus ran three JPS type 79s; 
chassis 1, 2 and 3. This never 
happened in period.

On behalf of American owner 
Paul Rego, the Team Principal 
of Regogo Racing based in 
Dallas, Classic Team Lotus 
has undertaken a complete 

restoration of chassis 1, which 
was driven by Mario Andretti in 
testing and practice throughout 
the 1978 season, then raced by 
Jean-Pierre Jarier in the US GP 
at Watkins Glen.

Regogo Racing Works driver 
Doc Bundy was at the wheel for 
testing prior to airfreight back 
to the States in time for the car 
to be raced in the Legends of 
Motorsport event at the Barber 
Raceway on the 22nd May.

Chassis 2 and 3 are part of 
the Classic Team Lotus Works 

Collection. Chris Locke, as 
Patron of chassis 2, contributed 
to its restoration and the car 
is fitted with his engine. Chris 
Dinnage, Team Manager of 
Classic Team Lotus, was at the 
wheel.

Chassis 3 was driven by Clive 
Chapman, son of Lotus founder 
Colin Chapman.

Classic Team Lotus and Regogo 
Racing were joined by a number 
of the 1978 Championship 
winning team, including 
designer Martin Ogilvie and Chief 
Mechanic Eddie Dennis. 

The Team Lotus type 79 
dominated the 1978 World 
Championship to such an extent 
that the team would ‘sandbag’ 
their cars in qualifying so that 
their advantage did not appear 
too great. The shape of the 
underside of the car in relation 
to the track surface created a 

venturi profile which, together 
with the all important sliding side 
skirts acting as seals, created 
a lot of downforce for relatively 
little drag. Mario Andretti and 
Ronnie Peterson finished first 
and second on four occasions, at 
a time when such a result was 
rare.

In chassis 2 Mario won the 
Belgian GP and Ronnie won the 
Austrian GP. In chassis 3 Mario 
won the Spanish, French and 
German GPs (Mario won the 

TEAM LOTUS TYPE 79S BLACK ON TRACK

LOTUS NEWS

Dutch GP in chassis 4, the other 
JPS type 79, but this car was 
unable to attend).

The type 79 has topped two polls 
of ‘Most Beautiful F1 Car Ever’ 
and was chosen as the best 
technical design in a survey of F1 
designers.

If you want access to these 
image (and more) or further 
information, please contact: 
team@classicteamlotus.co.uk . >

The team with the trio of 79s
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In a long and distinguished 
career, Bob Lutz was the 
archetypal ‘car guy’ auto 
industry executive. He may be 
approaching 80 years of age 
and ‘retired’, but he is still 
pretty active. Straight talking 
Mr Lutz tells Dave Leggett that 
he relishes the opportunity to 
advise Lotus and that his time 
at GM taught him that you need 
to give designers leeway if you 
want to make good cars...

The opportunity to interview Bob 
Lutz has always been something 
eagerly anticipated by journalists 
who follow business and the auto 
industry. Lutz has been there, 
seen it, got the T-shirt, put the 
T-shirt in the wash and hung 
it out to dry. The observations 
are clear and thought through, 
whether you are talking about 
engineering principles in car 
design or the travails of the 
global economy. Bob Lutz also 
has a deserved reputation for 

not pulling his punches. Even 
his critics concede that he is a 
refreshingly straight talker.

And he’s got a book out. The 
title ‘Car Guys versus Bean 
Counters’ (published by Penguin) 
kind of suggests that he is not 
an admirer of the stereotypical 
MBA management types who 
pervade business generally. 
Lutz is an unapologetic and 
unreconstructed ‘car guy’ who 
has worked at the highest level in 
Ford, Chrysler and, perhaps most 
notably, at General Motors (less 
well known is a stint at BMW). 

Throw out the analytical 
nonsense

Can he pick out a career 
highlight? “I was able to 
transform General Motors from 
a culture that was ruled by 
analytical people... it’s not that 
they wanted to do bad cars, they 
thought they were doing good 

cars, but they just didn’t know 
what a good car was. Everything 
was over-defined numerically 
and the designers had very little 
leeway. You had a very cohesive 
and very logical system for 
creating products. It was reliable 
and produced the same results 
every time, but they were not 
good results – the end result was 
mediocrity.

“With the approval of Rick 
Wagoner who brought me in, I 
was able to throw out most of 
the analytical nonsense and get 
back to just putting the designers 
in charge of creating beautiful 
automobiles.”

Lutz claims that the GM 
cars selling well now and 
that are playing a key part in 
the company’s recovery and 
resurgence are the product of 
that change in approach. He 
reels off the names of a number 
of models that he believes stand 

INTERVIEW WITH BOB LUTZ

proActive
FEATURE

Bob Lutz was the archetypal ‘car guy’ auto industry executive



14

proActive

out – including the Cadillac CTS, 
Chevrolet Cruise (“it’s doing 
25,000 units a month in the US 
which is absolutely amazing”), 
Opel/Vauxhall Insignia, Chevrolet 
Traverse, Equinox and, perhaps 
unsurprisingly, the Chevrolet Volt 
range-extended electric vehicle.

Detroit’s fall...

Looking back, Lutz puts the long-
term decline of the Detroit Three 
down to a number of factors. 

“Some of it was self-inflicted and 
some of it was down to the US 
government,” he says.

On the self-inflicted causes, Lutz 
returns to the theme of corporate 
cultures more concerned with 
financial results than being 
passionate about the cars. He’s 
not a fan of business schools. 
“The artistic side was being taken 
out and I blame the rise of so-
called ‘scientific management’ 

as propagated by the nation’s 
business schools.”

He also views the US regulatory 
framework under Corporate 
Average Fuel Economy (CAFE) 
as an own-goal that perfectly 
suited the Japanese vehicle 
makers back in the 1970s. The 
US makers wanted a percentage 
improvement target for different 
categories of vehicle but the 
Japanese argued for the fleet 
average and that carried the day 
in Washington. “The Japanese 
back then were specialist 
purveyors of four-cylinder small 
cars. The US industry was geared 
to body-on-frame, rear-wheel-
drive behemoths with V8 engines 
and the American public loved 
them. When Congress passed the 
CAFE legislation, the Japanese 
rubbed their hands with glee 
because they were already on the 
good side of average. In fact, they 
were able to introduce bigger 

vehicles and trucks and move 
into the space that we [Detroit 
automakers] were being forced 
to vacate! We were on the bad 
side of the average so we have to 
spend tens of millions of dollars 
in a very short time frame to go 
from RWD to FWD, longitudinal 
transmission to transverse, V8 
engines to V6 engines and so on. 
And that was going on through 
the whole model line-ups.”

Lutz maintains that the 
consequences of all this were 
adverse and profound, that the 
Detroit Three and the domestic 
supplier industry simply did not 
have the engineering resources 
to pull it all off successfully in the 
required timeframe. “And that’s 
when we got the reputation for 
poor quality.”

And he also believes that the 
Japanese industry was further 
assisted by a managed (for 

geopolitical reasons) exchange 
rate during this period that gave 
them a big cost advantage in the 
US market. 

“You had a very weak yen, up 
to 170 to the dollar, which 
effectively gave them a USD 
4,000-per-unit cost advantage.” 
Lutz says that a proper exchange 
rate based on economic 
fundamentals should have been 
about 90 yen to the dollar but for 
years it was 130 or 140. “When a 
competitor has a systemic cost 
advantage of USD 4,000 over 
time, you’re dead.”

A final negative that took Detroit 
down in the eyes of Lutz is once 
again home grown. “The UAW 
kept demanding more and more. 
The union became so powerful 
and the strike fund so fat that no 
auto company could take them 
on.” As he sees it, the industry 
acquiesced and created a big 
problem for the future. “The 
concession on retiree health care 
was probably the single worst 
concession ever made.”

So, Lutz maintains that it was 
a combination of those four 
factors – bad corporate culture 
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that produced mediocre cars, 
CAFE rules that hindered US 
makers, an unhelpful yen-dollar 
exchange rate and an over-
powerful UAW – that resulted 
in the long-term decline of the 
Detroit Three.

..and Detroit’s resurgence

How does he feel about Detroit’s 
prospects now? He says he is 
very optimistic. “All the factors 
now are in favour of the US 
automakers.” He’s upbeat about 
all three, but the report card is 
not all positive. “If you look at 
Ford, the Lincoln brand is still 
in trouble – they’ll get it fixed 
but it will take a bit of time - and 
Chrysler is maybe a bit behind 
the other two, GM in the lead, 
but all three companies have 
discovered that you are not going 
to win against the competition 
with mediocre cars. There is an 
industry focus on excellence – 

beautiful panel fits, beautiful sheet 
metal, great interiors.” 

For interior quality, a recent 
Chrysler Group model has 
impressed him. “The new Jeep 
Grand Cherokee...I defy any 
German or Japanese producer 
to show me a better interior than 
that. This is the new reality of the 
American automobile industry: the 
products are great.”

And technologically in areas like 
fuel economy, Lutz believes that 
the US producers are at least 
as good as foreign brands if not 
better. Moreover, crushing fixed 
costs from debt servicing and the 
problem of retiree benefits have 
been removed. “General Motors 
is making exceptionally good 
variable margins on its cars and 
it’s now not all being eaten up by 
that huge fixed cost that used to 
be the case.”

“For the foreseeable future I see 
GM and Ford as powerhouses, 
with Chrysler a little bit behind 
that could emerge as one later.”

Lutz sees a more realistic 
and better attitude among 
management and labour in the 
US industry. “The union realised 
that ‘hey they were right after 
all, they said we would go broke 
unless we made concessions 
and they did go broke’ and that 
maybe it is better to have an 
industry with lower paid jobs 
than one with higher paid jobs 
and no-one in work.”

And he cites a more realistic 
exchange rate as another plus, 
believing that the Japanese 
producers made huge profits 
in the US for decades on a 
favourable exchange rate. 
“According to our analysis they 
made all their money in the US. 
We were the great big cash cow 
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for the Japanese automakers 
and now the yen is at 80 to the 
dollar and guess what? They’re 
all losing money.”

He is a little frustrated that the 
American media has been slow 
to pick up on the rapid reversal of 
fortunes for General Motors.

“GM has been out of Chapter 11 
for two years and the American 
media has been slow to get it,” 
he maintains. “The attitude has 
been ‘oh, they’ll survive but they 
will be a shadow of their former 
self’. Not at all. GM is on the 
way to overtaking Toyota for the 
number one spot in the world. 
And don’t forget that General 
Motors is heading for 3m cars 
in China. Toyota is not nearly as 
well placed in China as GM is.”

Raise taxes on fuel 

Now that he has retired, he 
is freer to talk about things 
like taxes on fuel in the US. 

He advocates higher taxes 
on gasoline to encourage a 
movement towards smaller cars, 
something that the customer 
base might not be so keen on.

“As I tirelessly try to explain to US 
government officials, you get the 
vehicle parc that you pay for with 
fuel prices. If you insist on having 
the US motor fuel price at one 
third what people in Europe pay, 
then the American public will buy 
large cars.”

He believes that the US should 
be moving to a vehicle parc 
that looks more like the one in 
Europe. “Frankly, I think that is 
an intelligent direction to head 
in.”

Lutz wants an immediate 25 cent 
per year increase to federal tax 
on a gallon of fuel. “We’ve got 
a country that is, to all intents 
and purposes, bankrupt with an 
enormous debt load. If we make 

motor fuel more expensive we 
are driving the right behaviour on 
the part of the public. If you did 
it on the basis of 25 cents a year, 
people would know that next year 
and the year after it’s going to be 
more expensive and that would 
change purchasing behaviour.”

Lutz is well aware of the political 
reality though. “They say that 
touching fuel tax is the ‘third rail’ 
of American politics. There is 
not a politician in America that 
is willing to advocate higher fuel 
taxes.” But, nevertheless, market 
forces are driving the price of 
gasoline up and lifting interest in 
more fuel-efficient cars.

Which brings us on to 
alternative powertrains and 
more specifically GM’s Volt. 
Lutz sees the car as a genuine 
game-changer because it 
removes the range anxiety that 
come with full electric vehicles’ 
battery limitations. It’s a familiar 

argument and sure to be played 
up in the marketing, but Lutz 
sees it as a bridging technology 
and is convinced that much 
better batteries are coming. 

“For the next 10-15 years the 
lithium-ion battery with range 
extension is an optimal solution 
but it will ultimately be rendered 
redundant by improvements 
in batteries. If you can get 
350 miles on the battery, who 
needs a range extender. And 

improvements to lithium-ion 
batteries are inevitable, there’s a 
lot of investment going into that, 
especially in Korea where there 
is a lot of government funding. 
Advanced solutions are being 
actively pursued that would, in 
an initial stage, triple the energy 
storage in a lithium-ion battery 
and improve it in the longer term 
by a factor of ten.”

What about that comment that 
must have caused consternation 
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in the GM public relations 
office that global warming was 
a ‘total crock of shit’. Does he 
stand by that? Yes, he does but 
he laments the politicisation 
of the debate, especially in the 
US. 

“True science welcomes 
debate. There’s mutual respect 
for differing theories. Not so 
with global climate change. 
That is a political movement 

and seems designed to heavily 
tax carbon-based fuels. It’s 
going to end in a big taxation 
scheme.” He lists a whole load 
of predictions that he says the 
global warming lobby - from the 
IPCC to Al Gore - have got wrong.

Lutz is clearly coming at the 
alternative powertrain area from 
the standpoint that fossil fuels 
are being steadily exhausted. 
“The parc of hybrids and 

electrics will gradually build and 
this will largely be as a result of 
government policy because we in 
the Western world want to wean 
ourselves off fossil-fuels, not 
because of CO2, but because of 
where the fossil-fuel is located.”

Give the public ‘value’

After so long in the business as 
a product guy, what does he see 
as the most important property 
that a new car has to deliver or 
be perceived by the customer to 
deliver? Quick as a flash, Lutz 
replies ‘value’. “They have to have 
the feeling of ‘this is amazing, I am 
getting this beautiful car for only 
this much money.’”

And that perception of ‘value’ 
can work in different ways, Lutz 
believes. “It can be performance, 
size or fuel economy and of course 
it’s great when everything comes 
together,” he says. And he cites 
the Cruze as an example of a car 

that is so very successful around 
the world because it checks so 
many of these value boxes. 

“People look at it and think ‘it 
looks like a mid-size car’ but it 
has great fuel economy and road 
manners, lovely interior detailing. 
It starts at USD 18,000 and 
that is seen as very good value 
price-point for a car like that. 
The secret is to astonish people 
with the value they’re getting. 
How do you push those buttons? 
The first button is superb design, 
inside and out. People have to 
love the car, to want one. It’s 
interesting to note that people 
say in performance segments 
that out and out performance is 
what counts. But you can have a 
technological and performance 
tour de force that will fail if 
no-one wants to be seen in it. 
Vehicle appearance unlocks the 
door as far as the customer is 
concerned.” 

So why do car companies still, 
with all the good info on best 
practice around, get it wrong? 
Lutz says there are no bad cars 
these days, just good cars and 
better cars. “The differences in 
areas like handling have become 
smaller,” he says. And he points 
out that brand is overpowering. 
People will buy BMW cars that 
are not very attractive because 
the brand is more important to 
them. He’s back to appearance. 
“For normal brands, you have 
to have a beautiful car. Why do 
some companies have them and 
some not? To get beautiful cars 
the company has to be design 
driven.”

Lutz describes a hypothetical 
example of disagreement 
between design or engineering 
and the cost people where the 
cost people tell design they want 
the windscreen steeper because 
the flat windscreen uses more 
glass, that contributes to weight 
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and cost and maybe requires 
a more costly wiper system. 
In short, what the designers 
want comes with higher cost. 
The designers protest that 
the windscreen design is core 
to the design theme, but the 
management sides with the cost 
accountants. “That is death by a 
thousand cuts,” Lutz says. “It’s 
the same with the temptation to 
carry over from previous models 
with things like door handles. I 
have seen nice designs that go 
through the committees that end 
up destroying the good work of 
the designers.”

Retired? He’s still a busy lad

Besides writing books, Bob Lutz 
is keeping himself busy in other 
ways. He still flies his military 
aircraft and enjoys riding fast 
motorcycles, driving cars. “I am 
still thrilled by good cars of any 
age.”

He’s also relishing the role 
as a member of the advisory 
council at Lotus, which he sees 
as fulfilling a need that would 
otherwise be provided by a board 
of directors. “We can act to 
support the active management 
at Lotus bringing the automotive 
industry and business experience 
that a regular company board 
would otherwise provide.”

He can also help Lotus with 
his presence at events. “I make 
myself as available as I possibly 
can for Lotus press and PR 
activities here in the US. At the 
New York Show I basically acted 
as host on the Lotus stand for 
the press briefings.”

And how does he feel about the 
Lotus strategy?

“I feel very confident about it. The 
difference between the Lotus of 
the past and the Lotus of today 
is that the Lotus of today has the 

human and financial resources 
to carry out its plan. In the past, 
quite frankly, they did not. There 
is now an eclectic body of very 
senior management, many with 
terrific automotive experience 
and the Malaysian government 
has made a very substantial 
investment in the new model 
range.”

And he thinks the volume targets 
for the future are actually ‘quite 
modest’. “The business plan has 
been set up to make money at 
those modest volumes and it all 
looks very realistic to me.”

Lutz reckons the scepticism 
from some quarters reflects the 
decision of Dany Bahar to shock 

the media and the public by 
unveiling so many future vehicles 
five or six years in advance.

“That created controversy but it 
achieved its prime purpose: it 
made Lotus a relevant sports car 
brand again.” >

proActive
FEATURE

Controversial but effective, announcing multiple new models years in advance

INTERVIEW WITH BOB LUTZ



19

Bob Lutz rejoined GM September 
1, 2001, as the head of product 
development.

Prior to rejoining GM as vice 
chairman, Lutz was chairman 
and chief executive officer of 
Exide Technologies. He served as 
chairman until his resignation on 
May 17, 2002, and as a member 
of Exide’s board of directors until 
May 5, 2004.

Lutz joined Exide after a 
distinguished career with the 
former Chrysler Corporation 
from 1986 to 1998, where he 
reached the position of vice 
chairman. Lutz also served as 
president and chief operating 
officer, responsible for Chrysler’s 
car and truck operations 
worldwide. 

Lutz led all of Chrysler’s 
automotive activities, including 
sales, marketing, product 

development, manufacturing, 
and procurement and supply. 
He began his service with 
Chrysler in 1986 as executive 
vice president and was shortly 
thereafter elected to the 
Chrysler Corporation board. 
His 12 years with the company 
are chronicled in his 1998 
book, Guts: The Seven Laws of 
Business That Made Chrysler the 
World’s Hottest Car Company. 
Guts was revised and updated 
in 2003 and retitled, Guts: 8 
Laws of Business from One of 
the Most Innovative Business 
Leaders of our Time.

Before Chrysler, Lutz spent 12 
years at Ford Motor Company, 
where his last position was 
executive vice president of truck 
operations. He also served as 
chairman of Ford of Europe and 
as executive vice president of 
Ford’s international operations. 

From 1982 to 1986, Lutz was a 
member of Ford’s board.

Lutz began his automotive 
career in September 1963 at 
GM, where he held a variety 
of senior positions in Europe 
until December 1971. For the 
next three years, he served 
as executive vice president of 
sales at BMW in Munich and as 
a member of that company’s 
board of management.

He serves as chairman of 
The New Common School 
Foundation and as a trustee 
of the Barbara Ann Karmanos 
Cancer Institute. He is also 
a member of the board of 
trustees for the U.S. Marine 
Corps University Foundation 
and vice chairman of the board 
of trustees for the Marine 
Military Academy in Harlingen, 
Texas.

Lutz received his bachelor’s 
degree in production 
management from the 
University of California-Berkeley 
in 1961, where he earned 
distinction as a Phi Beta Kappa. 
He received a master’s degree 
in business administration, 
with highest honors, from 
the University of California-
Berkeley in 1962. He received 
an honorary degree of doctor 
of management from Kettering 
University on June 21, 2003, and 
an honorary doctorate of law 
from Boston University in 1985.

He also served as a jet-attack 
aviator in the United States 
Marine Corps from 1954 to 1965 
and attained the rank of captain. 
Lutz was born on February 12, 
1932, in Zurich, Switzerland. 
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The range extender engine 
started as a UK government 
programme funded through 
the Technology Strategy Board 
(TSB) to develop automotive 
hybrid technologies. Lotus 
designed the purpose built 1.2 
litre 3 cylinder range extender 
engine, which was installed into 
the Jaguar ‘Limo-Green’ vehicle 
demonstrator.

Following the success of the 
engine in the Limo-Green 
demonstrator, the range 
extender was also installed in 
both the Proton Emas concept 
and the Lotus Evora 414E Hybrid 
demonstrator. With huge industry 
and public interest in the engine 
and understanding the benefits 
of the range extender engine, 
Lotus Engineering partnered 
with the Fagor Ederlan Group, 
an existing client to develop the 
concept engine into production. 

As part of the Mondragon Group, 
the Fagor Ederlan Group is 
based in the Basque region of 
northern Spain and produces 
cast and machined parts for the 
automotive industry. With the 
growth in vehicle hybridisation 
and being an ‘early adopter’ they 
recognised the opportunity to 
grow their business portfolio into 
the hybrid component supply. 
Their casting and production 
skills have provided a good 
match with Lotus’ core skills in 
engine design and integration.

Whilst the basic architecture 
of the production engine 
design is carried over from the 
original concept, the design has 
been updated with input from 
customers and Fagor Ederlan 
Group’s foundry technical centre, 
Edertek. 

The original concept engine 
used a mono-block design 

to minimise parts count and 
improve reliability by removal 
of the head gasket, however 
from a production casting and 
machining aspect this was not 
seen as a feasible solution, due 
to issues of core supports in the 
casting and difficulty of inserting 
and machining the valve seats 
from the bottom of the cylinder 
block. Therefore the production 
design has a conventional 
cylinder head (although with 
some unique features) using a 
head gasket. This separation of 
the two components has enabled 
other areas to be re-engineered, 
including the cylinder liner 
material. The concept monoblock 
engine was built using a nickel 
ceramic plated aluminium parent 
bore, however with the potential 
threat of erosion from high 
sulphur content fuels and the 
production cost for high volume 
application, the new design 

RANGE EXTENDER ENGINE – CONCEPT TO PRODUCTION
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now uses a cast-in iron liner. The 
cylinder block has also moved 
from a ladder-frame design to a 
deep-skirted design, again driven 
from a casting and machining 
perspective.

Customer research highlighted 
that the restricted engine 
installation angles (+35°/-55° from 
the vertical) of the original design 
would limit its use, especially 
for commercial applications 
where the unit could be installed 
horizontally between the chassis 
rails under the load bed. Design 
changes were made to the oil & 
coolant systems to ensure de-
gassing of coolant and priming 
and draining of the oil system the 
unit can now be carried out with 
the engine installed both vertically 
and horizontally or any angle in 
between. Only the installation 
specific parts (such as the oil 
pan, oil pick-up pipe and exhaust 
system) are adapted to change the 
orientation.

Another key point that was raised 
by customers of the unit was 
that 35kW of electrical power 
may not be sufficient in all 
cases, especially when the unit 
is installed in premium vehicles, 
where high electrical ancillary 
loads (electrical HVAC, audio, 
seat functions etc) and higher 
cruising speed is required. 
Various options were considered 
to provide a higher output. 
Increasing the engine capacity 
would result in larger packaging 
volume whilst increasing the 
operating speed would be 
detrimental to the noise targets, 
therefore pressure charging was 
chosen.

For the range extender engine a 
compact belt driven centrifugal 
supercharger was selected with 
an air to liquid intercooler. As the 
unit is designed to be installed 
horizontally a turbocharger’s 
requirement for oil drain would 
have necessitated an expensive 

FEATURE

solution, which was negated by 
using the chosen supercharger. 
The range extender engine will 
now be offered in two variants, 
the RE50 providing 50kW 
electrical power utilising the 
supercharger and the normally 
aspirated RE35 which provides 
35kW electrical power.

In optimising the power density 
of the new unit, overall package 
size was reviewed to understand 
how it could be improved. 
Using Lotus Engineering’s 
in-house engine simulation 
software it was found that with 
a slight increase in the engine 
capacity from 1193cc to 1299cc, 
the runner length of the inlet 
manifold could be reduced from 
750mm to 225mm without any 
loss of performance. The concept 
engine used an aluminium inlet 
manifold weighing 6kg but it 
was envisaged that a plastic 
inlet manifold would be used for 
production and the philosophy 
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behind the integrated exhaust 
manifold was carried over to the 
intake system.

The production solution 
compromises of an inverted 
u-shaped inlet port in the 
cylinder head, primary runners 
down the side of the cylinder 
block and an injection moulded 
plastic plenum closure plate / 
throttle body mounting flange. 
Simulation on this type of 
application shows that running 
at relatively slow speeds 
(maximum power is generated at 

just 3500rpm) heat soak will not be 
an issue. 

Further improvements to the 
overall package included moving 
the oil pump from the nose of 
the crankshaft and driving it off 
the balance shaft drive gear set, 
reducing overall engine length 
by 22mm, although an additional 
belt is required to drive the 
supercharger, the overall length 
of the unit has been dramatically 
reduced by nearly 95mm compared 
to the original mono-block engine 
and generator design.

and controllers. The resulting 
design is a radial flux permanent 
magnet brushless DC machine, 
with a matching integrated 
inverter. 

Safety regulations are still 
being defined for the integrity 
of automotive and other high 
voltage applications under the 
ISO 26262 standard. Lotus and 
Fagor Automation have targeted 
an ASIL (Automotive Safety 
Integrity Level) rating of ‘C’ for 
both variants of the engine, 
which achieves the optimum 

A proprietary generator was 
used on the original unit via a 
compliant coupling, however the 
aim for production was to use a 
purpose designed direct mounted 
generator and power electronics, 
which would be matched to the 
engine’s output. As part of the 
production sourcing programme 
Fagor Automation, who are also 
part of the Mondragon Group 
were asked to tender for the 
generator and power electronics 
due to their background in the 
design and manufacture of 
commercial electrical motors 

balance between safety and 
complexity. 

The range extender engine is 
specifically designed for use 
in series hybrid applications, 
used solely to provide electrical 
power and not directly driving 
the vehicles wheels, Therefore a 
different approach for the safety 
systems was utilised to ensure 
the implementation of robust 
control strategy, with extensive 
use of DFMEA’s, originally the 
engine was intended to run at 
two operating points 1500rpm 

FEATURE

RANGE EXTENDER ENGINE – CONCEPT TO PRODUCTION
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bespoke de-contented controller 
for the three cylinder engine 
and generator control. Whilst 
generator and power electronics 
have been developed by Fagor 
Automation, close collaboration 
between the respective controls 
team have ensured that there is 
a robust ‘hand-shake strategy’ 
between the engine and 
generator, minimising duplication 
in the hardware/software 
between the two separate units. 
This allows the vehicles hybrid 
controller to send a simple power 
demand request via the Can-Bus 
control line to the range extender 
controller. Strategies have been 
developed to cover engine and 
generator diagnostics, as well as 
legal requirements for emissions 
and On Board Diagnostics (OBD). 

The engine development 
programme is now at the 
prototype build phase with testing 
on the RE50 starting in July/
August and customer units will 

The prototype range extender 
engines will use a Lotus T6 
ECU which is used in the Lotus 
Evora, with modified software. 
Production versions will use a 

and 3500rpm. Research by Lotus 
on hybrid vehicle operating 
strategies has proven that a two 
load range extender would be 
limited in its use, so the RE50 

now operates at variable speeds 
between 1500rpm and 3500rpm 
along the maximum efficiency 
operating curve, producing 
between 12kW and 50kW.

be delivered in November 2011. 
Development activities will start 
with the RE50, closely followed 
by the RE35. 

Start of production is targeted 
for late 2013, and activities are 
ramping up to meet this date. 
With a great deal of interest in 
the range extender engine from 
companies world-wide, it has 
become evident that a wider 
product range can be supported, 
consequently a 2 cylinder 
derivative is also being assessed.

Andy Green, Senior Project 
Manager

Lee Jeffcoat, Chief Product 
Engineer – Efficient 
Performance

Lotus Engineering

FEATURE
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The Lotus Active Valve Train 
(AVTTM) is a fully variable 
valve timing research system. 
Initially developed in 1990 it is 
the preferred research tool for 
over 15 major OEMs world-
wide. Applications includes 
prototyping conventional 
camshafts and investigations 
into advanced combustion 
techniques (like low-
temperature combustion - CAI 
and HCCI). 

AVT is capable of producing 
a wide range of engine valve 
motions including trapezoidal, 
conventional polynomial and 
multiple lift events during 
two, four, six and eight stroke 
engine cycles (360 –1440° 
duration) and as a result, the 
combustion engineer is no 
longer constrained by the use 
of conventional camshaft-based 
systems.

The AVT system is controlled 
electronically, operated 
hydraulically and allows the 
real-time control of individual 
engine valve motions which can 
be adjusted on demand by the 
engine management system to 
facilitate closed loop combustion 
control. 

The Lotus AVT system is able to 
adjust the valve profile and timing 
without the need to change 
camshafts physically. Put simply, 
the single-cylinder AVT system 
does not use camshafts.

 AVT’s flexibility enables 
significant time-savings in the 
engine development and data 
gathering processes. Design and 
manufacturing labour costs are 
significantly reduced and what 
used to take many hours or days 
can now be achieved in a matter 
of minutes – this is the power and 
advantage of the Lotus system.

The current AVT system is rated 
for repeatable operation upto 
4000rpm. Most modern spark 
ignition engines run to speeds 
faster than this, and many 
compression ignition engines 
also exceed this limit. A high 
speed AVT system was therefore 
demanded by engine researchers 
and developers.

One of the problems with the 
original controller when running 
at higher speeds was that as 
the speed increased the number 
of samples per engine cycle 
decreased; at 10,000rpm the 
controller was sampling only 
every 12° which equates to only 
30 samples per revolution, as 
apposed to 150 samples per 
revolution at 2000rpm.

The high speed AVT system 
(AVT-HS) is the next iteration of 
the Lotus AVT system. Research 
and development carried out 

at Hethel under controlled 
conditions with an experimental 
AVT research system have 
resulted in the achievement of 
higher speed operation. The 
initial goal was that the high 
speed control loop running at 
about 50kHz would achieve 
1.2° sampling resolution at 
10,000rpm. The system achieved 
40kHz during testing. Operating 

speeds of 10,000+ rev/min were 
achieved successfully during 
tests.

 As part of the development 
the new AVT-HS system has 
been redesigned using a more 
integrated approach to the 
packaging, including a re-design 
of the control firmware and 
hardware of the electro-hydraulic 

ACTIVE VALVE TRAIN GOES HIGH SPEED

proActive
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Lotus AVT System – mounted on an engine cylinder head
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system. It also makes use of the 
new Lotus designed I/O Interface 
(IOI), associated connector panel 
(IOI-C) and indicator panel (IOI-I). 
The controller has improved long 
term data logging capabilities 
for system monitoring and fault 
diagnostics.

The main objective of the new 
AVT-HS is to allow the AVT 
system to run at higher engine 
speeds, up to 8000rpm, with 
better repeatability of control. To 
achieve this we have developed 
a new controller to run at a 
higher sample rate. The previous 
controller ran at a sample rate 
of 5kHz, the new controller is 
able to run at 40 or 50kHz with 
the addition of real time adaptive 
control. This is at least a 10 
times performance increase. 

The new Lotus IOI provides a 
higher number of channels 
capable of driving up to eight 

electro-hydraulic servo-
valves (EHSVs) and associated 
displacement transducers. This 
means that the new system can 
run up to two engine cylinders 
with the correct configuration. 
This provides the ability to use 
the Lotus AVT (High Speed) 
System in multi-cylinder engine 
applications in test cells.

A wide range of valve lift 
motions are possible including 
trapezoidal, conventional 
camshaft polynomial form as 
well as double lift and two event 
lifts during a four-stroke engine 
cycle (720° duration).

The Lotus AVT system can be 
used for prototyping conventional 
camshafts and also for 
investigations into advanced 
combustion techniques and is 
compatible with the Lotus Single 
Cylinder Optical Research Engine 
(SCORE).

FEATURE

ACTIVE VALVE TRAIN GOES HIGH SPEED

Research and development departments can use the Lotus AVT 
system to carry out the following work programmes:

Engine Efficiency and Fuel Consumption

• Throttless operation

• Minimised charge exchange losses

• Multi-stroke operation

• Cylinder de-activation

• Valve de-activation

• Revised engine starting strategies

• Engine braking

• Torque and Power Curve

• Optimised valve timing and lift

• Combustion Benefits

• Swirl and tumble variation

• Internal EGR control

• Low temperature combustion - CAI (Controlled Auto Ignition) 
/ HCCI (Homogeneous Charge Compression Ignition)

AVT System schematic – high speed 
version



26

The Lotus AVT is controlled 
electronically by a Lotus designed 
Digital Signal Processor (DSP) 
controller. 

Fixed to the cylinder head are four 
double-acting hydraulic actuator 
assemblies. Each actuator 
assembly includes a hydraulic 
piston which is mounted directly 
on top of an engine poppet valve 
(its valve stem is re-designed 
to accommodate the fixing). 
A displacement transducer is 
connected to the top of the piston 
enabling the position of the engine 
valve to be monitored accurately. 

The control parameters of the 
system are accessed via a user 
interface program running on a 
computer which communicates 
via a parallel comms link with the 
Lotus AVT Controller. > 

Steve Louis, Executive 
Engineer – Control Systems                             
Lotus Engineering

AVT enables:

• Real time closed loop 
control of lift, duration, 
timing and profile 
selection

• Symmetric and 
asymmetric engine 
valve profile following

• Individual valve lift 
profile configuration

• Double-lift profiles per 
engine valve profile

• Polynomial, trapezoidal 
and user defined valve 
profiles

• Real time manipulation 
of engine valve motion

• Four / six / eight-stroke 
engine configuration.

proActive
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AVT Actuator – corner-sectional view

ACTIVE VALVE TRAIN GOES HIGH SPEED

AVT System schematic – current version
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Developing new hybrid, electric 
or alternative fuelled vehicles 
brings with it a number of 
risks that were not previously 
in the workplace. Traditional 
vehicle electrical systems are 
12v in cars or 24v for trucks 
and lorries. Lotus Engineering 
is currently working on 
automotive power systems that 
range from 200 – 600v.

Capacitors and regenerative 
systems on these vehicles can 
also store electricity, even when 
the battery is isolated cables and 
systems can still be live. Contact 
with live conductor electrical 
energy can cause muscle spasm, 
internal and external burns 
and in worst cases can stop the 
human heart. 

Lotus Engineering had already 
been working on hybrid test beds 
and vehicle battery applications 
prior to the start of the current 
high voltage projects. These 

included the integration of 
gasoline engines with generator 
and battery systems and a 
project to build a prototype 
hydrogen fuel cell vehicle which 
was capable of zero emissions. 
However the teams exposed 
to the technology were small 
with the risks associated with 
electrical powertrains easier to 
manage. With the assembly of 
the Tesla Roadster came our 
first real challenge. How does 
Lotus ensure that all of our 
manufacturing staff remain safe 
when they have to assemble, test 
and operate vehicles with battery 
systems in excess of 400 volts?

First failure modes were 
identified. What would happen 
when we baked the battery at 70 
degrees centigrade in a spray 
booth? What are the implications 
if the battery is short circuited, 
dropped or pierced with a fork 
lift truck? 

Working with the manufacturing 
team and Tesla engineers, Lotus 
had to identify all these risks 
leading to new build processes, 
as well the introduction of new 
safety and personal protective 
equipment. All these new 
procedures required education 
and a training course to ensure 
that all employees working on 
the project had the required level 
competency to work safely on the 
vehicles.

Unfortunately there is still 
no recognised training or 
competency qualification for 
technicians or other staff 
working with these high 
voltage vehicles systems. 
Awarding bodies of vocational 
qualifications such as City and 
Guilds, Institute of the Motor 
Industry, The Society of Motor 
Manufacturers and Traders 
and the Sector Skills Council 
for Science Engineering and 
Manufacturing Technologies 

SAFETY FIRST WITH HYBRID AND ELECTRIC VEHICLES 
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are currently discussing what 
information and training needs 
to be provided to workers that 
may come into contact with these 
high voltage electric vehicles, 
including breakdown staff, the 
emergency services as well 
as dealership technicians and 
smaller garage mechanics.

Whilst this approved policy is 
being developed, Lotus has 
constructed a framework of 
safety rules for working with 
these vehicle systems in both 

drive train applications and 
testing & development. Lotus 
has adopted risk assessment, 
authorisation and permit 
procedures from the electricity 
generating and distribution 
industry where working with 
extremely high voltages is 
commonplace.

Working with training provider 
Stirling Power from the 
Midlands, Lotus developed 
a series of processes and 
documents to form our safety 
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management system for 
hybrid and electric vehicles. 
These documents cover risk 
assessment, safety equipment 
and personal protective 
equipment, competence of staff, 
emergency procedures and 
workshop safety. As an additional 
safeguard Lotus have installed 
automatic defibrillators across 
the site and trained over 40 staff 
to use them.

Lotus also devised a traffic 
light system that allows us 
to identify a hybrid vehicle 
and also display the status of 
its drive system. This simple 
system allows anyone driving, 
testing or working on the 
vehicle to know that the vehicle 
is electric and that the safety 
management system must be 
applied. Categories of red, amber 
and green are used during the 
manufacturing process and 

during any battery or drive train 
testing that occurs on a test bed.

A red sign identifies that there 
may be a risk of contact with a 
live circuit. This sign will only 
be displayed during testing and 
when a live working permit is in 
place. An amber sign identifies 
that the electrical system is 
operational and is ready to be 
used and a green sign identifies 
that the high voltage system is 
disabled.

One of the key aspects of the 
Lotus safety management 
system is training. All Lotus 
assembly staff are provided with 
a minimum level of competency 
and all electrical engineers who 
may be required to work on a 
‘live’ system must complete a full 
training course incorporating a 
practical exercise and an online 
assessment which is externally 

FEATURE

The underside of the hydrogen fuel cell taxi

moderated. Clients and 
contractors have an induction 
training course before being 
allowed to work on vehicles. 

A number of motor 
manufacturers have shown 
interest in the Lotus safety 
management system, pending 
the arrival of national standards 
Lotus is not only leading the 
way in developing technology 
for hybrid and electric vehicles, 
but also ensuring we have a 
pragmatic and robust approach 
that ensures staff can work 
safely.

Ken Ferguson            
Occupational health and Safety 
Manager Group Lotus

SAFETY FIRST WITH HYBRID AND ELECTRIC VEHICLES 
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Professor Uwe Grebe began 
his GM career as a student with 
Opel in Russelsheim, Germany 
in the advanced engineering 
department, in 1989. He became 
a development engineer in 1991 
and held numerous engineering 
positions in advanced 
engineering. In 1999, he was 
named manager, base engine 
hardware for Opel Powertrain 
and, in 2002, became chief 
engineer, Family I and Family II 
gasoline engines. Grebe became 
Executive Director for General 
Motors Global Powertrain 
Advanced Engineering in 2004. 
He talked to Simon Warburton 
about the powertrain and 
energy challenges GM faces.

What are the greatest 
challenges facing vehicle 
manufacturers in their 
application of future 
technology?

UG: The biggest issues 
are energy availability and 
sustainability, and requirements 
for significant efficiency 
improvements. What we see 
is a significant increase in 
energy consumption during 
the coming years, particularly 
with the emergence of China 
and India. In 2030 we will use 
around 70% more energy than 
in 2003. Everything on the road 
is propelled by 96% fossil fuels. 
We need to find solutions that 
tackle these issues. GM uses 
a comprehensive strategy for 
propulsion systems targeted 
at efficiency and enabling our 
products to use diverse energy 
sources and carriers.

Can you give an example of what 
GM is doing in this regard?

UG: The Volt as an electric 
vehicle with extended range is 
an excellent example in which 

GM did a tremendous amount of 
work. For long-distance driving 
and high load applications, 
diesel engines, like our Duramax 
diesel for North America, are 
the right solutions. If you look 
at stop-and-go inner city driving 
electric is the way to go. In 
this regard GM has done much 
work with personal mobility 
in the EN-V concept vehicle. 
For full capability the extended 
range electric vehicle, like the 
Chevrolet Volt and Opel Ampera, 
makes a lot of sense. The Volt 
is in customers hands and 
proving its capability. We recently 
increased the planned global Volt 
volume for 2012 by 50%. We are 
confident in the durability of our 
technology and provide a battery 
warranty in North America for 
eight years and 100,000 miles. 

The Ampera is not a cheap 
option for those looking for 

INTERVIEW WITH PROFESSOR GREBE – GM POWERTRAIN
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Professor Uwe Grebe - Executive Director for General Motors Global 
Powertrain Advanced Engineering
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a extended range vehicle – 
how active is GM in looking to 
reduce this cost and how can 
governments help?

UG: Cost reduction is one of 
our biggest action items, and 
we are working very hard on 
this. Remember, this is the 
first market introduction of 
this technology and it has had 
all the normal challenges of 
implementation into the market 
place. Subsidies can only be used 
in order to guide society and the 
industry in a certain direction. 
It is not sustainable to think of 
subsidising over a long period of 
time. Government and industry 
need to work together to foster 
market places that use diverse 
energy sources. Because new 
technology is generally more 
expensive in its early stages 
subsidies are sometimes needed 
otherwise established lower cost 

technology will naturally be more 
attractive. We cannot only rely 
on early adopters to absorb new 
technology costs.

Do you think electrification will 
quickly replace the internal 
combustion engine (ICE)?

UG: Electrification and the ICE 
will co-exist for the coming 
decades. The ICE will not go 
away as it has many beneficial 
evolutionary changes to come. 
We will see mainstream 
propulsion systems with a certain 
amount of electrification such as 
stop-start. We will also continue 
to see a wide variety of different 
propulsion systems all aimed at 
energy diversification.

Are high prices at the pump 
continuing to drive technology 
advances as well as government 
regulations?

UG: We saw gasoline at USD 4 
a gallon not long ago. High cost 
gasoline is a reality right now 
and I don’t believe it will change. 
Much of the technology outlook 
for the next couple of years will 
be driven by greenhouse gas 
regulations in North America 
and C02 rules in Europe. 
However, regulation compliance 
is not enough as the consumer 
rightfully expects more and 
more efficiency. I don’t see these 
trends changing.

Are there any specific areas 
where GM is devoting its time?

UG: As an OEM, GM will focus 
more significantly on the entire 
vehicle system. This means 
tapping into mass reduction 
opportunities and obviously 
powertrain and propulsion 
system improvements. The Volt 
and the Ampera are role models 
for system optimization. We will 

also see more refined energy 
and heat management in all the 
vehicle systems. It will result in a 
very diverse portfolio of solutions 
for the market. The challenge 
is to manage the proliferation. 
We will always try to add new 

solutions and technologies on 
a modular basis without re-
engineering everything all the 
time to put us in the best position 
to offer customers an attractive 
product at an attractive price. >

FEATURE

Production of the Volt is planned to go up 50% by 2012
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vehicle was then subjected to a 
programme of benchmarking for 
dynamics performance, through 
both subjective evaluation and 
objective measurement of the 
vehicle’s steering, handling, 
stability, ride comfort and 
NVH. To support this work 
a comprehensive vehicle 
dynamics CAE model, using 
Lotus Suspension Analysis 
RAVEN software, was generated 
to conduct a parallel virtual 
study. As well as being used 
to correlate the findings of the 
physical testing, this modelling 
provided Lotus with valuable 
insight into how tuning of 
suspension components could 
be used to mitigate the effects of 
the increased unsprung mass, 
and to recover the vehicle’s 

performance. This tuning 
programme would form the 
basis of the second phase of the 
project.

The purpose of Phase 2 of the 
programme was to demonstrate 
that the small performance 
deficit introduced with the 
increase in unsprung mass could 
be largely recovered through 
vehicle attribute engineering, 
as part of a typical new vehicle 
tuning programme. Rather 
than fully optimise the vehicle 
dynamics performance of the 
simulated hub motor vehicle, or 
match the performance of the 
reference vehicle, the purpose 
was simply to demonstrate 
trends. Phase 2 was confined 
to modification of suspension 
components, comprising: front 
and rear dampers; front and 
rear springs; rear anti-roll bar, 
all taken from a performance-
orientated version of the 
reference vehicle. 

proActive
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IMPACT OF HUB MOTORS ON DRIVING DYNAMICS – PART 2

Traditionally vehicle dynamics 
engineers have sought to 
minimise unsprung mass, 
notionally to improve ride 
comfort. Obviously the transfer 
of the vehicle’s powertrain from 
the chassis to the hubs, as in 
the case of in-wheel electric 
motors, works against this 
principle.

During the initial phase of this 
project, Lotus worked with 
Protean Electric to replicate 
the unsprung mass and inertia 
characteristics of a range of 
Protean’s hub motor designs. 
This was carried out by adding 
ballast to the wheels and 
knuckles of the reference vehicle, 
a mid segment sedan with class 
leading vehicle dynamics. The 

Figure 1

Figure 2
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The modified vehicle was then 
subjected to a repeat of the 
benchmarking programme 
conducted in Phase 1, run in 
parallel with CAE analysis. The 
subjective and objective vehicle 
testing included assessment and 
measurements over a variety of 
different road surfaces, on a two 
post shaker rig and an on-centre 
steering assessment. The results 
of the three different vehicle set-
ups were then compared:

Subjectively, steering 
characteristics (see Figure 3) 
were most degraded by adding 
unsprung mass, when compared 
to the reference vehicle. Fitting 
the performance-orientated 
suspension to the vehicle 
with the increased unsprung 

mass improved steering feel 
and response characteristics 
to within ½ VER point of the 
reference vehicle, and the trend 
in all cases was back towards 
the reference vehicle. Steering 
kickback was reduced in Phase 
2, back to the reference level.

Whilst handling (see Figure 4) 
and agility was degraded with 
the additional unsprung mass in 
Phase 1, this was not degraded 
any further by the stiffer 
suspension set-up of the Phase 
2 vehicle. The improvement 
in on-centre response gain 
characteristics with the stiffer 
suspension brought the straight 
ahead tracking stability back to 
the reference level.

Some ride comfort items (see 
Figure 5) deteriorated slightly 
by fitting the stiffer suspension, 
most noticeably impact feel on 
small impacts, although this 
was not surprising considering 
the sporting bias of the set-up. 
The high frequency isolation of 
the Phase 2 vehicle was though 
improved relative to Phase 1. A 
separate tuning exercise could 
take greater account of ride 
comfort relative to the reference 
vehicle. 

Subjectively, the deficiencies 
introduced to the reference 
vehicle due to the increase in 
unsprung mass could be affected 
by changing the specification of 
parts included in a typical R&H 
suspension tuning programme. 
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Figure 3

Figure 4

IMPACT OF HUB MOTORS ON DRIVING DYNAMICS – PART 2
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In fact confidence was gained 
that the degradation in R&H 
performance could be largely 
counteracted.

Objective steering and handling 
measurements were conducted 
using an “on-centre” steering 
manoeuvre, to highlight the 
dynamic response of the vehicle. 
During Phase 1 testing it was 
observed that all the parameters 
tend to follow exactly the same 
trend with speed and severity, 
therefore it was decided that the 
measurements during Phase 2 
would be conducted at only one 

speed and one severity case. 
Consequently the vehicle was 
tested at 80km/h, and with the 
vehicle stabilised at the test 
speed and steering wheel angle 
setup, a sine wave steering 
input was applied at 0.20Hz, 
with steering angle magnitudes 
set to generate 0.2g lateral 
acceleration. The steering wheel 
motions were kept smooth, with 
particular attention to achieving 
a high quality ‘sine wave’ 
characteristic.

The summary of the work 
conducted during Phase 1 

identified small differences 
in lateral acceleration and 
yaw velocity response, with a 
slight increase in yaw response 
phase lag. These changes were 
considered consistent with the 
increase in vehicle yaw inertia 
associated with the mass added 
at each wheel. In addition 
the steering torque build up 
was found to be less linear 
with the increased unsprung 
mass. The initial rate of torque 
increase relative to yaw rate was 
increased, but then reduced off 
centre. The characteristic was 
considered to be consistent with 
the combined effects of yaw 
response lag, increased steering 
friction and increased wheel and 
hub inertia about the steering 
axis.

The testing in Phase 2 with 
the stiffer suspension set-up 
resulted in an 8% increase in 
the torsional rate, represented 
by an increase in steering effort 
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Figure 5

Figure 6

build-up (see Figure 6). This 
regained some of the effort 
build-up that was generally faded 
from the reference vehicle with 

the additional unsprung mass in 
Phase 1.

The modified suspension also 
resulted in a significantly 

IMPACT OF HUB MOTORS ON DRIVING DYNAMICS – PART 2
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increased on-centre yaw gain 
(see Figure 7), increased by 53%, 
with a corresponding increase in 
the response linearity, bringing 

both results more in line with the 
reference vehicle. As displayed 
in the Steering Torque vs. Yaw 
Rate plots (see Figure 8), the 

damper rod and wheel hubs, 
for both front and rear axles, to 
give a clear picture of vehicle 
body disturbance as well as the 
suspension behaviour.

modified suspension gave a more 
linear relationship of the two 
parameters. In addition it can be 
seen that the torque gradients are 
reduced on the Phase 2 vehicle, 
when compared to Phase 1.

In summary the stiffer suspension 
provided the vehicle with an 
increase in effort build up, 
improved vehicle response to 
steering input and improved effort 
linearity over the Phase 1 vehicle. 
In addition this brought the 
objective steering performance of 
the modified vehicle more in line 
with the reference vehicle.

As in Phase 1 of the project, Lotus 
conducted road measurements on 
a number of surfaces deliberately 
chosen to excite the natural 
frequencies of the unsprung 
mass, in order to emphasise any 
differences due to the unsprung 
mass increase. The vehicle was 
instrumented with accelerometers 
to collect data at the strut tops, 

The increase in unsprung 
mass during Phase 1 resulted 
in a decrease in the wheel 
hop frequency from 14.25Hz 
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were repeated. Again the 

most noticeable effects were 

measured at the hub, in the 

vertical direction (Hub_Z). 

However for Phase 2 the sharp 

peak corresponding to wheel 

hop was suppressed, leaving 

a broader but lower amplitude 

peak. The Phase 2 data (see 

Figure 9) showed a general 

reduction in the level of Hub Z 

vibration in comparison with 

both the reference vehicle and 

Phase 1, whilst the frequency 

content in the Hub X and Hub Y 

directions was very similar to 

that measured on the Phase 1 

vehicle, on both axles. For the 

rear axle (see Figure 10), the 

stiffer suspension set-up again 

showed some attenuation of the 

9.75Hz wheel hop peak in the 

Hub Z direction, however the 

overall amplitude and frequency 

content remained similar to that 

measured on the Phase 1 vehicle 

with additional unsprung mass. 

to 9.75Hz, not unsurprising as 
this frequency is primarily a 
function of unsprung mass and 
tyre radial stiffness, with a small 
increase in amplitude. Whilst the 
difference in hub accelerations 
was clearly apparent between 
the reference vehicle and the 
vehicle with increased unsprung 
mass, the resulting change in 
body accelerations was small 
enough to be subjectively 
assessed as being unlikely to 
be noticeable without back to 
back comparison. In addition, at 
higher frequency excitation, the 
higher unsprung mass reduced 
the acceleration response of 
the body at frequencies above 
wheel hop. When subjected to 
an impact event the additional 
unsprung mass allowed the 
suspension to absorb the bump 
better, again resulting in reduced 
accelerations on the vehicle body.

With the stiffer suspension 
fitted for Phase 2 the tests 

In both cases this was lower than 

that measured on the reference 

vehicle at frequencies above 

wheel hop. 

The front strut top and damper 

rod data measured during 

Phase 2 showed a noticeable 

increase in the vibration level 

in comparison with both 

the reference and Phase 1 

vehicles. The reason for this 

was because the hub vibration 

was now better controlled, 

resulting in greater transmission 

through the damper into 

the vehicle structure. Hence 

whilst the wheel hop mode 

was better controlled with the 

stiffer suspension, the body 

accelerations were increased.

In Phase 1 it was found that that 

the addition of unsprung mass 

to the vehicle generally reduced 

the amplitude of impact events 

(peak Hub Z vibration levels were 

reduced by around 40-60%), 
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suspension (Phase 1), considered 
a detrimental change. In some 
cases the damper rod Z levels 
exceeded those measured on 
the reference vehicle. This 
is because although the hub 
acceleration was lower with the 
additional unsprung mass, the 
greater damping in the stiffer 
suspension resulted in higher 
accelerations of the damper rod.

however it took longer for the 
vibration to dissipate.

The front Hub X and Z results 
for Phase 2 (see Figure 11) 
showed that by fitting the stiffer 
suspension the dissipation 
time following an impact was 
brought closer to that of the 
reference vehicle, whilst the 
lower vibration amplitude with 
the additional unsprung mass 
was retained. This was due to 
the increase in overall damping 
of the performance-orientated 
suspension. The Phase 2 results 
measured at the rear axle 
were generally similar to those 
recorded during Phase 1 with the 
additional unsprung mass.

When fitted with additional 
unsprung mass, during impact 
events, the damper rod Z results 
generally showed an increase 
in the vibration amplitude with 
the stiffer suspension (Phase 2) 
in comparison with the original 

To support the road 
measurements the Phase 2 
vehicle was also tested in the 
lab, on a two post shaker rig. 
During Phase 1 this testing 
produced good correlation 
of the road measurement 
results, as well as highlighting 
a closely coupled powertrain 
vertical mode to the wheel hop 
frequency. This characteristic 
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stiffer suspension set-up may 
have increased the sensitivity of 
the hub to this mode.

The data measured on the 
shaker during Phase 2 for the 
Strut Top Z and Damper Rod 
Z showed an increase in the 
vibration amplitude in the wheel 
hop / engine bounce region (11-
12.75Hz). This accounted for the 
increase in Engine Z vibration, 
as the increased reaction force 
transmitted through the damper 
resulted in higher vibration levels 
at the strut top and damper rod. 
This in turn increased the level 
of excitation transmitted to the 
engine.

In summary, although the 
stiffer suspension resulted in 
a significant reduction in hub 
vibration, the amplitude of the 
engine bounce mode increased. 
This increase is not desirable; 
however it may be possible to 
address this issue through tuning 

was also present during the 
Phase 2 measurements, when 
in fact the expected wheel hop 
peak at around 11Hz was not 
apparent. Instead, the Hub Z 
data was dominated by a peak in 
the12.25 –12.75Hz region, which 
corresponded to the engine 
bounce mode. The wheel hop 
and engine bounce modes are 
closely coupled, and hence in this 
case the influence of the engine 
bounce mode shaped the Hub Z 
vibration spectrum. Additionally 
the Engine Z vibration levels 
measured in Phase 2 at the 
engine primary bounce mode 
(12.25-12.75Hz) were of a higher 
level than measured during 
Phase 1 (see Figure 12).

The Hub Z data also showed 
a second peak at 18Hz – this 
was most likely the influence of 
the fore-aft mode of the front 
suspension. This characteristic 
was not found during the Phase 
1 measurements, and hence the 

of the engine mounts. Normal 
powertrain mounting design 
practice would avoid coupling of 
powertrain modes with wheel 
hop frequencies, although 
obviously if this was a pure EV 
then the conventional powertrain 
(modes) would be absent!

In support of the physical test 
programme during Phase 2, a 
vehicle dynamics simulation 
study was once again run 
in parallel. The non-linear 
parameterised dynamic vehicle 
model, featuring 24 dynamic 
compliant degrees of freedom, 
was constructed and analysed 
in RAVEN software, populated 
from K&C measurements taken 
on the Lotus SKCMS rig. The 
results from this analysis (see 
Figure 13) conclude that:

• Stiffer suspension helps 
hub control and high 
frequency isolation but 
hurts lower frequency ride
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• Tuning top mounts is a 
promising countermeasure 

• The biggest challenge 
is lowered wheel hop 
frequency coupling with 
engine bounce (this would 
not be an issue with a pure 
EV + hub motors)

• The limitation on tyre 
stiffness may limit the 
overall scope for tuneability

In conclusion to the work 
conducted during Phase 2 it 
can be stated that even without 
optimisation, the vehicle with 
increased unsprung mass can 
be tuned to produce a customer 
acceptable driving experience, 
and that the negative effects 
of adding unsprung mass can 
be significantly compensated 
by traditional chassis and 

powertrain design and tuning 
measures.

Limitations may exist in the 
availability of suitable tyres, with 
adequate radial stiffness, and in 
fact this is an area which may 
need development to better suit 
the overall system requirements 
of Hub Motors. 

Further challenges that will need 
to be addressed will include 
the ability of the suspension to 
absorb traction torque reaction 
without loss of isolation or 
kinematic control.

The work conducted during 
this phase of the project would 
appear to reinforce the argument 
for the use of hub motors over 
chassis mounted motors as an 
EV drivetrain. >

Peter Studer, Product Manager 
- Driving Dynamics Lotus 
Engineering
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 Red = std

Blue = + 33 kg

Green = +33 kg + 2 x tyre stiffness

Magenta = +33 kg + 2 x damper forces

Cyan = + 33 kg + 2 x top mount stiffness

Brown = +33 kg with all changes

 Red = std

Blue = + 33 kg

Green = +33 kg + 2 x tyre stiffness

Magenta = +33 kg + 2 x damper forces

Cyan = + 33 kg + 2 x top mount stiffness

Brown = +33 kg with all changes
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