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ell, something has changed around

here. That's right, Great Britain has a

new government. Well, | assume it has,

for as we close for press the pre-

election hyperbole is in full swing but,
by the time you read this, it'll all be over bar the
shouting, of which it's looking like there may be quite a lot. Chris Aylett has
an interesting take on the situation, so have a read of his piece on p79 this
month. But back to more important matters, Formula 1 is back and already
the teams are griping at each other over who has what bit of technology,
stalling rear wings, ride height adjusters or flux capacitors. It is all part of
the fun of motorsport engineering.

One thing we can be sure of in these uncertain times is that if you come
up with something clever, you can be sure that someone else will try to find
a way to get it outlawed. This was the problem Audi faced withits R15 Le
Mans Prototype. It won't win any prizes in a beauty contest but it is still a
fascinating machine. Not least because one of the tools used to develop the
car was a free-to-download CFD package called OpenFOAM, and we take a
good look at the implications of that this month. You have to wonder with
open-source CFD and CAD now readily available, how long it will be before
we see the first ever open source competition car project.

Elsewhere, Arena Motorsport is facing up to simllar protests this year
over the engine fitted to its Calor-branded BTCC Ford Focus. The opposition
think it is unfair because it the LPG-fuelled racecar is very fast in a straight
line, but is that really just down to the engine?

One place where there is not much bickering is at the back of the
Formula 1 grid. Well, at least not much Bickering over legality, but thereis a

fascinating battle going on for 10th place in the championship, which brings

with it a big cash prize. Oh, and they do a lot of overtaking, soit's great to
watch, too. Perhaps Max was right with his £40m cost cap after all?
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- NEWS MICHELIN BACK INTO FI7 = FORMULA 3 EURO SERIES =

FORMULA 1

Miche

lin considering

Formula 1 return in 2011

But only if the FIA agree to a series of strict conditions

AS RACECAR
ENGINEERING went
to press French tyre
giant Michelin was in
discussions with the
Formula 1 governing
body, the FIA, about
areturn to the sport
in 2011, However, its
involvement is said to
be dependent on the
sport meeting three
crucial conditions.

The French tyre
manufacturer, which
pulled out of F1 at
the end of 2006, has
admitted it is interested
in taking over from
current tyre supplier
Bridgestone, which is due
to end its involvement
in F1 at the end of this
year, but only if certain
conditions are met.

Michelin managing
partner, Jean-Dominique
Senard, told Bloomberg:
‘We might consider
returning, but there
are some very clear
conditions, [including] to
show the performance

FORMULA 3

Formula

THE ARRIVAL OF the all-new
GP3 championship seems to
have hit the Formula 3 Series
particularly badly, with just 13
cars from five teams turning
out for the season opener at
Paul Ricard.

Teams leaving the
championship have been the
main problem, with Carlin, Manor,
SG Formula, HER and Kolles &
Heinz Union all no longer taking
part. Of these, just Manor and
Carlin are now in GP3, vet the
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F1 tyres face major changes, if Michelin man gets his way

they [tyres] can bring,
notably in terms of fuel
saving and CO? reductions.

Grisin, the company's
boss of four-wheeled
motorsport, told
racecar-engineering.
com: ‘Certain things
have to be done. We
must have competition,
we do not want to be
the only supplier. Also
we need to be able to

would favour a switch to
18in wheels (from the
13in currently used in F1)
should it come back to the
sport, which would be in
line with its current LMP
tyres, as well as moving
F1 closer to road car tyre
sizes with low profiles,
which could prove a plus
point for marketing.
Grisin has said it would
not use the current LMP
tyre but perhaps one
developed specifically for
F1 of the same size.

With Michelin keen
to supply teams on a
non-control basis there is
use the opportunity of now the possibility of a
competition to improve
our tyre technology. For
example, our new Pilot 3
road tyres had technology
developed for Le Mans
in them. We need this
from Formula 1. Finally, it
must have the possibility
to improve the green-
ness [environmental
credentials]!

There has been
speculation that Michelin

dd RACECAR
SAYS.. PP

Meanwhile, Serge

tyre war in Formula 1, and
Korean manufacturers
Hankook and Kumho
have also been linked to
Formula 1 supply deals in
2011, while Bridgestone
is still believed to be in
talks with F1 ring master,
Bernie Ecclestone, about
staying in the sport.
Meanwhile, Ecclestone
is also said to have told
teams to allocate a tyre
budget of around $4m for
2011, asitis unlikely any
company will be willing
to supply rubber free
of charge in the current
climate (Bridgestone's
current spend is said to
be $70m a year).
Michelin's last spell
in F1 was from 2001
until 2006. It was not
interested in becoming
the control tyre supplier
when the tender process
opened for the 2008
season, even then
insisting it was vital
the company faced
competition if it was to
invest in Formula 1.

3 Euro Series hit by GP3

new spec series boasts a full
grid of 30 entries, all budgets
that could reasonably have been
expected to go to Euro F3 if the
new series had not been set up.
Last year the Euro Series had
29 entries and, in a bid to attract
more cars to the championship
this year, the organisers have
now amended the entrance
criteria to allow the previous
generation of F3 cars torace in a
non-championship class. This is
likely to result in at least five cars

m www.racecar-engineering.com = june 2010

from the German F3 Cup joining
the grid for future rounds.

It's not all bad news on the
Formula 3 front, however, and the
British Formula 3 Championship,
historically one of the strongest
in the world, boasted a grid of
21 cars at this year's Oulton
Park opener, one up on the
season-starting race last year.
The first meeting of 2010 also
featured for the first time its all
new three-race format - this year
British F3 is running a 30-race

More at ebook-free-download.net or magazinesdownload.com

programme spread over
10 meetings.

‘With 30 races and a bold
new format, the Cooper Tires
British F3 is on the threshold of
a superbly exciting season, said
Stephane Ratel, the chairman of
the championship promoter, SRO
Motorsports Group. ‘The teams
are to be congratulated on their
efforts in assembling such an
impressive entry. It bodes well
for the continuing growth and
stability of British F3!
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VB8 SUPERCARS

Australian V8 plans
Car of the Future

V8 SUPERCARS, THE premier
Australian motor racing category, has
revealed the first details of its Car of
the Future (CoF) initiative, aimed at
reducing costs and attracting other
manufacturers beyond Holden and Ford
into the championship.

The CoF, which is expected to hit
the track in 2012, will consist of a
control floorpan and rollcage, with minor
variations to accommodate various
different bodywork styles. It will be
easier to produce than the current car,
the series says, and will be offered to
teams in flat pack kit form.

As for the engine, V8 Supercars
Australia (VBSA) insists that powerplants
must remain V8 in configuration, and it
is currently finalising the details of an
‘Engine Equalisation Programme’ for any
suitable variant from any manufacturer
that could co-exist with the current Ford
and Holden engines.

Front suspension and steering is
generally unchanged from Project
Blueprint - the current formula the
series runs to (see 'Watch this' on
p7) - although the CoF also features
control independent rear suspension
and uprights, plus a change to 18in
wheels. The Holinger mid-mounted
gearbox remains unchanged, but a
move from a spool to a Detroit Locker
rear differential is to be investigated
for potential introduction. To help keep
costs contained, brakes, cooling and

fuel system will all be controlled on the
proposed new car, as will all the cars’
electrics, including the chassis loom,
control engine looms and control ECU
and data logger.

Meanwhile, VBSA says the bodywork
must be substantially representative
of the production car model, but with
aerodynamic parity with other cars.

Safety has also been addressed
and V8SA says it is working with the
FIA on improving the driver seat and
position. Glass will also be banned and
polycarbonate windscreens used instead,
while the fuel tank will be shifted from
the cars’' boot to in front of the rear axle.
Target vehicle mass is 1200-1250keg.

CoF head of project, Mark Skaife,
said of the new concept: 'Our open shop
front policy will be based on potentially
attracting additional manufacturers [into
the series]. We want to open the door to
genuine high volume production, four-
door sedans, which will be configured as
V8 rear-wheel drive racecars under strict
parity arrangements to compete equally
against the current [Ford] Falcons and
[Holden] Commodores.

Precise technical details are scarce,
but the series has confirmed that it is
aiming for a target cost of AUD$250,000
(E152,000 / $233,000) for a rolling
chassis, while engine costs are to be
halved to AUD$100,000 (E60,500 /
$93,000), with a doubling of engine
lifespan to 10,000km.

BRIEFLY..BRIEFLY...B

DURANGO AIMS FOR F1

Former GP2, F3 and F3000 outfit Durango is to apply
for the 13th slot in the Formula 1 line up for next
season, hoping to take the place left vacant after US
F1's failure to make the grid this year. The team
dropped out of the GP2 series last year, but has now
found backing to race in Formula 1. Other
organisations thought to be aiming for the 13th slot
in 2012 include Lola and Stefan GP. Applications had
to be with the FIA by April 15 and an announcement
about which team has made it, along with the team
which will be named as first reserve, is expected to
be made in July.

STAY AT HOME DOME

Dome has given up its entry in this year's Le Mans 24
Hour race. It is thought the withdrawal is due to a
disagreement between the Japanese constructor and
its French partner, OAK Racing, over the choice of
tyres for the endurance racing classic. OAK, which
was to run the Judd-powered Dome S102 coupé,
actually races its own Pescarolo LMP2 cars on
Dunlops, which it had hoped to use on the S102,
while Dome favours Michelins. The Pegasus
Judd-powered Norma LMP2 car will now take Dome's
place in the Le Mans line up.

HONDA FOR WTCC

There has been speculation that Honda is to make an
assault on the World Touring Car Championship
through its Argentinean-based Honda Racing
TC2000 team. The two-car campaign is to be funded
by the Japanese car giant's Argentinean and Brazilian
operations. The base car is likely to be the four door
City saloon.

Meanwhile, Ford has moved to counter rumours
it's also considering competing in the WTCC.
Motorsport boss Jost Capito saying there is only room
for one programme, and that's the WRC.

= MORE NEWS ONLINE AT WWW. RACECAR-ENGINEERING.COM

i2 data analysis
software, available
in Standard or Pro.

June 2010 « www.racecar-engineering.com _

More at ebook-free-download.net or magazinesdownload.com


http://ebook-free-download.net/

PerFrormance Stoarts Here..
S

=2 L ecl?r r i~ Oorimearice

High Performance
Engine Valves, Pistons and Components

(ol o B Sl = o N L N R =

3580 Charter Park Dr. San Jose , CA. 95136 USA . (408) 448-2001 www.supertechperformance.com


http://ebook-free-download.net/

B NEws

BTCC ANNOUNCE NEXT GENERATION TOURING CAR =

TOURING CARS

BTCC u-turn on rear-
wheel drive for NGTC

e@roca
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At around £100k, plus engine, the Next Generation Touring Car will, say series’ organisers,
be easier to maintain, have greater performance and be half the cost of the current cars

The British Touring Car
Championship (BTCC) has
released details of its
Next Generation Touring
Car (NGTC) and the regs
now include a reprieve for
rear-wheel drive cars.
Cars conforming
to NGTC spec, which
will use many common
components, including the
2.0-litre turbo Swindon-
built engine, will be
eligible for the BTCC from
the start of the 2011
season and there will be
performance parity with
the current S2000 cars
until 2013. From then
on the performance of
the NGTC cars will be
incrementally stepped up.
TOCA, the body
responsible for the BTCC,

has confirmed that both
front and rear-wheel drive
formats will be permitted
under the NGTC technical
regulations, despite RWD
being prohibited when
the regulations were first
announced.

Alan Gow, the BTCC
series director, said: ‘After
we released details of
the NGTC programme
last year, | stated that
we would re-visit the
question of incorporating
rear-wheel drive in the
regulations if there
was enough interest or
commitment from teams
and manufacturers of
rear-wheel drive cars to
support it. Having now
had those discussions, I'm
confident there is and so

we have now included it!

GPR Motorsport has
been commissioned to
carry out the design,
validation, prototype
manufacture and testing
programme for the new
subframe / suspension
assemblies, for which it
will be the nominated
supplier, while TOCA
has also appointed as
technical partners Xtrac,
AP Racing and Cosworth
Electronics.

A prototype NGTC
car will be built and will
undergo a comprehensive
testing programme, part
of which will include it
taking part in official
practice sessions at the
final round of the 2010
BTCC championship.

BRIEFLY..BRIEFLY..B

CLOUDY SKIES

The Volcanic eruption in Iceland caused headaches
for many teams, with Formula 1 teams stuck

in China, FIA GT teams stranded in Abu Dhabi

and a number of parts suppliers unable to ship
components anywhere.

LOTUS LOOKS TO THE EAST

Lotus Racing (the F1 team) is investigating opening
a research and development facility in Malaysia.
The facility would include a 60 per cent scale wind
tunnel, backed by a CFD cluster.

YOU TWEET?

Never one to miss out on the opportunities offered
by modern technology, you can now follow Racecar
Engineering on Twitter. Look up racecarengineer if

you are that way inclined.

(»)WATCH THIS o

Learn more about the exciting Australian V8
Supercars series by listening to this tech talk by

engineers Neil Crompton and Mark Larkham.

Go to: http://www.racecar-engineering.com/vids
; (3] =

New VCS Video
Capture System with
live CAN data.
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- TECHNICAL INSIGHT FlUPGRADES

FORMULA 1

Failure, F-ducts and floors

Having enjoyed a short break after back-to-back races, the F1 circus arrived in China for the
Shanghai Grand Prix, with some significant upgrades made to the cars

TORO ROSSO

The Shanghai race weekend
started with a bang, when
Sebastien Buemi's Toro Rosso
suffered front suspension failure.
Under braking, the right front
upright failed, leading to an
overload of the right front upright,
which then failed in a similar
manner. It transpires the uprights
were from a new batch, which had
not previously been tested on
track, but was there more to it
than this? For this year the
regulations require the uprights
be made from aluminium.
However, the Toro Rosso upright
is of a similar design to both the
2009 Red Bull Technology cars,
which already used an aluminium
upright, yet the failure itself
occurred around the top wishbone
mounting. This caused the area of
the upright holding the wheel
tethers to fracture, leading to
both wheels breaking away from
the car. As the car was returned to
the pits it could be seen that the
remains of the tether
attachments were still connected
to the car.

FERRARI
With a major development step
expected in Barcelona, Ferrari
surprised many by turning up with
several modifications to its F10,
mainly related to the car's floor. It
also now features a more
complicated front splitter and
changes to the rear diffuser.
Having previously used a
simple splitter with an inverted
‘top hat' profile to its leading
edge, Ferrari has now added an
additional vane to act as a flow
straightener alongside the
splitter, which itself now has a
more curved profile. At the rear,
the diffuser has a revised central
section, with a stepin the
horizontal element between the
upper and lower decks, as well as
changes to the positions of the
fences running vertically down
from either side of the upper deck.

Toro Rosso suffered a catastrophic front suspension failure in practice

Red Bull's simplified front end aero, used in conjunction with a new floor

m www.racecar-engineering.com = june 2010
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RED BULL

Having run the car largely in the
same specification that ranin
Barcelona testing, the RB6 had
had a number of front-end aero
changes. These include a simpler
front flap arrangement, with a
continuous surface across the
span, rather than being broken up
into several elements. Likewise,
the end plate now has a much
larger vent. This is Red Bull's
interpretation of the Brawn-style
upright-less end plate, as cloned
by most teams on the grid.

Another step into other team's
solutions is the addition of
turning vanes under the nose
cone, Most teams run some form
of vane in the area beneath the
nose and above the exclusion
area between the front wheels.
Red Bull, although having run a
very high nose, have never
exploited this area before.

It's often said that vanes
mounted so far forwards are more
sensitive and less efficient, but
the RB6 vanes are very large and
the team felt they provided an
improvement to the car's aero.
These visible changes were
made in conjunction with
undisclosed under-floor and
mechanical changes.

With the clarification to
the Parc Fermé rules, Red Bull
appears to have lost none of its
qualifying advantage. Most of the
theories put forward - pumping
up dampers, frozen dampers,
melting wax bump stops and
load-sensitive dampers seem to
be countered by the clarification.

FIA CLARIFICATION

Any system, device or procedure,
the purpose and / or effect of
which is to change the set up of
the suspension whilst the car

is under Parc Fermeé conditions
will be deemed to contravene
Article 34.5 of the F1 Sporting
Regulations. Such systems could
include, but are not limited to,
those which rely upon changes
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of gas pressure, changes in
hvdraulic pressure, changes to
temperature-sensitive materials
or extreme-rate damping.

One point of note was
the extreme amount of rear
ballast fitted to the RB6 for the
Shanghai race. With the circuit
lacking any fast turns, teams
needed to focus on traction,
though Red Bull appears to have
bucked the trend for extreme
forward weight bias, by choosing
to fit slabs of ballast in the space
beneath the gearbox and floor.

WILLIAMS

Despite having its rear wing
delayed at customs, Williams had
changes to the front wing end
plate ready for Friday practice.
The new set up sports sharp lips
to the upper and trailing edges of
the end plate, where the previous
version ran simpler, rounded
edges in these areas.

F-DUCTS

McLaren has shown that its
F-duct system, which allows the
driver to stall the rear wing at
high speed, is a useful tactical
addition to the car. In the opening
race weekends the car has shown
a clear top speed advantage of up
to 10km/h.

With that in mind, it should
come as no surprise that several
teams have developed similar
prototype systems, with three
new versions appearing in free
practice at Shanghai on the
Ferrari, Williams and Mercedes.

the drivers manouevred their cars
into a straight line out of a turn on
to the straight they engaged the
F-duct and the spiralling vapour
trails from the rear wing vanished.
Towards the end of the straight,
just before the braking area, the
trails re-appeared as the driver
released the duct, allowing the
rear wing flow to re-attach and
provide downforce.

Ferrari were the first to run its
new F-duct, with a duct leading
through the shark fin engine
cover into the rear wing flap. As
yet, the team do not have the
driver-actuated duct fitted to the
cockpit, so the system was
completely passive.

Taking a different approach,
Mercedes had what look like
either a passive or incomplete
system. With no duct to feed air
through to the flap, an oversized
fin takes airflow from the rear
wing main plane and feeds it on to
the rear face of the flap. Two long
straight slots are then present
atthebaseoftheflap, G

+ TECH EXTRA

Ferrari ran its own version of a blown rear wing in free practice

However, none of the new Of particular note at Shanghai
systems appear to mimic the was the fact that the heavy rain
McLaren system exactly, and do. meant the McLaren system could
not seem to be driver operated. actually be seen in operation. As

ONLINE RACE-BY-RACE FORMULA 1 TECHNICAL ANALYSIS AT
www. racecar-engineering.cam/¥l

Wide range of ECUs, Dash
Loggers, Power Distribution
Modules and more.

Control it all.
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- NEW PRODUCTS THE LATEST MOTORSPORT TECHNOLOGY

| SENSORS | RESOURCES

KISTLER T9217A
SENSOR

INSTRUMENTATION
SPECIALIST
KISTLER has
introduced a new
Type 9217A sensor
using an ultra-
sensitive PiezoStar
element to provide
precise measurement
of compression and
tensile forces. With a
measuring range of
+500 Newtons and

sensitivity of a few : WH Ols WH 0 I N F1

millinewtons, the

Type 9217A force sensor is equally suitable for use in THE NEW 2010 edition of Who's Who recently changed position. The guide
both production and laboratory applications. Its rigid in F1 is now available, covering every also covers media, sponsors and
construction ensures the sensor is resistant to lateral aspect of Formula 1, from teams to marketing contacts and, as such, is
forces and has a high tolerance to bending moments, circuits and technical information. The an indispensable reference source for
helping to minimise interference effects. The sensor 2010 edition is printed in hardback anyone involved in motorsport.
weighs 16g, has an outer diameter of 8.5mm, overall with 564 pages and accounts for

length of 28.5mm and an operating temperature range nearly 50 per cent of personnel who For more information see www.
from -80 to +205degC. are either new to the sport or have whoworksin.com

For more information see www.kistler.com

FORD RACING ENGINE

FORD RACING HAS expanded racing. The engine Edelbrock Super Victor intake 5100rpm the engine has been
its line of sealed racing engines displaces 374ci (5850cc) and is manifold, while the valvetrain accepted for competition in both
with the introduction of the based on a BOSS 351 block with features 1.65:1 roller rockers ASA Late Model and NASRA Dirt
new 540bhp S374W engine, Eagle crank and rods. Breathing and a solid flat tappet camshaft. Late Model series.

specifically developed for is dealt with by alloy Ford Racing With maximum power quoted at For more information see
asphalt and dirt circle track Z CNC-ported heads and an 7000rpm and 470ft.Ib torque at www.fordracingparts.com
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GEOMAGIC PRO SHIFT

HIGE 2T | s BT e o (e (9 FOLLOWING ON FROM the highly driver to manually blip the throttle.

= successful launch of its Pro-Shift When used in conjunction with the PS3
PS3 gearshifting system at the it can provide variable gear specific
2010 Autosport Show, Pro-Shift has ‘blips’ and will also work in conjunction
announced the release of its accelerator  with the PS3's downshift lock out
pedal auto blip downshifter, As space is feature, providing inherent protection

f
'

often restricted in racecar applications from over revving when downshifting,
this solenoid-driven device is designed preventing potentially costly engine /
to operate directly upon the vehicle's gearbox damage.

accelerator pedal, providing clutchless For more information see www.

downshifting without the need for the proshift.co.uk

3D SOFTWARE MANUFACTURER Geomagic has
released details of its new Studio 12 software suite,
designed to allow seamless transfer of 3D scan data
to CAD. The new software will be the only reverse
engineering software to directly integrate with CATIA,
Autodesk, Pro Engineer, Siemens NX and SolidWorks.
New features include a more intuitive interface,
automatic surface and solid trimming and new hole-
filling features for polygon meshes. Studio 12 is due for
release in early May and will be available in both 32 and
64-bit versions.
For more information see www.geomagic.com
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THE NEW 093 check valve from UK in forward flow configuration the 093 | }8
based Lee Products is triumph of valve features a hard metal to metal : 1_’ ig
miniaturisation, being the smallest seat to ensure durability and is ideally n .: g
valve of its type ever developed. The suited to use in harsh motorsport i; -

all stainless steel side exit check valve environments,

is just 2.5mm and weighs in a just 0.14 For more information see www.
grams, yet is still designed for system leeproducts.co.uk.

pressures of up to 4000 psi. Available
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its Sportscar crown with the newly
re-modelled R15+?
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- DESIGN AND INNOVATION

the car not over the car, 'Instead
of guiding a lot of air around

the car and creating a lot of
expensive downforce (and paying
the subsequent drag penalty)
you guide it through the car,
explained Wolfgang Appel at the
car's launch in 2009,

This meant the front of the
R15 was essentially a void, and
that opened the door to some
significant controversy. Following
the R15's victory in the 2009
Sebring 12 Hours Peugeot and
Aston Martin questioned the car's
front bodywork legality under
regulation 3.6.1, which states:

Wwith the exception of the rear
wing definedin article 3.6.3, no
bodywork or underbody element
having a wing profile (*) is
permitted:

(*) "Wing profile” section
generated by Two arcs with
different curves and / or centres
joining a leading edge at the
front to a trailing edge at the
rear, the purpose being to exert
an aerodynamic effect, lift or
downforce,

Are not considered as wing
profiles, the bodywork elements
that:

* have a constant thickness

* have an absolutely
symmetrical profile

* are vertical

Another manufacturer's lead
designer said, it's simply illegal,
there's no way it should ever
have been allowed to run. They
need to ban its front aero now
because otherwise every other
car in the field will have to be re-
designed to keep up. It's a front
wing and that's just not on.

The rear of the car was also
challenged by rival George
Howard-Chappell of Aston Martin,
who said, ‘'The question is what
constitutes an aerodynamic
opening and what constitutes a
radiator duct?'

The dispute rumbled on until
Le Mans in June last year when
things came to a head. Audi had
made some minor revisions to the
R15's front bodywork, replacing
a mesh screen in the front ducts
with a ‘horn’ of carbon fibre.
This was not due to the legality
debate, rather that in Sebring
trim the mesh had been getting
damaged and had collected

Audi’s controversial channel
concept has seen three clear
iterations of the front air duct.

At sebring in 2009 (right) a mesh
panel was fitted ahead of the
suspension but debris accumulated
there altering the balance of the
car. As a result a new solution was
found for Le Mans, with a pair of
'horns’ in place of the mesh (below,
right). The rule changes in late
2009 saw this outlawed, now the
R15+ is fitted with a single plane
‘wing’ in the centre of the duct
(bottom)

" [recrsrec 4

AUDIR15+
Class: LMP1

Manufacturer: Audi
Sport/Dallara

Chassis: Carbon
fibre with aluminium
honeycomb

Suspension: Double
Wishbone with pushrod
actuated torsion bars

Brakes: Brembo carbon
ceramic

Transmission: Xtrac five
speed sequential

Engine: Twin turbo
5.5 litre V10

Fuel: Shell V-Fower LM24
Diesel

Tyres: Michelin

debris during the race, altering
the car's aero balance.

Peugeot ultimately lodged
an official protest, stating, ‘It
would indeed seem that two
features of the Audi R15 - in the
configuration in which it was
shown at technical scrutineering
for the 2009 Le Mans 24 Hours
on June 8 - do not comply with
Article 3.6.2 of the current
technical regulations: the flap
which links the two front wings,

m www.racecar-engineering.com = june 2010
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and the appendages fixed to
the inner surface of the front
wings. These appendages and
this flap effectively form part
of the bodywork and their

sole purpose is to generate
downforce. These bodywork
parts are considered to be
aerodynamic elements. Since
they do not appear on the

list of aerodynamic elements
authorised by Article 3.6.2, they
are consequently not permitted.

More at ebook-free-download.net or magazinesdownload.com
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The 2010 Audi (above) has far more conventional bodywork compared to the 2009 version (below). Gone are the dramatic louvres on the side pods and

the rear wing sits further back

R15+ retains the 5.5 litre V10 turbo diesel engine

The protest was rejected by the
ACO and so was taken to the FIA,
but was eventually dropped.

In the end, the R15
proved to be no match for the
2009-specification Peugeot 908s
at Le Mans. Even at Sebring,
where the R15 ultimately won,
the 908s put in faster lap times.
Audi's engineers returned to base
and looked for ways to catch up.
'After Le Mans 2008, our
specifications for the R15+

listed about 20 key items, says
Dr Martin Mihimeier, head

of technology at Audi Sport.
‘Efficiency and reliability were at

The R15+ has a very similar chassis to the R15, but the nose reshaping
was substantial enough to require a new crash test

wish of the drivers with a new
headlight concept.

‘This year though, the Le
Mans regulations prescribe

ﬁd Efficiency and reliability
were at the top of the list pp

the top of the list, but we also
looked at details like improved
night-time lighting of the track.
We were able to meet this

air restrictors with a smaller
diameter and reduced
supercharging pressure for diesel-
powered vehicles, Mihimeier

continues. ‘Due to the reduction
of engine power as a result of
the regulations we have tried
to make the car's aerodynamics
even more efficient than before,
and to improve the Cd value and
downforce parameters.

CUTTING DRAG

In 2009, the R15 suffered a
deficit in straight-line speed
compared to its rivals - it topped
out at 330.4km/h, whilst the

s
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Good Things Come
in Small Packages

After extensive on-track and laboratory testing, Tilton Enginering have developed brake
fluids that endure the most rigorous racing conditions. In fact, TSR-1's extremely high 328
Celsius dry boiling point is unmatched by any other brake fluid currently used in racing,
virtually eliminating the possibility of vapor lock.

TSR-1 and TBR-1 racing brake fluids are packaged exclusively in small 250ml

bottles. Besides being easy to handle, the convenient 250ml bottle helps
to reduce the amount of wasted fluid. Unlike 500ml and 1 litre bottles,
where unused fluid is left to absorb moisture from the atmosphere and
lower its boiling point, Tilton’s 250ml bottle insures that little fluid is left
over after filling brake system. As a result, brake fluid expenses are
reduced significantly over a racing season.

& CONTROLS

RACING

4 DRY BOILING

-
BRAKEFLUID
] sk
TSR-1 Supreme Racing Brake Fluid - 3 i
!
/

TSR-1 Supreme Racing Brake Fluid is proven in the
highest-forms of motorsports and is the pinnacle
of racing brake fluid technology. TSR-1 virtually 250mi (8.5 f02)
eliminates the possibility of vapor lock,
maintains very low compressibility at
high temperatures and has excellent . . -

lubricity to promote long seal life.

Typical Dry Boiling Point: TBR-1Racing Brake Fluid

328°C(622°F) TBR-1 Racing Brake Fluid is an extremely high-perfor-
Exceeds DOT 4 mance racing brake fluid for the semi-professional and

weekend enthusiast. TBR-1 has a very high dry boiling

point, maintains low compressibility at high tempera-

tures and has good lubricity to promote long seal life.
t Typical Dry Boiling Point: 310° C (590° F)
Exceeds DOT 4 requirements

The leader in racing brake controls SRR

email: sales@tiltonracing.com « phone: +1 805.688.2353 www.tiltonracing.com
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Prodrive-developed Aston Martin
Lola achieved 336.35km/h and
the Peugeot 340.86km/h. So
cutting drag was a clear priority
for Miihlmeier. ‘With an open car
itis a bit different, it is much
easier to optimise the flow for
low drag with a closed car. But for
sure the target was to improve
the efficiency, though we did not
neglect the drag and top speed.
In the race you need that peak
speed to be able to overtake. At
Le Mans, where you are running
for 24 hours, cutting drag

means you can overtake without
stressing the car’

A modified cooling and fuel
tank system was also introduced.
‘We had an issue last year with
the cooling of the car, reveals
Ulrich Baretzky, head of engine
technology at Audi Sport, 'with
the intercooler and the water
cooler and this was one of the
biggest tasks for this year - to
modify the car in a way that this
problem will not come up again.
As an engine man it is frustrating

' VORTEX GENERATORS

bodywork on the R15+ has simply made
ideal pressure recovery for the splitter
unachievable.

However, there are whispers that the

The use of vortex generators seems to

indicate that conditions are ideal for
detached flow on the underside of the Audi's
splitter (asymmetrical cross section, 30mm

if you make a good engine and
the car cannot really make it.

RULE CHANGES

But, as the engineers in
Ingolstadt worked away to solve
the problems, the ACO announced
a number of significant rule
changes, meaning almost all

cars had to be heavily revised or
granted waivers. ‘The regulations
came out in November and we
had to do a kind of re-set at that
time because we were basing
our strategy on last year's
regulations, explains Muhlmeier.
‘But there were changes and we
had to act quickly on them.

‘The car was legal when it was
running in 2009 but we had to
adapt it to the new regulations
when they were announced. That
was one target. The other was to
close the gap [between the Audi
and the Peugeot], especially at
Le Mans/

As a result, Audi was forced
to completely modify the front
section of the R15, which meant
major changes downstream.
Eventually, the entire shape
of the body was revised for
maximum efficiency.

It was the rulebook, however,
that really defined what the
R15+ had to be, 'Most of the
changes were forced by the
regulations. For example, at

trailing edge thickness). But this should be
somewhat expected, considering the reduced
height bodywork has made the operating
conditions for the splitter a little more
difficult, at least as far as the flow off the

trailing edge is concerned.

On the previous R15 execution, a lot of
work had gone into providing the front wing
and flap with ample airflow, allowing for
maximum pressure recovery. That is why
the covering bodywork was mounted high

flow separation is intentional to an extent.
Certainly, part of the flow separation is a
simple fact of life of the splitter's design and
execution. But we understand that there

is also a beneficial aspect — the separated

flow has less energy, which makes picking

and shuttered. But the lowering of the front

the front we had a specific
symmetrical profile that the
regulations allowed before, but
we had to change the trailing
edge, explains Mihlmeier. ‘Now
it must be three per cent of the
length of the profile and the

below left), which appear to
do the opposite of what the
regulations state, yet Mihlmeier
is insistant that they comply.

To be ready with the new
car in time for the first race of
2010 Audi Sport made extensive

ﬁﬁ cutting drag was a clear

priority pp

regulation allows a symmetrical
profile so we decided to opt

for a monoplane symmetrical
profile The R15's radical channel
concept was retained, but much
of the internal sculpting had to
be removed. Flow to the radiators
was revised and flow from the

outside of the car was eliminated.

Louvres were also added to the
rear exits of the car (see panel

use of its parent company's
CFD capability, running Star CD.
Later in the project the open-
source software OpenFOAM was
employed and now Audi Sport is
developing it for its own needs.
Wind tunnel testing was also
employed at both full scale and at
60 per cent.

To help advance development
of the new car, the 2009-spec

up sand and dust and exhausting it directly
into the radiators less likely, as long as it is
directed to behave in such a manner. The
vortex generators simply allow for this entire
condition to be better controlled.

Mike Fuller

R15s were employed in revised
form. 'Some of the test cars are
mixes of R15 and R15+ hybrids

if you like. The definitive R15+s,
such as the one that raced at Paul
Ricard, will be all-new chassis,
explains Mihlmeier, continuing,
‘Mechanically, the new car is very
similar, it is just little things that
have been changed.

BODY RE-MODELLING
Although it is possible to convert
anR15into a R15+, as the
chassis itself is near identical, the
heavy re-modelling of the body
meant it had to be subjected to a
new frontal crash test. 'The nose
is different. The structures are all
essentially the same as before,
but the shape is a little different.
So we had to test it again/

Once again, Dallara is a main
technical partner of the Audi LMP
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In the last session

before the race my
co-driver, Dindo Capello,
said that the Aston was
still quicker on the
straights — it just got up
and went — but it's not
all about the straights is
it? At the end of the day
you have to go round
the corner pretty quick
as well. I've not yet
driven the old car and
the new one back to
back so it is hard to say
how different they are.
The downforce doesn't
feel that different, but
there's certainly a lot
less drag.

At the moment,
though, we have not
got the consistency in
the set up. I ran briefly
in the initial tests, but
the experience we
have of the car is quite
limited. You can get
balance over a short
period, but to get it for
longer periods is not an
easy task and we are
not there yet. I think
we will do a lot of work
up to Le Mans on that
consistency.

But it's good
to come out of the
blocks fighting. The
car is obviously quite
quick, but we need
to understand the
car and make it more
comfortable to drive
and consistent over a
race distance. And that
will only come with
kilometers of testing.

programme, building the tubs and
doing other composite work on
the R15+ project.

At the heart of the R15+ is
a purpose-built diesel engine,
which has also been adapted due
to the new regulations, which
reduce the air restrictors from
two 37.9mm restrictors and a
maximum supercharging pressure
of 2750mbar to a pair of 37.5mm
openings at a maximum pressure
of 2590mbar.

'Our objective was to keep
power loss to a minimum, despite
the limitations imposed by the
regulations, explains Baretzky.
‘We managed to do that through
a lot of detailed work.

The powerplant continues
to deliver more than 440kw
(590bhp). ‘Just small changes
were made, there is no need to
make a good engine wrong. If
we had made it wrong we would

m www.racecar-engineering.com = june 2010

have seen it last year. We must
not compare the engine situation
with the result last year. All was
posed by the aerodynamics and
suspension, so we had no real
problem about engine power
delivery, fuel consumption and

ﬁﬁ There

is no need
to make a
good engine

wrong DQ

so on. That is why we tried to
improve a good engine tobe a
better engine, and to adapt the
engine to the new regulations.
They meant five per cent less
power, so it was a lot of work to
win back as much as we have!
The evolution version of

More at ebook-free-download.net or magazinesdownload.com

the Audi R15 TDI completed its
roll out on the Audi test track
at Neustadt, Germany in early
March. The car was then flown to
the United States for two weeks
of in-depth testing, though even
this was not a definitive R15+,
Testing was also carried out at
Paul Ricard, Monza (skipping the
first chicane) and on the twin
straights at Eurospeedway.
Before Le Mans in June, Audi
will undertake an extensive
testing programme on various
European race tracks and what
it calls ‘test races’. The first of
these was the 8 Hours of Le
Castellet in April, at which the
R15+ dominated, beating off
opposition from a Peugeot 908
run by the ORECA team. The real
proof of all this work, however,
will not come until the chequered
flag at the end of the longest
24 hours of the year in June.

In this rear shot we
can see the new
legality louvres that cover

the rear tyres. Regulation
Article 3.4.1b states, ‘the
rigid bodywork masking
the rear tyres must... be
designed in such a way
that air passing through
them is directed toward
the ground at the exit.’
However, from this picture
it would certainly appear
that the R15+'s louvres
direct the air up towards
the rear wing at the exit. A
further interesting detail is
that at their outboard
corners, the louvres are
inset to just cover the rear
tyres, opening up an offset
that allows unhindered air
to vent out the rear of the
wheel wells. The exhausts
exit the car similar to those
on the standard R15.
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Improved technology with a better return

Introducing AP Racing's revised CP5500 range of pedal boxes with one, two or three
pedal options.

The range is designed for maximum comfort and control and features a new, optimised
lightweight aluminium billet base plate and billet pedals with improved twist resistance
and adjustable footpads to alter pedal ratios and driver pedal preference.

The throttle pedal has been updated to include travel stops, return spring and improved
connection points with bell crank fixing point, while all pedal pivots now feature low
hysteresis ball bearings. Together with a superior quality spherical balance bar and an
optional bell-crank linkage kit, a very high standard in pedal box efficiency has

been achieved.

With all these improvements, you would probably expect this range to come at a
premium price - but you may be pleasantly surprised.

To find out how easy this will be on your racing budget, please contact AP Racing's
technical sales team or your local distributor.

www.apracing.com
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FIRST PRINCIPLES

Simon McBeath is an
aerodynamic consultant and
manufacturer of wings
under his own brand of

The Wing Shop - www.,
wingshop.co.uk. In these
pages he uses data from
MIRA to discuss common
aerodynamic issues faced by
racecar engineers

Produced in association with
MIRA Ltd

[MIRA

Tel: +44 (0) 2476 355000
Email: enquiries@mira.co.uk
Website: www.mira.co.uk

Tuning for

balance

This month it's GT3, and a Ferrari F430 Scuderia from the
2009 British GT Championship

T3 regulations are
pretty restrictive yet,
as we see this month,
this doesn't mean
that a decent level of
downforce cannot be generated.
Furthermore, although the cars
are required to run with their
homologated aerodynamics
packages, there is still scope for
coarse and fine tuning of the
front-to-rear aerodynamic
balance. This month we'll look at
the interesting results obtained
when altering front ride height.

BASELINE NUMBERS

Our test car, based on the 2009
model owned by Duncan Cameron
and run by MTECH Racing, arrived
pretty much as it had finished its
last race and the baseline data

MIRA’s boundary layer fence ahead of the MTECH Racing GT3 Ferrari 430 Scuderia

obtained are shown in table 1.
The roadgoing 430 Scuderia
apparently develops 300kg
(2943N or 660Ib) total downforce
at its maximum speed (said to be
198mph). Applying the square
law for aerodynamic forces, this
would reduce to about 76.5kg
(750N or 168Ib) at 100mph.
Our measurements on the GT3
version of the car equated to a
downforce figure of about 2200N
(224ke or 4931b) at 100mph, so
clearly the level of downforce is
significantly more than that of
the road car. And although this
has obviously raised the drag
coefficient into the '0.5' bracket
(from probably somewhere in
the mid-to-low '0.3" bracket),
the aerodynamic efficiency has
climbed from what would have

_ TARLEL 4

Baseline aerodynamic coefficients

CD
0.521

-CL
0.821

-CLfront
0.348

More at ebook-free-download.

% front
42.4

-CLrear
0.473

-L/D
1.58

Photos: S McBeath

been around 0.80 to 1.58 in this
configuration, almost double that
of the road cars.

It's pretty apparent where
this extra downforce has come
from. The rear wing, with a
400mm chord and large span,
was originally developed for
the F550 and subsequently
homologated for use on the GT3
430. The car runs a flat floor
with a long diffuser, the splitter
features ‘mini diffusers’ set into
the splitter ahead of the gaps
between the front wheels and
the chassis, and ground clearance
is down to 50mm under the
splitter during our tests. But
the car will generate even more
downforce out on track because,
as we need to remind ourselves
when assessing a low ground
clearance racecar in the MIRA
facility, the tunnel has a fixed
floor that inevitably means
underbody-generated downforce
is underestimated, Nevertheless,
the rough comparison with the
road car is interesting.

-
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. tABLE2 4

The effects of raising the front ride height but not the

splitter

FRH change, CD -CL -CLfront -CLrear % front -L/D

mm
0 0.521 -0.821 -0.348 -0.473 42.39% -1.58
2 0.522 -0.811 -0.343 -0.468 42.29% -1.55
4 0.523 -0.824 -0.351 -0473 4260% -1.58
6 0.523 -0.829 -0.357 -0.472 43.06% -1.59

. TABLEZ 4

The effects of raising the front ride height and the

splitter
FRH change, CD -CL -CLfront -CLrear % front -L/D
mm
0 0.521 -0.821 -0.348 -0.473 42.39% -1.58
2 0621 -0.813 -0.335 -0.478 41.21% -1.56
4 0.623 -0.805 -0.317 -0.487 39.38% -1.54
6 0.523 -0.803 -0.322 -0.481 40.10% -1.54
FRONT RIDE HEIGHT

Despite this, we have seen in past
Aerobytes that the effects of
altering ground clearance and
chassis rake can usually be
semi-quantitatively assessed at
least, so the first thing tried
during this session was to raise
the front ride height in increments
of 2mm, using front tyre shims.

Interestingly, it had been the
team's habit when increasing
front ride to re-adjust the splitter
height back down to its default
ground clearance, so for this test
this same process was followed.
But we also evaluated the same
ride height range without re-
adjusting the splitter. The results
are shown in tables 2 and 3, and
the aerodynamic balance shift in
each case is plotted in figure 1.

Let's consider first the
conventional adjustment in which
the splitter moved upwards
when the front ride height was
raised, as shown by table 3 and
the magenta line in figure 1. As
the front ride height was raised
through the first two increments,
the front downforce declined as
expected. And the rear downforce
increased slightly, again as
expected, though this was
possibly just the result of the
reduction in front downforce and
the reduced mechanical leverage
arising from the overhang of the
splitter ahead of the front axle.

However, as shown in the
balance plot in figure 1, when the
front ride height was increased
by a total of 6mm the initial

-

AERODYNAMIC EFFICIENCY

AERODYNAMIC BALANCE

The effect of front ride height adjustments on aerodynamic balance

Effect on balance of
FRH adjustments

B

|t Spitter 3t fixed height

—— Spifter maved with FR_H

] 2

FRH change, mm

The Ferrari generated a respectable level of
downforce and an aerodynamic efficiency level
almost double that of the roadgoing version

trend reversed,
front downforce
increasing again

RIDE HEIGHT ADJUSTMENT

Front ride height and splitter height adjustments
of just 2mm yielded tangible changes to
aerodynamic balance

and rear downforce
decreasing. This is not what one
might ordinarily have expected
but, as was suggested by MIRA's
senior aerodynamicist Angus
Lock, at the lowest ground
clearances the ‘mini diffusers’
may actually have stalled
(because of the reduced flow

m www.racecar-engineering.com = june 2010

energy in the boundary layer).
Then, as the front ride height
was increased, the diffusers
emerged into more energetic
flow, allowing the flow to re-
attach in the diffusers, bringing
their 'flow augmentation’ role
into play, and increasing frontal

More at ebook-free-download.net or magazinesdownload.com

downforce. It is also possible
that the fixed floor's boundary
layer could have been partly
responsible for stalling the
diffusers, so this effect may not
occur on track. The important
lesson here is that we cannot
assume that trends shown by
low ground clearance devices in a
fixed floor tunnel will necessarily
mirror reality.

Consider now the case
where the splitter height was
re-adjusted down to its default
height after each front ride
height increment was added.
Here we see there were minimal
changes in downforce and
balance, but a small balance
shift to the front as the front
ride height was increased. Again,
this is the opposite of what
one would normally expect
but, in this case, it might have
arisen because of the increasing
effective angle of the splitter
underside as the car was raised
but the splitter front was
adjusted downwards to keep it
at a constant height, effectively
creating a wide, gently sloping
front diffuser. In general though
this re-adjustment effectively
nullified the usual aerodynamic
change of raising the front ride
height. This could be helpful
in circumstances where, say,
an aerodynamic balance shift
was not required but where a
mechanical grip increase could
be achieved by running the
suspension geometry in a more
favourable regime. @
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to consistently satisfy AUTOSPORT
motorsport’s demand
for the best connection
system, bar none.”

] Approved by many major
automotive manufacturers

[J High Quality Precision Units
[ClHistory of Motorsport success

CJComprehensive ‘Group N’ clutch
range covering all applications

CJFrom 160-275mm dia. with sintered,
cerametallic or organic linings

2008 Champions use BMRS hose: (1 Prototype and bespoke clutch
NASCAR Sprint Cup, Truck, Nationwide Owners, service to suit most applications

Grand Am GT, USAC Silver Crown, and installations
Hooters USAR, ASCS National and Mid-West,
Knoxville & Williams Grove Track, Rally America,
European FIA Top Fuel Champion.

The lightest hose and fitting
combination available

Crimp and reusable hose end options

Excellent bend radius - less hose used
All one piece ‘billet’ fittings, no brazing
Four exterior braid options

Custom CNC tube bending service

Engineering design service -
part of your team

HELIX AUTOSPORT
Unit 1G

Vantage Business Park
Bloxham Road
Banbury, OX16 9UX

Tel: 44 (0)1295-701076
Fax: 44 (0)1295-709617
www.bmrs.net email: sales@helix-autosport.com
USA: BMRS Concord +1 (704) 793 4319 www.helix-autosport.com
UK: BMRS Slough +44 (0)1753 545554
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THIS MONTH:

[1 Is it possible to
calculate the maximum
speed of a racecarina
banked turn?

A Yes, but you must
be sure not to ignore
real-world factors when
doing so

Gavin [ Ireland

The banking at the 1920’s vintage circuit at Sitges Terramar in Spain rose to 90 degrees in places...

High-speed
anks

the maximum speed of a car in a turn of a given radius, coefficient of friction and

El wonder if you might be able to help answer a question with respect to calculating

banking. | found a formula on the internet that is supposed to be useful (it contains
cos theta - mu x sine theta in the denominator, mu = coef of friction), but the speed goes
infinite at 45 degrees of bank, given a coefficient of friction of one, and | maintain that is

wrong. Can you help?

The equation referred
to above by the
questioner is:
v =(rg (sinB + p cos)/(cosh -
sing))

where,

v = the maximum possible linear
velocity of the car, in ft/sec
or M/sec.

r = radius of turn, gravitationally
horizontal, in ft or M

g = acceleration of gravity, in ft/
sec? or M/sec?

B = angle of banking, from
gravitational horizontal

p = coefficient of friction

It will be apparent that for p =
one, the denominator goes to

zero when 8 = 45 degrees, and v
becomes undefined.

It is counterintuitive that
the car should have no limiting

speed if the banking isn't vertical.

It doesn't look right, but it is
right. However, for a 45-degree
banking, it's only true if pis at
least one.

At 45 degrees, what
happens is that at 1g horizontal
centripetal acceleration (aH =
1g), no cornering force is required
of the tyres. When speed drops
below the value corresponding
to 1g horizontal, the car tries

1o slide down the banking and
the tyres must exert a negative
cornering force. As the speed
rises above the 1gvalue, the
tyres must exert a positive
cornering force, and you'd think
at some speed their grip limit will
be exceeded.

But let's try some numbers,
not using the equation, but just
plain old trigonometry and our
own brains.

g =1 is the minimum
requirement for the car not to
slide down the banking when it is
at a standstill.

ﬁﬁ it is counterintuitive
that the car should have no

limiting speed if the banking
isn't vertical 99

15,
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At aH = 0, the normal force
on the tyres is W/(+2), force
down the banking due to gravity
is W/(v2), and force up the
banking is zero.

At aH = 1g, the normal force
on the tyres is W/(x2) + W/(\2),
or (V2)W, force down the banking
due to gravity is W/(v2), and force
up the banking is W/(v2).

At aH = 2g, the normal force
on the tyres is W/(v2) + (v2)W, or
(3//2)w, force down the banking
due to gravity is W/(+v2), and
force up the banking is (V2)W for
a required cornering force of W/
(¥2). The car can do that.

At aH = 4g, the normal force
on the tyres is W/(v2) + (242)

W, or (5/v2)W, force down the
banking is still W/(~'2), and force
up the banking is (2v2)W. The car
can do that.

Now we can see the pattern
that's emerging. The normal
force is always greater than the
induced load due to banking
by W/('2), and the net force up
the banking is always equal to
the induced load minus W/(\2).
So, although the ratio between
the cornering force needed and
the normal force asymptotically
approaches one, it never gets
there. So there will be a limiting
speed at some point on a
45-degree banking if p is less
than one, but not if it's greater
than or equal to one.

The banking angle where
there is no upper limiting speed
for any p is vertical. However,
there will then be a minimum
speed to keep from sliding down.
As p diminishes, that minimum
speed approaches infinity.

In fact, | think we can say
that when p = one, there is
exactly one banking angle with
no minimum or maximum speed.
When p < 1 orp = 1, any banking
angle less than 45 degrees has a
maximum speed, and any angle
over 45 degrees has a minimum
speed. When p > 1, there will be
a band of banking angles around
the 45-degree mark with no
maximum or minimurm.

BACK TO REALITY

All of this of course ignores
certain realities of tyre behaviour,
pisn't constant, and we can't

just go on adding normal force

The AVUS circuit in Berlin, Germany had a 43-degree banked turn, used in the 1959 German Grand Prix shown here

without failing the tyres. It also
ignores the realities of paving
such a banking. No race track in
the world has such a banking.
Talladega is supposed to be
31 degrees, Daytona 30 and
Charlotte 23. | have been on the
Charlotte banking and it feels like
walking on a roof.

If you wanted to pave a
banking at 45 degrees, how

In other words, the problem
posed here is theoretical. In the
world we actually live and race in,
you can't just go faster without
limit, on any existing track.

Still, the theoretical physics
of such a hypothetical case
are interesting. So are the civil
engineering aspects. No doubt it
can be done, and even has been
done, after a fashion.

ﬁﬁ any banking angle less
than 45 degrees has a
maximum speed, any angle
over 45 degrees has a
minimum speed DD

would you keep the paving
machine from sliding down the
banking? How would you even
grade such a banking? At 23
degrees, it is difficult to keep
asphalt smooth. When the sun
shines on the banking, the
asphalt softens and starts to sag
due to its own weight, which is
why tracks that are any steeper
are generally concrete.,

m www.racecar-engineering.com = june 2010

| have seen very small, very
steep, bowl-shaped circular board
tracks at fairs, where motorcycles
are ridden around at giddy
angles. Board tracks for full-sized
cars enjoyed brief popularity in
the 1920s in the US and some
of these were very steep. They
didn't age gracefully though.
After a few years, boards started
coming loose and impaling

More at ebook-free-download.net or magazinesdownload.com

people, and board tracks were
quickly abandoned.

However, if somebody wanted
to build a really steeply banked
track today, perhaps the board
track concept has some ideas to
offer. | don't mean the idea of
using wood as the material, but
perhaps the idea of assembling
the track surface out of pieces
formed off site, or at least not
formed in place. It might be
possible to make the surface as
pre-cast sections of reinforced
concrete deck, for example, and
then to move them into place
with a crane. These segments
could rest on an earthen road
bed, or sections could be
supported on an above-ground
framework. The framework could
then incorporate adjustment to
smooth out the track surface.
Sections could be replaced
individually and any cracks
between sections left unsealed
for drainage.

Rather like the physics of
driving on very steep bankings,
this is fun to think about, but |
don't plan on holding my brea’%
until somebody does it...
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At last - TPMS without batteries!!!

¥ Less weight — only 10g (0.350z)
| Smaller sensor size — 18x14mm (0.7”x0.55”)

¥ Maintenance free — longer life, lower running costs

1 Higher continuous operating temp — up to 150°C (300°F) or above

I Higher sampling rates without reducing sensor life
M Specialist high sampling rates — up to 40Hz
| Measures both pressure and temperature

% CAN output for 2 wire interface

Stack's unique TPMS system has eliminated the
electronics and batteries from the sensors, providing new
limits of performance for TPMS, and significantly increasing
sensor life to 5 seasons or more! We've reduced the first
year cost, and eliminated on-going maintenance costs.

Professional motorsport TPMS has never been so affordable!

...when only the best will do!

To find out more call +44 (0)1869 240404
. Official suppliers to the ACO of on-car scrutineering
or V|S|t www-staCkltd.com for Le Mans 24 Hours

OS5

Control Systems

Why follow when you can lead?
.

Ole Buhl Racing Ltd
Roughwood House, Highwood, Nr Ringwood, Hampshire BH24 3LE
Tel +44 (0) 1425 478822 Email sales@obr.uk.com
www.obr.uk.com
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DATABY TES

FIRST PRINCIPLES

Databytes gives insights to help
you improve your data analysis
skills each month as Cosworth's
electronics engineers share tips
and tweaks learned from years
of experience with data
systems. Plus we test your skills
with a teaser each month.

To allow you to view the
images at a larger size
they can now be found at

Taking control

How modern technology allows engineers to take more control
of the racecar out of the hands of the throttle jockeys

his month we will look
at some of the clever
tricks that can be
employed to make the
job of the racecar driver
less demanding, with regards to
managing the increasing
complexity of electronic control
systems on modern racecars.
With increasing technology
comes increasing amounts
of processing power and the
flexibility to do more with control
systems. 15 years ago a data
logger was just that, a system
that enabled you to connect
a number of sensors, which
provided data and possibly some
form of instrumentation to the
driver. Now, we have control
systems that happen to have
a data logger included. These
allows real-time processing of
the information available from
the sensors and are able to make
decisions based on that, The
result is the power enjoyed only
by F1 and WRC teams 15 years
ago is now attainable by all.

De [ pen powt Cote D He Dok Sinde oo
ICH B +@ * R :

TIME CONTROL

Consider the case of an endurance
race, where the race may stretch
over a significant portion of a day.
Almost all motorsport displays
consist of a back-lit dashboard,
which in daylight conditions is
required to be bright to allow it to
be seen when the sun is shining.
However, as day turns into night,
this brightness can create
problems for the driver, so the
dash needs to be dimmed down.
This can be done through a switch
on the dashboard, but a neater
solution is to have it automatically
vary as the day elapses by
employing a real-time clock, either
through software or from a GPS
device. Taking that idea further,

we can map it using a look-up
table so the reduction in
brightness is controlled as the
light conditions change.

STATE CONTROL
Another way of offering control is
1o have a state machine running
for a system. It is possible to
define a series of states that
provide knowledge of what the
vehicle is doing at any particular
time. Tying this into the time
control mentioned earlier, a simple
state machine might be written
that enables the position of the
car to be known and, as a result of
this, to change something.

An example of this is using
the rolling lap time and lap

TABLE 1

The four states under discussion

State  Dash display

0 In this case, engine water temperature

1 Previous lap time
2 Fuel level remaining
3 Brake balance
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Image 1: data from one race lap, showing the functionality of the on-board sensors in four different states
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distance information to change
what the driver sees on the
dash. Referring back to image
1, we see a lap's worth of data.
The channel we are looking at is
[Dash_State]. This is defined by
the on-board maths as in image
2. This presents four states,
which we can then use to show
different information on the dash
(see table 1 and image 3).

\we have done this by using
information from sensors
and using this so that, for
example, when the driver is on
a long straight we can take the
opportunity to show something
useful, such as the fuel level
remaining on board, as during this
period the driver will have maore
time to process the information.

DRIVER ENVIRONMENT

With more and more aspects of
racecars controlled via outputs on
a controller, instead of simple
relays, this allows engineers to
take the control of more functions
away from the driver. For
example, closed-cockpit racecars
are now required by the rules to
keep the cockpit cool - something
that can be done either through
air conditioning or a driver fan.
However, a fan blowingina
driver's face can create a lot of
noise when he is speaking on the
radio so, as we are controlling the
fan, why not link the fan control to
the state of the radio?

CONCLUSIONS

A driver's primary job is to drive
the car. If we as engineers can
decrease the amount of work that
has to be done in addition to that
then that can only be of benefit to
the driver's ability to race.
Hopefully, the suggestions made
here will stimulate thoughts on
how modern control systems can
be used to perform functions that
normally the driver would have to
think about. The less distractions
the better, and this might help
them decrease the lap time... @

Test your own data analysis skills by going online at

www.racecar-engineering.com/databytes

Dash State

Information | Variables | ChannelInfo ~ Transfer Function | Channel Usage |
Equation for <none>
al[choose[RolinglLapTime<15,1,0));
al[choose[LapDistance>1200 && LapDistance<1700.2.0));
a2(choose(PresBrakeF>5,3,0));
@a2| @al | @all
Varables... | Operators... |
Status: Check I
Rate
" KeyVariable [Folinclanime  ~| @ Fied [100Hz v|
To calculate the channel on the box, select a rate. To calculate on the PC, select a key varniable.
[ ok | Concel |

Image 2: the data from the trace overleaf, as defined by the on-board maths channel

Dash Channel

Information | Variables | ChannelInfo  Transfer Function I Charnel Usage |

Equation for <none>

choose( DashState==1, LapTime,
choose( DashState==2, FuellLevel,
choose( DashState==3, BrakeBalance,
TempEngwater J))

Variables... | Operators... |

_ Chek |

Status: I

Rate

" KeyVariable | | @ Fied [100H: ]

To calculate the channel on the box, select a rate. To calculate on the PC, select a key variable.

o]

Cancel |

Image 3: examples of the functions that can then be displayed on the dash at appropriate times

Produced in association with
Cosworth
Tel: +44 (0)1954 253600

Here you will find a monthly challenge set by Cosworth, together
with an explanation of the answer by one of its data engineers.
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race engine components from Arrow Precision
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Running on

liquid gold?

Forced by changing regulations to consider an alternative method of powering its
Ford-based BTTC cars to keep them competitive, Mountune turned to LPG

Iternative fuels

are often used as

a marketing ploy,

something to get a

sponsor onboard or
to get extra media exposure. It
is rare for them to be employed
for purely performance reasons,
but that's exactly what
Mountune has done with its new
British Touring Car engine, as
fitted to the Ford Focus of
Arena Motorsport.

For 2010 the British Touring
Car Championship (BTCC) has
introduced a new, spec 2.0-litre
turbocharged engine as part of
its NGTC regulations (more on
that next month). ‘It became

apparent that with the new TOCA
NGTC engine coming out, there
was no way we would get any
Ford support fitting that engine,

wf B

probably wouldn't have
been competitive.

The turbocharged NGTC
engine could, in principal, have
better torque than the normally
aspirated Super 2000-spec

EVEryone was very

nervous about the safety

aspect | )]

explains Dave Mountain, founder
of the Essex, England-based

engine builder, 'The Ford support
is technical not financial, so there
was no way forward. We couldn't
stay where we were because we

m www.racecar-engineering.com = june 2010

engines used in 2009, and those
of teams opting against the

new engine for 2010 (series
organiser, TOCA, will not allow
other petrol turbocharged
engines until next year).

More at ebook-free-download.net or magazinesdownload.com

However, Liquefied Petroleum
Gas (LPG) gave Mountune the
way forward it was looking for.
‘We worked with TOCA and he
formulated the regs. We run the
same boost limit (0.8bar) and rpm
limit (7000rpm) as the NGTC,
reveals Mountain.

Using LPG fuel was nothing
new for Mountune's engineers,
as the company has worked
with it before on a range of
corporate experience and
driver development cars used
by Palmersport at Bedford
Autodrome, It therefore already
knew that with LPG-fuelled cars
weight is an issue, due to the fuel
cell requirements. Although LPG
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The difference between ‘normal’
LPG-fuelled engines and this one is
that the charge is injected inas a
liquid, not a gas. To maximise the
advantages this process offered,
Mountune added an extra set

of injectors. These are sitedina
remote injector block

has a high octane rating, it does
not have the same calorific value
as petrol, so more fuel is required,
therefore increasing the tank
size. The tank in the Aon Focus,
for example, weighs in at 30kg,
making the car around 20kg
overweight. ‘The tanks have to
be pressurised to over 30bar
and signed off to a standard,

so they are massively over
engineered, explained Mountain.
"We obviously want to get as
much weight out [of the car] as
possible, but everyone was very
nervous about the safety aspect
and that is something you have
to be aware of. You also have
issues like valve seat recession
and piston bore wear, because

it [LPG] does not have the
lubrication properties of petral.
Some people have separate

systems, which effectively drop
oil into the combustion chambers,
but in a racing engine you are
only going to do 5000 miles so it
is not a problem.

‘But on the Palmersport cars
we have seen those engines that
have done 20-30,000 miles, so
you can end up wearing your
valve seats out, losing your
tappet clearances and then losing
compression.

Whilst Mountune built the
Arena Ford engines in 2009,
the 2010 spec engines are very

different. 'What helped us turn
it round so quickly last year
when we joined the programme
mid-season was the work we
did on the 52000 rally engine
(see RE V17NB). The big mistake
with that project though was
that the car just didn't have the
mid-range torque, and for rally
cars you want good mid-range
performance to propel the car
out of corners, The work we
have done with turbo rally
engines though meant we could
get LPG working well with the

More at ebook-free-download.net or magazinesdownload.com

turbocharger fairly quickly. So the
only real learning curve we had
was the LPG liquid system, which
we had never run before. Once
we got over the early problems, it
has been very good.

LIQUID INJECTION

The Touring Car engine has a
significant difference to the
Palmersport units in that it

has a liquid injection system,
whilst the Bedford cars have

gas injection. It is very efficient
when the liquid turns to gas as
there is a big cooling effect. It
also simplifies the system as
you don't need an evaporator,
which is quite a big, heavy thing,
reasons Mountain. ‘We started
off with the injectors fairly close
to the inlet port as it evaporates

ﬁﬁ It is very
efficient
when the
liquid turns
to gas as
thereis a
big cooling
effect DD

pretty much straight away but,
because it was so close to the
cylinder head, we think we were
getting part-liquid, part-gas
going into the cylinders. We were
getting a very strange pick-up
problem around the top ring,
which is unusual, and we think
it was a super cooling effect.

It's unusual because it was the
opposite of what you usually
get. So we gave it more time to
evaporate and that seems to
have cured the problem.

The cylinder head is therefore
fitted with two injectors per
cylinder to get sufficient fuel
to the combustion chamber. "We
were pushing the boundaries in
injecting liquid. To us it looked
like a technical advantage and
we wanted to go that way. It
was a big risk, but | am sure now
it has been the right decision.
The injectors actually run remote
from the manifold, then there is
a short pipe that comes from the
injector to the plenum. We have
in fact placed that injector block
in front of the radiator so it gets
some warm air to prevent these
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Lawrence Butcher

After a few early teething problems were sorted, the LPG cars proved faster than the petrol cars on the straights

problems. You have to be careful
and we have tried to get some
hot air over the system. The
injectors are side fed because if
you use an end-feed injector the
needle struggles to open and
shut and control the fuel as the
pressures are quite high. Also
you have to try not to put too
much heat into the liquid through
the injector!

As you might expect,
starting the engine is not as
straightforward as with the petrol
units,’ as Mountain explains:
‘With road car conversions you
usually have a system where
you start the cars on petrol and
then switch over to gas. That's
because LPG doesn't ignite at
very cold temperatures. With
racing we don't need that, but
when you listen to the racecars
they don't fire up instantly, even
though they are pre-heated. You
have to crank them and crank
them and eventually they fire!

TECHNICAL PARTNERS
Mountune and Arena had a
number of partners and official
suppliers on the Ford project,
including Prins, Calor and Millers
Qils. The fuel injection system
was supplied by one of those
partners, Prins. ‘It is a marketing
and technical project for them,
explains Mountain. ‘Calor have
been brilliant because, from our
point of view, we are geared up
to fuel up with petrol, so Calor
have put up all the pumps and

procedures. Whilst it is a standard
fuel we use, they make sure it
is as purified as it can be. For
standard road usage, it is 95 per
cent pure, and we are running at
98 per cent. Refuelling the car at
the moment is a case of dropping
the tank, filling it up on a set of
scales so they can see how much
is going in and then re-fitting the
tank to the car/

With LPG fuel there are a
number of further considerations
beyond refuelling and supply, as

Now there are some jokers that
can be applied for, so if there is
something we find that can be an
advantage we can do it!

The engine's components, like
most Touring Car and GT projects,
lie somewhere between tuned OE
and purpose built racing engine.
‘The cylinder block is production.
As the boost levels are fairly low
we can run with it. They are only
about 1.8bar absolute, so 0.8 bar
of boost, continues Mountain.
‘But con rods, pistons, crankshaft,

ﬂﬁ WE WErE quite
conservative... what we
wanted was reliability DD

Mountain explains: ‘Combustion
temperatures tend to be a bit
lower because of the cooling
effect you get when it
evaporates. It is almost like
having a big intercooler. The
exhaust temperatures seem to be
that little bit lower too, compared
to what we were seeing on
petrol. The heat transfer is still
similar though. We haven't been
testing in any high ambient
temperatures, so we haven't
been able to prove whether we
can run a smaller radiator yet.
Logically, we should be able to,
but what we don't want to be is
marginal on cooling. One of the
problems is that we have had to
homologate a lot of this stuff and
we have not done a lot of testing.

m www.racecar-engineering.com = june 2010

all of that has changed. For the
first time as a company we are
using CP pistons. We were up
against it and they seemed to
be out to impress us and made
some pistons very quickly. The
rods are Arrow [Precision], as

is the crank. Because we were
quite conservative, it is rock
solid. Possibly we could have
saved a few grams off the crank
and rods, but what we wanted
was reliability. It is a low revving
engine, it only sees 7000rpm, so
there is not a lot to be gained out
of taking any big risks.

The valve size is totally
standard, but the material is
obviously improved. The head
is fully ported but, unlike the
naturally aspirated engines,

More at ebook-free-download.net or magazinesdownload.com
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BTCC FORD FOCUS

Engine: 2.0-litre Ford
Duratec, built and
prepared by Mountune
Racing

Power: 300+bhp at
7000rpm

Torgue: 300+ Nm

Bore: 87.5mm

Stroke: 83.1mm

Turbo: Garrett GT28 roller
bearing

Valves: 35mm inlet
30mm exhaust
5.5mm stem diameter

we don't do big ports, we just
do some work around the bowl
area and the valve seat to tidy
it up. Being forced induction you
don't need to run hulking great
ports. The port diameter remains
standard, so you get good air
speed and driveability. We use
Supertech valves and they hold
an awful lot of Duratec stuff
on the shelves. We have really
struggled in the UK to get a really
good valve supplier. Then we use
Kaufmann springs, which are a
very expensive spring, but you
just fit them and forget about
them. The camshaft is designed
by us and ground by Piper, but is
nothing really radical. The valve
liftis limited to 11mm by the
regs and, being a turbocharged
engine, you can run pretty short
periods, as we are doing. It is
conservative. The real learning
curve was getting the LPG to
work properly. To begin with we
thought were in for some serious
trouble, but it worked out well!
In fact, it possibly worked
out too well as, following the
pre-season group test at Brands
Hatch, some teams complained
that the LPG fuel gave the
Arena cars an advantage as
they were clearly quickest down
the straights. For the minute it
seems the team may have found
an advantage, but it remains to
be seen how long this lasts and
whether TOCA will decide to
further restrict the LPG cars as
this season progresses.
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SOLUTIONS

Millers Oils claims it has come up with the next generation of motorsport lubricants

hile all attention
on an exciting
and busy 2009
British Touring
Car Championship
was firmly centred on the tussle
for the crown between Colin
Turkington and Jason Plato, a
small but significant shift in
motorsport oil and lubrication
technology was taking place up
and down the BTCC pit lane.
Throughout the course of the
season, six of the 12 competing
teams, including the Carbon Zero
Racing team and Team AON, used
a revolutionary new transmission
oil technology from motorsport
oils and lubricant specialist,
Millers Qils. The Nano Technology
range, launched in January 2009,
enjoyed a remarkable first year,
exceeding the expectations of
all involved in the development
of the products, and went on
to provide the experienced
Millers Qils technical team with
substantial successes, on and off
the racetrack.

WEAR AND TEAR

The main problem that faces
race engineers with transmission
systems is coping with and

managing the high level of wear
and tear gearboxes suffer under
racing conditions.

To this point, the oils and
lubricants used have often
been designed to reduce and
contain the problem, with many
teams being advised to use
oils with high viscosity and
temperature characteristics - not
too viscous at low temperature,
but adequate viscosity at high
temperature - to protect the

shearing from the non-stop
and often violent action of the
gear systems. This interaction
between two gear parts often
leads to the oil being pushed
out and away from the section it
needs to lubricate.

These constant factors
of changing operational
temperatures and unpredictable
rates of wear place great
pressures on the oils chosen, and
itis this inherent problem Millers

dd New developments in
engineered particles has
gathered pace over
recent years DD

highly loaded gears. However, in
many conventional lubricants, as
the system temperature rises the
oil's sensitivity to heat quickly
reduces its ability to manage
the effects of heavy loading
and shock loading, damaging its
overall efficiency and producing a
secondary effect of initiating the
oxidation process.

The chosen oil also can
also often be susceptible to

Oils set out to address.

Martyn Mann, technical
director at the West Yorkshire-
based company takes up the
story: ‘Over the last two and a
half years, a suitable alternative
additive system had been sought
to replace the existing Millers
Oils’ CRX range of competition
gears oils. A complete upgrade
had taken place on the engine
oil range of motorsport products

several years previously. With
the incorporation of triple esters,
we discovered that the previous
range of gear oils relied on a
two-pack system that provided
chemical and physical barriers
within the gearbox.

‘The important objective for
these new gear lubricants was
that the products had to be
better than our current range,
offering additional benefits
to users, With this in mind, we
set out to find the best gear
lubrication possible, which we
hoped would bring long-term
benefits such as improved
component longevity.

‘Conventional wisdom
suggested that we turn to
using solid lubricants, which
were more resistant to higher
temperatures, with a thickness
that could help abate problems
with gearbox friction. But when
some of the early nano options
we found were investigated, it
became clear that incorporating
this technology into driveline
products would offer a distinct
advantage. New developments
in engineered particles has

gathered pace over recent years, I )
and this has meant that oils
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can be customised to fit many
different applications, with a
flexible and adaptable range of
differing shapes and sizes.

This new technology offered
the Millers Qils' team all the
necessary requirements for a new
range of oils that would improve
upon what was already available.
Mann: ‘Our main parameters were
that the finished products should
be able to transmit the required
power reliably, be effective in
lowering transmission losses
through minimal friction and, as
a result, lower overall lubricant
temperature as well.

‘The nano particle chosen
actually resembles ball bearings
and falls into the size range 40-
100 nanometers. The particles,
when viewed under a scanning
electron microscope, appear as
‘onion’-type shapes consisting of
nested or concentric spheres.

‘Initial contact with potential
suppliers of nano components
revealed that, while it was still
early days for mass production to
be feasible, some material was
available in limited quantities.
‘Luckily, we eventually sourced a
supplier that was able to provide
commercially available amounts
that we could work with!

Mann and his team found
that the comparison of existing
technology to a similar
viscosity product using the
nano components provided a
significant coefficient of friction
reduction. ‘We were impressed
with what we found and pleased
with the initial test results. In
a back-to-back comparison we
ran two fluids on a standard
lubricants test to measure a
four ball contact scar diameter,
which had run in the fluid for
one hour. The fluid using the
nano technology showed a 50
per cent improvement. Once
this discovery had been verified,
the project could move forward,
and a new series of fluids were
formulated to cover a wide range
of applications and viscosities!

NANO TECHNOLOGY

The science is based on the
chemical behaviour of extremely
minute particles - a new family
of additives - known as Inorganic
Fullerines (IF), which are made
up of structures the size of 100
nanometres or less. What these
nano particles add to the overall

On-track testing in the BTCC showed a marked reduction in component wear

lubricant regime is a special layer
of ball bearing-shaped particle
structures. Under light loads
these particles work just as ball
bearings would but, under higher
loads and shock conditions - as
found in a racecar transmission
system - the particle starts

to deform and then acts as a
roller. Under yet more extreme
conditions, the ‘skins' of the

as can potential weaknesses in
compact transmissions that are
close to reaching capacity.

The upshot is that the
technology reinforces the oil
molecules, which has the key
advantage of reducing friction,
heat and wear in transmission
components. In extreme racing
conditions, Miller Qils' new
nano technology oils were

dﬁ the nano particles are
inert and operate under all
temperature conditions DD

concentric particles start to
break apart in a similar way

to chemical Extreme Pressure
(EP) additives, depleting when
they respond to temperature-
sensitive conditions. However,
unlike conventional EP additives,
the nano particles are inert and
operate under all temperature
conditions, which gives a wider
spread of protection. Mann and
his team also found evidence
that metallurgical issues, such as
micro-pitting, can be alleviated
with this type of additive system,

recHsrec 4

CRX75wW90NT - TYPICAL
CHARACTERISTICS

SAE viscosity grade:
75w90

Specific gravity at
15degC: 0.897

Kinematic viscosity at
100degC: 17.3cSt

Kinematic Viscosity at
40degC: n/a

Viscosity index: n/a

Pour point (degC): n/a

Brookfield viscosity at
-40degC: 88,000 mPas

m www.racecar-engineering.com = june 2010

shown to considerably improve
performance over oils that

used more ‘conventional’ solid
lubricants, with reductions in
friction of up to 25 per cent being
regularly recorded in tests.

ON TO THE GRID

During the course of the 2009
season, a pattern started to build,
with feedback such as 'durability
has improved,, 'parts replacement
is reduced’ and ‘gearbox
cleanliness is much better, being
consistently received from team

More at ebook-free-download.net or magazinesdownload.com

engineers up and down the
racing paddock.

Alan Cole, team manager of
Arena International / Team AON,
racing with the returning Ford
marque during 2009, noted that
‘the CRX 75w90NT gear oil helps
to prevent overheating issues
and produces very little dog
damage. Before using NT gear
oil, we would expect to change
two dog rings per weekend, now
we only change one every two
races, so this is a very helpful
improvement.

This praise was echoed by
team principal at TH Motorsport,
Trevor Humphrey: ‘It seems to
cope with the heat much better
than any other gear oil we have
used, and retains its viscosity
far longer. The oil seems to
stick to the gears and dog rings
much better and, by the time we
approached the half-way point
in the season, we had only spent
about half of what we spent the
previous year on replacement
gearbox parts.

Mann concludes: 'From
the research to the reality in
developing the nano technology
oils, we have been quietly
confident that we had struck
upon something radical and
important. The success we
enjoyed in 2009 helped to prove
this. The use of nano particles is
still in its early stages, but with
the Millers Qils’ nano technology
(NT) CRX range now under our
belt and up and running, we
are already conducting the
research on further oil and
lubrication applications for this
type of technology. It is Millers
Qils" intention to apply friction-
reduction techniques to improve
the problem of engine power
loss in the areas of the engine
systems where up to 25-35 per
cent of frictional losses occur,
such as piston rings and liners.

'We know that, in total, the
energy loss from an engine
can exceed 50 per cent, Mann
concludes, 'and that increases
with engine speed to far higher
figures, so there is great scope
for us to develop solutions that
will improve these numbers.
Millers Qils will seek suitable
partners to develop nano
technology products further into
crankcase formulations, along
with other areas such as wind
turbine gearboxes.
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Re-e
the r

Further work on
rear wing end
plates has clarified
a number of
different issues

onventional wisdom
has it that deeper rear
wing end plates are
better than shallow
ones. It turns out this
may depend on what aspect
of aerodynamic performance
you want to optimise, but our
continuing investigations into
the subject have produced some
valuable lessons, not all of them
aerodynamic in nature...
Racecar Engineering V18N8
featured a CFD exercise carried
out by your writer in which
variations to rear wing end plate
depth yielded some surprising

LAT

results. The downforce and drag
results did not fit the expected
patterns, and instead seemed
to suggest that some shallow
end plate depths produced
more downforce than deeper
ones. The article prompted

two undergraduate students in
the UK to make contact about
undertaking their own final year
projects on this same topic, and
wing models were provided to
them for the purpose. Their
findings, in turn, prompted

the writer to re-run his own

m www.racecar-engineering.com = june 2010

evaluations, and some rather
different results to those original
ones emerged. This article will
attempt to set the record straight
and, at the same time, share the
lessons learned, not just the
aerodynamic ones but also the
lessons about going back and
double checking unexpected
results, about not putting
excessive trust in CFD results,
and also about the potential
vagaries of simulation tools that
can catch out the unwary user,

First though, let's briefly
re-cap the original project details.
A single element wing was

More at ebook-free-download.net or magazinesdownload.com

aluating
esults

‘fitted’ with varying depth end
plates to investigate, using Ansys
Flowizard CFD software, the
effects on downforce and drag.
The depth of end plate below the
lowest part of the wing's lower
surface was the only parameter
varied in the CAD models. The
amount of end plate above, in
front of and behind the wing was
kept constant in all cases (see
figure 1). An initial set of five
runs produced an anomalous-
looking result, with downforce
higher than expected at one of
the shallower end plate depths
(see figure 2). So more models
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THE PROFILES

Five of the end plate
depths evaluated,
showing the overall
range tested

with end plate depths either
side of this were constructed
and run in the CFD, producing
yet more anomalous results (as
shown in figure 3). However, the
data were seemingly reinforced
by the pressure and velocity
distributions, and this led your
writer to the conclusion that
something interesting might
have been found that would Se— -
warrant further investigation

in applications where end plate

depth could be varied within

technical regulations.

Subsequent to the original
article’s publication Daniel
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Byrne at the University of
Central Lancashire (UCLAN) and
Chris Lewis at Oxford Brookes
University indicated their interest
in carrying out follow-up work on
this topic. Each wanted to take
a slightly different approach,
but during the course of their
projects each was to investigate
varying the same parameter on
the same wing profile using CFD.
And although each student's
work did indeed suggest an
exploitable area of the drag curve
in a way that does not seem to
have been widely published, the
irregular anomalies originally
found by the writer were not
replicated (see figures 4 to 6).
With the benefit of hindsight
of course, this irregularity itself
was a clue that something was
not right with that original
data. Indeed, Dr Dave Petty, a
senior aerodynamics lecturer at
Kingston University, having seen
the original article, made contact
to say, essentially, that ‘there
must be a problem with the CFD,
the fluctuations are too big to be
real. The only thing to do then at
this point was to re-examine the
models and methods to see if the
anomalies repeated themselves
or not. Or, as my chemistry
teacher used to say when her
classroom demonstrations went
awry, ‘let's see if we can produce
a better set of results...'

REPEATS
So a larger set of end plate
depths was constructed, in 25mm
increments from 25mm up to
200mm, 50mm increments up to
300mm and 100mm increments
to 600mm depth, covering the
maximum likely practical range of
rear wing end plates that might
be seen on ‘mainstream’ racecars.
And the same wing was used,
this being one of the writer's
single element designs that has
been used in various applications.
The one thing that had changed
this time was that Ansys UK had
kindly made the latest version of
Flowlizard CFD software, version
3.1.8, available. (Note to readers:
now that Ansys v12 has been
released, FloWizard has become a
‘legacy product, meaning Ansys
will not be selling it any longer).
So as before, each model
in turn was run in this latest
software using default settings
for mesh quality, and accuracy vs

ANOMALOLUS RESLILTS

The original plot of
the first five CFD runs
(all forces given were
at 100mph unless
otherwise stated)

Downforce, N, 100mph

The original plot of the
whole set of CFD runs

Downforce, N, 100mph

speed. Very early on it became
apparent that the new version of
the software was not 'behaving’
as its predecessor had done,
Different cases were running

to apparent ‘convergence’

{when the software decides a
solution has been found and
automatically stops) after quite
different numbers of solver
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and it proved necessary to invoke
this option a number of times

in each case to obtain results
that properly converged. Figure

7 shows the solution history

of one fairly typical case, this
requiring ‘continue calculation’

to be selected a dozen times
before the downforce (and drag)
values had clearly reached a

ﬁﬁ beware of putting
excessive trust in the results
of numerical simulations DD

iterations, and the results were
equally obviously not fitting the
expected pattern. But unlike

the previous project, where

the variations were not wildly
different from the expected
values, this time the initial values
were much lower than expected.
However, FloWizard includes an
option to ‘continue calculation’,

m www.racecar-engineering.com = june 2010

plateau. Each point on the curve
represents a point at which
FloWizard stopped and indicated
convergence had occurred. The
drag values showed a similar
pattern to the downforce values.
All the cases run in this
second set of trials needed
manually nudging along until
the results had definitely and

More at ebook-free-download.net or magazinesdownload.com

clearly reached a plateau, with
anything from two nudges to 19
(in two cases) being required.

On average, just over 10 nudges
were needed to achieve a mean
of just fewer than 383 iterations
to ensure the results had reached
a plateau. Leaving aside for a
moment the possible reasons

for this manual intervention
being necessary, its occurrence
provoked two thoughts. Firstly,
that the irregularities in the
results in the original work

may have arisen because of
something similar happening
with the earlier version of
FloWizard. And secondly, that
although it perhaps should have
been apparent that those original
cases might not have properly
converged, there was no obvious
indication that this may have
been the case. The moral here is
likewise twofold: check spurious-
looking results, and beware of
putting excessive trust in the
results of numerical simulations.

I
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So why did it prove necessary
for these cases to be manually
nudged to ensure they had fully
converged to reliable solutions?
And could this apparent inability
of the software to converge
at the first attempt be an
explanation for the irregular
results found in the first trial?
Whatever the specifics might
have been in this case, the words
of an aerodynamicist friend with
broad experience of numerical
and physical test methods
offer a more general caution:
‘Interpretation of CFD is still a
major grey area, despite the
apparent availability of all the
numbers and fancy graphics. It's
too easy to believe what you see.
And 'pure’ CFD people are often
the most trusting of all, despite
knowing its inner workings
intricately. If it's any consolation
I've run cases multiple times and,
without changing a thing, got
different answers.' So the rest of
us need to be wary, and clearly
not just when we encounter
deviations from expected trends.

THE BETTER SET OF RESULTS
Whatever CFD vagaries might
have contributed to those original
irregular-looking results, and
whatever level of naivety your
writer displayed in accepting
them as reliable, the latest set
of results, having been pushed
along until they had clearly
reached a plateau in each case,
would seem to paint a clearer
picture of the relationship
between end plate depth and
wing performance, and the
results are shown in figures 8 and
9. Now we have a considerably
less bumpy plot depicting, in
the case of downforce, more or
less the expected pattern with
increasing end plate depth, in
general agreement with the
students’ data in figures 4 and 6.
There is still some interesting
bumpiness in the 125mm to
250mm end plate depth range in
the writer's data, which may or
may not be real, and this would
undoubtedly be better examined
further with wind tunnel trials.
Furthermore, the curve seems
to imply that downforce would
continue rising with increasing
end plate depth, the results from
300mm to 600mm being on an
essentially linear, upward slope.
Perhaps wind tunnel testing

NEW RESLILTS
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would be a more reliable method
of validating this too, since it
might have been expected that
the gains would level out.

Drag, however, seems
to follow an interesting and
potentially exploitable pattern.
Again the curve in figure 9
shows some bumpiness, but in

essence there is a drag minimum
in the 200mm to 300mm end
plate depth range indicated here
with this wing. The minimum
value is at 250mm and it is, for
example, 2.6 per cent lower than
the drag level with 50mm of

end plate protruding below the
wing's lower surface. Although

More at ebook-free-download.net or magazinesdownload.com

this would provide a smaller
proportional reduction to whole
car drag, it could still represent

a worthwhile increment if
technical regulations allowed an
appropriate degree of freedom.
Interestingly, the plots in figures
5 and 6 obtained by the two
students who followed up on
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the original project show a
similar generic pattern, with a
drag minimum somewhere in
the 150mm to 250m region,

CONVERGENT RESLILTS

2! Figure 7

Solution history

‘Manual nudging’ 1100

depending on how your eye was needed to get
filters out the bumps. (Again, solutions to fully and 1050 e
wind tunnel studies might be clearly converge using &
the only way to see if these default settings in § 100
bumps are real or the result of Flobiiead 3.1.8 ;
something in the simulations). g™

At greater end plate depths S i
there seems little doubt from §
these latest results (including 850
those of the students) that drag
then rises as end plate depth is 800
increased. ThE blgger end plates 100 150 200 250 300 3as0 400 450 500 550

Iterations

themselves generate additional
frontal area, and hence increased
pressure drag, as well as greater
‘wetted’ surface area, and hence

Downforce vs. end plate depth

increased skin friction (viscous) Results from chia 1.38m single element wing at
drag. It would therefore appear ety Sy
L converged CFD runs

that the combination of these

P — tei show more or less the £ 1120
008 'Oné rag |ncremlen S 15 expected relationship E
overcoming the reduction in between downforce S

e

vortex drag from the deeper end and end plate depth = s
plates in this case. In terms of g
the drag reduction from deeper 8 1040
end plates, it seems deeper is g
better, but only up to a point. & 1000
Once more, wind tunnel follow-up
tests would confirm whether this 960 -

assertion is valid, 0 100 200 300 400 500 600
If the downforce and drag End plate depth below wing, mm

numbers are combined into an

end plate depth vs downforce

Drag vs. end plate depth

over drag (-L/D) plot, as in Drag results show 1.38m single element wing at
figure 10, it can be seen that, a trough centred at 185
by this measure of efficiency, 250mm end plate 184
performance apparently peaks depth in this case,
at 400mm end plate depth, but with drag rising € 183
good performance can be had L 5 182
from 200mm and upwards. e
So in cases where technical i 181 v /
regulations allow a choice of g 180
end plate depth, that choice ,—J
could, as usual, be made on the 179 V
basis of maximum downforce, 178 . :
minimum drag or best -L/D, with 0 100 200 300 400 500 600

the optimum solution, as you
would expect, being different
in each case. A useful point to
finish on then is that in spite of

End plate depth below wing, mm

2! Figure 10

Efficiency vs. end plate depth

the seemingly erroneous data Using -L/D asa . 1.38m single element wing at 16deg
i 2 il performance indicator

reported in that original article in would suggest an end e

V18N8, there does seem to be plate depth of 400mm

benefit to be had from optimising would be best in this 60

end plate depth to match the case i

needs of the application. Now it 3

remains to get this project into a8

the wind tunnel. 57 /

56 ‘/
Thanks once more to Ansys UK 55

0 100 200 300 400 500 600
End plate depth below wing, mm

for the use of FloWizard, and to
Daniel Byrne and Chris Lewis for
sharing their final year project
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Perfectiy
acleauate

The latest incarnation of the Courage LC7/5 chassis is
a competent all-round performer, yet the series it has
been created for lacks the sparkle the car deserves

The ORECA LC75 is a high quality LMPC racecar, with an LMP1 chassis and components, but at a fraction of the cost

he Courage LC75/
LC70 chassis is one
of the most prolific
designs in modern
endurance racing,
and one of the most adaptable.
In Le Mans Prototype (LMP)
configuration it has worn
four different manufacturer's
badges - Courage, Acura, ORECA
and HPD - and been fitted with
seven different engines. In
2008, the latest incarnation
of the LC75 was revealed by
ORECA, the French engineering
firm that bought Courage
Competition in 2007. Designed
for a one make feeder formula
for the Le Mans Series, the
FLMO9 mates the GM LS3 V8
engine with the LC75 chassis.
'Our goal was to have a car
with very high quality, reliability
and a complete budget for the
season, without any surprises,
Alain Marguet, the Formula Le

Mans coordinator, revealed at
Le Mans in 2009. 'We chose to
use the Courage chassis, and it
is exactly the same as the LMP1
design. After that, we chose a
strong American engine, and
we modified some parts for
reliability, like fitting a dry sump

b,

A /
.-Hfjr

.

the ORECA engineers, but they
also focussed on cost control.
‘With high quality components we
guarantee that the teams will run
the whole season without having
to rebuild the engine or the
gearbox, with the same brakes
and discs all season.

The FLMOSY is fitted with
Brembo carbon-ceramic brakes,

keep it cheap. keep it

reliable’ mentality ;}%

and Marelli electronic injection.
For the transmission, we chose
a proven Xtrac gearbox, which
we think is the best in the racing
world, and fitted a Megaline
shifter. It is one of the best
systems and as used by Audi.
That is a guarantee of reliability.
Reliability was a key
consideration for Marguet and

not at first glance a low cost
option, but Marguet explains:

‘A lot of people don't know that
although carbon is a little bit
more expensive to buy, you have
to change the steel equivalents
every race. If you add it up
throughout the entire series it is
more expensive to use steel. The
wear on carbon is so small we
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TECH SPELC
ORECA LC75
Class: LMPC

Chassis: carbon fibre and
honeycomb monocogque

Weight: approx 900kg
Engine: 6200cc GM LS3

Power output: 430bhp
Torque: 630Nm

Lubrication: dry sump
ECU: Magneti Marelli

Suspension: double steel
wisbones with pushrods,
rocker arms driving spring
/ damper units

Front tyres: 30/65 — 18in
Rear tyres: 31/71 - 18in

Gearbox: Xtrac, six-speed
sequential with steering
wheel-mounted paddles

Brakes: ventilated carbon
discs, monobloc calipers

Safety equipment: six-
point harness adapted

for Hans system, safety
rubber fuel tank

Bodywork: carbon /
EKevlar light lamination

b
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have the same disc for the entire
season. That means you do not
buy a disc, you buy the car. There
is a set of discs on the car and
you use it for a year.

Marguet felt that many
spec racing series did not offer
good value for money and he
was conscious that the FLM09
not be just another example
of that. 'There are some other
championships where the cost
for a season is 1.5 million Euro
($2.04 million), it is crazy. They
spend so much money because
they go to such lengths to develop
the cars. The engineers are happy,
but the drivers do not race!

They spend the money on
technical studies, yet the racing
is meant to be for racing drivers
not for engineers! If you look
[around] today, the single-seater
championships are blocked. All
young drivers dream of becoming
Formula 1 drivers but, if you look
at how many new drivers appear
in F1 each year, it is one or two,
maybe. But if you look, all of the
good career drivers are here,
with Audi and Peugeot. For a
driver wanting to make a career
from racing, it is better to be in a
Prototype than in a single seater.’

s

This 'keep it cheap, keep it
reliable’ mentality ran throughout
the car's development. For
example, the FLMO9 teams
running the car in the one-make
series had only two choices of
suspension spring, and only two
sets of gear ratios for the whole
season. 'We don't want to impose
a new car on the teams each
year just to make money. That

A A
L’

j'{ Ly {
Su. ) . |

ol

Power comes from a GM LS3 V8 with electronic fuel injection, mated to the same Xtrac gearbox used in Audi LPM1s

at Le Mans (the Bugatti circuit),
we have been not so far off the
LMPZ2 cars. The car behaves like a
proper Sportscar, with the same
sort of downforce. | am pretty
sure a driver who can handle this
car can do well in LMP1!

In 2010 the Formula Le
Mans spec championship was
amalgamated into the Le Mans
Series and introduced into the

a good ratio of cost,

technolagy. spggd and
performance L;}

is not our goal. So we chose an
engine that, if we want to, we
can improve very easily and in
a cheap manner. This, however,
has not been an issue so far,
continues Marguet.

Renault F1's team principal,
Eric Boullier, ran FLMOSs in
2009 when he was the technical
director of Dams and was
impressed. | think that it is a
very good combination, with a
good ratio of cost, technology,
speed and performance. They are
very fast and, on the small track

m www.racecar-engineering.com = june 2010

ALMS as the LMPC class. To
prepare it for this, the FLM09
received a minor update for
endurance racing. The reliability
and design of the cars was
really put to the test though
when the LMPC grid joined the
ALMS at the Sebring 12 Hours -
generally considered one of the
world's toughest races. If the
car's credentials weren't already
obvious, the highest FLM09
finished in tenth position overall,
beating two full-blown LMP1s
in the process.

More at ebook-free-download.net or magazinesdownload.com

s Eric Boullier was a
frustrated man
when I asked him about
the FLMO09. He was
impressed by its design
and build quality, but
said the car did not
leave him much freedom
to develop it. "They are
so limited for us, there is
little for us to engineer,’
he told me. The fans too
find a class made up
entirely of a single
design fairly repulsive,
complaining that the
FLMO9s are boring.

For my part, whilst I
can see that the car is
a superb piece of kit, I
also find it frustrating.
Why could we not
have a proper LMP3
(or LMPC) category?
Here is a way it could
be done but still kept
cheap: allow Lola,
Pescarolo and Welter
Racing to supply their
LMP chassis to the
series and allow teams
to fit a fuel injected
version of any Late
Model engine. That
would make it cheap,
reliable and more
exciting. But that won't
happen and, if you want
open engineering, you
will still need an LMP2
budget. Shame.
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Behind n-l

¥

|

<5

Furthering our understanding of the mechanics of acceleration using kinematics

ast month we looked
at the mechanics of
acceleration from a
static viewpoint, now
we need to introduce
some kinematics. In three-
dimensional space any body,
such as a wheel, has six degrees
of freedom of motion relative
to any other body, such as the
car's body. The control arms
of a suspension constrain five
of these degrees of freedom,
giving the suspension its
‘kinematic’ (sometimes referred
to as ‘geometric’) properties.
The sixth degree of freedom - a
generally up and down motion -
is controlled by the 'elastic’ and
'viscous' properties of the spring
and damper.

Fortunately, with the
exception of the last few
examples at the end of this
article, we really don't need
to know many details of the
suspension’s kinematics. Rather,
we can do most of our work
knowing only the path that each
wheel print takes as it moves
up and down against its spring /

damper. Kinematically speaking,

we only have to find the ‘n-lines’
for the centre of each wheel
print as the suspension moves
between its end stops. The
n-lines are the lines that are
normal to, or at right angles to,
the path of the wheel print. Or

are the lateral and longitudinal
n-lines, often called the control
arm force lines.

Unfortunately, this method
doesn't always give correct
results, The problem is that
instant centres are a two-
dimensional concept, and the
simplistic extrapolation to three
dimensions (done by joining the

UL In three-dimensional
space, any body has six
degrees of freedom of
motion relative to any

i

other body )|/

we can think of them as lines
along which no motion can occur.
So how do we find these
n-lines for a suspension that
is still on the drawing board?
The standard approach, taught
in most suspension design
textbooks, is to find the instant
centres in end view and side
view, then draw lines from these
to the wheel print centre. These

two instant centres to give an
instant axis), is simply wrong. The
clue here is that after claiming
that ‘the instant axis defines

the motion of the wheel spindle’
most textbooks go on to look at
different bump steers caused by
different steering arm positions.
If the same instant axis can have
different bump steers, then it
clearly doesn't have complete

control of the wheel spindle.
And, as we shall discuss soon, in
side view the control of wheel
rotation must also be considered.

The correct way to find all
the n-lines, on paper at least,
is to find the 'motion screw’ for
relative motion of the wheel and
car body. The motion screw, also
known as the instantaneous
screw axis (ISA), is the alpha of
the kinematic alphabet. It is the
most basic description of any
motion whatsoever, between
one body or reference frame and
another. It is a simple concept,
like a nut screwing onto a bolt.

It was known in the middle
1700s, and its mathematics were
thoroughly described by Irish
mathematician Robert Ball in the
late 1800s.

So, itis a sad indictment of
the auto industry that this author
has never seen it mentioned
in any textbook, or paper, or
computer program on vehicle
dynamics or suspension design.
However, we shall defer a full
discussion of motion screws and
suspension kinematics to anothel
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SIMILAR SUSPENSIONS, DIFFERENT n-LINES

! Figure 7

These diagrams show four similar trailing arm suspensions, but with different constraints to wheel rotation. The n-lines are all the same in end view,
namely horizontal, but vary greatly in side view according to their rotational constraints

PARAu_m..
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time. This is partly because if
we consider beam axles, which
usually have two degrees of
freedom relative to the car body,
then we also have to describe
the ‘cylindroid, an oddly twisted
surface swept out by a single
infinity of motion screws. But,
fortunately for our investigation
here, we don't need most of
these kinematic details.

If we already have the
suspension built, or we can build
a model of it, even on paper or
computer, then we can find each
wheel print's path of motion,
and hence the n-lines, by simple
experiment. Practically, we
support the car's body, remove
the spring / dampers, replace the
wheels with short legs going
from axle down to wheel print,
then trace the path of the foot of
these legs as we move them up
and down. We do this in end view
and side view. Crucially, when
doing this in side view we must
somehow constrain the wheel

leg from rotating. This is because
this constraint is effectively
a control arm for one of the
aforementioned degrees
of freedom.

The key to finding the correct
n-lines is that whatever it is
that produces the force that
accelerates the car must also
be that which constrains wheel

We don't have space here to
give a full justification of why
we can expect correct results
knowing so little about the
suspension but, for those who
have doubts, what we will say
is that it goes back to the Greek
mathematician Archimedes of the
third century BC, and his proof of
the Law of the Levers. Roughly

dﬁ the front and rear spring
rates determine the centre
of pitch maotion pg

print movement. There must be
a path for the chain of forces
between car body, wheel print
and road. So when considering
forward acceleration we lock
the drivetrain, perhaps by
clamping the inboard end of the
driveshafts. When considering
braking, we lock the brakes,
perhaps with a wedge between
caliper and disc. And so on.

m www.racecar-engineering.com = june 2010

speaking, if this method is wrong,
then any competent blacksmith
could build a perpetual motion
machine that not only runs
forever, but also produces
unlimited energy. This hasn't
happened yet, so the method
seems reasonable. For a more
complete explanation, the reader
can look up the Principle of
Virtual Work.

More at ebook-free-download.net or magazinesdownload.com

BASELINE - THE MODERN WAY
We will now consider in
some detail a baseline case
of an accelerating car that
has horizontal n-lines, and
consequently no anti properties.
While a forward accelerating
car is the default in most of the
figures from now on, the reader
might also see the pictures as
representing a car moving to the
left and braking with its front
wheels only. Or it might be a car
moving to the top left of page,
turning right and generating
a cornering force with its left
wheels only. The mechanics are
essentially the same in each case.
It is worth noting here that
the pitch motion of the car, and
even its c of g height (h) depend
strongly on the spring rates.
Obviously, the stiffer the springs
the less they compress or extend
for a given load transfer (Ft), and
the less the pitch angle change
of the car. Conversely, the softer
the springs the more the pitch
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ACCELERATION WITH HORIZONTAL n-LINES

> Figure 8

These diagrams show the approach most commonly used today. Here we are looking at a rear-drive car as it accelerates forward, to the top right of
the page. To simplify things, assume the car is symmetric, left to right. For now we neglect the mass of the wheel assemblies and shrink them down
to simple sliders at the wheel print positions

@ Figure 8a

The car is stationary. Gravity acts between
every particle of the car’s body and the Earth,
producing a large number of small forces pulling
down on the car. We add all these small forces
together to get the resultant force, Fg. Fg acts
through a point in the car's body known as the
centre of gravity (c of g), sometimes also called the
centre of mass. Gravity is a distributed force, so
it doesn’t actually act at the c of g, but for a rigid
body we can always find a point through which the
resultant of all the mass-based forces pass.

The gravitational force, Fg, is brought to
equilibrium by the great many individual forces
of the road particles pushing up against the tyre
particles. Again, we add these many small forces
and draw the resultants passing through each wheel
print centre as F1v to F4v. This addition process
invariably results in a couple accompanying the
linear force at each wheel, but since these are small
we can ignore them here.

At some time the rear wheels start to push
rearward against the road, and the road reacts
forward with horizontal forces F1h and F2h. Once
again we stress that there are many individual road-
to-tyre-particle forces involved, with many different
directions. But to simplify the picture we draw
only the resultant force, Fres, or a small number of
components of the resultant

~ <= Loap Transrer IFt|= |Fn| x b4

@ Figure 8b

We sum the two horizontal road-to-
wheel forces F1h and F2h. We then transfer
the resultant Fh up to the point CG and add
the couple T to compensate for the move,
as in figure 3. The magnitude of this couple
is given by |T|=|Fh].h, with h being the c of
g height. The consequences of the force Fh
and couple T acting on the car are shown to
the right of figure 8.

For the force Fh this is Newton's Second
Law of Motion, which states that Fh changes
the ‘quantity of motion’ of the car, with this
change in the direction of Fh. In modern
terms, Fh changes the ‘momentum vector
P’ of the car. Or, put more simply, the car
accelerates forward. Similarly, the rotational
version of Newton's Second Law states that
the couple T accelerates the car in a nose-up
/ tail-down pitching motion. The linear
acceleration of the car continues until some
other force, such as aero drag, brings Fh
to equilibrium. The rotational acceleration
stops much sooner as the changing vertical
components of the road-to-wheel forces,
F1v to F4v, bring T to equilibrium, possibly
after some oscillation

2 Fiav=Fv+Fav+F 9 Faav=Fathav-F¢

@ Figure 8c

The situation with couple T brought to
equilibrium by the new vertical components
F1,2v and F3,4v - these being the forces for
each axle. Using the algebraic approach we
calculate that F1,2v has increased, and F3,4v
decreased, both by an amount known as the
load transfer (Ft), such that |Ft|=]T|/l, with
I being the wheelbase. Since |T|=|Fh].h, we
have load transfer |[Ft|=|Fh|.h/I. So the load
transfer from front to rear wheels depends
only on the magnitude of the accelerative
force Fh, the height of the c of g h, and the
length of the wheelbase I. At equilibrium,
this is always the case, regardless of
suspension design
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DALEMBERT'S PRINCIPLE

COn:'.idering the baseline case using the older geometric method of analysis

@ Figure 9a

With a picture of the car and the resultant
gravitational force (Fg) drawn to some appropriate
scale. We draw the horizontal driving force (Fh) to
the same scale. So if we want the car accelerating
at, say, 0.8g, then Fh is 0.8 times as long as Fg.
Also pencilled in are the vertical components
of the road-to-wheel forces, although the
magnitudes of these forces are as yet unknown.

Note that Fg is drawn pulling on the c of g,
while the road-to-wheel forces are pushing on
the wheels. This pull or push is arbitrary since the
sliding nature of forces means we can draw them
anywhere along their lines of action. Also, we are
still using perspective drawing to give the reader
some feel for the problem. Ordinarily, we would
use two-dimensional drawings

® Figure 9b

Here we use a graphic method to
calculate the magnitudes of forces F1,2v
and F3,4v. This is a standard statics
technique, used for truss calculations and
the like. We start with Fg, Fi, and Fh as
the knowns and, as such, also know the
resultant of Fg and Fi, namely Fm, with m
for mass-based force. And we know that
when we add Fh to the two unknowns F1,2v
and F3,4v, their resultant must bring Fm to
equilibrium. It therefore must lie on Fm's
line of action, namely m-m. So we draw a
vector -Fm at the intersection of Fm's and
F3,4v’s lines of action. From this point we
draw a line down to the intersection of Fh's
and F1,2v’s lines of action, on which their
resultant must lie. Lastly, we apply the
parallelogram rule where needed and the
magnitudes of F1,2v and F3,4v fall out

@ Figure 9c

This simply shows the likely motion
of the car's body when subject to the
depicted forces. The forces squashing the
rear springs and control arms are obvious.
The front-to-rear load distribution is also
obvious, being indicated by the intersection
of Fm's line of action and the ground plane.
The comments regarding the influence of
spring rates on the car’s pitch and heave
motions apply equally here as in figure 8

angle changes. Less obvious is
the fact that the front and rear
spring rates determine the centre
of pitch motion. If this centre
doesn't coincide with the c of g,
then c of g height h will change
with pitch motion. For example,
with equal spring rates the car
pitches about the mid-wheelbase
position. So the c of g rises if it

is closer to the front wheels, and

falls if closer to the rear. But with
a mid-wheelbase c of g, and stiff
rear springs and soft fronts, the
c of g rises. And with stiff fronts
and soft rears, the c of g falls.
Spring rates become very stiff
when they reach their bump and
droop stops. So a car that has
droop limited front springs has
a very stiff front spring rate for
extension, but a possibly much

softer rate for compression. This
may result in the c of g falling
during both acceleration and
braking. Likewise, the nose, and
possibly also the c of g, is likely
to fall during cornering.

So even though this baseline
car has horizontal n-lines, no
antis, and therefore no ‘jacking’
forces, the c of g height is very

likely to change during horizontal

More at ebook-free-download.net or magazinesdownload.com

accelerations. Changing c of g
height, or heave motion, directly
affects load transfer, with more
height giving more load transfer.
Since the load on the tyres directly
affects their grip, any heaving
motion directly affects the car's
grip and balance, Heave motion
can also affect aerodynamic
performance, especially that due
to the underbody.
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If pitch motion occurs about
the c of g, then it doesn't change
load transfer, but it can affect
aero. So, of the two, heave can be
more deleterious to performance
than pitch, and should be the
one more closely watched. We
note that from the driver's seat
pitch and roll angle changes are
relatively easy to detect, with
the position and angle of the
horizon changing relative to the
car's bodywork. However, heave
changes, even quite large ones,
are almost impossible to detect.

USING D’ALEMBERT

We now consider the same
baseline case as in figure 8,

but this time using the older
geometric method of analysis. We
start in figure 9a.

Our next step, and the only
controversial aspect of this
method, is that we draw the
resultant ‘inertial reaction force’
(Fi) acting through the cof g,
and with equal magnitude but
opposite direction to Fh. This
force Fi is a distributed mass-
based force and the earlier
comments about gravity apply

equally to Fi. This step is known
as the use of d'Alembert’s
Principle, after the French
mathematician and philosopher
Jean Le Rond d'Alembert of

the middle 1700s. It is a way

of turning a perhaps difficult
problem in dynamics into a
simpler problem in statics.

The inertial force (Fi) is what
we feel pressing us back into
our seats when accelerating
down a drag strip. Acting in the

these forces are considered not
to be forces. They are considered
unreal and often called fictitious
forces. In some circles it seems
almost a hanging offence just to
mention these, er, phenomena.
This is unfortunate for
many reasons, of which we
mention only three here. Firstly,
this viewpoint is based on a
philosophical argument that in
the author's opinion is flawed.
No one has ever proved that

iﬁﬁ heave can be more
deleterious to performance

than pitch gp

opposite direction, it throws us
forward during braking. And the
centrifugal, or centre-fleeing,
force that throws us sideways
during cornering is similar. These
forces arise whenever a massive
body accelerates relative to
inertial, or non-accelerating,
space. The problem here is that in
the modern teaching of science

inertial forces are any less real
than, say, gravitational forces,
which themselves are poorly
understood. At the moment it is
really only a matter of arbitrary
definition, with gravitational
phenomena being defined as
real forces, while inertial
phenomena are defined as
figments of our imagination.

Secondly, use of d'Alembert's
Principle, as in figure 9, always
gives exactly the same results as
the currently approved method of
figure B, provided both are carried
out correctly of course.

Thirdly, and most relevantly
to our problem here, d'Alembert's
Principle seems to make the
problem easier to understand. For
example, in none of the drawings
of figure 8 is it obvious how the
rear suspension is squashed
between the road-to-rear-wheel
force and some sort of reaction
at the car's body. In each drawing
there is only one horizontal force
(Fh) shown. There is the couple
T shown in figures 8b and 8¢,
but now the driving force Fh
has disappeared from the rear
wheels. Does this mean that
the rear control arms have no
force acting though them? You
decide. For many people these
pictures don't evoke the same
kinaesthetic sense as those
shown in figure 9.

Next month, we will continue
this investigation and look more
closely at how all this relates t
anti-dive and anti-squat... é
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The future

@ Nikolais | dreamstime.com

ince computational
fluid dynamics (CFD)
software became
generally available
there has really only
been one legitimate way in
which an organisation could get
hold of it: pay a vendor either
a one-off or, more likely, an
annual license fee. The fees are
generally thousands of pounds/
dollars/euros per processor per
annum. But then along came
‘open source’ CFD software,
which enabled the latest release
to be downloaded free of charge
at any time. Immediately, a
number of obvious questions
sprang to mind. Fundamentally,
was it really free? Was the
software as good as the
commercial codes? What was the

catch? Was its presence going
to be sustainable? And what
would happen to the ‘traditional’
vendors' market share now
they were competing with a
seemingly free alternative? It
is believed that at least one
Formula 1 team is using open
source CFD to meet its needs, so
Racecar Engineering decided to
investigate where we are with
open source CFD software, and
ask the very questions of its
developers, its users and the
major CFD vendors that we were
previously asking ourselves.
First, what are we referring
to under the blanket term ‘open
source’ CFD? Well, the name on
most people’s lips is OpenFOAM,

FREE CFD
SOFTWARE
HERE!

supplied by OpenCFD Ltd, a UK-
based organisation that has built
its business around supplying
free CFD software (see sidebar
on p62). But the range of open
source products includes meshing
and post-processing software,

as well as the solver code, and
some of these come bundled
with OpenFOAM, while others are
downloadable from other open
SOUrce, er, sources.

SO WHAT’S THE DEAL?
Unsurprisingly, using open source
CFD software follows the same
process as vendor-supplied
software, but what is radically
different is the underlying
business model. Dr Rob Lewis,
whose company TotalSim Ltd is a
leading independent CFD service

of CFD?

There's a quiet revolution going on in the

world of CFD, as free ‘open source’ software
challenges vendor-supplied products. Could this
be the way forward for race teams?

provider and an enthusiastic user
of OpenFOAM and other open
source resources, explained the
differences: With a commercial
vendor you pay for a disk and a
license key. What you get, sort of
for free, is support and training
and so on. What you get with
OpenFOAM is free software and
what you pay for is support,
training and any developments
you request. So you pay for what
you want.

‘The commercial vendors are
now seeing this as a real threat
to their business. But they charge
for extra licenses because you've
got four processor cores and not
two... We've got 700 cores and
15 people. If we were paying a
commercial fee for licenses we
couldn't have 700 cores and 15
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people and still make a profit. It's
as simple as that. You can get
good deals from CFD companies,
but you've got to be careful that
the good deal scales if necessary,
and that it doesn't run out in

a year, and so on. To build a
business around CFD you've got
to have those securities...

THE USER COMMUNITY
Avoiding a sizeable fee per
processor is the major driver
behind the accelerating uptake
of OpenFOAM at the moment.
The suite of tools is freely
available, and being ‘open source’
means that they are open to
development by the so-called
‘user community’. And for those
able to fully utilise the tools they
can be implemented on large
parallel processing computer

ARRALLITN

Images: TotalSim/Pilbeam

networks without the financial
pain incurred by the usual
license arrangements. Instead,
the money 'saved’ by using free
software can be invested - for
example, into relatively low cost
hardware to develop the kind of
computer clusters that TotalSim
has built for itself, and also in

fees, are willing to invest in
paying specialists, including
OpenCFD itself, to develop the
basic OpenFOAM tools into
what they need to get the job
done. But this is where the
open source principle challenges
the conventional business

mind, because developments,

dﬁ Avoiding a sizeable
fee per processor is the
major driver DD

developments of the software for
your types of application.

So the software might be
free, but there are costs involved.
However, the heavy hitters,
recognising the longer-term
benefits of avoiding annual

E 9 VILAA
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enhancements and add-ons to
the code should in theory be
made freely available to the user
community at large. The cynical
bystander would be forgiven

for thinking that companies
spending substantial sums on

More at ebook-free-download.net or magazinesdownload.com

developments are unlikely to
want to then give them away,
at least not without giving
themselves a decent head start.,
Lewis of TotalSim again: It
requires a really different way
of thinking. You're not paying

a license fee, but you have

to share. We must all provide
feedback, and it's for everybody's
benefit. To go with open source,
you've got to go with an open
mindset. It takes a little while
to get your head around that,
and it's probably a bit socialist
but it works!'

Another downside to not
contributing to the community
was further explained by
Lewis: "You could take the
source code and grow your own
whistles around it that you
don't release to the community.

EN SOURCE VISUALISATIONS
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But when OpenFOAM's next
release appears you'd have to
re-integrate your whistles into
the main code again, which can
be a massive effort. If you don't
release back you pay the pain, as
well as going against the whole
ethos. So it's not about altruistic
contributions for the betterment
of OpenFOAM, it's simply a
different kind of business model.

HOW GOOD IS IT?

Another organisation soon to
commit to OpenFOAM is UK-based
MIRA, and chief aerodynamicist
Dr Angus Lock is already using
some open source CFD tools,
including snappyHexMesh

from OpenCFD, which, he says,
‘works really well'. He has also
successfully used the OpenFOAM
solver for steady state external

aerodynamics, but has yet to run
thermal or transient aerodynamic
cases. MIRA also uses ParaView,
an open source post-processing
package for data analysis and
visualisation. According to Lock,
‘it knocks commercial post-
processing applications for six’
(the cricketing equivalent of a
home run!). TotalSim also uses
snappyHexMesh and Paraview.
‘The big plus of open source,
continued Lock, 'is the ability to
interact with the source code.
This can take years with the
commercial vendors, but with
open source, first of all you can
consult the online forums and
user groups, which might provide
solutions to problems or needs,
but also the developers are very
responsive. With open source
you can spend just a proportion

of licensing costs and really
influence the code. You can
contribute to the community and
MIRA is keen to push any bits it

develops out there pretty quickly.

It seems unlikely that this
enthusiasm would exist if the
basic software were no good,
even with the financial benefits.
As is now generally known,
some of the major automotive
manufacturers have invested
heavily in OpenFOAM, and one
has apparently benchmarked
it against one of the most
technically respected commercial
codes. The conclusion seemingly
was that the commercial code
offered no particular advantage.

So, with all this in mind, why
isn't everyone using OpenFOAM?
An analogous case is that of
Open Office, also open source,

free, and apparently universally
compatible with and, according
to many, better than Microsoft
Office. So why does Microsoft
continue to dominate that market
sector? Possibly because people
think that open source means
‘'no technical support’. Indeed,
the perception may be even
more vague than this, and is
simply a reluctance to go with
anything that's free because ‘it
can't be as good as something
you pay for. But the experiences
outlined here, and the fact that
major automotive organisations
and Formula 1 teams are using
open source CFD suggests these
concerns are groundless.
Another possible obstacle
is that OpenFOAM runs under
the (open source) Linux
operating system, with no

s,

Open source CFD
provides a range

of visualisations,
including surface
pressures, surface oil
flows and streamlines,
as seen on the
Pilbeam (shown left)

Racecar Engineering contacted a

number of the major CFD vendors who
collectively supply much of the motorsport
CFD market to ask for their views on free,
open source CFD software. One ‘declined to
comment on the products of other commercial
companies’, another agreed to comment but
then didn't. Two, however, did offer some
observations. CD-adapco, suppliers of Star
CD and Star CCM+ said, ‘CD-adapco
products are now only licensed on a per
processor basis for a small number of
processors (typically less than eight cores).
Above that we offer a ‘Power Session’ license
that allows our users an unlimited number of
processors for a single annual license fee.
This is particularly useful for Formula 1 teams
that typically run simulations comprising
hundreds of millions of cells, using hundreds,
if not thousands of processors. The license
fee allows access to a support team of
specialist engineers, many of whom are
dedicated to motorsport and vehicle
aerodynamic simulation, and all of whom are
connected to the code development team.’
That doesn’t sound too bad if you're a
Formula 1 team then, though there is still an

ﬁﬁ we offer... an
unlimited number
of processors for

a single annual
license fee pg

CD-ADAPCO REPRESENTATIVE

ﬁﬁ Free-of-charge
assistance is

harder to find DD

PROF BRIAN SPALDING CHAM LTD

annual fee, even if it's cheaper than it was a
year or so ago before this new pricing
structure was introduced.

The other respondent was the man who
founded CHAM Lid, and who is regarded
as the founder of CFD itself, Professor Brian
Spalding: ‘From its inception, a large part of
the coding of PHOENICS [CHAM's CFD code]
has been open to inspection and change by
sufficiently knowledgeable users. Recently,
OpenFOAM has been launched, of which
the whole of the source code is open. What
effect its existence will have on the CFD-
code industry is not yet clear, but it may not
be so profound as those who hope to see
a reduction in licence fees for commercial
codes such as PHOENICS expect.

‘Racecar engineers who want to use CFD
to improve their designs can certainly visit
the OpenFOAM website and, in principle,
find all that they need free of charge. All,
that is, except the assistance that they will
require in order to make use of what has
been made available to them. Free-of-charge
assistance is harder to find.’'

However, as we have seen, the provision
of this assistance, while not free, is readily
available from OpenCFD and others, and
indeed forms part of the business of those
companies. In short, you pay your money and
you make your choice...
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OpenFOAM was the

brainchild of Henry
Weller, and the product's
beginnings go back to 1989
when he first encountered
the C+ + programming
language. ‘It struck me
immediately that this was a
better language to write a
complex physics code. So 1
started playing around with
ideas and, by 1999, it was a
pretty capable, wide-ranging
CFD code. I created [a
company called] Nabla and
marketed [the code as]
FOAM. That was successful
in that the company was
profitable. But after four
years I decided this wasn't
the right way to go. With the
way FOAM was structured,

‘I think Rob Lewis [now
at TotalSim] was keen on
OpenFOAM but it was
quite a weird move for
Advantage CFD [the original
organisation Lewis set
up]. But when they got it,
they really got it. And they
paid us to do a substantial
amount of important
developments they were
going to need for motorsport.
That then got distributed, so
their competitors could then
use those developments. I
don't think it's detrimental
to their efforts because they
could buy a commercial code
and buying that doesn't stop
competitors from buying
it, too. And in paying for a
license they'd be paying

4
ﬂlﬁ The aims aof OpenCFD

are to be there to help peaple

who want to use it and are
benefiting from it pp

and with the kind of users
and usages we had, what
we wanted to achieve was
going to be easier to do in
open source. So we took a
gamble and, in 2004, I set up
OpenCFD.

‘It made it much clearer
to market the product to
get development work
because instead of clients
saying “we'll use it when
you do the development”,
we turned around and said,
“we’'ll give you the code and
everything for nothing but,
if you want anything new,
you have to pay for it.” And
everybody went, “whoah,
that's weird!” It took time
for that to sink in but, after
a while, they said, “no,
actually that's fair, we only
pay for what we want. The
only thing is, if we pay for it,
why should we let you give
it away?" So we said, ‘we've
given away everything
that we've ever done over
20 years, everybody else is
going to give things away.
It’s now a club basically,
s0 do you want to join or
not?' Some companies got it
immediately, and some got
it... eventually.

for developments that other
people could use. So there
isn't really a difference.’

What are Henry Weller's
ambitions for OpenFOAM?
‘The aims of OpenCFD are
to be there to help people
who want to use it and are
benefiting from it. If that user
base grows then we would
want to grow as necessary
to support them.

‘Another thing is that
some commercial products
are quite unreasonably
priced, but I think at least
some are becoming more
reasonable as a response to
us offering a free alternative.’

To the individual or small
team wanting to get into
OpenFOAM Weller has this
to say: ‘I think somebody
with the right ‘computer
attitude' could probably do
it alone. With our training
courses or the packages
TotalSim offers, you could get
up and running and it would
cost you about the same in
the first year as the license
fee for a commercial product.
But then you wouldn't have
to pay anything more, that’s
the point.’

Contact: www.opencfd.co.uk
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current distributions available

for Windows or Mac 0SX.
Furthermore, there is no graphical
user interface (GUI) supplied with
it. While these are scarcely going
to deter CFD professionals, the
lack of a friendly GUI could be

an obstacle to be overcome for
smaller teams or CFD ‘dabblers’,
although in reality Linux presents
no real difficulties.

WILL THE CONCEPT SURVIVE?
It would seem then that
OpenFOAM's long-term survival
depends on users not taking
unfair advantage of what's
offered. But is this naive?
OpenCFD admits that some users
have already violated its rights.
What safeguards are there,
other than the time and cost
involved, preventing someone
else producing a functionally
similar but sufficiently different
product and offering it as their
own? OpenCFD's Henry Weller
explains: ‘We hold the copyright,
and if we find violations of the
GPL (General Public License) then
we act. There are organisations
that are building on GUIs and
selling them. Okay, so formally
they're selling the GUI but, in
reality, they're selling usability of
OpenFOAM, so they are seriously
benefiting from the fact that
OpenFOAM is open source. And
the only thing you can do is
accept there really is a market for
that kind of feature, so we either
want to encourage people to do
an open source equivalent or plan
for something ourselves. And if
we can find enough interested
people we should be able to
find sponsorship so that we can
do everything open source. We
believe in open source.

So what does the future
hold? The confident view
of those committed to open

source is that traditional CFD
companies will struggle to
compete on the same basis they
have been operating. Indeed, it
would appear that the vendors
have a choice to either ensure
their products offer superior or
unique capabilities or adapt their
business through changes to
pricing or service provision. Given
the aforementioned preference of
conservative users to remain with
traditional purchased software, a
market will likely remain. And the
more reactive vendors are already
‘adjusting’ to retain market share.
Meanwhile, a contrasting, if
cynical, view on a possible future
for open source software is that,
as demand increases, it may not
continue to be supplied free of
charge. The law of supply and
demand has deep roots, so time
alone will tell.

In the meantime, one
‘independent observer' gazed into
his crystal ball and added these
tantalising thoughts: ‘| would
suggest that the automotive
aero section of OpenFOAM will
soon be sufficiently capable
for most users to achieve what
is, and what could remain for
the next two to three years,
cutting-edge capability. By that |
mean the ability to successfully
run detached eddy simulations
(DES) on entire car models
without months of preparation or
millions in license fees. The only
requirement will be sufficient
computing power, but that's
getting cheaper every day. A
just about worthwhile DES case
of 20 million cells could be done
by a home user with one really
potent PC or a few cheap ones
networked together. All it would
cost is the price of the hardware!

If this does indeed come to
pass, then a great deal may
change in the near future.

The aerodynamic experts at MIRA have analysed Cambridge University's
Eco Racing (CUER) solar challenger with OpenFOAM
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HINDSIGHT

HOWMET TX

Generation

The Howmet TX was not unique in being a gas
turbine-engined racecar, but it was unigue in

being a successful one

hile the gas
turbine engine
had almost
completely
replaced the
piston engine in airplanes by
the 1960s, the jury was still out
on the turbine’s usefulness in
cars. Manufacturers like Chrysler
and Rover experimented with
turbines in road and racecars
but, ultimately, dismissed the
idea. Turbines nevertheless
popped up again in the second
half of the 1960s, when various
racecars tried the engines once
again. The most advanced and
successful of this new breed

of racers was the Howmet TX,
which raced at Daytona, Sebring,
Brands Hatch and Le Mans in '68.
The Howmet was the
brainchild of American racer
and engineer Ray Heppenstall,
who managed to develop and
build the first car in just five
months. This was short by
conventional standards but for
a car this sophisticated seems
virtually impossible. Heppenstall
achieved the remarkable feat
by using a surprisingly large
number of existing parts, instead
of engineering everything from

T

scratch. The secret to the car's
performance lay in the type of
turbine engine he used, which
was quite unlike any of the other
turbines in the other (race) cars.
Born in Philadelphia,
Heppenstall had been racing a
wide variety of machines since
the mid-1950s. He prepared
his own cars and quite often
modified them extensively.
Among his many friends was
Tom Fleming. The two men not
only shared a passion for racing
but also regularly shared a drive
in the early 1960s. Fleming
was also the vice president of
the Howmet Corporation, which

specialised in the production of
precision aluminium components.
Prior to the TX project, in

1967 Howmet backed one of
Heppenstall's other projects - a
Ford Falcon Sprint, which he
extensively modified. The

end result was a considerably
lighter and more powerful Ford
Falcon that was entered in the
Daytona 24 Hours by Howmet
and at the Sebring 12 Hours

as the Howmet Falcon Sprint.
The old car performed very well
and, much to the dismay of the
Ford GT40 drivers, proved very
difficult to pass on the straights.
Encouraged by the performance
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- HINDSIGHT HOWMET TX

of the modified Falcon, Fleming
discussed the possibility of
building a bespoke, turbine-
engined Howmet for the 1968
season. From a commercial angle,
this made perfect sense, as the
unusual engine would certainly
generate a great deal of publicity
for Howmet and its products,
many of which were used in the
construction of turbines.

CHOOSE YOUR WEAPON
Heppenstall's first order of
business was to find a suitable
turbine. He first visited General
Motors' subsidiary Allison, where
he was given a brief peak at
drawings for an all new turbine
engine designed specifically
for use in a proposed Pontiac
model. However, perhaps due
to the company’s ties with
General Motors, Allison refused
to supply Heppenstall with the
engine. He had seen enough of
the design though to describe
to rival company Continental

what he needed. As luck would
have it, Continental had 10
turbine engines lying around,
left over from an unsuccessful
bid on a government contract
for a military helicopter. These
could easily be modified to suit
Heppenstall's needs, so the
company agreed to help him out.
One of the main problems

the engine. The compressor and
turbine were usually connected
by a shaft to help increase
momentum. As a result, inputs
to the engine would also suffer
from considerable delay or

lag. Heppenstall believed the
lag could be as much as three
seconds, both on acceleration
and coming off the throttle.

ﬁfﬂ One of the main
problems with conventianal
turbines was the enormous
response time pg}

with conventional turbines was
the enormous response time or
lag of the engine. In the most
common turbines a compressor
mounted at the front of the
turbine would compress air into
the combustion chamber. Here
the fuel / air mixture is ignited,
providing gas for the power-
generating turbine at the rear of

At idle, all of the compressed air is fired out of the central exhaust then...

Imagine having to come off the
throttle three seconds ahead of
the braking zone for a corner! The
only place where this was not
seen to be a problem, however,
was on oval tracks - a point well
proven by Joe Leonard, who
placed his turbine-engined Lotus
on pole at Indy in 1968.

Allison's ingenious solution

for this problem consisted of
using two sets of turbine blades.
The first, gas-generating turbine
fed the second one, which

was connected to the output
shaft. Controlling the amount

of gas flowing from the first to
the second turbine were two
wastegates, controlled by the
throttle pedal. The first third of
the pedal's depression modulated
the amount of fuel fed to the
combustion chamber, while the
remaining travel controlled the
flow of compressed air through
the wastegates. At 'idle’ all of
the compressed air was sent

out of a single, central exhaust,
but as the pedal was pushed to
the floor the wastegates closed,
feeding all of the compressed air
to the power-generating turbine.
Using this wastegate system, the
gas turbine finally had enough
characteristics of the internal
combustion engine to make it
suitable for use in a car. The
only characteristic it lacked was

...as the throttle pedal is depressed further, air is fed to the second turbine

Body was made from a combination of glass fibre and aluminium, the aluminium parts left bare to showcase the products manufactured by Howmet Corp
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the retardation provided by a
conventional engine on the over
run. This necessitated additional
emphasis being placed on the
brakes of the Howmet.

As per Heppenstall's
instructions, Continental modified
the first of its engines during
the autumn of 1967. Weighing
in at a mere 77kg (169.8Ib), the
wastegate-equipped turbine
engine produced around 300bhp
at 57,500rpm. More importantly,
it developed in excess of 500ft.Ib
(678Nm) of torque from idle.

A CHASSIS TO COPE

With his engine problem solved,
Heppenstall commissioned
experienced racecar builder Bob
McKee to design and build him
a chassis. McKee just happened
to have an existing chassis
available that seemed perfect
for the job. Originally used

for a McKee Mk6 Can-Am car,

it had just been traded in for
McKee's latest model. It was a

straightforward and effective
spaceframe, suspended by double
wishbones all round. Into this the
Continental turbine engine was
mounted at a slight downward
angle behind the passenger
compartment. Due to the design
and completely flat torque curve
of the engine, there was no need
for a conventional gearbox, and
the wastegates took over the
duties of a clutch. The power was
transferred to the rear wheels
through a one-speed gearbox,
which was also provided by
Continental. To adjust the ratios
to the peculiarities of each track,
a McKee quickchange final drive
unit was also fitted. The role
of the absent reverse gear was
taken over by a separate electric
motor bolted to the drivetrain.

To monitor the turbine engine,
a helicopter-sourced control
panel was fitted, which was so
tall it had to be mounted on the
passenger side of the dashboard.
Other than that, the interior

Key to the car’s driveability is the wastegates that control the gas flowing
between the gas-generating turbine and the power-generating turbine

was very basic - a brake pedal,

a throttle pedal and a steering
wheel were all that were needed
to pilot the car.

As no off-the-shelf bodies
were available, some bespoke
construction was required in
this area, though one corner
was cut by using a Porsche 906
windscreen that was also floating
about the McKee workshop.

With welding wire and tape,
Heppenstall mocked up the final
shape of the body on the rolling
chassis, and it is testament to his

THE ALIGUST
1970 RECORDS _

Class 2
CARS OVER 500KG
AND UP TO 1000KG
Standing start 1/4 mile:
11.83 seconds at
1224 1km/h (76.07mph)
Standing start 1/2km:
13.48 seconds at
133.53km/h (82.97mphy)
Standing start Tkm:
21.18 seconds at
167.97km/h (105.61mph)

Class 3
CARS OVER 1000KG
Standing start 1/4 mile:
13.87 seconds at
1044 1km/h (64.88mph)
Standing start 1/2km:
15.74 seconds at
114.35km/h (71.05mph)
Standing start Tkm:
23,92 seconds at
150.50km/h (93.51mph)

Despite appearances, the Howmet TX was notable for a distinct lack of noise emanating from its triple exhausts

skills that this crude approach
did actually yield a very good
result. The temporary body
was replaced by aluminium and
glass fibre panels. In accordance
with the Howmet Corporation
sponsorship agreement, large
sections of the Howmet-made
aluminium panels were left
unpainted. The first Howmet TX
(Turbine Experimental) was ready
for testing within five months.

In the final months of
1967, the car was subjected
to extensive tests at Daytona,
ahead of its debut at the 24-hour
race scheduled for February
the following year. The results
were so encouraging that the
construction of a second car was
started. It was very similar to the
McKee-based prototype, but with
a two-inch longer wheelbase.

ADMINISTRATIVE NIGGLES
Before the cars could race,
however, there were some
administrative niggles to iron
out. The Daytona 24 Hours was
part of the World Manufacturer
World Championship, as were
the Sebring 12 Hours and Le
Mans 24 Hours. To be eligible
for points, Howmet had to
qualify as a manufacturer, but
strictly speaking Howmet was
the sponsor and McKee the
constructor of the car. Here the
entry of the Howmet-badged
Falcon Sprint at Sebring a year
earlier came to the rescue. With
two cars now to their record’ it
was deemed possible to consider
Howmet a proper manufacturer.
A bigger problem concerned
the displacement of the turbine
engine. The latest regulations
stipulated that a Prototype
Sports Racer could have an
engine no larger than 3.0-litres.
For a turbine, an equivalency
factor was imposed that took
into consideration the number
of compressor stages and the
area between the compressor,
stage and combustion chamber.
The only way to get an accurate
measure of these elements was
by looking at the blueprints
of the engine. The problem
was that it was a government-
commissioned engine and
the blueprints were therefore
classified. Fortunately, the FIA
representative agreed to certify
the engine, though Heppenstall
later revealed that the engine
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- HINDSIGHT HOWMET TX

was actually closer to 3.3-litres in
displacement than 3.0.

Fully homologated as a Group
6 Sports Racer, the Howmet
TX was ready for the Daytona
24 Hours. In its class the flat
eight-engined Porsche 907
was the biggest rival, while the
favourite for outright victory
was the Ford GT40. Piloted by
Heppenstall and Ed Lowther, the
TX managed to turn a lap good
enough to qualify seventh in the
68-car field, and during the race
ran as high as third, until a valve
in the wastegate stuck open.
Unfortunately, this happened
just as Lowther approached the
slowest corner on the track and,
with the throttle wide open, he
was unable to slow the car down
enough to make the turn and
crashed out.

At Sebring, Heppenstall and
Lowther were joined by Dick
Thompson behind the wheel
of the Howmet. This time
it qualified in an even more
impressive third position, but
this time the turbine blades were
damaged by debris from the
track during the race, resulting
in a very rough running engine.
This eventually caused a broken
engine mount and another early
retirement for the Howmet.

One of the cars was shipped
to England for two events,
including the BOAC 500 World
Championship round at Brands
Hatch. Thompson had made the
trip as well and was joined for
this race by Hugh Dibley who,
most fittingly, was an airline
pilot by trade. The eerily quiet
Howmet again showed great
potential and, against very strong
competition, placed seventh on
the grid, but was involved in an
accident during the race.

WINNING STREAK

The sister car that had remained
in the United States was entered
in several SCCA races in the North
East. At Huntsville, Heppenstall
made history by securing the first
ever victory of note for a turbine-
engined car. in fact, he won both
the preliminary and feature races
that weekend. Thompson then
repeated that feat at Marlboro a
week later, That the team was

on the right route was confirmed
at the Watkins Glen round of

the World Championship, where
both cars were entered and both

Controls were otherwise very basic - brake, throttle and steering wheel

reached the finish, Thompson
and Heppenstall crossing the line
in third overall and first in class.
That year Le Mans was
postponed to September because
of the student riots, which gave
the Howmet team plenty of
time to prepare for the daunting
task at hand. Both cars were
dispatched to France - the first
for Dick Thompson and Ray

be sent back out and, by the
Sunday morning checkpoint, the
car had not completed sufficient
laps so was disqualified. The
second car faired little better. Le
Mans regulations stated that the
engine should be shut off during
refuelling and, as hot re-starts
were not particularly beneficial to
the turbine’s health, the engine
was damaged during one of the

ﬁﬁ the first ever victory
of note for a turbine-
engined car DD

Heppenstall, the second for Hugh
Dibley and Bob Tullius. Both cars
were fitted with deflectors on
the roof this time to make sure

no debris could enter and damage
the turbine. With such a long race
ahead, getting a quick qualifying
time was the least of the team's
concerns and the two Howmets
went on to startin 20th and 24th
positions respectively.

Dibley and Tullius had a
disastrous start, suffering a
broken hub after only a handful
of laps. A lengthy repair was
required before the TX could

www.racecar-engineering.com = june 2010

pit stops, limiting the car to just
100mph on the long straights.
Trying to compensate for the
lack of pace on the straights,
Thompson overdid it going into
Indianapolis and rolled the car.

MEDIA ATTENTION

Even before the TX had turned

a wheel in anger though,

the Howmet Corporation had
received enough media attention
to justify the expense of the
project. Heppenstall had further
developments scheduled but
Howmet shelved the project until,

More at ebook-free-download.net or magazinesdownload.com

in August 1970, the car that
rolled at Le Mans re-appeared
with an open body, specifically
prepared for record attempts at
Talladega. Here the Howmet TX
Mkl as it was known, set six
FIA-sanctioned world records for
turbine-engined cars - a glorious
end for the most successful of all
turbine racecars.

THE HOWMETS TODAY

After the record-breaking runs,
Howmet sold the two cars to
Heppenstall for $1, but without
the engines, which had to

be returned to Continental.
Heppenstall later sold both
Howmets to collectors. In the
mid-1990s, the record-breaking
chassis was returned to Bob
McKee for a full restoration
though, with a Continental
engine not available, it was fitted
with a Allison turbine engine
instead. In 2005 the car was
acquired by French enthusiast
Xavier Micheron, who set about
tracking down a suitable set of
wastegates to make the Howmet
practical again. After two years
Micheron finally located some
Allison wastegates and had the
engine modified. The restoration
was completed in 2008 and the
Howmet has since been raced
at Le Mans, the Nirburgring and
Silverstone, and also made an
appearance at the Goodwood
Festival of Speed.

The second car has recently
passed into the hands of Bruce
Linsmeyer, who managed to
scrape together enough parts to
rebuild a Continental engine. He
showed the fully restored car at
Amelia Island in 2007, but has no
plans to race it.

For all its benefits (high
efficiency, low weight and lots of
torque), the turbine engine in the
end just had too many drawbacks
to become a serious alternative
to the internal combustion
engine for automotive use. There
may still be a future automotive
purpose for the turbine engine
as an auxiliary generator in the
latest generation hybrid-electric
cars like the Chevrolet Volt or
Fisker Karma, where all the
turbine's strengths can be used.

For now though, the Howmet
TX has a distinct place in
automotive history as the only
turbine-engine car ever to win
a major race.
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- FIRST PRINCIPLES

The
quick

fix?

A discussion on the

dangers of ready-made

racecar simulation
software

ne of the more

disturbing trends |

have seen emerge

over the last couple

of years has been
the emergence of ready-made
simulation. Typically, but not
necessarily always, what
happens is a racing series or
manufacturer offers a cut-price
simulation package to race
teams. Typically, this has all the
modelling capabilities ripped
out, replaced instead with
ready-made options so the user
can click on various options and
we all walk away happy.

This type of simulation does
have its place if you need to get a
rough idea of what to do. Indeed,
ChassisSim has a pay-as-you-go
simulation specifically tailored
for club motorsport, which is
very useful when you are stuck
and need some direction and a
rough idea of where to go. In this
regard, it is very much like fast
food - if you stuck in the middle
of nowhere and need something

to get you by, it is ideal. May |
also say it whets the appetite of
potential new users.

However, just like fast food,
using this all the time is not a
good idea and this is what we
will be exploring here in greater
detail. The first thing we should
point out is that if you are serious
about winning, you absolutely
have to have the ability to edit
the vehicle model, particularly
in regards to aero, tyres and
suspension geometry.,

| should also add that
from a simulation company's
perspective, there's quite
an attraction to ready-made
simulation. You have a great deal
of control on what the model is
doing and can produce something
very quickly. Therefore, from
a commercial perspective, we
at ChassisSim Technologies
would be mad not to consider
it. However, if you go down this
road the price you pay is that
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you can't adopt a fit and forget
vehicle model. It is something
you have to work with your
customers on on a constant basis,
and this is exactly what we at
ChassisSim would do.

To begin our discussion
though, let's consider classifying
the aero of the racecar. One of
the attractions of ready-made
simulation is that said racecar
manufacturer will give you
the aeromap they have either
developed using CFD or the wind
tunnel. In theory that's fine, but
there's just one small problem. If
they have screwed up the aero,
said racecar manufacturer isn't
going to be up front in telling you
about it. Sorry folks, this is just a
reflection of human nature.

Over the last three years |
have been involved in a multitude
of formulae and, at best, the
wind tunnel data has been a
rough guide, at worst, it has
has been downright awful. The
most extreme case of this is
shown in figures 1 and 2. For

More at ebook-free-download.net or magazinesdownload.com

confidentiality reasons I'm not
going to tell you what formula
this came from, but this is what |
can tell you.

« Figure 1 is what said racecar
manufacturer provided

* Figure 2 is what was
generated from race data
using the ChassisSim aero
maodelling toolbox

Figure 1 lead said race team on
a wild goose chase. The creation
of figure 2 was one of the keys
to unlocking what the car was
capable off.

As can be seen, you couldn't
have had two very different
deromaps. On a humorous note,
when | first encountered this
car | guesstimated the aero. |
then made the mistake of using
figure 1.. Anyway, when | went
through and ran the numbers, my
guesstimate was relatively close.
But on a more serious note, not
only is the manufacturer's map
too large, it totally misses the

i Elnur | dreamstime.com
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An aeromap for the
same car generated
from race data
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- FIRST PRINCIPLES

A comparison of a
linear to a non-linear

tyre model

Traction Circle Radius vs Load
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aero sweet spot of the car.
Also, to re-iterate how

important it is to get the aero

right, look at equation 1 (right),

which estimates peak tyre load,
Here, L, and L, are the

peak tyre loads for the front

and rear respectively, and C A

is lift coefficient time area. To

keep the equation simple | have

fixed the aero distribution to the

weight distribution. However,

| invite the reader to work the

numbers for different downforce

coefficients. If you don't have

the downforce you don't have a

prayer. Furthermore, if you don't

have the drag modelled right,

how in the world are you going to

do gear ratios?

TYRE MODELLING

The next topic we need to
discuss is tyre modelling. | have
already written at length on this
matter in Racecar Engineering
and, if there is one thing that is
abundantly clear, it is that the
race tyre is a highly non-linear
and complex animal. However,
most ready-made simulations
typically have very strict
adherence to the Pacjeka formula
and, for me, this has two very
important drawbacks. (Just for
the record, | actually consider the
Pacjeka formulation a good start,
but it is just that, and not the
finished product.)

Pacjeka normalised
slip curve

TYRE MOD [\

Nomalised Force

0 05 1 15 2

Lue =WTCH'&'9+)/2W2CLA)+ RLD,-m-a,-g-h

tm

- 1-RLD ‘a,-g-h
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The first drawback is that the
peak friction coefficient of the
tyre in a ready-made simulation
drops off linearly as a function of
load. Also, more often than not,
said tyre model is temperature
invariant. Any of us who have had
any experience with real racing
tyres knows they are horribly
non-linear and temperature
dependant. To illustrate this,
consider this comparison of
traction circle radius of a linear
tyre model vs a tyre model that
was produced using actual race
data. This is plotted as a function
of load.

As can be seen very clearly
from figure 3, the linear tyre
model is woefully inadequate
when it comes to describing
what the tyre is actually doing.
This has massive ramifications
when it comes to determining the
combination of springs, bars and
dampers you need.

The second drawback of
tyre models used in ready-made
simulation is the tyre force vs slip
angle / slip ratio characteristic
uses a strict Pacjeka formulation.
| know I've shown this before in
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previous articles, but to make the
point | shall show it again here.
Consider this plot of normalised
force vs slip angle.

My two big reservations with
this curve are what the tyre is
doing in the post-slip regime, and
how it behaves in the lead up
to this. If this is truly what the
tyre is doing then fair enough.
But | think we all know from
experience that if this curve
truly applied, why would we be
concerned about oversteer or
understeer if the force factor
drops to 0.97 Again, | offer the
invitation to someone who is well
versed in the Pacjeka model to
come forward and explain this.

This has massive implications
for how a car responds on the
edge. Let me illustrate this
mathematically. Tyre force can be
approximated by,

F, = frio ) fr(L.T)

@

Where « is slip angle, L is tyre
load, T is temperature and F is
lateral tyre force. To keep the

More at ebook-free-download.net or magazinesdownload.com
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discussion simple I've lumped the
camber and traction ellipse terms
into fn(LT). At a given slip angle
then, the derivative of the tyre
force with respect to slip angle is
given by,

F
a_l =M. fr(L,T)
da

oo Q)

These derivatives are critical

in classifying the handling
characteristics of the racecar, and
&f/da is the slope of the curve we
saw in figure 4. My point is that
if you don't have that modelled
correctly there is no way you can
make meaningful adjustments on
the car. The problem with ready-
made simulation is that you don't
get a choice, you are stuck with
what you have been given.

But the question has to be
asked where is a good place to
start with tyre modelling? After
all, there are no hard and fast
rules. This is why | wrote an
article on tyre modelling from
nothing. Another good place to
start though is if you have good
tyre test data. However, that
does vary between different tyre
manufacturers.

Also, let me offer some
perspective based on modelling
all manor of racecars and being
involved in developing simulation
software. | have said it before
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and | will say it again, the perfect
tyre model doesn't exist. We have
some pretty good approximations
of what the tyre is, but itisn't

TABLE 1

Comparison of quoted vs actual motion ratios

My last reservation with
ready-made simulation is that
most ready-made lap time
simulation is typically pseudo

B 1l Quoted Measured Measured sqg tati Stat Rurit
perfect. Consequently, as you Front 1 1.01 1.025 sta |cl as opposed to transient.
learn more about your racecar Rear 1 0.97 0.941 | realise here that | could be

you will always be tweaking the
tyre model to some degree. And
as with any endeavour, what you
knew last year will be different
to what you know today, so

the ability to incorporate that
into your vehicle model is vital.
Ready-made simulation takes this
vital functionality away from you.

SUSPENSION GEOMETRY
The next area | want to discuss
is suspension geometry because,
as with tyres, this can have
a massive impact on the car
modelling. The suspension
geometry dictates how the
forces are transmitted into the
sprung mass. They also dictate
the motion ratios. If you get the
motion ratios wrong, any spring
changes you are evaluating
might as well be irrelevant. |
will illustrate this by presenting
some motion ratio results for
a spec formula | worked in. For
confidentiality reasons, |'ve
normalised the ratios, but what
| will present is what the series
quoted and what | measured, as
shown in table 1.

The reader will note that |
have included measured sq. The

reason | have done this is the
wheel rate, as the rate the tyre
sees is in fact M.R?*spring rate.
As can be seen, the fronts are
okay. However, while the rears
aren't disastrous, they are at a
point where inaccuracies can
start to creep in, particularly
when we start to get to the
outer ranges of the spring
adjustments. This has massive
implications when considering
what ride heights to run, or when
calculating static roll distribution.
Furthermore, while it
is a tedious job measuring
the suspension geometry
on aracecar, itis also a
straightforward job. Yes, it is time
consuming, but the rewards are
more than worth it. It also gives
you peace of mind because you
have confidence in knowing that
what you have seen is what you
get. To further reinforce this,
look at this approximation for the
lateral load distribution taken on
the front axle:

prr = (wdf*rcf + prm*hsm)/h
)

Here prr is the lateral load
transfer taken at the front,
wdf is the front weight
distribution and prm*hsm is a
function of spring and bar rates,
suspension geometry and weight
distribution. My point is equation
(4) quantifies the effect of what
happens if someone hasn't done
a good job of measuring the
geometry. Unfortunately, ready-
made simulation also bypasses
all this. Given the impact this can
have on roll distribution, relying
on someone to do your hard work
for you isn't such a good idea
because you have no idea where
the numbers have come from.
Finally, remember this point
on using simulation. | have
always maintained that simulated
laps are the full stop at the end
of the process, but the real power
of simulation lies in the fact that
it forces you to consider every
aspect of how every component
of the car works. This is the thing
that takes your racec engineering
to the next level. With ready-
made simulation you are robbed
of this process.
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stepping on quite a few toes but,
as far as | am concerned, while
pseudo-static simulation can
point you in the right direction,

it simply cannot finish the

job. To illustrate this, consider
the example of a ChassisSim
simulated lap vs an actual lap, as
shown in figure 5, above.

The top trace is speed, the
following trace is throttle, the
third trace is front dampers, the
fourth trace is rear dampers and
the last trace is steering angle.
To make this more interesting
I'm asking you to guess which is
simulated and which is real. What
| will tell you is that there are no
grip factors here. However, what
is abundantly clear from both the
front and rear damper traces is
that trying to approximate this by
assuming the circuit is smooth is
simply not accurate. The dampers
alone are moving in the order of
+/-20mm, which has a massive
impact on where the roll centres
and cambers are, as will as
leading to variations in tyre loads.
My point is if you are not taking
things like this into account, how
can you hope to set up your
racecar accurately? @
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GREENER

Eco-speed

Environmentally-conscious motorsport is turning to the question of performance

MIA LONG BEACH 'GREEN’
CONFERENCE 2010

The business of energy efficient
motorsport has reached a
maturity that enabled the
Motorsport Industry Association
(MIA), in association with the
Specialty Equipment Market
Association (SEMA), to call its
latest conference - held on the
Friday of the Long Beach Grand
Prix - ‘The Race Has Gone Green'.
SEMA's John Waraniak said it was
even about time we stopped
using the term ‘green’, but then
the five drivers who, at the end of
the conference were announced
as the American Le Mans Series
energy efficiency ambassadors,
all wore blazers that made them
look like refugees from the
Augusta Masters.

Meanwhile, Chris Aylett of
the MIA pointed out that the
conference now had more of a
commercial and less of a technical
bias, and it certainly seemed a
long way from the association’s
first such meeting in Birmingham
some years ago. Performance
and Racing Industry consultant
Don Taylor pointed out just how
much has happened since the
MIA first took its energy efficient
conference concept to Long
Beach. ‘When we started ‘green’
racing it was an oxymoron but,
in the last 12 months, so much
has happened.

‘Primarily, the ethos has
changed. To most people hybrid
means the Toyota Prius. But,
asked Taylor, ‘how many modified
Prius have you seen?’ However,
such as KERS in F1 and the
Zytek 09SH hybrid have helped
change the perception of the
hybrid and now Porsche and
Ferrari are introducing petrol/
electric hybrids. At some
point, predicted Taylor, there may

even be hybrid ‘muscle’ cars...

Likewise, electric vehicles
used to mean golf carts but,
thanks to such as Teslar,
attitudes are changing about
electric performance, too.

The association with SEMA
led to Aylett stating that what
is being achieved by motorsport
is not only affecting the
0OEMs but also the automotive
aftermarket as a whole. He
believes the rule makers will

aftermarket... Developments must
be both commercially and socially
acceptable, but we are being
pushed ever closer to the
tuning market.”

Lola managing director,
Robin Brundle, pointed out that
universities are now engaged
with the problem and have
'no inhibitions’, and that his
company is now recycling carbon
and working with educational
establishments to see how it
can be brought back to its
original shape.

dﬁ If we have electric

racing it must be maore like
NASCAR, with banging and

barging DD

make it difficult for the industry
to make ‘green’ racecars, but

it can still be a development
partner for the OEMs. ‘But, |

am not yet sure how we can
engage with the mainstream,
he said. Jamie Allison, director
North America Motorsports, Ford
agreed that the relationship

'has ebbed and flowed' while,

as key note speaker, Mazda's
Robert Davis was able to indicate
his company's commitment.
Aylett went on to say that

‘what is happening is a most
exciting development for the

PETER DIGBY, XTRAC

Alongside all this, there was
some technical content to the
day. The problem, said Allison, is
about sustainability and range
extension. ‘Imagine running
the Indy 500 on one ‘charge’/
he said. Though such fanciful
ideas were brought back down
to earth by Indy Racing League
senior technical director, Les
Mactaggart, who stated what
many were undoubtedly thinking:
‘We must not lose sight of the
entertainment. It is important
that we don't forget the fact that
racing must be thrilling”

Hybrid Porsche in Veranstaltergemeinschaft Langstreckenpokal Niirburgring
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Scott Atherton addressed
just this when he spoke of the
problem of sound, or rather lack
of it, with electric racing. ‘One
of the defining elements of
motorsport is the sound we can
hear now, he said, referring to
the practice session taking place
outside the conference hall. 'l
don't think the sport can take this
lightly.” Atherton also spoke of
a possible solution he had seen
at Clemson University, where a
group of engineering students
are working on integrating a
‘sound-by-wire’ sound system
into a vehicle,

Xtrac managing director,
Peter Digby, wondered how
important sound really was. 'l
don't see less people turning up
at Le Mans because the Audi and
Peugeot diesels are quiet, he
opined. What he reckoned was
crucial was the racing itself. ‘If
we have electric racing it must be
more like NASCAR, with banging
and barging.

Asked whether ALMS was
likely to embrace electric,
Atherton pointed out that
the organisation had already
been approached by several
manufacturers wanting to run
an electric series as a support
to the ALMS, adding that since
the ALMS had started promoting
‘green’ technology it has seen
sponsor interest from categories
not interested in racing before,
including non-motorsport media.

Green racing technology
may have become just another
facet of the industry but it still
needs to be driven. And for that
reason the ALMS is sending
David Brabham, Paul Drayson,
Johnny O'Connell, Chris Dyson
and Gunnar Jeanette out into the
world to promote the message -
hopefully without those lurid
green blazers.
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LOLA QUITS F1

Lola has announced it is
abandoning its 2011 Formula
1 programme. It will continue
with its Sportcar and customer
chassis programmes, as well
as offering R&D facilities

to both the motorsport and
defence industries.

CUSTOMER CAR(E)

Audi Sport has opened a
dedicated customer sport
centre in Ingolstadt, Germany.
Initially it will focus on
supporting teams using its
R8 LMS racecar. The 950m?
facility includes a parts
warehouse, exhibition area
and offices.

SEE SHELL

Qil giant Shell has signed

up to continue to supply

the Ferrari Formula 1 team
with its fuel and lubricants
for the next five seasons.

The company celebrated its
450th start with Ferrari at the
Australian Grand Prix earlier
this year.

BED TESTING

Miguel Fragoso, the managing
director at Millbrook, has

told Racecar Engineering
that it is one of his ‘personal
commitments’ to increase the
amount of motorsport testing
being carried out at the
Bedfordshire proving ground.
He admits the issue of noise is
a problem, but says the track
has many facilities, including
handling and off-road tracks
that are not affected by this,
and is also undertaking work
on ‘green’ technology. 'l am
convinced we are going to
find synergies with the racing
teams, he said. 'l am working
on a plan but we have to
respect the sensitivities of
the local community.

CLARIFICATION

In REV20N5 we featured a
toolbox made by F1 Tools.
Please note that the lifetime
warranty is on the tools only.

Life after
recession

Are your troubles really over?

ith the new British government now in
place, we must re-focus on recovering
from the worst recession in living
memaory. But many motorsport firms are
caught in a dilemma. If the economy dips, they will
struggle to grow sales, get paid and keep trading.
If it recovers, surprisingly, the chance of failure can
actually increase, and
history shows that more
firms fail coming out of
recession than going into
it, as working capital is
stretched to breaking point.

Itis good to know that
buoyancy is returning
at the sharp end of business though. Small and
medium-size businesses (SMEs) are better placed
to react to fast changing economic conditions than
their larger counterparts.

Motorsport businesses were fast to react when
the recession kicked in and they will undoubtedly
be quicker to respond now that some optimism is
returning. SMEs are the wealth creators and job
makers, accounting for 85 per cent of economic
growth in the UK, according to the experts.
However, uncertainty is making life hard for them.
There is uncertainty following the recent election
and whether their banks will support them. More
than half suffered late payments throughout 2009
and this picture continues, meaning businesses are
caught between supplier pressure for early payment
and customers who are paying later. Many resort to
withholding in-demand goods until they are paid - a
wise precaution in the motorsport business.

Small companies are able to be flexible though
and this is a vital benefit. Business may increase
five per cent one month and dip 10 per cent the
next, and only those that can handle this will
survive. To do this, companies have to be ready to

The US motorsport market is the biggest in the world

dd smes wil

spearhead business
recavery QD

N\ DLSTRY LIPDAT E

THE BUSINESS

| expand or reduce at short notice, whether in staff or

financial resources.

SMEs will spearhead business recovery. The
MIA has lobbied hard for the new UK government
to give them a break and not suffocate them with
bureaucracy, legislation and taxation. There is talk of
giving a tax free start-up period for new companies,
and encouraging
recruitment with
subsidised training
and apprenticeships.
Some hot tips from
the experts confirm
the following:

* Remember that turbulence creates change and
change creates opportunity.

« [T your financial arrangements may limit growth then
sort this out early - don't get 1o the point of needing
cash o fulfil orders before speaking to your bank.

* Don't stop planning ahead and looking at new
markets, but avoid taking big risks.

o C(Cash flow forecasting is critical. Do it week by week,
and forecast seasonal peaks and troughs to make
sure the flow of cash is well under control.

* [Focus on those distinct qualities of your products
that give you pricing power.

¢ Make selective acquisitions so that you can out-
perform your rivals.

« Some businesses fail, so some customers are not
being supplied and doors that were shut will open.

Whatever you do, don't retreat into your shell. You
will have to fight harder to secure the same sales
as before, but you will come out of the recession
stronger. The first and best opportunities in
motorsport will probably be linked to growth in
consumer spending in the USA, before any other
market. The USA motorsport market is the largest
and the most diverse in the world, so keep an eye on
developments in that country before all others.
Finally, check out www.the-mia.com for details
of their business development visit to NASCAR and
IndyCar between 21 and 29 May. This is the best
introduction to these opportunities in this
growing market to beat the recession. @

Chris Aylett is CEO of the Motorsport Industry
Association www.the-mig.com
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AURORP" - RODOBAL" - Seals-it

widest range in Europe

RIES:
NDS ACCESSO
s lateral seals
prol‘ecllon boots,
am-nuts P
right- .hand, left-han
Getecno srl - GENOVA - ltaly

fax +39 010 B835.66.55 internet: www.getecno.com
phone +39 010 835.60.16 e-mail: info@getecno.com

contacts in English, Deutsch, Framgais, Italiano

L I3 3

Your PDR has just
gof smarter...

The PDR 100 GF solid state digital recorder can now capture both
high quality video AND record datal

Using our new Data Module and Dashware software, any PDR
can record data from our 10Hz GPS, onboard accelerometers,
vehicle sensors and even OBD2. Analyse raw data and view as
graphics on the video. Custom graphic packages dlsc available.

See our hew products in action on The Ring video, go to the

ChaseCamTV channel on YouTube or see our website
www chasecam.co.uk for further details.

www.chasecam.co.uk
Tel : 0333 666 0366 or Email : sales@chasecam.co.uk

SALES REPRESENTATIVE AND

camcoat

EUROPEAN AGENT FOR TECH-LINE COATINGS INC

Camcoat are specialists in the application of thin film
coatings for thermal management. These are mainly used in
and on exhausts to reduce heat radiation but also on
radiators/coolers, brake calipers, gearbox/diff casings to
increase heat dispersion. We can thermally insulate
composite materials and have a full range of engine
component coatings to improve performance and durability

e-mail: sales@camcoat.com

www.camcoat.com

Tek: 44(0)1925 445003

INTRODUCING Useful Tools...

Need to bend aluminium alloy and steel tubing on a very tight centre
line radius with the minimum of tube distortion? Then check out the
performance and capability of our unique mandrel tube bender.

The Mk 1 machine will bend 1/2" diameter, 5/ iameter tube all with a
1.5" centre line radius in 16 and 18 SWG mild steel, stainless steel and aluminium.
The Mk 2 machine will bend from 3/8" diameter tube on a 1.0"centre line radius all

the way up to 1.25" diameter with a 2.5" centre line radius. The Mk 2 will handle steel,
stainless steel, aluminium and copper to up 3/4" diameter and aluminium only up to 1.25"
diameter, all with the minimum of tube distortion.
Mk 2 mandrels available. 3/8” x 1R, 1/2" x 1R and 1.5R, 5/8" x 1.25R and1.5R, 3/4" x 1.5R
and 2R, 7/8" x 2R and 1.25" x2.5R

Tube Beading Tool

Faced with the eternal problem of hoses
blowing off? Then check out the Useful-
Tools Hand Beading Tool. With this tool you
can quickly and easily form a substantial
bead on aluminium alloy and copper pipes
up to 100mm in diameter.

For further product detalls and
pricas visll our web site -

E mall: donvid@seful-toots.co uk
Web: www.useful-tools.co.uk

suffoll P31 3JX

More at ebook-free-download.net or magazinesdownload.com


http://ebook-free-download.net/

3rd Edition

le Mans 24’," An Introduction To Race Car Engineering

On-site race radio and equipment services e Book 1
Race Car ENGINEERING

Driver equipment available for all systems

Instant custom mould earpieces available

Helmet kits and adaptors Small repairs
and more...

T: 01908 351700
E: atl@atlitd.com
W: www.atlltd.com

For all your safety cell
e & refueling needs.

« & 2

:

Wm. C. Mitchell Software - Racing by the Numbers

n A c E pA n I S Introducing version 4.02 of the WinGeo3 Suspension

Geometry program with Force-based Roll Centers

CPEPNGS S I \\4 —— explained! -

ES

www.MitchellSoftware.com 704-660-0330 voice
B00-844-7296 from USA and Canada 704-663-0085 fax
125 East Plaza Drive, Suite 117 Mooresville, NC 28115 USA

Dunnell Engines

S

: and components for
Knut Ove Borseth -

2009 European Rally Cross Champion
Using our latest Duratec RX series engine
—— S — : O

Ieise engine L
2.0-2.5 Litre 16, 1.8 & 2.0 litre —r.
200-330 BHP  175-270BHP [ - "

Complete engine & component development i

FREE 2010 CATALOGUE

UNIT 3 ROCKFORT INDUSTRIAL ESTATE,
WALLINGFORD OX10 9DA
TEL: O1491 822 000
SALESERACEPARTS.CO.UK
WWW.RACEPARTS-DIRECT.COM

Tel: +44 (0)1449 677726 Email: info@dunnellengines.com
Unit 10 Tomo Business Park, Creeting Rd,
Stowmarket, Suffolk, IP14 5AY, England
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You can reach over
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readers each month’

One of the world's most comprehensive
sources of motorsport technology
information provides you with the ideal
platforms to raise the profile of your
products and services

DISPLAY

From a double page spread through to an eighth of a page, make

in e wigdRE sure your company is seen by the right people and key decision
= = W o makers every month.

MARKETPLACE

Marketplace is an affordable way to showcase different products
and services and target your core audience if new to motorsport

DATABASE

Have your listing in the Racecar Database - both in print and
online - enhanced with your company logo in colour and your
whole address listed. Or have a strip advert at the bottom of the
relevant page. This will ensure you are noticed every month in our
extensive directory of the top businesses connected to motorsport.

WEBSITE

,"’EH eca"r Be part of the on-line revolution at www.racecar-engineering.com
Rac.,.nnn Promate your company to thousands of visitors every week.

engimn ; G
' Banners, buttons and tower adverts are just some of the exciting

and unique opportunities that are available to you.

FURTHER OPPORTUNITIES

There is also a wide range of other ways in which Racecar
Engineering can help you grow your business, including
sponsorship, reprints, advertorials and promotions. For more
information email Lauren Mills at the address below.

*Online ond mogozine readership as at September ‘09

To advertise in the market-leading Racecar Engineering magazine
or online at www.racecar-engineering.com please contact
Lauren Mills on +44 (0)20 8726 8329 or at lauren_mills@ipcmedia.com

R The International Journal of Motorsport Technology

engineenng
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ONLINE AT WWW.RACECAR-ENGINEERING.COM

DATABARSE is Racecar
Engineering’s comprehensive directory
of suppliers of products and services
for all types and levels of motorsport.

To find out how your company can
be listed in this section contact the
Advertising Sales Department on
+44 (0)20 8726 8329

BEODYWORK

MAEROFOILS
ACTIVE ENGINEERING
T:USA+1714 637 1155

acreoan FET
AH FABRICATIONS
T:+44 (0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford, HRZ 6/T,
England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F:+44(0) 1432 359762
SARDOU
T France: +33{0)1 60071 0367
THE WING SHOP
T +44 (0} 1258 BE0716
www. wingshop.co.uk
UNI OF MARYLAND USA
T:USA (+1)301 405 6861
windwd umd.edu
ZEUS MOTORSPORT
T:+44 (0} 1604 B78107

MCOMPOSITES
SPECIALISTS

oxeon

OXEON AB
T:+4633 205970
Norrby Langgata 45, 503 53
Boras, Sweden
Www.0Xeon.se
contactipoxeon.se
F:+4633205979

MFASTENERS
AEROCATCH
T:+44(0) 1803861714
Unit D Seymour Wharf, Steamer
Quay Rd, Totnes, Devon TQ9 5AL,
England
F:+44(0) 1803 868678 email:
graham@aerocatch.com
www.aerocatch.com
ARROW SUPPLY
T: +44 (0) 1234 B40404
www. arrow-supply.co.uk
RP

T:+44 (0} 1805 5255152

rs Clarendon

CLARENDON
T: +44 (0) 1455 828 201
Address: Newtown Grange Farm
Business Park, Desford Road,
Newtown, Unthank, Leicestershire
LES SFL, England
www.clarendoneng.co.uk
sales@clarendoneng.co.uk

COAST FABRICATION USA
T:USA (+1) 714 842 2603

FLUID CONTROL PRODUCTS
T:-USA(+1)217 324 3737

PROTEX FASTENERS LTD
T:+44(0) 1527 63231

NRUBBER &
ELASTOMETRIC
COMPONENTS

RUBBER LTD
T-+44(0} 1730 B34 034

TO ADVERTISE IN THIS SECTION
PLEASE CALL LAUREN MILLS
+44 (0)20 8726 8329

AWINDOWS

PLASTICS4PERFORMANCE
T: +44(0)811 277
Unit 5, Belmont Works, Belmont,
Bolton, BLY 8BN
ww.plasticsdperformance.com

MWIND TUNNEL MODELS

CAPITAL FATTERNS
T: +44 (0)208 777 9276
MARTIN FELDWICK
T:+44{0)1603 712611

CO-ORD SPORT
T:+44(0) 121 661 6263
Unit 1 Cletone Street, Tipton, West
Midlands, DY4 7TR, UK
www.coordsport.com

MBRAKE COMPONENTS

alcon ’

ALCON
T:+44(0) 1827 723700
www.alcon.co.uk
info@alcon.co.uk
Apollo, Tamworth, Staffordshire,
B79 7TN, England
F:+44(0) 1827 723701

RACING

AP RACING
T:+44(0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com

CASTROL

T +44 (0} 1793512712
CASTROL

T: Malaysia (+60} 3245 2642
CASTROL

T:USA(+1)305 2700433 &

USA(+1}973 305 3912

GKM SQUEEZEFORM

T: +44 (0) 1952 244321
MARDI GRAS MOTORSPORT

T:+44 (0} 1327 858006
RACE BRAKES

T: New Zealand (64)9377 2000
RACEPARTS UK LTD

T: +44(0) 1491 822000
RAYBESTOS

T:USA(+1) 815 363 9000
TARGX

T:Italy (+39) 039 587814

TILTON ENGINEERING
USAT:{+1) 805688 2353
25 Easy Street
Bueliton, CA 93427, USA
wwwtiltonracing.com

Entries are arranged under the following main headings:

RACECAR MANUFACTURERS

BODYWORK FUEL SYSTEM
BRAKES HYDRAULICS
CHASSIS
COCKPIT SAFETY
ELECTRICAL SERVICES
ENGINE SUSPENSION
ENGINE ELECTRONICS TRANSMISSION
EQUIPMENT WHEELS AND TYRES
FUELS AND LUBRICANTS

MBRAKE TESTING

RACING

AP RACING
T:+44(0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
wWww.apracing.com

sales@apracing.com

Cranfield
UNIVERSITY
CRANFIELD UNIVERSITY
T-+44(0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motorsport@cranfield.ac.uk

MBRAKE DISCS
alcon

ALCON
T-+44(0) 1827 723700
www.alcon.co.uk
info@alcon.co.uk
Apollo, Tamwerth, Staffordshire,
B79 7TN, England

F:+44{0) 1827 723701

RRCING

AP RACING
T:+44(0) 24 7663 9595
Wheler Road, Seven 5tars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com

PERFORMANCE’
FRICTION
BRAKES /
PERFORMANCE FRICTION

83 Carbon Metallic Highway

Clover,

SC25710

TEL: +1 800 521-B874

FAX: +1803 222-8134
www.performancefriction.com

PERFORMANCE
FRICTION
BRAKES /
PERFORMANCE FRICTION, EUROPE
Tel: {0)1295 221020
Carbon Metallic House
Compton Park
Wildmere Road
Banbury,
Oxon 0X16 3LU
Fax: (D)1295 279711
www.performancefriction.com

MBRAKE FLUIDS

alcon’

ALCON
T-+44(0) 1827 723700
www.alcon.co.uk
info@alcon.co.uk
Apolle, Tamworth, Staffordshire,
B79 7TN, England
F:+44(0) 1827 723701

TILTON ENGINEERING
USAT:(+1) 805 688 2353
25 Easy Street
Buellton, CA 93427, USA
www.tiltonracing.com

MBRAKE PADS

alcon’

ALCON
T:+44(0) 1827 723700
wiww.alcon.co.uk
info@alcon.co.uk
Apollo, Tamworth, Staffordshire,
B79 7TN, England
F:+44(0) 1827 723701

RACING

AP RACING
T:+44(0) 24 7663 9555
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
Www.apracing.com
sales@apracing.com

FERODO

T:+44 (0} 1298 812520
MINTEX

T:+44(0) 1274 854000

PERFORMANCE
FRICTION
BRAKES /
PERFORMAMNCE FRICTION

83 Carbon Metallic Highway

Clover,

5C29710

TEL: +1 800 521-8874

FAX:+1803222-8134
www.performancefriction.com

PERFORMANCE
FRICTION
BRAKES /
PERFORMANCE FRICTION, EUROPE
Tel: (0)1295 221020
Carbon Metallic House
Compton Park
Wildmere Road
Banbury,
Oxon OX16 31U
Fax: (0)1295 279711
www.performancefriction.com

RACEPARTS UK LTD
T:+44 (0) 1491 822000

MCALLIPERS

alcon’
ALCON

T:+44(0) 1827 723700
wwwi.alcon.co.uk
info@alcon.co.uk

Apollo, Tamworth, Staffordshire,
B79 7TN, England

F:+44(0) 1827 723701
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RACING

AP RACING
T:+44 (0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com

PERFORMANCE

FRICTION
BRAKES /
PERFORMANCE FRICTION

83 Carbon Metallic Highway
Clover,
SC29710
TEL: +1800521-8874
FAX:+1803222-8134
wwwperformancefriction.com

PERFORMANCE
FRICTION
BRAKES /
PERFORMANCE FRICTION, EUROPE
Tel: (0)1295 221020
Carbon Metallic House
Compton Park
Wildmere Road
Banbury,
Oxon OX16 3LU

Fax: (0)1295 279711
wwwperformancefriction.com

AWVALVES

alcon f

ALCON
T:+44(0) 1827 723700
www.alcon.co.uk
info@alcon.co.uk
Apollo, Tamworth, Staffordshire,
B79 7TN, England
F:+44(0) 1827 723701

RACING

AP RACING
T:+44 (0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com

DELWEST ENG

T-USA (+1)661 245 5700
FERREA

T-USA (+1) 954 733 2505
RACING ENGINE VALVES

T:USA (+1) 954 772 6060
SUPERTECH PERFORMANCE

T:USA (+1) 408 448 2001
VALVOLINE

T-USA (+1) 606 264 7222
XCELDYNE TECHNOLOGIES

T-USA (+1) 336 472 8281

m

MBODYWORK

AERODINE COMPOSITES GROUP, LLC
8201 Indy lane
Indianapolis, Indiana 46214
usa

T:(+1)317-271-1207
F:(+1)317-271-4455
www.aerodinecomposites.com
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KRONTEC MASCHINENBAU Gmbh
T:(+49) 9401 5253-0
PommemnstraBe 33,93073,
Neutraubling, Germany
www.krontec.de

MBODYWORK
SPECIALISTS

ADVANCED COMPOSITES GROUP LTD
T:+44(0) 1773 763441

LAERODINES

AERODINE COMPOSITES GROUP, LLC
8201 Indy lane
Indianapolis, Indiana 46214
usAa
T:(+1)317-271-1207
F:(+1)317-271-4455
www.aerodinecomposites.com

AERODYNAMIC CONSULTANTS

T: (661) 729 5628
CMLGROUP

T: +44 (0) 151 647 5531
COMPOSITE DESIGH

T:USA (+1)727 538 0605
CROPREDY BRIDGE

T: +44 (0) 01295 758444
DEREK PALMER ENGINEERING

T: +44 (0] 1555893315
DON FOSTER RACING

T: France +33 (0)4 70 58 0308
FIBRESPORTS

T: +44 (0) 1268 527331
GARAGE

T: +44 (0] 1295 758444
HAMLYN MOTOR SERVICES

T: +44 (0) 1582 B41284
HEDDINGTON COACHWORKS

T: +44 (0) 1380 850138
MERLIN BODYCRAFT

T: +44 (0) 1280 705156
MITCHELL

T: NEW ZEALAND (64) 7823 6188
SPA COMPOSITES

T: +44 (0) 1543 432504

MCALIBRATION
SERVICES

RICARDO INC
T:+44(0) 1926 319319

MCHASSIS TESTING

Cranfield

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
wiww.cranfield.ac.uk
motorsport@cranfield.ac.uk

NCOMPOSITES
SPECIALISTS

FEOLUS TECHNOLOGY
T-USA(+1)870 472 1288

gl =lmim]] N]= "N
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AERODINE COMPOSITES GROUP, LLC

8201 Indy lane

Indianapolis, Indiana 46214

usA

T:(+1)317-271-1207

F: (+‘|]3'I'.|‘I -271-4455

W, com

ANEX SYSTEMS
T: +44(0) 1869 345038

CEB CONSULTANT AERODYNAMICS
T:+44(0) 1202 673666

(z capricorn

CAPRICORN AUTOMOTIVE GmbH
Tel. +49.21 61.4 77 76-0
Krefelder StraBe 320
41066 Monchengladbach,
Germany
www.capricorngroup.de
sales@capricorngroup.de
Fax +49.2161.47776-17

CARBON FIBRE TECHNOLOGY
T:+44(0) 1553 859610
COMPOSITE WINGS
T:+44(0) 1553 885478

Cranfield,

CRANFIELD UNIVERSITY
T:+44(0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
wiww.cranfield.ac.uk
motorsport@cranfield.ac.uk

CROSEY GRP

T:+44(0) 1327 857042
Ts

T:+44(0) 1480 459378
DELTA COMPOSITES

T: +44(0) 1280 824498
DU PONT UK

T: +44 (0) 1438 734000
ELAN COMPOSITES

T:USA (+1) 706 658 2853
FIBREGLASS FABRICATIONS

T: +44 (0)208 568 0243
HEYES ENGINEERING

T:+44(0) 1453 750 481
HITCO

T:USA(+1} 213516 5707

T:USA(+1}270472 1288
KOMPREX

T:0191 416 8200
MICRO CRAFT

T:USA (+1)303 947 1843
MIRALTD

T:+44 (0) 247 6355 000

oxeon

OXEON AB
T:+4633 205970
Norrby Langgata 45, 503 53
Boras, Sweden
WWW.0XEoN.58
contact@oxeon.se
F:+4633205979

RICHARD HINTON RACING

T:+44(0) 1279 771667
SECART

T:USA(+1} 203 798 6698
SQUARE ONE MOTORSPORT

T:+44 (0) 1825 723485
TECHNICAL RESIN BONDERS

T:+44(0) 1480 52381
TUREO HEAT

T: +44(0) 1535 664503
SCOTT BADER

T:+44(0) 1933663100
TECHFLEX

T:USA(+1} 201 7296253
TONY THOMPSON RACING

T:+44(0) 1664 812454

SCRASH TESTING
Cranfield

CRANFIELD UNIVERSITY
T:+44(0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
wwww.cranfield.ac.uk
motorsport@cranfield.ac.uk

NDEFORMATION
TESTING

Cranfield

CRANFIELD UNIVERSITY
T:+44(0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
wiww.cranfield.ac.uk
motorsport@cranfield.ac.uk

MDESIGN & ANALYSIS
Cranfield,

CRANFIELD UNIVERSITY
T:+44(0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motorsport@cranfield.ac.uk

CarSimr

Mechanical Simulation

MECHANICAL SIMULATION
CORPORATION
T:USA(+1) 734 668 2930
912 N.Main 5t. Suite 210
Ann Arbor, MI 49221, USA
www.carsim.com/racecar_
engineering.com
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AERODINE COMPOSITES GROUP, LLC
8201 Indy lane
Indianapolis, Indiana 46214 USA
T:(+1)317-271-1207
F:(+1)317- 2714455

W, dil

T P T
AH FABRICATIONS
T:+44 (0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford, HR2 6JT,
England
www.ahfabrications. co.uk
alexahfabs@fairadsl.co.uk
F:+44(0) 1432 359762

AUTOMOTIVE FABRICATION
T:USA(+1) 2147451148

AZTEK
T:+44 (0} 1509 261295
BEW

T:+44 (0) 1483722713
B Y G.FORCE PRECISION ENG

T:+44 (0) 1243 544152
BRADY FABRICATIONS

T:+44 (0) 1869 252750

,{’ EXHAUSTS

BTB EXHAUSTS
T: +44(0) 1327 261 797
Unit 3-5 The Beaver Centre,
Woodford Halse, Daventry,
Northants, NN11 3DP
www.btbexhausts.co.uk
F:+44(0) 1381 263577

COLMET PRECISION
T:+44 (0) 1296 681658
COMPETITION FABRICATIONS
T:+44 (0) 1953 454573
HAUS OF PERFORMANCE

T:USA {+1) 714 545 2755
|AGO DEVELOPMENTS

T:+44 (0) 1243 789366
MASON ENGINEERING

T:USA {+1)805 527 6624
MATRIX ENGINEERING

T:USA (+1) 888 249 0013
MIKE TAYLOR DEVELOPMENTS

T:+44 (0) 1609 780123
MIRKO RACING

T:USA (+1) 408 776 0073
POLSON

T:+44 (0) 1440820371
PREMIER AEROSPACE

T:+44(0) 1332850515
RILEY & 5COTT

T:USA (+1) 317 248 5470

.bnapd rago n:.:

ENCINE BN, LLE

SNAPDRAGON MOTORSPORTS
T:USA(+1) 413 2560861
53 South Prospect Street
Amhherst, MA 01002
F:USA(+1)413 253 0936
Www.snapdragonms.com
pitboard@snapdragenms.com

SOUTH CERNEY ENGINEERING
T:+44 (0) 1285 860295

AN DYME ENGINEERING
T:USA(+1) 714847 4417

MMEASUREMENT
EQUIPMENT

CCA DATA SYSTEMS

T:+44 (0} 1525 378938
CRANFIELD INSTITUTE

T:+44 (0) 1508654134
INSTRON SCHENK

T:+44 (0) 1454 456785
MICROLEASE

T:+44 (0)208 427 6822
RACEPARTS UK LTD

T:+44(0) 1451 822000

¥ JAROHA

Variohm-Euro5ensor Limited
T:01327 351004
Williams Bamns, Tiffield Road
Towcester, Northants, NN12 6HP
F:01327 353564
salesigvariohm.com
www.varichm.com

SMMOULDING

BENTLEY CHEMICAL TRADING
T:+44 (0} 1562 515121
CROMPTON TECH GROUP
T: +44 (0) 1295 220130

NSPACEFRAME DESIGN

COSINE TECHNOLOGY
T:+44(0} 1706 378851

ENABLING TECHNOLOGIES LTD
T: +44 (0} 1983 550483

MWSTRESS ANALYSIS
Cranfield,

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motorsportivcranfield.ac.uk

MWELD TESTING

AIOLOS ENG
T:Canada {(+1) 416674 3017

Cranfield

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
metorsport@cranfield.ac.uk

IMPERIAL COLLEGE LONDON
T:+44 (0}207 589 5111
LANGLEY FULL-SCALE
T:USA (+1) 757 766 2266

m

MINSTRUMENTATION
ACES

T:+44 (0) 1206 395 324

ACTIVE SENSORS
T: +44 (0)1202 480620
website, www.activesensors.com

COMPETITION SYSTEMS
T: +44 (0) 8707 444 666
Hyguniper, Long Lane, Shore,
Newbury, Berkshire, RG14 2TA
www.competitionsystems.co.uk

GENERAL ENGINE MANAGEMENT

SYSTEM LTD {GEMS)
Crabtree Road, Egham,
Surrey, TW20 BRN
T: +44 (0) 1784 470525
T: +44(0) 1784 470527
info@gems.co.uk
wWww.gems.co.uk

LMI STACK

T:USA(+1) 717 637 1155
LONGACRE RACING

T:USA (+1) 206 BB5 3823
LUMENITION

T +44(0)20 7403 4334

‘www.autocar-electircal.com

Perry+Giles

A Curtiss-Wright Company

PENNY & GILES
T: +44(0) 1202 409 409
15 AIRFIELD ROAD,
CHRISTCHURCH,
BHZ3 3TG, UK
F:+44(0) 1202 409 475
www.pennyandgiles.com
sales@pennyandgiles.com

VARIOHM
T:+44(0) 1327 351004

MMIRRORS

RACEPARTS UK LTD
T:+44 (0} 1497 B22000

More at ebook-free-download.net or magazinesdownload.com

MPEDALS

RACING

AP RACING
T:+44(0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com

TILTON ENGINEERING
T:USA (+1) 805 688 2353
25 Easy Street
Buellton, CA 93427 USA
www.tiltonracing.com

WILWOOD ENGINEERING
T:USA(+1) BOS 388 1188

MSTEERING WHEELS
FLAMING RIVER

T:USA (+1) 440 B26 4488
MOBILIS

T:Canada (+1)450647 1890
MOUNTMEY

T:+44 (0} 1525 383055
RACEPARTS UKLTD

T. +44(0) 1491 B22000

ASWITCHES & KILL
SWITCHES

AN TIEFS
e T T

CARTEK AUTOMOTIVE ELECTRONICS Ltd

T:+44(0)2380 637600

Unit 2, Wilson Street,

Southampton, 5014 5AY

info@cartek.biz

www.cartek.biz

F:+44(0)2380 637622
RACEPARTS LUK LTD

T:+44 (0} 1491 622000

MALTERNATORS

BRISE AUTO ELECTRICS
T-+a4(0)1322 277622
wharw brise.co.uk

MCLAREN ELECTRONICS
T: +44 (0] 1483 261400

MCABLES

CENTURY CABLES
T:+44(0) 1733211600
CONTINENTAL
T:+44(0)1513 459 8663
RINGSPANN
T:+44(0) 1234 342511
3 napier road, Bedford,
MKE41 05, England

MCONNECTORS

EUTSCH

DEUTSCH UK
T:01424 852722

IS MOTORSPORT
TAUSA(+1) 317 244 6643
MAGNETI MARELLI
T:ITALY {+39) D2 972 27570
SAKATA MOTORSPORT ELEC. INC.
T:USA(+1) 714 446 9473

SOURIAU
T:+44(0) 1582477177

MIGNITION 5YSTEMS

EFITECH
T:USA (+1)310 793 2505

MWIRING HARNESSES

fisystems

— = e
BERU f1systems
T:+44(0)1379 646200
Owen Road, Diss, Norfolk,
IP22 4ER, England
wiww.f1systems.com
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DCELECTRONICS
T:+44 (D) 1621 856451
wwwwiringlooms.com
PALLAS CONNECTIONS
T:+44 (0) 1869 277053
www.pallasconnections.co.uk
TONY |AMES

T:+44(0) 1379 854485

'IEEEHEEIIIIIIII

CO0-ORD SPORT
T-+44(0) 121 661 6263
Unit 1 Cletone Street, Tipton,
West Midlands, DY4 7TR, UK
www.coordsport.com

RACE TECHNIQUES
T:+44 (0] 1242 245640

MAIR FILTERS
INDUCTION TECHNOLOGY GROUP

T: +44 (0] 2476 305386
KE&N ENGINEERING

T:USA {(+1)BO0B58 3333
KE&N FILTERS (EUROPE) UK

T: +44 (0) 1525 636950
CONNAUGHT

T: +44 (0) 1795 843 802

GOLDLINE BEARINGS
T:+44 (0) 1952 292401
Stafford Park 17, Telford,
Shropshire, TF3 3DG, England
F:+44(0) 1952 292403

MBLOCKS
INTEGRAL POWERTRAIN
T: +44 (0) 1908 278500

MBUILDERS

HODS0N ENGINEERING
T: 44 (0) 1732 463658

MCAMSHAFTS
AUTOSPRINT

T: +44 (0) 1675 464857
CAT-CAMS

T: Belgium (+32)3320 2560
COMPETITION CAMS

T:USA(+1}201 795 2400
CROWER

T:USA {+1)6194221191
DAVID NEWMAN

T:+44 (0) 1689857109
DUNNELL ENGINES

T:+44(0) 1443677726
KATECH

T:USA(+1)313791 4120

<z

KENT CAMS
T:+44(0) 1303 248666
Units 1-7 Shorncliffe Industrial
Estate, Folkestone,
Kent, CT20 3U), England
wiw. kentcams.com
Infa@kentcams.com
F:+44{0) 1303 252508

KENT CAMS BY [T

T: FRANCE +33 (0)3207 46480
LUNATI

T:USA (+1) 501 365 0950
ULTRADYNE

T:USA (+1) 601 349 4447

PIPER AN

PIPER CAMS
T:+44(0) 1303 245 300
Unit 5 & 6, Bowles Well Gardens,
Folkestone, Kent, CT19 6PQ
www.plpercams.co.uk

™ CATCAMS ..

QUALITY ENGINEERED PRODUCTS
UK Distributors for Catcams
Unit 10, Old Kiln Works, Ditchling
Common Ind Est, Hassocks, West
Sussex, BNG 85G
T:01444 243720
F:01444 247906
webenquiry@catcams.co.uk

MCARBURETTORS
BG FUEL SYSTEMS

T:USA (+1) 706 864 8544
CARBURETOR SHOP

T:USA ({+1}509 481 5816
SOLEX

T:France +33 (0} 147297171
WEBCON

T:+44(0)1932 787100

MCOMPONENTS
ATOMIC SPEEDWARE
T:+1 80552208081
www.atomicspeedware.com

KENT AUTO DEVELOPMENTS
T:+44 (0) 1302 874082

tilton

TILTON ENGINEERING
T: USA (+1) BO5 688 2353
25 Easy Street
Buellton, CA 93427 USA
www. tiltonracing.com

MCONRODS

ARROW PRECISION ENGINEERING LTD
T:+44(0) 1455 234200
12 Barleyfield, Hinkley,
Leicester LE10 1YE, England
www.arrowprecision.co.uk

co.uk

F:+44 (0) 1455 233545

AUTO VERDI
T:+46 240594300
Missvigen 4
SE- 785 61 Djurds
SWEDEN
‘website: www.autoverdi.com
email: info@autoverdl.com

Ccapricorn

CAPRICORN AUTOMOTIVE GmbH
Tel. +49.2161.4 77 76-0
Krefelder StraBe 320
41066 Ménchengladbach,
Germany
www.capricorngroup.de
sales@capricorngroup.de
Fax +49.2161.477 7617

FARNDON ENG
T:+44 (D) 2476 366910
MANLEY PERFORMANCE
T:USA(+1) 732 905 3366
OLIVER
TIUSA(+1)616 451 8333
PAMKL
T: Austria (+43) 3862 512500
SAENZ EUROPE-JACQUEMIN TUNING
T:France +33(0) 3207 464 BO
www jacquemintuning.com

SAENZ

T:USA (+1)305 717 3422
SCHRICK

T: Germany (+45) 219139500
MCONROD BOLTS
ARP

T:USA (+1) 805 339 2200

- =
SSAARROV
ARROW PRECISION ENGINEERING LTD
T:+44 (0) 1455 234200
12 Barleyfield, Hinkley,
Leicester LE10 1YE, England
www.arrowprecision.co.uk

co.uk

F: +44 (0) 1455 233545

ATECH MOTORSPORTS

T:USA (+1) 330630 0883
BLANC AERO

T: France +33 (0}296 6833 33
CARRILLO INDUSTRIES

T:USA (+1) 949 498 1800
COSWARTH

T:+44 {0) 1604 752444

T:USA(+1)310534 1330
EAGLE

T:USA (+1)901 345 5886

TO ADVERTISE IN THIS SECTION,
PLEASE CALL LAUREN MILLS

+44 (0)20 8726 8329

ONLINE AT WWW.RACECAR-ENGINEERING.COM

o caned

KENT CAMS
T:+44(0) 1303 248666
Units 1-7 Shorncliffe Industrial
Estate, Folkestone,
Kent, CT20 3U), England
www.kentcams.com
infoimkentcams.com
F:+44(0) 1303 252508

LAYSTALL ENGINEERING
T:+44 (0) 1902 451789

NBCOMBUSTION
ANALYSIS

PETROCHEM CARLESS LTD
T:+44 (0} 1372 360000

MCRANKSHAFTS

ABS PRODUCTS
T-USA(+1)714 6710728

ARROW PRECISION ENGINEERING LTD
T: +44 (0) 1455 234200
12 Barleyfield, Hinkley,
Leicester LE10 1YE, England
www.amowprecision.co.uk
enquiri ision.co.uk

F: +44 (0) 1455 233545
C capricorn

Capricorn AUTOMOTIVE GmbH
Tel. +49.2161.477 76-0
Krefelder StraBe 320
41066 Monchengladbach,
Germany
wwwlLcapricorngroup.de
sales@capricorngroup.de
Fax +49.2161.477 76-17

Ens
T:+44(0) 1708 229822

TREVOR MORRIS ENG
T:+44 (0} 1547 530289

MCRANKSHAFT
DAMPERS

WIBRATECH
T:USA(+1) 716 855 BO0DO

MDISTRIBUTORS
PAD RACING
T:MNew Zealand {64)3 3386 288

MCYLINDER LINERS
C capricorn

CAPRICORN AUTOMOTIVE GmbH
Tel. +49.2161.4 77 76-0
Krefelder StraBe 320
41066 Manchengladbach,
Germany
wWww.capricomgroup.de
sales@capricorngroup.de
Fax +49.2161.477 7617

MBDYNAMOMETER
SERVICES

BERTILS ENGINES

T:USA (+1) 708 385 4244
BRAYTON ENGINEERING

T:USA(+1)517 275 8458
CELTIC PERFORMAMCE ENG

T:+44 (0) 1362 636729
CENTRAL AUTO TECH

T:+44 (0) 1214558392
CONNAUGHT ENGINES

T: +44 (0) 1296 435389
DAWSON AUTO DEVELOPMENT

T:+44 (0)1327 857725
DESIGN & DEVELOPMENT

T:+44 (0) 1695 574454
DRAGON PROJECT RACING

T:+44(0) 1185744175
ELLIOTT & 50N

T:+44 (0) 1306 711275
EVOLUTION ENGINEERING

T:+44 (0)207 703 2225
FONTANA ALTOMOT IVE

T:USA {+1)310536 2505
GAERTE ENGINES

T:USA {+1)2192233016
GMH ENGINEERING

T:USA {+1) 801 225 8870
HASSELGREN ENGINES

T:USA (+1) 510524 2485
HOLBAY RACE ENGINES

T:+44 (0) 1473 623000
HOLMAN AUTOMOTIVE

T:USA (+1) 704 394 2151
HUDDART

T:+44 (0) 1270 66405
INTER-TUNING BELGIUM

T:(+32) 47306520216

JANSPEED ENGINEERING
T:+44 (0} 1722 321833

LANGFORD & PECK
T:+44(0) 1533 441661

mountune

FRACINGS -

MOUNTUNE RACING
T:+44(0) 1277 22 66 66
Prospect Way, Hutton,
Essex CM13 1XA
sales@mountune.com
Www.mountune.com

MICKEY MAROLLO USA

T:USA(+1)607 734 2148
QUICKSILVER

T:USA 301 6589009
TREVOR MORRIS ENG

T:+44 (0} 1547 530283

MDYNAMOMETER
SUPPLIES

RACING

AP RACING
T:+44{0) 24 7663 9595
wWheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com

SUPERFLOW EUROPE
T:Belgium (+32) 15 216300

MENGINE BALANCING
AUTOMOTIVE BALANCING

T:USA(+1)562 BE1 5344
BC GEROLAMY

T-USA(+1)916 638 9008
MILLINGTON

T-+44/(0) 1746 789268
POWERHAUSE PRODUCTS

T-USA(+1)BO0B7Z 7223
SUMNEN PRODUCTS

T-USA(+1)BOD B33 487
WINONA VAN

T:Canada (+1) 800 833 4870

MEXHAUST SYSTEMS
EXHAUSTS

BTE EXHAUSTS
T:+44(0) 1327 261 797
Unit 3-5 The Beaver Centre,
Woodford Halse, Daventry,
Northants, NN11 3DPwww.
btbexhausts.co.uk
Fax: +44 {0) 1381 263 577

BURNS STAINLESS
T:USA(+1)5426315120

FLOWMASTER
T:USA(+1)B16 4634113

GOOD FABRICATIONS LTD
T:+44(0) 1844 202850
www.goodfabs.com

MFLOWBENCH
ANALYSIS

ADVANTEC NEW TECHNOLOGY
T:Germany +43 {0) 2261 61301

mountune 4

MOUNTUMNE RACING
T:+44(0) 1277 22 66 66
Prospect Way, Hutton,
Essex CM13 1XA
sales@mountune.com
www.mountune.com

MFLYWHEELS

ARROW PRECISION ENGINEERING LTD
T:+44(0) 1455 234200
12 Barleyfield, Hinkley,
Leicester LE10 1YE, England
www.arrowprecision.co.uk
enquiries@arrowprecision.co.uk
F:+44(0) 1455 233545

ICENGINEWORKS
T:USA (+1)512 858 2232
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JETEX EXHAUSTS

T: +44 (0] 1769 298569
KAITEN PRODUCTS

T:USA (+1) 714 220 2227
MARK ORTIZ

T:USA(+1) 715835 3292

tilton

TILTON ENGINEERING
T-USA (+1)B05 688 2353
25 Easy Street
Buellton, CA 93427 USA
www.tiltonracing.com

TREVOR MORRIS ENG
T: +44 (0) 1547 530289

MFORGING

{g “capricorn
CAPRICORN AUTOMOTIVE GmbH
Tel. +49.2161.4 77 76-0
Krefelder StraBe 320
41066 Ménchengladbach,
Germany
www.capricorngroup.de
sales@capricorngroup.de
Fax +49.2161.477 76-17

MFUEL INJECTION

e

AH FABRICATIONS
T:+44 (0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HR2 6/T, England
wiww.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F:+44(0) 1432 359762

ASNU Corporation Europe Ltd
T:+44(0) 208 420 4494
65 - 67 Glencoe Road, Bushey,
Herts. WD23 3DP. England
WWW.asnu.com
E-Mail: asnu.sales@asnu.com

ACROCHESTER
T:USA(+1) 716 3596361
GENESIS ELECTROMIC SYSTEMS
T: +44 (0) 1635 582255

KINSLER FUEL INJECTION
T:USA(+1)B10 362 1145
LINGENFELTER
T:USA (+1) 219 724 2552
NIPPON DENSO
T: Japan (+81) 56 625 5511
T: UK +44 (0)208 531 7700
PERFORMANCE SPRINGS
T:+44(0) 1253 716800
TwM INDUETION
T:USA (+1)BO5 967 9478

MGASKETS
GORE-TEX
T USA(+1)410 392 3200

MINJECTORS

ASNU Corporation Europe Ltd
T:+44 (0) 208 420 4494
65 - 67 Glencoe Road, Bushey,
Herts. WD23 3DP. England
WWW.a5nU.com
E-Mail: asnuw.sales@asnu.com

HOLLEY PERFORMANCE

T USA(+1)502 7615741
MARREN

T USA (+1) 203 732 4565

MINJECTION ANALYSIS
ASNU

T +44 (0)208 420 4494

MINTAKE MANIFOLDS

ACTIVE TECHNOLOGIES
T +44(0) 15953 859 133
JENVEY DYNAMICS
T:+44(0) 1746 768510


http://ebook-free-download.net/

MINTERCOOLERS

ETOAORT PROSCTY

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thomn Business Park,
Rotherwas, Hereford,
HR2 6T, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F:+44(0) 1432 359762
ALLARD MOTOR CO
T:+44(0) 1452 500333
PACE PRODUCTS
T:+44(0) 12684 850560

P —
1 unnui‘
TURBO TECHNICS
T:+44 (0) 1604 764 005
2 Sketty Close, Brackmills,
MNorthampton, NN4 7PL
‘www.turbotechnics.com

JMLINERS
DATROMN SLEEVES
T:USA (+1} 760 603 2895

MOIL COOLERS

cToRGRT FRSCTE

AH FABRICATIONS
T:+44 (0) 1432 354704
Unit 6H Thon Business Park,
Rotherwas, Hereford,
HR2 6T, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F:+44(0) 1432 359762

ARE.

ARE DRY SUMP SYSTEMS
T:USA(+1)916 987 7629
8B48 Steven Avenue, Orangevale,
California, USA,
www.drysump.com
aremfg@ulink.net

CV PRODUCTS

T:USA (+1)510 8B3 4096
LAMINOWA

T: Sweden (+46) 85 907 4045
SETRAB

T: Sweden (+46) 40 158 060

MOILFILTERS

AAE

ARE DRY SUMP SYSTEMS
T:USA(+1) 916 987 7629
address: 8848 Steven Avenue,
Orangevale,

California, USA,
website, www.drysump.com
email: aremfg@ulink.net

FHS

FHS MOTORSPORT RACING
T:+44(0) 1753 513080
692-693 Stirling Road, Slough,
Berkshire, L1 45T, England
www.fhsracing.co.uk
info@fhsracing.co.uk
F:+44(0) 1753 513050

FLEXIBLE HOSE

T:+44(0) 1753 570863
FRAM FILTERS

T:+44(0) 1443 223000

MOIL PUMPS

Cecto Verds

AUTO VERDI
T: +46 241 10252
Nissvigen 4
SE- 785 61 Djurds
SWEDEN
website: www.autoverdi.com
email: info@autoverdi.com
PACET
T:+44 (0) 1628 526 754
TITAN MOTORSPORT
T;+44 (0) 1480 474 402

MOIL SEALS

sRACING

ASEALSF

GST RACING SEALS

A division of GregSeal Technology UK Ltd
Tel: +44(0)77 1753 4027
Fax:+44(D)23 BO27 5267
www.gstracing.co.uk
info@gstracing.co.uk

MOILSUMPS

B e i

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HRZ2 6|T, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.ulk.
F: +44(0) 1432 359762

ARE

ARE DRY SUMP SYSTEMS
T:USA(+1) 916 987 7629
address: 8848 Steven Avenue,
Orangevale,

California, USA,
website. www.drysump.com
email: aremfg@ulink.net

MILODON
T:USA(+1)818407 1211

NOIL TANKS

.
AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HR2 6JT, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.ulk.
F: +44 (0) 1432 359762

ARE DRY SUMP SYSTEMS
T:USA(+1) 916 987 7629
address: 8848 Steven Avenue,
Orangevale,

California, USA,
website. www.drysump.com
email: aremfgi@ulink.net

THINK AUTOMOTIVE
T:+44 (0)208 5681172
292 Worton Road,
Isleworth, Middlesex,
TW7 GEL, England
www.thinkauto.com
matt@thinkauto.com

MPISTONS

ACCRALITE PISTONS
T:+44(0)121 5256450

ARIAS
T:+44 (0) 1403 784022
pistons@arias.co.uk

ARIAS FORGED PISTONS
T:USA(+1)}3105329737

ATOMIC SPEEDWARE
T:+1805 52208081
www.atomicspeedware.com

BATTEN PERFORMANCE
T:USA (+1)313 946 9850

(i' capricorn

CAPRICORN AUTOMOTIVE GmbH
Tel. +49.21 61.4 77 76-0
Krefelder StraBe 320
41066 Monchengladbach,
Germany
www.capricorngroup.de
sales@capricorngroup.de
Fax +49.2161.4 77 7617

|EBISTONS
T:USA {+1)7148389763
MALVERN RACING
T:USA {+1) 804 971 9668
OMEGA PISTONS
T:+44(0)121 559 6778
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TOTAL SEAL
T-USA (+1)602 678 4577

WISECO PISTON
T-USA (+1) 216 851 6600

MPISTON RINGS
ACCRALITE PISTONS
T:+44(0} 121 525 6450
CORDS PISTON RING
T:+44(0)208 998 9923
FORD AUTO ENG
T:USA (+1)805 298 3785
HIGH TECH PERFORMANCE
T:USA(+1)801 972 B766

MRACE ENGINE DESIGN

RICARDO MIDLANDS TECHNICAL CENTRE
T:+44(0) 1926 319319

TREVOR MORRIS ENG
T-+44 (0} 1547 530289

MRACE PREPARATION
ALDOM
T:+44(0) 1384 572553
CLEM COMPETITION
T:USA (+1) 2145038044
CONTINENTAL M/SPORT
T:USA(+1)513 450 BBBE
DAVE CROSS MOTOR SERVICES
T:+44 (0) 1246 477566
DEMON TWEEKS
T:+44 (0) 1978 664466
T:+44 (0} 1708 225 B29
ENGINE DATA ANALYSIS
T:+44 (041977 516622
FISCHER ENGINEERING
T:USA (+1)818 767 8840
FOXCRAFT ENGINEERING
T:+44 (0} 1264810110
GEOFF RICHARDSON ENGINEERING
T:+44 (0} 1480 B61593
GF BECK MOTORSPORT PREPARATION
T:+44 (0} 1646621184
GRAHAM HATHAWAY RACING
T:+44 (0} 1621 B56556
GRIFFIN MOTORSPORT
T:+44 (0} 1793 771602
HARPERS PERFORMANCE
T:+44 (0} 16442816188
HT RACING
T:+44 (0} 1474 672688
JANSPEED MOTORSPORT
T:+44 (041722321633
JOHH WILCOX COMPETITION
T:+44 (0} 1455 230576
|OMDEL
T:+44 (011533411533
KREMER RACING
T:CGermany {+49)221171025
LIGHTHING PERFORMANCE
T:USA (+1)904 435 5283
MERLIN DEVELOPMENTS
T:+44(0) 1283511184
MINISTER RACING ENGINES
T:+44 (0} 1634 682577
MIS MISPORTTECHNIK
T: GERMANY (+49) 263680354

RACINIGE

MOUNTUNE RACING
T:+44 (0) 1277 22 66 66
Prospect Way, Hutton,
Essex CM13 1XA
sales@mountune.com
Www.mountune.com

NEIL BROWN ENGINEERING

T:+44 (0} 1775723052
PHIL JONES ENGINE DEVELOPMENTS

T:+44(0) 1454 310536
PHILMARKS ENGINE DEV

T: +44(0) 1564 B24865
PRICE MOTORSPORT

T:USA (+1) 8125464220
PRIMA RACING

T:+44 (0} 1155491503
FROCOMP

T:+44(0)121 350 3258
FRODRIVE

T:+44(0) 12585 273355
QUICKSILVER RACE

T:USA (+1) 301658 9009
RALCE ENGINE DEVELOPMENT

T:USA(+1) 760 630 0450
RACING BENT

T:USA (+1) 7147798677
RETRO TRACK & AIR UK

T: +44(0) 1453 545360
ROADSFEED PERFORMANCE

T: +44(0) 1453 750864

RPM

T: FRANCE +33 (0) 386 66 00 08
SEARLE

T: +44(0)208 305 2250
SCARBOROUGH

T:Canada {+1)416 7595309

MREBUILDS
KREMSPEED EQUIPMENT INC
T-USA (+1)814 724 4086

MOUNTUNE RACING
T:+44(0) 1277 22 66 66
Prospect Way, Hutton,
Essex CM13 1XA
sales@mountune.com
Www.mountune.com

TREVOR MORRIS ENG
T:+44 (0) 1547 530289

MROLLING ROADS
CARBURETTOR CENTRE
T: +44 (0) 208 340 5057
CHAMPION MOTORS
T:+44(0) 1621 857444

Cranfield

CRANFIELD UNIVERSITY
T:+44(0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motorsport@cranfield.ac.uk

DERBY AUTO ACCESSORIES
T:+44(0) 1332671453
ENGINE PREPERATION
T:+44(0) 161 746 8663
bobjones@newen.co.uk
whwiw bjraceengines.com
MACHTECH
T:+44 (0} 1523 269768
OHIO STATE UNIVERSITY
T:USA (+1) 6142925451
FIT STOP
T:+44 (0} 1593 650654
RE PERFORMANCE CENTRE
T:+44 (0} 161761 1177
RICHARD LONGMAN RACING
T:+44(0) 1202 486569
SOUTHAMPTON UNIVERSITY
T:+44 (0} 1703 56544
TIFTON GARAGE
T:+44 (0) 1404 812091

MRUBBER &
ELASTOMETRIC
COMPONENTS

BUTSER RUBBER LTD
T:+44(0) 1730894 034

WSTARTER MOTORS

ARK RACING

T: +44(0) 1302 602881
RTRAC

T: Germany (+43) 87255075

MASUMPS

P ]

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Parlk,
Rotherwas, Hereford,
HR2 6T, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F:+44(0) 1432 359762

ARE

AREDRY SUMP SYSTEMS
T:+1 916987 7629
address: 8848 Steven Avenue,
Orangevale,
Calitornia, USA
website. www.drysump.com
emall: aremfg@ulink.net

MILODON
T:USA(+1)818 407 1211

WTEST BED SUPPLIERS

O CERSUE Tt StIUULE T

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HRZ 6T, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F:+44(0) 1432 359762

More at ebook-free-download.net or magazinesdownload.com

AVL DEUTSCHLAND Gmbh
T:GERMANY (+49) 613471790

MTESTING
( .‘raﬂ/f"g’lfld_' "

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
wiww.cranfield.ac.uk
motorsport@cranfield.ac.uk

MWTURBO CHARGERS

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HR2 6]T, England
www.ahfabrications.co.uk alexahf@
fairadsl.co.uk.
F:+44(0) 1432 359762

INTERPRO ENGINEERING
T.+44(0) 1454 412777

PERFORMANCE SPRINGS
T:+44(0) 1253 716300

-——/

Uno
TECHNI

TURBO TECHNICS
T:+44 (0) 1604 764 005
2 Sketty Close, Brackmills,
Northampton, NN4 7PL
www.turbotechnics.com

MVALVE GUIDES

|
|

T

KENT CAMS
T:+44(0) 1303 248666
Units 1-7 Shorncliffe Industrial
Estate, Folkestone,
Kent, CT20 3U], England
www. kentcams.com
info@kentcams.com
F:+44(0) 1303 252508

MVALVE SEATS
CHE PRECISION INC
T:USA (+1} B05 439 6885

G:S Valves Ltd. ™

G&S VALVES LTD
T:+44(0) 1483 415444
Alder Works Cattershall Lane,
Godalming, Surrey GU7 1]5, England
www.gsvalves.co.uk
gsvalves@aol.com

WVALVE SPRINGS
DIAMOND

T:USA (+1}313 792 6620
EDELBROCK

T:USA (+1) 213 781 2222

G*S Valves Ltd. ™

G&S VALVES LTD
T:+44 (0) 1483 415444
Alder Works Cattershall Lane,
Godalming, Surrey GU7 1]S, England
www.gsvalves.co.uk
gsvalvesiaol.com

HERBERT TERRY & SONS
T:+44(0) 1527 64261

KENT CAMS
T:+44(0) 1303 248666
Units 1-7 Shorncliffe Industrial
Estate, Folkestone,
Kent, CT20 3U), England
‘www.kentcams.com
infoirkentcams.com
F:+44(0) 1303 252508
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KURT KAUFFMANN
T: Germany {+49) 711 518300
PERFORMANCE SPRINGS
T:+44(0) 1253 716900

PR AN

PIPER CAMS
T:+44(0) 1303 245 300
Unit 5 & 6, Bowles Well Gardens,
Folkestone, Kent, CT19 6PQ
www.pipercams.co.uk

MVALVE SPRING
RETAINERS

KENT CAMS
T:+44 (0) 1303 248666
Units 1-7 Shorncliffe Industrial
Estate, Folkestone,
Kent, CT20 3UJ, England
www.kentcams.com
info@kentcams.com
F:+44(0) 1303 252508

PIPER CAMS
T:+44 (0) 1303 245 300
Unit 5 & 6, Bowles Well Gardens,
Folkestone, Kent, CT19 6PQ
www.pipercams.co.uk

™ CAT CAMS .

QUALITY ENGINEERED PRODUCTS
UK Distributers for Catcams
Unit 10, 0ld Kiln Works, Ditchling
Common Ind Est, Hassocks, West
Sussex, BNG 85G
T:01444 243720
F: 01444 247906
webenguiry@catcams.co.uk

MWATER COOLERS

reaTORIFOST PO T

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HR2 6]T, England
www.ahfabrications.co.uk
alexahfabsi@fairadsl.co.uk.
F:+44(0) 1432 359762

MWATER INJECTION

o
AH FABRICATIONS

T:+44 (0) 1432 354704

Unit 6H Thorn Business Park,

Rotherwas, Hereford,

HR2 6JT, England

www.ahfabrications.co.uk

alexahfabs@fairadsl.co.uk.

F:+44(0) 1432 359762

RL
T:+44(0) 1273581 007

MWATER PUMPS
DAVIES, CRAIG

T: Australia (+61) 394937433
PERFORMANCE SPRINGS

T:+44 (0) 1253 716300

TREVOR MORRIS ENG
T. +44 (0} 1547 530289

MCOMPUTER SUPPLIES

COMPETITION DATA SYS

T:USA {(*1)716631 2880
FUELTRONICS

T:Australia {+61)B8363 21599
PERFORMANCE TRENDS

T:USA(+1) 2484739230

WDATA ACQUISITION

20 DEBUS

T: Germany (+49) 721 944 B50
B&G RACING

T:USA (+1) 602 274 2537
COMPUTECH SYSTEMS

T:USA (+1)BO0 870 8383

CORSA INSTRUMENTS
T:USA(+1)313 761 1545
DATASPARES ACQUISITION
T:+44 (0} 208 463 5222
DATROM TECHNOLOGY
T:+44 (0} 1508 261 655
DIGICOM EMGINEERING
T:Canada (+1) 604 984 5437
FOREFRONT
T:USA(+1) 404 445 9550

GENERAL ENGINE MANAGEMENT
SYSTEM LTD (GEMS)
Crabtree Road, Egham,
Surrey, TW20 8RN
T:+44(0) 1784 470525
T: +44(0) 1784 470527
info@gems.co.uk
www.gems.co.uk

INTERCOMP

T:USA(+1) 763 476 2531
ISAAC INSTRUMENTS INC

T:Canada +1(450) 658 7520
LOMGACRE

T:USA[+1) 425 485 0620
MOTOR SPORT ELEC

T: Australia (+61) 7 3290 1309
PI RESEARCH

T:+44 (0} 1554 253600
QUANTUM SUSPENSION

T:+44 (0} 1243 865 058
RACE DATA ENGINEERING

T:USA{+1) 714 449 1445

STACK
T: +44(0) 1869 240404
10 Wedgwood Road, Bicester,
Oxon OX26 4UL
www.stackitd.com
sales@stackltd.com
F:+44(0) 1869 245500

MENGINE MANAGEMENT
SYSTEMS

GENERAL ENGINE MANAGEMENT
SYSTEM LTD (GEMS)
Crabtree Road, Egham,
Surrey, TW20 8RN
T:+44(0) 1784 470525
T: +44(0) 1784 470527
info@gems.co.uk
www.gems.co.uk

MOTEC [EUROPE) UK

T:+44 (0} 8700113100
MOTEC

T: AUSTRALIA (+61) 35761 5050
MOTEC

T:JAPAN (+B1)489 46 1734
MOTEC SYSTEMS

T:USA  (+1)714 897 6804
OLE BUHL

T:+44 (0} 1425 478822
PRECISION RACE SERVICES

T:USA (+1) 248 B44 1060
SUPERCHIPS

T:+44 (0} 1280 816761

TREVOR MORRIS ENG

T:+44 (0} 1547 530269
WALBRO ENGINE MANAGEMENT

T:USA(+1)989 872 7091

MENGINE SENSORS

KULITE SENSORS

T:+44 (0} 1256 461646
MAGCANICA INC

T:USA(+1) B58 454 B350

Perry +Giles

AEE—

A Curtiss-Wright Company
PENNY & GILES

T: +44(0) 1202 409 409

15 AIRFIELD ROAD,

CHRISTCHURCH,

BHZ3 3TG, UK

F:+44(0) 1202 409 475

www.pennyandgiles.com

sales@pennyandgiles.com

¥ o

Variohm-EuroSensor Limited
T:01327 351004
Williams Barns, Tiffield Road
Towcester, Northants, NN12 6HP
F:01327 353564
sales@variohm.com
www.variohm.com

MAIR LINES AND
FITTINGS

MOTORSPORTS NZ

T:New Zealand +64 2596 5589
REGENT

T:+44 (0) 1908 612602
ROTOTEST

T:Sweden +46 8532 55890

MAIRTOOLS
DESQUTTER ALTOMOTIVE
T: +44 (D)20B 205 4584

| - I .

Dino Paoli S.R.L
T-+39(0)522 300 828
Via Guide Dorso, 542100,
Reggio Emilia, Italy
F:+39(0) 522 304 864
www.paolipitstop.com
infa@dinopacli.com

MAIR COMPRESSORS
COMPAIR UK
T:+44 (0) 1494 465000 /
+44(0) 1473602222

MAWNINGS
AINING COMPANY

T +44(0) 1204 544300
TECTONICS UK

T:+44(0) 1962 736316
TOP MARQUEES

T-+44(0) 1623 740777
MCAMBER GAUGES
HARRISON AUTO

T-USA (+1) 602 254 0024

MCAD & CAM SOFTWARE
DELCAM
T:+44 (0) 121 766 5544
XA

T:USA (+1) 7816768551

MITUTGYO UK
T:+44 (0) 1264 353123

MCHASSIS STANDS
SMR COMPONENTS
T:USA (+1} 708 243 2100

MCNC MACHINE
CENTRES

ABSOLUTE MACHINE ToOL

T:USA(+1} 440 3245133
BOSTON DIGITAL

T:USA (+1} 508 473 4561
BRIDGEPORT MACHINE

T:USA (+1) 248 299 1750
DEWCO

T:USA (+1) 765 962 7201
MACHINERY SALES

T:USA(+1}510 490 4000
MAKING

T:USA (+1} 800 552 3288
MILLS ENGINEERING

T:+44 (0) 1926 736 736
MILLSITE ENGINEERING

T:USA (+1)304 2735353
OLD HALL PERFORMANCE LTD

T:+44(0) 24 7671 7100
RGS PERFORMANCE

T:USA(+1} 716434 2509
RMT MECHATRONICS

T:+44 (D) 1565 650411
SERDI

T:+44(0) 1895 232215
SOUTHWESTERN IND

USA (+1)310 608 4422
TES

T:USA (+1} 940 668 1002

MCOMPUTER
HARDWARE

CRANFIELD
T:+44 (D) 1234 758085
FASTER SYSTEMS
T:USA (+1) 415 332 6064
FUJITSY
T:+44 (0)208 573 4444
GENESIS
T:+44 (D) 1635 582255
KISTLER
T:Switzerland {41)52 2241111
avA

T-USA {(+1)B15B32 6355

MCORNER WEIGHT
SCALES
ART

T-USA (+1)914 B89 44959
LONGACRE RACING

T-USA (+1)206 885 3823
NOVATECH

T:+a4 (0) 1424 852744

MDRIVERS EQUIPMENT
AWS RACEWEAR
T:+44 (D) 1233 638498

SDRIVING SUITS &
ACCESSORIES

AS RACEWEAR
T:+44 (0} 1233 636458

MDYNAMOMETERS -
CHASSIS

FROUDE CONSINE

T:+44 (0} 1905 856800
INTERNATIONAL DYNAMOMETERS LTDS
DYNAPACK

T:USA {+1) 559 282 3800

T:New Zealand {(+64) 4587 0484
LAND & SEA

T:USA (+1)603 329 5645
SUPERFLOW

T:USA{+1)800 471 7701

T: Belgium (+32) 15 216300
UNICO (UK LTD

T:+44 (0) 1908 260000

MDYNAMOMETERS -
DAMP
BEHRENTS SPEED CENTER
T:USA(+1)314 651 7389
CZECHMATE
T:USA{+1)800 813 7223
ND TECH SHOCK DYNOS
T:USA {+1) 520 624 3207
ROEHRIG
T:USA {+1) 336 356 3800
TAT

T: Germany (+45) 7252 84258

MDYNAMOMETERS -
ENGINE

AVL DEUTSCHLAND Gmbh
T:GERMANY {+49) 6134 71790

ENGINE & DYNAMOMETER

T:+44 (0) 1708 857108
[KM AUTOMOTIVE

T:USA (+1) 508 966 2531
LOTUS ENGINEERING

T: +44 (0} 1953 608000

MDYNAMOMETER
INSTRUMENTATION

AQUIRED DATA SYSTEMS
T:USA {+1)810566 0131
DEPAC DYNO
T:USA(+1)315339 1265
DYNOLAB
T:USA (+1) 206 243 BB77
QUADRANT SCIENTIFIC
T:USA(+1)303 666 8414
ROEHRIG ENGINEERING
T:USA {+1)336431 1827

SELECTRIC STARTERS
POWER TRANS SOLUTIONS

T:+44(0) 17222 332126
MENGINE HOISTS
BLUEBIRD

T:USA{+1) 800 808 2473
C-LINE

T:USA(+1) 800 645 7267
GOODSAN

T:USA{+1) 507 452 1830
JEGS

T:USA {+1)614 234 5451
MOROS0 PERFORMANCE

T:USA{+1) 203 453 6571
MR GASKET PERFORMANCE

T:USA{+1) 216 336 8300
RACER COMPONENTS

T:USA{+1) 303 581 5876
SCRIBNER

T:USA({+1) 316636 1515
SILVER SEAL

T:USA{+1)800 521 2836

MENGINE STANDS

GUYON RACING
T:Canada{+1}403 277 6020

MFLOOR CRANES
ANRICK TRADING
T:NZ (04) 5892371

MFLOW BENCHES

ASNU

T +44 (0)208 420 4494
AUDIE TECHNOLOGY

T:USA({+1) 610630 5895
CLO-FLOW

T:South Africa (+27) 11963128
DEPAC DYNO SYSTEMS

T:USA({+1) 3153391265

FLOWDATA
T-USA(+1) 714 632 7828
HODGE MFG
T- USA (+1) 800 262 4634

MGENERATORS -
PORTABLE
HANCO GENERATING
T:USA (+1)BO0 413 6688
LINCOLN ELECTRIC
T:USA(+1) 216 481 8100

MHELMETS AND
ACCESSORIES
QINETIQ

T: +44 (0) B700 100342

SMHORIZONTAL/
VERTICAL MACHINING
CENTRES
MILLS

T: +44 (0) 1603 745531
MITSUBISHI-YAMAZEN

T: +44 (0)208 549 9161

MHEAD TORCHES
ESSEX RACING
T- USA (+1) 404 889 4096

MJACKS
ARGO MANUFACTURING
TUSA (+1)630377 1750
|LS MOTORSPORT
T:+44(0) 121 525 5800
PERFORMANCE MACHINE
T:USA (+1) 303 828 4546
MLATHES
LOCK-N-STITCH
T-USA (+1) 800 736 8261
MAGNAFLUX
T-USA(+1)847 657 5300

MNOISE METERS
CIRRUS RESEARCH
T-+44{0) 1723891655

MPARTS USE LIFING
KINETIC RACING TECHNOLOGIES
TUSA (+1)24B 245 2330

MWPERFORMANCE
SIMULATION

CarSimr

Moechanical Simulation
MECHANICAL SIMULATION
CORPORATION
T:USA(+1) 734 668 2930
912 N.Main St. Suite 210
Ann Arbor, M1 49221, USA
Www.carsim.com/racecar_
engineering

DATAS
T:+44 (0} 1603 506526

MPIT AND PADDOCK
EQUIPMENT

RACING

AP RACING
T: +44 (0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
wwLapracing.com
sales@apracing.com

MPIT TROLLEYS
CHAMPION
T: +44 (0) 1953 B38664

MPYROMETERS

RACING

AP RACING
T:+44 (0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com
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STACK

T:+44 (0) 1869 240404

101 Wedgwood Road, Bicester,
Oxon 0X26 4UL, England
www.stackltd.com
sales@stackitd.com

F: +44 (0) 1869 245500

MRADIO SYSTEMS/
INTERCOMS

APPERLEY HONING

T:+44 (0] 1242 525868
AUTOTEL RACE RADIO

T:+44(0) 1508 526 837
GRAND PRIX PROMOTIONS

T:+44(0) 1474879524
MRTC

T:+44(0) 1509812610
STRODE SOUND

T:+44(0) 1761 419 248

MRAPID PROTOTYPING
3D SYSTEMS UK
T:+44 (0) 1442 282600

CRP TECHNOLOGY
T:+39(0) 59 821135
Via Cesare Della Chiesa,
21, 41100 Modena, Italy
www.crptechnology.com

MREFUELLING LINES &
VALVES

BMRS
T:+44 (0) 1753 545554
Unit 5 Chancerygate Business
Centre, 5t Mary’s Road,
Slough, 5L3 7FL
USAT:+1704 7934319
USA - 4005 Dearborn Place, NW,
Concord, NC 28027
‘www.bmrs.net

GARTRAC
T:+44(0) 1428 682263
PREMIER FUEL 5YSTEMS
T:+44(0) 1332850515
W, gartrac.com
ROLLCENTRE
T:+44 (D) 1480 464052
www.rolicertre.com

MREFUELLING RIGS

L e ]

AH FABRICATIONS
T: +44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HR2 6T, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk
F:+44(0) 1432 359762

MSETUP FLOORS
UNIVERSITY OF HERTFORDSHIRE
T: +44(0) 1707 284270

MWSTOP WATCHES
CASIO
T:+44 (0)208 4503131

MWSUPPLIER EQUIPMENT
BRUNO HANSON
T-DENMARK +45 {0) 6599 1616

NTAPE
DRC RACE CAR

T:USA (+1} 603 307 4455
ATIMING SYSTEMS
CONTINENTAL SPORT

T.USA(+1}513 459 5888
MST SPORTS TIMING

T:+44(0) 1684 573479
VULCAN ENTERPRISES

T:USA (+1)602 759 7926

MTOOL CABINETS
DURA

T:+44(0) 1295 712800
LISTA (UK} LTD

T: +44(0) 1908 222333
MAC TOOLS

T:USA (+1}614 755 7000

MTORQUE WRENCHES
NORBAR TORQUE TOOLS
T:+44(0) 1295 270333

MTYRE PRESSURE
GAUGES

STACK
STACK

STACK
T:+44(0) 1869 240404
10 Wedgwood Road, Bicester,
Oxon 0X26 4UL, England
www.stackitd.com
sales@stackitd.com
F: +44(0) 1869 245500

MTYRE TEMPERATURE
GAUGES
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STACK

T: +44 (0) 1869 240404

10 Wedgwood Road, Bicester,
Oxon 0X26 4UL, England
www.stackltd.com
salesipstackitd.com

F: +44 (0) 1869 245500

MWELDING EQUIPMENT

AMILLER ELECTRICMFG
T:USA (+1) 800 426 4553

FUELS AND

LUBRICANTS

AGIP

T italy (+38)65 9081
CASTROL

T:+44(0)1793512712
CASTROL

T:Malaysia (B03)245 26842
CASTROL

T:USA (+1) 305 270 9433 & (+1)973

3053912
ESS0 UK

T:+44(0) 1372 222000
ELF

T:France +33 (0} 14744 4546

MILLERS OILS LTD.
Tel: +44 (0) 1484 713201
Hillside Oil Works
Brighouse
West Yorkshire
England
HD6 3DP
Fax: +44 {0) 1484 721263
enquiries@millersoils.co.uk
web: www.millersoil line.co.uk

RAGING FUEL CELLS

ATL RACING FUEL CELLS USA
Spear Road Industrial Park, Ramsey,
New Jersey, USA
T: USA{+1) 204 B25 1400
F:USA(+1) 201 B25 1962

EARS MOTORSPORTS
T:+44(0) 1625 433773
FUEL SAFE SYSTEMS
T:800433 6524
T:USA(+1)541 923 6005
for international calls
KS MOTORSPORT
T: Germany {(+49) 2271 44905
OMP

TUSA+1 973 3610508
PROMALS

T:FRANCE +33 (0)32099 7510
SIGMA

Switzerland: T: 41 619717 600
SIMTECH - RALLYCELL FUEL CELLS

T:Belgium +32 69 88 96 70

MFUEL FILTERS
€D PINK RACING ENGINES
T:USA (+1) 818 785 6740

FHS MOTORSPORT RACING
T:+44(0) 1753 513080
692-693 Stifing Road, Slough,
Berkshire, SL1 45T, England
www.thsracing.co.uk
infoafhsracing.co.uk
F:+44 (0) 1753 513050

FRAM EUROPE
T:+44(0) 1443 223000
SPV RACING
T Awstralia (+61) 2 791 9835

M FUEL HOSES & HOSE
ENDS

BMRS
T:+44(0) 1753 545 554
Unit 5 Chancerygate Business
Centre, 5t Mary's Road,
Slough, SL3 7FL
USAT:+1 704793 4319
USA - 4005 Dearborn Place, Nw,
Concord, NC 28027
www.bmrs.net

EARL'S
T:USA (+1) 310608 1602

FHS MOTORSPORT RACING
T: +44 (0) 1753 513080
692-693 Stirling Road, Slough,
Berkshire, SL1 45T, England

PETROCHEM CARLESS
T:+44 (0) 1372 380532
REPSOL
T:+44 (0)207 5811933
T:Spain (+34) 31 456 5300
SLICK 50
T:+44(0) 116 2881522
T:USA (+1) 713932 9954
TP
T:UK +44 (0) 1483 682655
T:USA {+1)305 771 1010
TECH-LINE
T:USA(+1)913 480 0305

m

MFUEL CELLS

TR T

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HRZ 6]T, England
wwiw.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F: +44(0) 1432 359762

RAGNG FUEL CELLS

ATL RACING FUEL CELLS
T:+44 (D) 1908 351700
1 Patriot Drive, Rooksley, Milton
Keynes, Buckinghamshire MK13
BPU, England
wwwatlitd.com
atl@atiitd.com
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www.thsracing.co.uk
info@fhsracing.co.uk
F:+44 (0) 1753 513050

HCL FASTENERS
T:+44(0) 1282411932

KRONTEC MASCHINEN BAU Gmbh
T:(+49) 9401 5253-0
Pommernstraiie 33, 93073,

Neutraubling, Germany
wwiw.krontec.de

SAMCO SPORT

T: +44(0) 1443 238464
5FS PERFORMANCE

T: +44 (0} 1582 488040

MFUEL LINES

BMRS
T: +44(0) 1753 545 554
Unit 5 Chancerygate Business
Centre, St Mary's Road,
Slough, SL3 7FL
USAT:+1704 753 4319
USA - 4005 Dearborn Place, NW,
Concord, NC 28027
www.bmrs.net

FAE MACHINE
T:USA (+1)317 2433052

ITO ADVERTISE IN THIS SECTION,
PLEASE CALL LAUREN MILLS

+44 (0) 208726 8329

FHS MOTORSPORT RACING
T:+44(0) 1753 513080
692-693 Stirling Road, Slough,
Berkshire, SL1 45T, England
www.fhsracing.co.uk
info@fhsracing.co.uk
F:+44(0) 1753 513050

FUEL SAFE
T:US{+1) 8004336524
T:US{=1) 541823 6005

GOODRIDGE CA
T:USA(+1)310533 1924

GOODRIDGE INDY
T:USA (+1)317 244 1000

GOODRIDGE EAST
T:USA (+1) 704 662 9095

GOODRIDGE UK
T:+44 (0) 1392 363090

HEMRY'S ENG
T/USA (+1)410535 3142

KRON=7,

KRONTEC MASCHINENBAU Gmbh
T:(+49) 9401 5253-0
PommernstraBe 33, 93073,
Neutraubling, Germany
www.krontec.de

RACETECH
T:+44(0)1327 3595912

THINK AUTOMOTIVE
T:+44(0)20856B1172
292 Worton Read,
Isleworth, Middlesex,
TW7 GEL, England
www.thinkauto.com
matt@thinkaute.com

WELDON RACING PUMPS
T:USA (+1) 216 232 2282

XRP INC
T:USA (+1)562 861 4765
5630 Imperial Way, South Gate,
CA 90280, USA
F:USA(+1)562 861 5503

MFUEL VALVES

KRON; 1 =~

KRONTEC MASCHINENBAU Gmbh
T:(+49) 9401 5253-0
PommernstraBe 33, 93073,
Neutraubling, Germany
www.krontec.de

':mmmm-

MHYDRAULIC VALVES

MOOGCG

MO0G
Alexandra Way, Ashchurch Industrial
Estate, Tewkesbury,
Gloucestershire, GL20 SHY
T:Rick Steele +44 (0) 1684 278308
rsteelei@moog.com
T: Martin Jones +44 (0) 1684
278218 mjones@moog.com
www,.moog.co.uk/industrial/
motorsport
LEE PRODUCTS
T:+44(0) 1753 BBEG64
PERFORMANCE SPRINGS
T:+44(0) 1253 716500

m

MCARBON FABRICS

oxeon

OXEON AB
T:+4633 205970
Norrby Langgata 45, 50353
Boras, Sweden
WWW.0Xeon.se
contact@oxeon.se

F:+4633205979

More at ebook-free-download.net or magazinesdownload.com

RACECAR

MANUFACTURERS

ATR
T Italy(+38) 0861 7493200
CHEVRON
T: +44(0)1565 777395
CHEVRON RACING CARS LIMITED
T: +44(0)1565 777385

DALLARA
Via Provinciale, 33
43040 - Varano Melegari
Parma - ltaly
T: Italy(+39) 0525.550.711
F:ltaly(+39) 0525.534.78
http:/fwww.dallara.it/

D RACECARS LTD
T:+44(0) 1663 734518
DOME €O LTD
T: Japan (+81)521-0023 1777
DOME CO.LTD
T:Japan+B1749-54-1414
DOME CARBON MAGIC
T:Japan+B1749-54-2828

ELAN
T:USA+1(0)706 658 2518
ADE

T: +44(0) 1883 744443
JEDI
T: +44(0) 1933 440774

Lola Cars International Ltd
Glebe Road, St Peters Road
Huntingdon,
Cambridgeshire PEZ9 7D5
United Kingdom
T:+44 (0) 1480 451301
F:+44(0) 1480 482970
lola@lolacars.com
wiwnw.lolacars.com

MYGALE

T:France +33 (0) 3 8621 8621
PILBEAM

Ti+44 (01778 424838

RIVIZZ

RMLGROUP
T:+ 44 (0)1933 402440
6-10 Whittle Close,
Park Farm Industrial Estate,
Wellingborough, N
NN8 6TY, England
www.rmimallock.co.uk info@
rmimallock.co.uk
F:+44(0)1933 676519

SHELBY AUTOMOBILES, INC
TIUSA (+1) 702 942 REAL (7325)
VAN DIEMEN
T:+44 (0) 1953 714788

m

MEAR DEFENDERS
RACING RADIOS
T:USA (+1) 404 366 3796

MFIRE EXTINGUISHERS
CHUBB
T:+44(0) 1532 785588
FEW
T: +44 (0) 1243 555566
LIFELINE FIRE & SAFETY
T: +44 (0) 2476 712999
www lifeline-fire.co.uk
RACEPARTS UK LTD
T:+44(0) 1491 822000

WBATTERY ISOLATION
SYSTEMS

I ARTE,

CARTEK AUTOMOTIVE ELECTRONICS Ltd
T:+44 (0)2380 637600
Unit 2, Wilson Street,
Southampton, S014 SAY
info@cartek.biz
www.cartek.biz
F:+44 [0)238B0 637622


http://ebook-free-download.net/

ONLINE AT WWW.RACECAR-ENGINEERING.COM

m

MOOGCG

MOOG
Alexandra Way, Ashchurch Industrial
Estate, Tewkesbury,
Gloucestershire, GL20 5HY
T: Rick Steele +44 (0) 1684 278308
rsteele@moog.com
T: Martin Jones +44 (0) 1684
278218 mjones@moog.com
www.moog.co.uk/industrial/
matorsport

MAIR FREIGHT
FORWARDERS

FIRSTAIR

T:+44 (0} 1784 421451
|IMRUSSELL FREIGHT

T:+44 (0} 1332 811931
WINWEST

T: Australia (+61} 2 522 46418

MBEAD AND SAND
BLASTING

AEROMET INTERNATIONAL PLC

T: +44 (0} 1735 415000
COMPAIR AUTOPOWER

T:+44 (0} 1454 465000
HANKDE MOTORSPORT

T:+44 (0} 1753522775
SWAINTECH

T:USA (+1)716 885 2766
ZEUS ALUMINIUM PRODUCTS

T:+44(0) 1384 482222

MCOATINGS

CAMCOAT PERFORMANCE COATINGS
T:+44 (0} 1925 445003
www.camcoat.com

(g capricorn
Capricorn AUTOMOTIVE GmbH
Tel. +49.2161.4 77 76-0
Krefelder StraBe 320

41066 Mionchengladbach,
Germany
wwwlLcapricorngroup.de
sales@capricorngroup.de

Fax +49.2161.477 76-17

LURO COTE

T:USA (+1) 909885 3223
PLASMA-SPRAYED CERAMIC THERMAL
BARRIERS

T:+44(0) 1235 434326
POLYMER DYNAMICS

T:USA (+1) 713654 3256
ZIRCATECH

T:+44(0) 1235434 326

MCRACK DETECTION
OCM TECH
T:UUSA (+1)800 533 5333
KRALITKRAMER BRANSON
TUSA (+1)717 242 0327

MCRACK TESTING
ORANGE COUNTY
T:USA (+1)800 352 8378

SFINISHING
ASP GROUP
T:+44 (0} 1384 291900
HEPWORTH INTERNATIONAL
T:+44(0) 1484 711720
RICHARD BARRETT MOULDS
T:USA 353 282 9842

MFOUNDRIES
FINECAST
T:+44 (0} 1903 765621
UK RACING CASTINGS
T:+44 (0} 1227 750877

MHEAT TREATMENT
AR CORNELL
T:+44 (0} 1245 268098
CRYDGENIC TREATMENT SERVICES LTD
T:+44 (0) 845 127 3936
QUANTUM HEAT TREATMENT
T:+44 (0} 1908 642242

MMACHINING
APPERLEY HONING

T:+44(0) 1242 525868
ATHENA MANUFACTURING LP

T:USA(+1)512928 2653
COLEMAN MACHINE

T:USA(+1) 906 863 8945
DONCASTERS LTD

T:+44 {0} 1332 BE4500
LANGSTONE ENGINEERING LTD

T- +44 (0) 2392 452430
MILSPEC PRODUCTS
T: USA (+1) 407 B14 8397

MMEASUREMENT
SERVICES

PHYSICAL DIGITAL
T:+44 (0} 7880 703010

MMETAL MATRIX
COMPOSITES

MMCC
T:USA(+1)B617 B93 4449

MMETAL SERVICES

APFERLEY HONING
T:+44(0) 1242 525868

Cranfield

CRANFIELD UNIVERSITY
T:+44(0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motorsport@cranfield.ac.uk

MMETAL SUPPLIES

AEROCOM METALS LIMITED
T-+44 (0) 1327 7050 30

B AT B

Allegheny technologies Ltd
T:#44(0) 121 7895764
Granby Avenue, Garretts Green,
Birmingham, West Midlands,
B33 0SP
F:+44(0) 121 784 8054
motorsport@atieurope.eu

EYWORTH MATERIAL SERVICES
T: +44 (0} 1453821609
ELMDOMN METALS
To+44(0) 1604 670 9592
RGS PERFORMANCE
T USA{+1) 716 434 2505
SMITHS HIGH PERFORMANCE
T:+44 (0} 1767 604708

=

S SUPER ALLOYS

IMTERRLATIONAL 1I»

SUPER ALLOYS
+44 (0) 845 838 0400
1 Java Park, Bradbourne Drive,
Milton Keynes,

ghamshire, MK7 BAT, Engl
www.superalloys.co.uk
sales@superalloys.co.uk

F:+44(0) 845 8380444

MMETAL TESTING

Cranfield

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motersport@cranfield.ac.uk

MRAPID PROTOTYPING

30 SYSTEMS UK
+44 (0) 1442 282600

MWSTRENGTH TESTING
Cranfield

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motorsport@cranfield.ac.uk

NITRIDING SERVICES

T:+44 (0} 1552677372
ROUSH RACING

T:USA(+1) 315591 4384

ATITANIUM
SPECIALISTS

e ATI S
Distribution
ATIS:

Allegheny technologies Ltd
+44(0) 121 7895764
Granby Avenue, Garretts Green,
Birmingham, West Midlands,
B33 0SP
F:+44({0) 121 784 8054
motorsport@atieurope.eu

5 SUPER ALLDOYS
INTESNATIONAL LInaT

SUPER ALLOYS
+44 (0) 845 838 0400
1 Java Park, Bradbourne Drive,
Milton Keynes,
Bukinghamshire, MK7 BAT, England
www.superalloys.co.uk
sales@superalloys.co.uk
F:+44(0) 845 8380444

MTRAILER HIRE
11/56 MOTORSPORT
T: +44 (0} 1543 460303
BRIAN |AMES TRAILERS
T:+44 (0} 1327 308833
HOPKINS MOTORSPORT
T:+44 (0} 117 9509254
MOBILE FROMOTIONS
T:+44 (0) 1832 733460
TOMHIRE
T:+44 (0} 1892 836155
WARWICK TRAILERS
T:+44 (0} 1962 732681
WARWICKSHIRE TRAILERS
T:+44 (0) 1564752337

AUTUBE FORMING

BMRS
T:+44(0) 1753 545 554
Unit 5 Chancerygate Business
Centre, 5t Mary's Road,
Slough, SL3 7FL
USAT:+1704 7934319
USA - 4005 Dearborn Place, NW,
Concord, NC 28027
www.bmrs.net
CONTRALCT MFG & ASM
T:USA (+1)520 720 4225
MALVERN AIRCRAFT
T: +44 (0) 1684 8926000

m

MANTI ROLLBARS
COMPTECH USA

T:USA (+1)516 933 1080
DTM CONSULTANTS UK

T:+44 (0) 1865 407726
HARROP

T: Australia (+61) 3 5495 7433
KICINT MOTORSPORTS

T:USA (+1) 604 589 3354
PRECISION

T:-USA {+1} 708 766 4402

MBEARINGS & BUSHES

AURORA BEARING CO
T:USA (+1} 630 859 2030

AUTOSPORT BEARINGS & COMPONENTSLTD
T:01932 225777

GE

TECND
T:Italy (+39)0108356016

GOLDLINE BEARINGS
T:+44(0) 1952 292401
Stafford Park 17, Telford,
Shropshire, TF3 3DG, England
F:+44(0) 1952 292403

KAMATICS i mmyskrsiins
HAMAN

KAMATICS CORPORATION
T:{+1)B60 243-9704,

(+1)001 317 918-5616
1330 Blue Hills Ave, Bloomfield,
CT 06002, USA
David.DeMaria@Kaman.com
www. kamatics.com
F: (+1) B60 243-7993

MME MINIBEA
T:+44(0) 1522 500933

MCOILSPRINGS
COIL SPRINGS

T:+44 (0) 1142 758573
EIBACH

T: +44 {0) 1455 285850
EIBACH

T:Germany (+43) 2721 511220
HERBERT TERRY

T:+44 (0) 1527 64261
HYPERCOILS

T:USA (+1} 574 753 6622
WOODHEAD

T:+44 (0) 113 2441202

MCOMPONENTS

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thomn Business Park,
Rotherwas, Hereford,
HR2 6T, England
‘www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F: +44 (0) 1432 359762

GOLDLINE BEARINGS
T:+44(0) 1952 292401
Stafford Park 17, Telford,
Shropshire, TF3 3DG, England
F:+44(0) 1952 292403

MDAMPERS

IRZ SUSPENSION

T: Metherlands (+31) 4026 19155
MOTON

T: Metherlands (+31) 413 255 836
PENSKE RACING SHOCKS

T:USA {+1}2153756180

= 2.

ZF SACHS RACE ENG
T:(Germany) (+49) 9721 98 3258
Ernst-5achs, Strasse 62,
97424, Schweinfurt, Germany
T:UK +44 {0) 115986 9211
www.sachs-race-engineering.de

MDRIVESHAFTS

GKNMOTORSPORT

T:+44(0) 121313 1661
METALORE

T:USA(+1) 310643 0360
OLD HALL FERFORMANCE LTD

T.+44(0) 24 7671 7100

SUPER ALLOYS
+44 (0) B45 838 0400
1 Java Park, Bradbourne Drive,
Milton Keynes,

MK7 BAT,
wwww.superalloys.co.uk
sales@superalloys.co.uk
F:+44 (0) B45 8380444

TEX RACING
T:USA(+1}910428 5522

MENGINEERING
SERVICES

GOLDLINE BEARINGS
T:+44(0) 1952 292401
Stafford Park 17, Telford,
Shropshire, TF3 3DG, England
F: +44({0) 1952 292403

RACING INDUSTRY TECHNICAL SERVICES
T:USA(+1) 284 645 1724

TREVOR MORRIS ENG
T:+44 (0} 1547 530289

SRODS & ROD ENDS
RACE-TEC NAK
T: +44 (0) 2380 246986

GOLDLINE BEARINGS
T:+44(0) 1952 292401
Stafford Park 17, Telford,
Shropshire, TF3 3DG, England
F:+44(0) 1952 292403

MSTEERING SYSTEMS
NEVO DEVELOPMENTS
T: +44 1480 830 800
Unit 14 Papworth Business Park
Papworth Everard
CB2330Y

info@nevodevelopments.com
www.nevodevelopments.com

WOODWARD
// RS b ORISR
WOODWARD MACHINE CORP
T:USA(+1) 307 472 0550
PO Box 4479, 3592 Burd Road,
Casper, WYB2604, USA
F:USA(+1)307 2351551
www.woodwardsteering.com

WSTRUT BRACES

croarsoat pooe T

AH FABRICATIONS
T:+44 (0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HR2 6]T, England
www.ahfabrications.co.uk
alexahfabs@fairadsl.co.uk.
F:+44(0) 1432 359762

MSUSPENSION

CO-ORD SPORT
T:+44(0) 121661 6263
Unit 1 Cletone Street, Tipton, West
Midlands, DY4 7TR, UK
www.coordsport.com

DYNAMIC SUSPENSIONS
T +44 (0) 1842 755744
DYNAMIC SUSPENSIONS
T: Canada (+1} 905 4708778
GROUND CONTRAL
T-USA {+1)916 636 7888
PROELEX UK
T:+44 (0] 1200 442345
ROD MILLEN MOTORSPORT
T-USA(+1) 7148472 111

@ :,
— SACHS
ZF SACHS RACE ENG
T: Germany (+49) 9721 98 3258
Ernst-5achs, Strasse 62,
97424, Schweinfurt, Germany

T: UK +44(0) 115986 9211
wwwi.sachs-race-engineering.de

MSUSPENSION
SERVICES

BLAST-IT-ALL
T-USA(+1)B00353 2612
DAVID FOTTER CONSULTING
T:+33 (0) 494 333090
PILBEAM RACING DESIGNS
T +44 (0} 1778 424838
SHOCKBOX DAMPER SERVICES
T +44 (0} 7918 340550

MSUSPENSION TESTING
Cranfield

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754902
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 DAL, England
www.cranfield.ac.uk
motorsporticranfield.ac.uk

MCLUTCHES

alcon ’
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ALCON Q OLD HALL PERFORMANCE LTD HALIBRAND
T: +44(0) 1827 723700 UTEWPS T:+44(0)24 7671 7100 T:USA (+1}B00 824 7947
winw.alcon.co.uk S = .
. e T:USA(+1)313 7780540 POS RACING
infairalcon.co.uk R.T. Quaife Engineering LTD 1™ TRAN:S.“. :-](LES T:+44(0) 1877611828
Apolio, Tamworth, Staffordshire, T:+44 (0)1732 741 144 T:USA (+1) 303 635 6093 Ge L
B79 7TN, England Vestry Road, Otford, Sevenoaks, MARK BAILEY RACING S AL T SIEMENS AG
F: +44 (0) 1827 723701 Kent, TN14 SEL A (0 ob B0 et ] T: Germany (+49) 941 790 5313
info@quaife.co.uk XTRACLTD SUPER ALLOYS
www.quaife.co.uk T:+44 (0} 1635 293 BOO T:+44(0) 845 838 0400
F: +44 {0)1732 741 555 M::::a!l;cr.‘:‘ﬁdbnume Drive, UTRANSHISSIDN
Buki ire, MK7 AT, TESTING
RACING MDEFORMATION www.superalloys. co.uk
SMCOMPONENTS TESTING sales@superalloys.co.uk OLD HALL PERFORMANCE LTD
AP RACING F: +44 (0) 845 8380444 T.+44 (0) 24 7671 710
T: +44 (0) 24 7663 9595 C :
Wheler Road, Seven Stars Industrial a I con ’ ra ”ﬁ el ( -\ e
Estate, (U3 4LB, England ST
F:+44(0)24 7663 9559 ALCON CRANFIELD UNIVERSITY MGEARSHIFT SYSTEMS
www.apracing.com T: +44(0) 1827 723700 T: + 44 (0) 1234 754902
sales@apracing.com m‘rl;gll::':lg;x Cranfield University College Road, E_ﬁ?
0 N i i
Apollo, Tamwiorth, Staffordshire, ;’::;';':'LB;::‘I‘;:;""' FEIDLTIAT
FICHTEL & SACHS 5:?34?(%151" 23701 vivaw.cranfield.ac.uk b SiET TR LACIES MTYRES
T: +44(0)208 654 8835 motorsport@cranfield.ac.uk 1_'+“ (0) 1332 668 100
Unit 3 Heyes Industrial Estate, AVON RACING
ALUMINIUM SPECIAL PRODUCTS l:gk,s e spﬁd':, I;e:h!y T:+44(0) 1225 703101
T:+44(0) 1384 251300 SDIFFERENTIALS DE2TINT ' ; DUNLOP
GKN AXLES www.proshift.co.uk T: +44(0) 121 306 G000
T: +44 (0)207 930 2424 infopproshift.co.uk GOODYEAR
OLD HALL PERFORMANCE LTD T Germany (+48) 223482031
s e 4 5501 T.+44 (0} 24 7671 7100 GOODYERR
Hillside lllworks. Brighouse M SB0 MOTORSPORT T:USA (+1} 216796 2121
West Yorkshire, England HD6 3DP RACING gl GOODYEAR
Fax: +44 (0) 1484721263 r44{0) T:Canada (+1) 416 684 7418
enquiries@millersoils.co.uk AP RACING UA'FE
Web: www.millersoils-online.co.uk T: +44 (0) 24 7663 9585 ‘
Wheler Road, Seven Stars Industrial R.T. Quaife Engineering LTD 80". SE‘\LS -
PERFORMANCE SPRINGS Estate, CU3 418, England T:+44(0)1732 741 144 Ea Rl
T: +44 (0) 1253 716900 F: +44 {0) 24 7663 9559 Vestry Road, Otford, Sevenoaks, 2RACHNG: -
QUARTER MASTER www.apracing.com Kent, TN14 5EL
TUSA (+1)847 540 8993 sales@apracing.com info@quaife.co.uk GRIP TYRE SOFTENER
SUPER CLUTCH wWww.quaife.co.uk J T:+44 (0) 1933 682 500
T:+44(0) 1926812136 F: +44 (0)1732 741 555 S SEALS T101A Irthlingborough Road,
_25",-:_/’ CET RACING SEALE Finedon, Northamptonshire,
gl NN9 5E], England
- IDRO-SHIETS TOM'S DIFFERENTIALS A ﬂ“"ﬁ':" of GregSeal Technology UK Ltd www.griptyresoftener.com
on mcbnoiogres T:USA(+1)310 634 B431 Tel: 1401077 1792 4027 infoegriptyresoftener.com
PRO-SHIFT TECHNOLOGIES :::w :s: r‘a?:llﬁz ::ﬁ: 5267
TILTON ENGINEERING T: +44(0) 1332 668 100 by P
T:USA (+1) BO5 688 2353 Unit 3 Heyes Industrial Estate, info@gstracing.co.uk MICHELIN
25 Easy Street Buellton, CA 93427 USA Anglers Lane, Spondon, Derby , T:+44(0) 1762 403284
‘www.tiltonracing.com DE21 7NT T:France +33 (0)7390 77 341
wiwi.proshift.co.uk MTESTING SERVICES o0
infoi@proshift.co.u TRAMN-X GEARS LTD T:+44(0) 1933411144
T Brandon Road, Binley, Coventry ANTHONY BEST DYNAMICS VINTAGE TYRESLTD
MCOMPLETE tilton West Midlands, CU3 2AH, England Tk o ek piz00 T:Canada (+1) 302 228 2335
TRANSMISSIONS Wi, tran-x.com 2 YOKOHAMA
sales@tran-x.com Aol T: UK +44(0) 1582 633339
HEWLAND ENGINEERING TILTON ENGINEERING T: +44(0) 24 7665 9061 T: +44(0)20B 420 4434 T:Japan (+B1)33432 7111
T.+44 (D) 1628 827600 T:USA(+1)B05 688 2353 F: +44 (0) 24 7645 9077 CRANFIELD IMPACT CENTRE
OLD HALL PERFORMANCE LTD 25 Easy Street T:+44 (0} 1234 758085
T:+44(0) 24 7671 7100 Buellton, CA 93427 USA NWHEELS
www.tiltonracing.com ZEXEL-GLEASON
T:USA(+1) 716 464 5000 = - f f DYMAG RACING UK
0 T:+44(0) 1249 655481
'Ii ‘3:’ @ NGEARS ('ranf."{,-.f..;,..\ KINESIS MOTORSPORT
—d =aA T:USA (+1) 760 538 5300
e CRANFIELD UNIVERSITY
2ZF SACHS RACE ENG T";"'*d“mfg_ — &M T:+44(0) 1234 754902
T: Germany (+49) 9721 98 3258 bl i T.USA(+1)818 882 6422 Cranfield University College Road, MWHEEL TETHERS
Ernst-Sachs, Strasse 62 West Midlands, CV3 2AH, England _
Www.tran-x.com COLLEDGE & MORLEY Cranfield, Bedfordshire MK43 DAL,
9?424. Schweinfurt, Germany BT e T: +44 (0} 2476 462328 England THE RIG SHOP LTD
Tw:": :::h[s':l;cl_se:::l:::i;s - T: +44 (0) 24 7665 9061 KERSCHBALIMER e g T +44{0) 2380 338341
’ ’ F:+44(0) 24 7645 9077 TEer (A8} 6044 47 b motorsport@cranfield.ac.uk

Telephone: ,\\ \4

01327 261]97

www. btbexhausts.co. uk

MOTORSPORT QUALITY ROD ENDS INTERNATIONAL STOCKING DISTRIBUTORS
AND SPHERICAL BEARINGS AGURORP + RODOBAL" - Seals-it

ks nCCESsOR'f: Getecno sil
TURNIES. Tniae side sea 16141 GENOVA - Italy

in Europe protection boots,

metric and inch sizes jam- "u;g.un tools fax  +39 010 835.66.55

pearing instal phone +39 010 835.60.16

ltaliane  WWW.getecno.com info@getecno.com
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WILLANS

LEADERS IN DRIVER SAFETY SINCE 1967

Contact: Gordon Riseley
email: griseley@ringspann.co.uk

CHEGK OUT OUR EXCITING
NEW RANGE OF IN-CAR
FIRE EXTINGUISHERS..!

Willans have built their reputation
by providing world leading safety
products since 1967

. _ngh Performance
' Motorsport
Gearshift & Throttle Cables

www.RCScables.com
:Jaq Tel 01234 34251 1

More at ebook-free-download.net or magazinesdownload.com

WILLANS Unit 7 New Mills Industrial Estate, Post Office Road,
Inkpen, Berkshire RG17 9PU
Telephone +44 (0) 1488 669001 Fax +44 (0) 1488 668141
Email sales@willans.com

www.willans.com

RCS - Cables and Controls
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MOTORSPORT INDUSTRY
® ASSOCIATION ®

FINANCIAL HELP AVAILABLE NOW
FOR MOTORSPORT SMES

The MIA has secured over £100,000 of Tradeshow Access Programme grant support from UK Trade and
Investment to help eligible UK Small & Medium Sized Enterprises to exhibit at overseas tradeshows.

Funding is available now - £1,000 for European Shows and £1,400 for those in the USA subiject to UKTI
terms and conditions. The following Motorsport Shows are eligible for TAP grants:

MOTORSPORT EXPOTECH - MODENA, ITALY
13-14 October 2010
www.motorsportexpotech.it

SEMA SHOW - LAS VEGAS, USA
2-5 November 2010
www.semashow.com

PROFESSIONAL MOTORSPORT WORLD EXPO - COLOGNE, GERMANY
16-18 November 2010
www.professionalmotorsport-expo.com

INTERNATIONAL MOTORSPORTS INDUSTRY SHOW - INDIANAPOLIS, USA
1-3 December 2010
www.imis-indy.com

PERFORMANCE RACING INDUSTY SHOW - ORLANDO, USA
9-11 December 2010
www.performanceracing.com

Professional

MotorSport
WORLD EXPO 2010

To download an application form and check the terms & conditions please visit

www.the-mia.com/uk-trade-and-investment

Return completed application forms to alicia.warden@the-mia.com
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CHRIS WITTER

How much of your work is

motorsport related and what
areas of motorsport do you supply?
In relation to what I'm doing at the
moment, the time it's

depending on the application. So if it's
for a Touring Car, then it's a MacPherson
strut-type damper on the front, while on
the rear it's just a standard telescopic
damper. For single seaters it's the
standard telescopic type.

The twin tube means you have a
pressure balance in the damper. It's a
more balanced set up, so it gives a better
response than the single tube dampers.
There are a number of features to our
dampers that we believe make them

an improvement over those offered by
some of our competitors, but the main
advantages are quality control and

the fact that all the parts are held to

a higher tolerance, so you get a better
consistency and performance from the
damper. The materials are also of a
better specification.

taking up in a day, I'd How big a part do
say it was about 60 per CHRIS WITTER, motorcycles play
cent motorsport related. BUSINESS in Ohlins’ business?
As far as the car side of DEVELOPMENT ‘Bikes are actually
motorsport is concerned MANAGER, GHLINS about 90 per cent of
[Ohlins is also heavily 3 1991-1996: our business. This is the
involved in motorcycle apprentice with amazing thing. You look
racing - see below] I am Austm Healyrace in the car world and you
unable to discuss the specialist Denms see we're on things like
Formula 1 work, but we giﬁ7wm the Peugeot and the Audi
are involved \n{|th it, and Engineering degree in thg Le Ma.ns Series and
many other things, too... at Liverpool then in Touring Cars, so
In the British Touring University a lot of people look at
Car Championships we 3 2000: MSc in us and say, 'well, we're
supply a number of the Motorsport obviously doing really
teams, including all Engineering and well in cars’. But when
the BMWs, because we Management at you look at the sales of
actually supply to BMW Cranfield University the company, cars is only
Motorsport. We're also 3200!1—2008: about 10 per cent of the
on the Hondas with T.echmcal _s:ﬂes total business, so in fact
Team Dynamics, we’.re ];’;elgmeﬁera : Friction ‘bikes is our core activity.
on the Chevrolets with 3 2009: distributor
RML and we're pretty for Project Mu So are you
much on most of the top brakes looking to
running cars. 3 Present day: expand the business on
We're also involved in Ohlins business the car side then?
rallying, too. We're very development Yes, but I've really got to
fortunate that we're iianager il the UE give the two areas equal

working with Prodrive
in that area, that's one
of our key customers. In fact, the new
Group N car for this year is spec'd on
Ohlins dampers.

What products do you offer to
the motorsport market?
Well, our latest products are the TTX
dampers, which are twin tube forms of
damper. And we have got various types

él.ld"_lrel_and

priority because the 'bikes
are our bread and butter.
However, we are looking to grow the
car side of the market. And not just the
racing side, we've also brought onboard
a new road and track programme, and
we're marketing our products to club
racers and road users who want to take
their cars out on track, for instance. Then
there's the OEM work for companies
like Triumph, Norton and Lotus.

'RACE MOVES

Gil de Ferran,

the co-owner and
managing partner of
IndyCar team Luczo
Dragon Racing / de
Ferran Motorsports,
has been elected the
teams' representative
on the advisory
committee that has
been given the job of
researching, reviewing
and recommending
the next generation
chassis and engine
combination for the
Indy Racing League.

Malcolm Wilson,
founder and CEO

of Ford WRC team
M-Sport, has been
elected to the
executive committee
of the Motorsport
Industry Association
(MIA). Iain Wight,
business development
director (motorsport)
at Ricardo, has also
been elected to the
committee, while Jim
Morris, of Lifeline Fire
and Safety Systems,
has been elected

vice chairman.

=
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Malcolm Wilson

17 motorsport
engineers from five
different countries
have graduated from
the Spanish METCA
Specialised Masters
in Motorsport course.
The graduates

were handed their
certificates at the
Epsilon Euskadi
base in Vitoria,

and the event was

presided over by Joan
Villadelprat, Epsilon's
president, and Iosu
Zabala, Mondragon
University’s Rector.
The Spanish
Automobile
Federation's president,
Carlos Gracia, was
also in attendance.

Tony Fernandez

Lotus Formula 1
team principal,
Tony Fernandes,
has been awarded
with an honorary
degree from the
Universiti Teknologi
Malaysia. The
degree, which is for
business innovation,
was awarded for
‘contributions to

the country, academic
excellence and
society '

Geoff Jones, who is
the new director and
partner of Sports and
Entertainment Limited
(SEL), the company
that owns 25 per
cent of VB Supercars
Australia, is to fill Tony
Cochrane’s shoes as
executive chairman
of the championship,
while the latter takes
a three-month break
away from Australia's
premier race series.
Jones, who was
formerly Gold Coast
Indy boss, joined SEL
at the beginning of
April, and is the first
partner the company
has taken on in

13 years.
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Alan McKechnie, a
well-known race team
owner in the 1960s and
"70s, has died at the
age of 72, McKechnie
was confined to a
wheelchair after being
hit by a virus when he
was just 22 and was
well known for having
supported many
young drivers during
his career, including
world champion Nigel
Mansell and tin top
legends Andy Rouse
and Barrie Williams.

LAT

Nick Heldield

Nick Heidfeld,
currently the reserve
driver with the
Mercedes F1 team,
has been appointed
chairman of the
Grand Prix Drivers’
Association (GPDA).
Heidfeld takes over
from Pedro de la
Rosa, now a full-time
driver with Sauber,
continuing a trend for
reserve drivers to hold
the post.

Sebastian Vettel
and Felipe Massa have
both been named as
GPDA directors.

US race track
operating giant
International,
Speedway
Corporation, has
promoted two of

its personnel at its
Kansas Speedway
facility. Jeff Boerger,
former president at
the track, has been
named president of
Kansas Speedway
Development
Corporation, while Pat
Warren has taken his
place as president of
the Speedway.

Butch Hylton

Butch Hylton has
been named crew chief
for Kevin Harvick Inc's
no 2 Chevrolet in the
NASCAR Truck Series.
Hylton succeeds Doug
George, who switched
to Ron Hornaday's no
33 Chevrolet earlier in
the season.

James Key has now
taken over the role

of technical director

at the BMW-Sauber
Formula 1 team.

Key, who has joined
Sauber from Force
India, replaces Willy
Rampf in the position.
Rampf has stepped
down after 10 years as
technical director with
the Swiss organisation
and 14 years with the
team in total.

Kyle Busch scored his
first victory as a team
owner at the Nashville
NASCAR Truck Series

encounter, which was
also just his fourth
start in the pick-up
championship. ‘It's a
big deal,' he said, ‘a
lot of blood, sweat and
tears were put into
this over the winter.’

UK race commentator
Norman Greenway,

a one-time BBC

radio Formula 1
commentator who
was also well known
for his commentary
work at Snetterton
and Brands Hatch,

has died at the age

of 87. The former Jim
Russell Racing PR man
once auditioned for the
role of BEC TV grand
prix commentator, but
lost out to a certain
Murray Walker.

Richard Branson has
admitted that he very
nearly bought the
Brawn team before

it was snapped up

by Mercedes at the
end of last year. The
Virgin boss has since
formed his own brand
new Formula 1 team
alongside Manor's
John Booth.

Luca Di Montezemelo
has announced that
he will step down as
chairman of the FIAT

M Moving to a great new job in motorsport and want the world to
know about it? Or has your motorsport company recently taken on
an exciting new prospect? Then send an email with all the relevant
information to Mike Breslin at bresmedia@hotmail.com
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CONTINUED

CHRIS WITTER
How does Ohlins test its dampers?

We have damper dynos in Sweden [where the
company originated and is based], so everything gets
tested in house before it is released to market. But
then, of course, you're also dependent on any feedback
you get from the customer too, because what you see
on a dyno is not necessarily what you see on track.
That's why it's so important to have engineers who
are working with the teams, to have this technical
partnership with the teams and to understand how it is
actually functioning on the track, as well as on the dyno.

Are there any recent technical developments

we should know about?
We're really putting a lot of effort into our mechatronic
system right now. These are effectively electronically-
controlled dampers. These are actually banned in a
lot of forms of racing, but what we're seeing now is
interest from the standard road bikes we're starting
to work with, people like Ducati for example. The
latest Ducati Multistrada is coming out on mechatronic
dampers, and that should then filter through to the
sports bikes, and that should then go through to the
Superstocks. Regulations will then have to change
because, if a standard road bike has got it on, it will
have to be permitted in racing. So it's almost like coming
in through the back door, because normally yvou would
think things are pioneered in motorsport and then
passed down to the road side, but what we're actually
doing is developing it for the road so that we can get
it introduced into the race side. With the mechatronic
dampers we can't enter them into motorsport on the
cars because of the regulations, but if the development
is there ready, we've got everything in place should
regulations change.

This is a frustrating aspect of motorsport. If you look
at the pull out of BMW from F1, one of the reasons the
company gave is that they felt they couldn't develop
certain technologies. Motorsport, because of the current
regulations to drive costs down, is losing the freedom
to be pioneering with the cars, so of course now there
are things coming out on the road side before they're
coming out in motorsport. A prime example of that is
this mechatronic system. @

A staple in motorcycle racing, Witter says Ohlins dampers
are looking to expand further into the motorsport market
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group, although he team with immediate S af
will retain his position effect. The FIA has e
as chairman of Ferrari. said that Symonds
During his tenure, di would be free to return t h 1 o— L
Montezemelo helped to grand prix racing e C n 0 0 g Y KEVIN BORRAS
steer FIAT through the in 2012. However, the
economic downturn FIA deal means he
and was pivotal in the can work for any F1
= T
company acquiring a team as a consultant W hat Sin |'t for m 01:0 rspo rt?
20 per cent stake in through his Neutrino H
Chrysler in 2009. Dynamics company. Everyt hi ng G'h";yllangeza 70
he eSafety Challenge, the What's that if not a diagnostic
subject of our previous two information dump by a racecar? Or how
.- columns, is fast approaching, about speed cameras, which for all
n £ | N 5 and we're in the midst of intents and purposes are a road safety
di Montezemelo Geoff Willis inviting members of the press from all measure - they were invented by a Dutch
over Europe to attend. Quite often the racing driver in the late 1950s called
reply is ‘What's in it for us?’, especially Maus Gatsonides so he could record his
Martin Whitmarsh Geoff Willis has joined when we are talking to motorsport lap times more accurately. The links are
has been appointed as  the newly formed titles. The answer is quite simple: many and varied, but the majority of the
CEOQ of the McLaren Hispania Racing Team what'sin it for youis to see at firsthand = six technologies on display at Millbrook
Group and deputy as technical director, a the correlation between motorsport’s (ESC, Emergency Braking, Blind Spot
chairman of McLaren role he previously held safety technology and the safety Monitoring, Lane Support, Speed Alert
Automotive. Neither at Red Bull Racing. technology that finds its way into road and Adaptive Headlights) have their
role will affect his cars. It doesn't matter if you are driving foundations in your world - motorsport.
position as team -~ a Ferrari F1 car at Although
principal of the SN 240mph at Monza ﬁ ﬁ = the event is by
company's F1 outfit. | or pootling along VE""EIE invitation only,
at 30mphina manufa:turlerls the Challenge's
Nissan Micra on - organisers, the
the outskirts of take their FIA Foundation,
) £ Stevenage, the safEty Cues are offering
Tiff Daniels drivers need to two Racecar
know two things. 'Fl"l:ll'l'l thE Engineering
If they have an r'EI:ing readers the
Tiff Daniels, support accident, that = chance to win an
Martin Whitmarsh engineer for Earnhardt they'll be able to fratern Ity Dp invitation to the
Ganassi Racing's walk away from it event. All you
NASCAR Sprint Cup or, even better, that the car will be able need to do is email RE's deputy editor,
F1 Racing Magazine Series teams and to warn them of pending danger or help Sam Collins (racecar@ipcmedia.com), with
technical editor and Late Model racer them avoid it altogether. the answer to this simple question. The
former Renault F'1 is leaving EGR to A lot of the potentially life-saving first two out of the hat will receive an
technical director, Pat pursue her racing technology that will be demonstrated invitation to attend the 2010 eSafety
Symonds, has reached  career. In addition to at the Millbrook test facility in Challenge on 13 July and the chance
a settlement with the racing, Daniels will Bedfordshire, UK on 13 July has its to meet eight times Le Mans 24 Hour
FIA and will be able to  be undertaking both roots in motorsport. There's no doubt champion Tom Kristensen and 2008 F1
work as a consultant television and radio that vehicle manufacturers take their champion Lewis Hamilton.
for any grand prix broadcasting work. safety cues from the racing fraternity That question: what does the
but the eSafety Challenge will provide abbreviation ESC stand for?” @
conclusive evidence of that, if indeed it
B Moving to a great new job in motorsport were needed.
and want the world to know about it? Or has Telematics is not a new development, Kevin Borras is editor of Thinking
your motorsport company recently taken it's been the subject of many an Highways and publishing director of H°B
on an exciting new prospect? Then send an article in the field of advanced traffic Media, the media partner for the 2010
email with all the relevant information to management publications, and in reality eSafety Challenge. For more information
SRR L T O it's nothing more than the exchange of go to www.esafetychallenge.eu and
information between two computers. www.thinkinghighways.com
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I have seen

few weeks ago on a lighthearted radio show

| called McLaren 'the Cylons of Formula 1'. At

the time, | didn't know how right | was. For

those who do not watch the sci-fi channel,

the Cylons are the cybernetic bad guys in the

science fiction TV show Battlestar Galactica. These
robotic villains are fully networked and everything
they make, see or do is shared.

On arecent tour of the staggering McLaren
Technology Centre in Woking, England Julien Feyeux,
an engineer from one of the team’s partners, PLM
implementation
specialist Processia,
told me about its
work in Formula 1. As
we walked through
the spotless machine
shop where the staff
were working away
to drawings stuck on the side of the various tools,
Feyeux casually pointed at the printed illustrations.
‘Eventually we will do away with those,” he said, ‘as
soon as you print it is out of date and then errors can
slip in. \We want to see screens at every work station.’

Imagine there was a component failure on a car - at
the touch of a button you could trace every piece of
data related to it: full data for every lap it has run;
when it was fitted and who by; right back through the
manufacturing process to what CAD work was done
on it, by whom and even at what time of day the work
was done. With everything networked, the car will be
capable of telling the mechanics what components
will need replacing, what has had an excessive
loading too many times and anything else they might
want to know. Everything would be logged from the
moment the first CAD drawing is made, through DOE,
development, manufacture, use and eventually failure
or disposal. An operator can then get as little or as
much out of it as he needs to.

As futuristic as this might sound, it is not a pipe
dream. All the technology already exists, though there
is some more integration work still to be done. Yet
Feyeux claimed that we are unlikely to see a company
with total PLM for at least five years (and that's for

ﬁﬁ the part will arrive
before you even knew you
needed it Dp

the future...

McLaren-sized companies, it could be as much as 10
years for EADS-sized ones). Why? 'Technology not only
encompasses hardware and software, but also people,
and many have done things in a way that works for
them for many years and it will take time to educate
them about the new way of working.’

Last month Charles Armstrong-Wilson wrote how
he felt PLM was a waste of time for a small concern,
claiming it was not the future for motorsport as it does
not move fast enough for our industry.

But, from where | sit, even small teams can benefit
from total PLM. Once
the system is installed
on a car, it will handle
set-up sheets,
data acquisition,
component lifing and
even procurement.
The future PLM
package could even start to behave like a price
comparison website - when a part needs to be
re-stocked or is coming to the end of its life, it could
automatically search the internet and interrogate
component suppliers for the most cost-effective part.
No more ‘phone calls asking about getting stock in a
hurry, your entire bill of materials could be created and
ordered automatically, so the part will arrive before
you even knew you needed it.

For me it is clear that
total integration of PLM
will increase reliability
and shorten
development
time. But, for
that to happen,
the Charles’ and
many others in the
industry need to
accept that.
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The Porsche 911 GT3 RSR, using track-leading technology from ZF Sachs, earned the Le Mans Series GT2 class
championship this season. The new Sachs Racing 4-way adjustable through-rod dampers, along with the brand-new,
super lightweight Sachs Racing Carbon Clutch kept the GT3 RSR at the front of the pack all season long.

Our state-of-the-art technology, combined with vast motorsports experience allows Sachs Racing dampers and clutches
to be designed and configured for nearly every possible racing application - to get you up front and keep vou there.
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