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Technical director Colucci led Brumos Racing to victory 
in the 2009 Rolex 24 at Daytona. It was the sixth time 
since 1975 he’d been involved with the winning car
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Jens Hagelauer (JH)
As technical director of Joest Racing, Jüttner is one of 
the most experienced engineers in sportscar racing, 
instrumental in numerous Le Mans 24 Hours triumphs

Ralf Jüttner (RJ)
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TIM CINDRIC is the man who runs one of the USA’s largest 

racing enterprises, Penske Racing, which in May won an 

unprecedented 15th Indianapolis 500 with Helio Castroneves. 

He was the man on Castroneves’ radio, the strategist who helped 

the Brazilian win from the pole, run the fastest race lap, and 

become only the ninth man to win Indy three times.

PMW sat down with Cindric before the race to see what he 

had to say about working for one of the most successful and 

widely based teams in US racing history.

PMW: At this stage in the maturity of the organization, 47 

years after Roger Penske hung up his own helmet and 40 years 

since the team’s first open-wheel victory, why does the team go 

on? You’ve proved everything you’d ever have to prove.

Cindric: Roger says that this is the common thread 

throughout our organization [Penske Corporation]. Within 

our 40,000 employees, we have a built-in fanbase, and it’s 

something that Roger’s done since 1966. He’s obviously very 

interested in it, it’s something that he enjoys, and it’s sort of his 

golf game. We’re really the public image of the organization.

PMW: Plenty of teams folded or merged during the off-

season, but Penske is still here, still competing in four or more 

series simultaneously. How have you managed that?

Cindric: We’re fortunate as a race team to have business 

resources, especially with the automotive sector being what it is 

today. It’s been very difficult for our organization as well, but the 

fortunate thing is we have a good foundation. We’ve run our 

racing business as a business off the track, and we become racers 

on the weekends. With the mergers, it’s good that these owners 

are at least merging rather than leaving the sport. We’ve done 

everything we can to remain independent, but there may come 

a time when that’s what you have to do to remain in the sport.

PMW: Can you give us an estimate, year on year, how much 

your budget is down this year?

Cindric: That’s difficult, because we do 

different things each year. Last year, we 

didn’t run a NASCAR Nationwide team. 

We’re running a third car in the IRL 

series for Will Power this year. Last year 

we ran a full Porsche ALMS schedule 

with two cars, and this year we’re 

running a Porsche-Riley Grand-Am 

Rolex Daytona Prototype. We’re 

fortunate that our timing, contracts, 

and agreements weren’t in a major 

renewal period at the end of last 

season, where some of the teams that 

had to make major decisions were 

caught in a timing issue with the 

economy. We’re lucky that we 

weathered the storm there and have 

partners with us that had major 

commitments well beyond 2008.

PMW: You quickly got Verizon 

on board for the Grand-Am Rolex 

effort and also got Verizon on the 

third IndyCar effort for Will Power. 

How did you pull that off in this 

economy, and so quickly?

Cindric: We’ve had Philip 

Morris, ExxonMobil, Miller/

Coors, and other Fortune 500 

companies for such a long time 

that we are able to keep that 

continuity through the good years 

and the bad years. You have to be 

able to deliver more than just on-
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KIA PRO_CEE’D BTCS S1

CHASSIS: Pescarolo spaceframe

ENGINE: Mountune 3.2-liter V6 (based on 
Peugeot 3-liter), 420bhp @ 8,800rpm

GEARBOX: Sadev six-speed sequential

FUEL CELL: ATL

DASH: MoTeC

ENGINE LOGGING: Pi

BRAKES: Brembo

WHEELS: ATS

TIRES: Michelin 27/65 18 control rubber

MINIMUM WEIGHT: 975kg

Tech specUntil now, Kia’s highest-profile 
motorsport achievements have been in 

the Trophée Andros ice-racing series, where 
Yvan Muller took three consecutive titles in 
2004, 2005, and 2006 in a Kia Rio. For the 
2009 season, however, a pair of Kia pro_cee’d 
silhouette racers is competing in the Belgian 
Touring Car Series (BTCS). 

The project was initiated by Belgian Kia 
dealer Philippe Steveny, who secured backing 
from Kia Belgium. British outfit Chad Racing, 
based within easy reach of the Channel ports 
in Essex, UK, was commissioned to build 
and run the cars, and Iain Dockerill, brother 
of team owner Ivan, shares driving duties 
with Steveny. In the other machine, Belgian 
popstar and multiple Dakar Rally entrant 
Koen Wauters, of the band Clouseau, is 
among the drivers and guarantees plenty 
of column inches for Kia in Belgium and 
beyond. Formula Two development driver 
Steven Kane has tested the car, and joined the 
driver line-up for the Spa 12 Hours in June.

Chad Racing, which started in the Fun 
Cup and also races a Ferrari 430 in the 
British GT and International GT Open, had 
previous silhouette experience from running 
a pair of Peugeot 406s originally built by 
ORECA for the now-defunct FFSA Silhouette 
series. The two Kias are based on Pescarolo 
spaceframe chassis originally developed for 
the same championship. The 3.2-liter V6 
engines are built by Mountune and mated 
to sequential Sadev gearboxes. Chad has the 
only six such boxes in existence. As they are 
not used as stressed members, they have no 
mountings for the rear suspension or wing 
and are therefore somewhat lighter than 

similar Sadev boxes, although the internals 
are standard.

BTCS is a multiple-class championship and 
the pro_cee’ds run in the top class, S1, against 
a Renault Mégane, an Audi A4, BMW M3s, 
Jaguar X-Types, and Mazda RX-8s. Unlike 
the championship-leading Mégane, run by 
Delahaye Racing, however, the pro_cee’d is 
not a homologated car, complying only with 
BTCS S1 regulations. As such its rear-wing 
height must not exceed the height of the shell. 
This led to a key development issue on the 
new car, namely front-heavy aero balance. 

Led by engineer Steve Rouse, the team 
has worked hard to refine the aero package 
and the result was a 1-2 in the third race of 
the season at Dijon in May. Zolder and Spa 
host other BTCS rounds, and these tracks 
have also been used by Chad in testing (at 
around 110dB, the car is too loud for some 
UK circuits). 

The glass-fiber body follows the silhouette 
of the road-going pro_cee’d, a Golf-sized 
three-door hatchback. 

“The material suits us because there is 
a fiberglass works at our base in Canvey 
Island, so we can have molds made very 
easily, and it has enabled us to make some 
aero tweaks,” explains team mechanic Andy 
McMillan. 

Flared arches and those aerodynamic 
modifications were the only changes to 
the overall shape of the racer from the base 
road car, although the only parts carried over 
from standard are the lights. As for other 
materials, carbon fiber is only permitted for 
safety structures, and corrugated aluminum 
is used in the floor. 
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Led by the Warwick Innovative 
Manufacturing Research Centre 

(WIMRC) at the UK’s University of Warwick, 
the WorldFirst project demonstrates a raft of 
unusual technologies that are ecologically 
more sound than conventional techniques, 
but which don’t compromise performance. 

WIMRC research engineer Ben Wood takes 
up the story: “Two years ago we built a car 
called the Eco 1, which was based on an old 
Formula SAE car, and although it looked 
good we realized that to gain respect from 
the motorsport community we would have 
to build something really fast. We wanted to 
prove that there is no real pain involved in 
changing to something a bit more 
sustainable.” 

A year ago the team started to look for 
something to use as a better base vehicle, and 
settled on a second-hand 2006 Lola chassis. 

“Lola was happy to be involved so the work 
began,” says Wood. “The first thing we did 
was modify it to accept the new biodiesel-
powered BMW engine, and as James 
Meredith [project manager] is an ex-Ford 

pmw

The team is working with the company 
Green Fuels to develop renewable additives 
that offer better lubricity and corrosion 
resistance. The engine is lubricated, slightly 
unusually, using Plantomot, and the base 
oil used for manufacturing it is a blend of 
synthetic esters. These are derived following 
the splitting of refined vegetable oils, 
oilseed rape, and sunflower, and conversion 
of the fatty acids derived from them by 
hydrogenation and transesterification. 

These ester bases replacing the part played 
by conventional mineral oils or synthetics 
derived from mineral oils are then combined 
with a variety of additives including 
dispersants, oxidation inhibitors, corrosion 
inhibitors, pourpoint depressants, and so on, 
to give the functionality required for use.

“Over the last year we have worked on a 
Plantomot formulation that is best suited to 
use with 100% biodiesel, and particularly 
with 100% vegetable oil itself,” says Meredith. 
“Higher levels of unburned fuel leak past the 
rings when 100% vegetable oil is used rather 
than mineral diesel. This has led to a number 
of engine failures, due to the cross-linking 
and gelling of the fuel when it runs into – and 
remains in – the hot crankcase environment, 
eventually gelling, and resulting in engine 
failure.” 

WORLDFIRST FORMULA 3

BASE ENGINE: BMW M47TU2

DISPLACEMENT: 1,995cc

BORE/STROKE: 84mm x 90mm

PISTONS: Federal Mogul

TURBO: Garrett

POWER OUTPUT: 220bhp

ECU/DATALOGGING: Bosch

GEARBOX: Hewland

CLUTCH: AP Racing

LUBRICANTS: Fuchs Lubricants (UK) plc

Tech spec

The car’s engine cover and damper hatch 
are made from recycled carbon fiber.  

“Pre-preg carbon fiber has a shelf life of 
a year or so – after this time it can’t be used 
for safety reasons,” Wood explains. “This 
creates a lot of waste, especially in the 
aerospace industry, so instead of just 
dumping it we are recovering the carbon 
by burning off the resin in an autoclave 
and getting the carbon back into a roll 
format. We are studying what this does to 
the silanes, which help to bond the fiber 
and the resin. It is all so new – we need 
to establish what this process does to the 
mechanical properties.” 

This is not the only unusual material – 
the steering wheel is made from waste fibers 
from a carrot-juice factory. “It’s not the raw 
carrots, but the cellulosic nanofibers that 
are extracted from the leftover carrot pulp,” 
Wood explains. “These are used to create 
the composite, which has similar properties 
to a carbon-fiber-reinforced engineering 
polymer. It should be strong enough, and 
we hope to subject it to an FIA test.”

Material gain

“Overall the 
viscosity of 
these vegetable 

oil-based biodiesels does 
not seem to be a major 
problem...” 
Tim Scott, Scott Racing

“The engine is a turbocharged BMW 3 
Series 2-liter unit that has been race-tuned 
with a bigger turbo, a Bosch Motorsport ECU, 
and new inlet and exhaust manifolds,” says 
managing director Tim Scott. 

As is common with diesel engines in 
motorsport, the air charge quantity is 
calculated from inlet temperatures and 
pressures rather than relying on a mass flow 
sensor. As for injectors, the standard units 
are retained. Larger glow plugs and a more 
powerful lift pump are installed, and power 
is up from 160bhp to 220bhp. 

“Getting the race engine to start cleanly 
from cold was a challenge,” Scott continues. 
“We have to inject fuel much earlier when the 
engine is cold, and as it warms up we move 
the injection timing closer to top dead center. 
Overall the viscosity of these vegetable oil-
based biodiesels does not seem to be a major 
problem, although palm oil is something we 
will be avoiding.” 

Wood has also been involved in the fuel 
production: “We are concentrating on fuels 
derived from rapeseed and sunflower oil, and 
we collect some of the waste products from 
a local chocolate factory, filter out the cocoa 
butter, and transesterify it with sodium 
hydroxide to remove the glycerol. That makes 
a passable first-generation biodiesel.” 

Meredith is confident that using the new 
formulation will delay or even eliminate the 
onset of this sort of problem, citing the much 
better co-solubility of biofuels into lubricants 
derived from the same type of chemistry.

Another member of the team, Steve 
Lambert, has been working with Yazaki 
on the bespoke environmentally friendly 
wiring loom. The electronic systems on the 
car have proved to be a major challenge as 
this is the first time that the Bosch F3 display 
and logger have been used with the MS15 
diesel ECU. The wiring loom has been 
designed to be lightweight, eliminate PVC, 
and incorporate more environmentally 
friendly materials. 

Now the vehicle is complete and track 
testing is well underway. 

In the short term, it will be used as a 
technology showcase at various events 
around the world, but in time the 
development partners are determined to 
test its mettle in a proper race series. F3 
regulations don’t currently allow compression 
ignition turbocharged engines, but by using 
the same 26mm restrictor as F3 combined 
with a limited plenum pressure – along the 
lines of the ACO Le Mans regulations – the 
partners hope to have discussions with the 
FIA about running the car in F3 soon.

ON THE WEB For more clean racing, read about the world’s 
first zero-carbon grand prix at www.pmw-magazine.com

Chocoholic
design engineer, he designed a new engine 
package that included a bespoke dry sump, 
flywheel, and clutch assembly.” 

The billet-machined dry sump and engine 
mounts attach directly to the chassis and 
are reinforced by a steel frame. The engine 
itself has undergone some interesting 
modifications, calibrated by Scott Racing 
working in conjunction with the team at 
Warwick. 

In 1999 we were doing 3 minutes 35 
seconds around Le Mans in the Toyota 

GT-One, 3 minutes 31 seconds on qualifying 
tires. Last year in the winning Audi R10 TDI we 
did 3 minutes 23 seconds in the warm-up, so 
there’s quite a difference between the two 
cars in terms of lap-time performance. 

Back then the Toyota benefited from more 
relaxed aerodynamic regulations: it had a 
really big wing, and you were allowed an 
optimum Gurney for the long straights at Le 
Mans, whereas now there’s a minimum size 
(20mm high above the wing plane). 

The twin-turbo V8 also had a stinkload of 
horsepower: that thing was doing 354km/h at 
the end of the straight, so it was bloody quick. 
But the lap-time comparison tells you that 
without that top speed we must be going 
much quicker through the corners in the Audi, 

so the whole balance of the package is better, 
which in turn tells you that Le Mans is not all 
about being quick down the straights...

The GT-One was cutting edge at the time. 
I’ve heard people say, “Surely Toyota could 
modify it to fit the current regulations and it 
would still be fast?” Well, sorry, it wouldn’t be 
– but it was an amazing car.

In 2001 we used it to test some hydraulics 
for the first Toyota Formula 1 car. The engine 
had big, big restrictors on it and without them, 
the car had something like 850bhp. At our 
final test, at Monza, someone suggested 
pulling out all the restrictors and giving it a go, 
but it started to rain heavily so they never did. 
They weren’t even going to tell me first, they 
were just going to send me out!

[Former Toyota engine manager] Norbert 
Kreyer was a very, very good engine guy and 

I think he had a bigger part to play in the 
performance of the GT-One and the F1 car 
than he got credit for. On the Formula 1 
program in 2002 and 2003, the engine was by 
far the strongest part of the car. I remember 
we had a technical failure in the French Grand 
Prix at Magny-Cours in 2002, with the German 
race at Hockenheim a week later. Toyota took 
all the pre-built engines back to the factory, 
found the problem on the Sunday night, 
and fixed/rebuilt them all in time. It was an 
aggressive approach, straight down the line. 

It was exciting to be involved in the early 
stages of that F1 program. I didn’t really think 
about it at the time, but to know that you were 
the first ever driver to sign a Formula 1 
contract with Toyota is no bad thing. Formula 
1 opportunities don’t come along every day so 
when they do, you have to take them.
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AXON Systems is the supplier of high performance telemetry systems 
for measuring torque, force, temperature and other parameters from 
rotating parts such as prop – and drive shafts. 

The systems are easy to use and designed for very harsh physical and 
electrical environments.  A further service of AXON Systems is providing 
full application, calibration and documentation for torque measurement 
shafts.

 As a turnkey solution, the AXON J1 can quickly and easily be installed, 
giving detailed measurements safely from free rotating shafts and engine 
components.

The innovative 1-channel-telemetry-system AXON J1 allows users to 
equip rotating shafts with strain gauges or thermocouples and wirelessly 
transmits a dynamic signal to a stationary unit, where the analog signal 
can be processed easily by any data acquisition system.

 To protect the telemetry unit against mechanical shocks, water and oil, 
the system on the moving shaft can be covered with a high-strength 
fiber glass laminate. The power for the telemetry is supplied by an 
inductive power supply, meaning, no battery needs to be installed on the 
shaft, and added weight is limited to just a few grams. 

The lightweight rotor telemetry unit processes the signal and transmits it 
to a stator unit which also supplies the inductive energy to the rotor. The 
inductive head of the AXON J1 is equipped with a stator-ring in the form 
of a flexible moldable loop that allows installation even in the tightest 
areas. 

Axons’ IPT – Intelligent Power Transmission provides a high level of 
power to the shaft, even for vehicles with large suspension travel such 
as rally and off road cars.

The high performance J1-telemetry system in conjunction with the 
experienced application and on-site service makes AXON Systems the 
real partner in powertrain testing.

AXON Systems
Fraunhoferweg 17
82266 Inning
Germany

Tel.:  +49 (0) 8143 / 444038-13
Fax:  +49 (0) 8143 / 444038-90 www.axon-systems.com

AXON AD.indd   1 24/6/09   14:51:38
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W O R D S  B Y  J O N A T H A N  L A W S O N

GERHARD SPITZ REVEALS HOW AXON’S 
STRAIN GAUGES ARE MEASURING THE 
DRIVESHAFT TORQUE ON F1 CARS

AXON SYSTEMS manufactures telemetry systems and 
telemetry-based torque and temperature transducers.

The technology relies on a strain gauge attached with glass 
fi ber epoxy to the shaft in question. As the shaft fl exes under 
load, this is converted into an electrical voltage, which is 
processed by a small telemetry unit on the shaft. A type of ring 
stator recovers the signal and relays it to a central data 
acquisition system. It all sounds very delicate, but in fact the 
robust nature of the component design and the materials used 
mean that all vehicles can have these monitors installed, even 
at rotational speeds of up to 15,000rpm.

Axon sprang from the wreckage of bankrupt telematics 
company Optim Electronics in 2005. Motorsport quickly 
became a key area of interest. 

“We now split the bulk of our business markets between the 
series production work for car manufacturers, and motorsport, 
where we’re working together with established partners and 
new customers,” explains sales manager, Gerhard Spitz.

Axon has installed its technology on the rear driveshafts of 
a leading F1 team’s car to measure the torque during testing. 

“Our customers supply the shafts, then we attach the strain 
gauges and do the calibration and instrumentation so they can 
be returned in a matter of days,” continues Spitz. “Customers 
are interested in the torque on the shafts under acceleration as 
well as under braking, and it enables them to check their 
designs in a unique way.”

The collected data is also used by engineers to fi ne-tune 
their simulations. 

“This is important because it speeds up how the designs can 
be refi ned, and saves the team a lot of time and money on track 
use,” notes Spitz.

The next step for Axon will be to create a digital system with 
a full multichannel capability, enabling more variables to be 
measured. For example, force, torque, and temperature could 
all be easily measured in one spot. This will be completely 
researched and designed in house, as the company invests 
heavily in new technology. 

“We have everything we need, all the manufacturing 
equipment, pick and place machines, an application and 
calibration laboratory, and almost every type of test bench 
imaginable,” concludes Spitz. “This is why the turnaround 
times are so fast!”


