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Engineering with us.

hisisit then - the 20th anniversary issue

of Racecar Engineering. In absolute terms,

itis a very short length of time but, suchiis

the pace of life in motorsport, it seems like

a lifetime. While preparing this month's
edition, we had occasion to look at back issues of the
magazine and, predictably enough, it brought home just how much things
have moved onin the sport over the last two decades. At the same time, it
was pleasing to see a number of familiar company names and individuals
that were present in those early issues are still around now,

There is another common thread that runs through virtually the entire
history of Racecar Engineering, and that is Tony Tobias. Variously known
as the 'human dynamo’, '10,000-volt man' or simply ‘TT', the irrepressible
Mr Tobias has been selling advertising on the magazine, promoting it at
trade shows, exhibitions and motorsport events, and competing (with
distinction) on behalf of the title in his beloved karting events virtually
since he joined forces with another significant figure in the publication’s
history, Quentin Spurring. It therefore seemed entirely appropriate that, in
marking this milestone, we ask Tony, Quentin and my predecessor in the
editor’s chair, Charles Armstrong-Wilson, to contribute some
reminiscences concerning their time with the magazine. We also
requested they cast their votes for what they
consider to have been the most significant
designer / engineer, car and technical innovation
of the past 20 years. We'd be interested to your
thoughts on their choices.

It only remains to say that we sincerely hope
you enjoy celebrating 20 years of Racecar

EDITOR

Graham Janes

For more technical news and content go to
www.racecar-engineering.com/news
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- NEWS FINAL NEW FI TEAM = FI TECH UPDATE = ALDI RIO PLUS

FORMULA 1

Hispania Racing Team
rolls out new F1 Dallara

Last minute debut for former Campos outfit

THE LAST OF this year's
F1 entries to be unveiled
made a dramatic start
into Formula 1 with its
first laps of any circuit
taking place in Practice

1 at the recent Bahrain
Grand Prix.

HRT, which was
previously named Campos
Meta 1, is owned by
Spanish businessman Jose
Ramon Carabante, who
bought out former owner
Adrian Campos. Running
the Valencia-based
operation is one-time
Force India team principal,
Colin Kolles: 'While we
are a new team in the
paddock, we will be very
proud to stand alongside
such legendary names as
Ferrari, McLaren, Williams
and Lotus, as we hope to
build our own reputation
in the coming years.

The team'’s first car,
the HRT-Cosworth F110,
looks an extremely
neat and tidy design,
as you would expect
from Dallara. It has a

lower nose than most,
not dissimilar to that

of fellow new entry
Virgin's car. The join
between the nose and
chassis, however, owes
more to Red Bull, with
raised lumps on the
outer corners, while the
forward leg of the lower
wishbone is mounted on
the v section under the
chassis. The HRT's front
wing is three-piece, with

The HRT Dallara F110 made it's track debut at Sakhir

a dramatically lowered
main plane.

Sidepods are
beautifully sculptured,
with undercut leading
edges, while the air intake
on the engine cover,
which slopes back rather
than leading into a now
fashionable shark fin, is
nicely done, allowing for a
clean air flow to the rear
wing. Interestingly, the
engine cover approach is

dd RACECAR
SAYS.. P

similar to the other new
teams’ cars and that of
the Williams - all of the
teams using Cosworth
engines, that is.

While the car is far
from adventurous in
its design, Dallara will
hope to benefit from
its experience with
Bridgestone rubber with
its GP2-spec cars over
the past five seasons,
so HRT may prove to be
a team to watch as the
season develops.

Meanwhile, even
though the team is
brand new - and it's
making use of two
drivers who are novices
atan F1 level - there is
plenty of pedigree on
the pit wall, including
technical director Geoff
Willis (who has wide F1
experience with Red Bull,
Honda, Leyton House
and Williams), Jacky
Eeckelaert (formerly of
Prost, Sauber and Honda)
and Ben Agathangelou
(formerly an aero’ man at
Tyrell, Benetton and Red
Bull). Toni Cuquerella, a
race engineer for Robert
Kubica at BMW Sauber, is
also on the squad.

How the new teams performed

JUST THREE OF the
four new teams that
were meant to be on
the grid for the Bahrain
Grand Prix made it to
the Formula 1 World
Championship opener.
Here's how they got on...

LOTUS

This was the best of the
new teams in terms of
reliability and, while it was
just a little down on the
pace of the Virginin

qualifying, towards the
end of the race Heikki
Kovalainen was lapping
within two seconds of
Nico Rosberg in the fifth
place Mercedes - his was
the only new team-
entered car to finish the
race, although the other
Lotus was classified in the
final standings after
retiring late in the race
with hydraulic issues.
RE opinion: 9/10 -
strong debut

n www.racecar-engineering.com « May 2010

VIRGIN

The famously CFD-only
Virgin certainly looks neat
and was quick too, one of
them lining up as the
fastest of the new cars.
However, the reliability
issues that have dogged
the team throughout
winter testing returned -
hydraulic problems seeing
to one car (a recurring
theme) on lap three, while
the other went out with a
gearbox glitch.

RE opinion: 5/10 - must
sort out reliability

HRT

A brave effort for the
re-named Spanish squad
and its new Dallara (see
lead story above) and,
while it was outside the
107 per cent of the
quickest car's time once
used as a qualifying
requirement, it was still a
remarkable effort, given
that the car had not

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

turned a wheel until
Friday practice. Neither
car finished, but the Bruno
Senna car did last longer
than the Virgins, before
succumbing to a broken
radiator. The other car was
crashed earlier in the race.
RE opinion: 7/10

- did well in the
circumstances

The fourth team, US F1,
has now failed in its bid
toracein F1in 2010.
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= ATLANTIC AND GTZ2 POSTFPONED = INDYCAR CONCERPTS SEE FIZ

SPORTSCARS

Audi’s nose job

AUDI HAS UNVEILED a dramatic new
split nose version of its R15 turbo-
diesel LMP1 car, with which it hopes to
win back the Le Mans 24 Hours crown
from Peugeot this year.

The nose job, which is reminiscent
of the approach taken by Red Bull in
Formula 1, is part of what looks like a
low-drag set up for Audi, although some
of the modifications to the car are a
result of regulation changes and also of
a protest from Peugeot regarding the
aerodynamic package on last year's R15.

Audi Sport head of technology,
Martin Midhimeier, said of the recent
modifications: ‘Due to the reduction
of engine power as a result of the
regulations, we have fried to make the
car's aerodynamics even more efficient
than before, and to improve the Cd value
and downforce parameters.

Mihlmeier added: ‘After Le Mans
2009, our specifications for the R15 plus
listed about 20 key items. Efficiency and
reliability were at 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 wish of the drivers with
a new headlight concept.

The 'R15 plus', as Audi calls it, also
has a modified fuel tank and cooling
system, while the 5.5-litre V10 TDI
engine has been tweaked to meet with
the smaller air restrictors and reduced
supercharging pressure required by
the new regulations. 'Our objective
was to keep power loss to a minimum,
despite the limitations imposed by the
regulations, said Ulrich Baretzky, head
of engine technology at Audi Sport. 'We
managed to do that through a lot of
detailed work.

BRIEFLY..BRIEFLY..B

ATLANTIC CANNED FOR 2010

One of the USA's best known single-seater
categories, Formula Atlantic, has been scratched
for this year, the organisers citing a lack of
entries as the reason. Formula Atlantic suffered
from thin grids in 2009, with fields of just 10 cars
taking part in the final races of the season, and
the outlook for this year looked little better.
However, the organisers insist that the series is
merely ‘'on hiatus’ until the economy improves
and that Formula Atlantic, which has been a part
of the US race scene since 1976, will return to US
tracks in the future.

SOME-FIN FISHY

LMP1 and LMP2 prototypes are to sprout long
engine cover ‘shark fins', as modelled by many of
the current generation of Formula 1 cars, for next
season. The exact dimensions of the fin have yet
to be revealed, but it is believed they will be at
least as high as the top of the rear wing. The
wing is to aid stability and to help stop LMP cars
taking flight after they have gone into a spin.

GT2 POSTPONED

The FIA GT2 European Championship has been
called off for 2010 due to a lack of entries,
although it is hoped that it will runin 2011.GT2
previously ran as a class within the FIAGT
Championship alongside GT1 but, with the
formation of the new GT1 World Championship
this year, GT prime mover Stephane Ratel had
planned that GT2 was to become a stand alone
series. However, that plan has come to nothing
and for this year a one-off GT2 European Cup is
set to be run within the Spa 24 Hours instead.

(»)WATCH THIS p

To celebrate Cosworth's return to F1 this year, here
are a couple of films to show you how the company
went racing some 30 years ago...

Co to: http://www.racecar-engineering.com/vids
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NEW GTI WORLD CHAMPIONSHIFP = NASCAR NEWS =

Sprint Cup spoilers
ready for action

The contentious rear spoilers have been pronounced ready for a roll out at Martinsville

NASCAR SPRINT

CUP teams recently
tested the series’ new
spoiler at the Talladega
Superspeedway.

The spoiler, which
replaces the rear wing
on the Car of Tomorrow,
was tested by 24 cars
at Talladega - the first
time it had been run at a
restrictor plate track - and
in several different set
ups as teams tried to find
the perfect balance for
drafting and drag levels.
The cars started with a
4.5in tall, u-shaped rear
spoiler that included two
12in extension flaps on
either end. By the time
the test ended the flaps
had been removed and

SEEN

the spoiler narrowed two
inches from its original
64.5in profile.

NASCAR pronounced
itself happy with the
spoiler, which has now
been tried out on every
type of track the series
visits, and has decided
to debut the device
at Martinsville. It has
supplied teams with
a number of spoilers
fixed at 70 degrees
with a 4in height to be
used at all tracks but
superspeedways. The
ruling body had yet
to determine the final
configuration of the
spoilers for the biggest
and fastest tracks at the
time of writing.

Speaking at the test,
NASCAR vice president
of competition, Robin
Pemberton, said: ‘The
feedback was the cars
were stable [in drafting]
but the closure rate was
a little too much at
certain points.

The shark fin strip the
cars run with at Daytona,
and at the Talladega test,
will also be mandated this
year to help stop the cars
getting airborne should a
car get sideways.

Teams also tested a
variety of restrictor plates
at Talladega in response
to excessive speeds -
some reports claiming
cars hit 210mph when in
the draft.

BRIEFLY..BRIEFLY..B
LOTUS TO ENTER INDY, TOO

IndyCar team KV Racing
now has announced a
commercial and
technical tie up with the
Lotus brand and will run
its Takuma Sato-driven car in the famous green and
yellow livery that has recently returned to Formula 1.
‘It's only fitting that as the Lotus Racing name
re-enters Formula 1, we will also race and innovate
again in IndyCar, said Group Lotus CEO Dany Bahar.
‘The Lotus name will, once again, compete in the top
two open-wheel racing series for the passion and
enthusiasm of car fans around the globe. The Lotus
name was last seen in high-level US single-seater
racing in the 1960s, when Jim Clark won the 1965
Indianapolis 500.

GARAGE SALE

The assets of the A1 GP Championship, which
collapsed due to financial problems in the autumn of
last year, have been put up for sale by the
administrator and liquidator acting for the
championship’s bosses. The sale includes 20 of the
Powered-by-Ferrari cars, as well as 10 of the first
generation Lola-Zyteks. Maserati and Ferrari course
cars are also to be put under the hammer, along with
spare parts and team equipment. For more
information go to www.go-dove.com

MERCEDES-BENZ SLS 63 AMG

The racing might
have been dull at
F1's season-opening
Bahrain Grand Prix
but the safety car
was anything but.
The new Mercedes-
Benz F1 course car is based on its gullwing SLS 63
AMG, and the 57 1bhp supercharged V8 supercar is
said to be the fastest F1 safety car ever. Maybe
scrambling this once or twice during a race might
spice things up a little...?
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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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- TECHNICAL INSIGHT = LOTUS = FORCE INDIA = WILLIAMS

FORMULA |

Bahrain breakdown

The much-anticipated 2010 Formula 1 season started with several legality issues and a batch of
new parts not yet seen in testing. Here's some of what we saw

LOTUS

As the newest of the new teams
on the gird, with just six months
to prepare the cars for the first
race, Lotus made a good showing
at the Bahrain GP. The team was
alone the amongst the new
teams, having both reliability and
new developments for the first
race. Throughout the weekend
the T127s ran with mini winglets
added to the rear wing. These
15cm wide winglets sitin a zone
with the rear wing regulations
that allows more than two closed
sections. As such, the middle span
of the wing comprises both the
winglet and a slot in the main
plane, totalling five sections in
this area. Lotus did try a shark fin
attached to the winglet briefly on
Friday in practice, but did not
continue with it on track.

FORCE INDIA

Force India completed the
Barcelona test with a completely
revised diffuser and beam wing
set up. The beam wing was no
longer splitin the middle, but
instead hooked up and over the
crash structure to align it with the
tall double diffuser. This
combination was raced at Sakhir
and was joined by a variety of
cooling options: outlets in the
shark fin; holes around the rear
suspension; openings in the front
of the sidepods and the
increasingly popular cockpit
openings. These cockpit openings
sit outside the exclusion zone for
sidepod openings and, being close
to the radiators, provide an
efficient outlet for hot air. In Force
India’s case, these openings
comprised both a rear facing vent
and a series of louvres.

WILLIAMS
Friday's practice session saw
Williams conduct further testing

LOTUS T127

Mini winglet on the rear wing

FORCE INDIA V]JMO3

Cockpit openings for improved cooling

WILLIAMS FW32

Slotted rear wing

of its blown rear wing assembly.
This wing takes the 15cm slot
inlet in the front of the main plan
and diverges to span the full
width of the wing. The team even
went so far as to conduct tests
with flow visualisation paint
applied, to show the complex
surface flow under the wing.
Neat features abound on
the FW32, one being the way
the rear wings connect to the
diffuser. Rather than using a
simple plate, the team have
developed a series of five small
vanes shaped to allow the
airflow passing between the
wheel to expand behind the
car. Elsewhere, the snowplough
turning vane is far more complex
than the launch version, or
indeed the Brawn 2009 device
itis inspired by. The vane is
mounted to the front splitter and
has an opening in the middle to
allow airflow to pass through it,
while still creating the vortices
that are directed under the
floor to feed the diffuser.

TECH EXTRA

)ONLINE RACE-BY-RACE FORMLULA |1 TECHNICAL ANALYSIS AT

\ www. racecar-engineering.cam/fl
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- NEW PRODUCTS THE LATEST MOTORSPORT TECHNOLOGY

BOSCH DASH DISPLAY AND LOGGER ELECTRONIC RAIN

LIGHT SWITCH

CARTEK HAS RECENTLY released a new dedicated
rain light switch, offering three pre-defined modes
of operation. By utilising a small microprocessor

in the toggle switch drivers are able to select
whether the light is off, on or flashing, the flashing
option allowing drivers to warn cars behind if they
are stationary on track. The switch will work with

BOSCH HAS RELEASED its new DDU8 channels. Recorded data from the any FIA-homologated LED rain light, and is easily
dash display and C60 logger. The DDUB internal 2GB flash memory can be integrated into existing wiring systems.

display integrates a programmable full downloaded via either high-speed See www.cartek.biz for more information
colour dashboard display with a data ethernet or wireless connection, with

logging system designed specifically the BT60 burst telemetry system.

for motorsport applications. The device The C60 data logger offers all the

allows for synchronised acquisition advantages of the DDU but without the

and visualisation of engine data from visual display.

the ECU, and chassis data from up to See www.bosch-motorsport.de for DI M E NSI ON U PR I NT

24 analogue and four digital input more information

STRATASYS HAS RELEASED its latest 3D printer, the
Dimension uPrint Plus, which offers cost-effective
rapid prototyping in a compact package. With a
footprint of 635mm x 660mm and weighing 70kg

the printer can be accommodated in most office
workspaces, making it ideal for design offices or small
engineering firms. The printer has increased capacity
over previous models, with an available build envelope
of 203mm x 203mm x 152mm, whilst two resolution
settings, 0.254mm and 0.330mm, are available.

See www.dimensionprinting.com for more
information

TOOL BOX

F1 TOOLS LIMITED has over 20
years experience in the sale of tools
and motorsport merchandise to
professional technicians, race teams
and motorsport enthusiasts. The
company’s range includes: limited
edition branded toolsets, tool boxes,
branded merchandise, motorsport
merchandise and collectable
technicians tool boxes and tool
storage solutions. All the F1 tool
boxes come with quick release

ball bearing track slides, gas-filled
cylinders for easy opening, double-
wall construction and all products
have either a extended g
or lifetime warranty.
See www.f1tools.com
for more information

m www.racecar-engineering.com « May 2010
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Champions
of Safety

Award-winning Fire and
Safety Systems

Congratulations to
Racecar Engineering
on 20 years
of service to motorsport.

2850 Lightweight, compact gaseous-based
E@ extinguishers - FIA, SFl approved.

Quick Release Steering Bosses

FIA Approved Rain Light

MARTIN

2009 LE MANS SERIES CHAMPION

www.lifeline-fire.co.uk

Our latest, award winning system - equally effective on
unleaded, diesel and bio-ethanol fuel fires. Winner of the
‘Most Innovative New Product of the Year’ at the 2008
World Motorsport Symposium.
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Z8E0 Foam-based extinguisher system
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Rollcage Padding

Lifeline Fire and Safety Systems Ltd. UK - Coventry CV5 6BU Tel +44 (0)24 7671 2999 USA - Santa Fe Springs CA 90670. Tel +1.562.945.6084



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

B DESIGN  AND INNOVATION

AERODYNAMICS THAT ALLOW CARS TORUN |
CLOSE TO ONE ANOTHER AND OVERTAKE

e e

A SYSTEM THAT STOPS A CAR GETTING AIRBORNE
WHEN IT HITS THE BACK OF ANOTHER
v X || _— =7 &
e | = n 28 I .“

- \“--~‘:‘--=_._
et - 4

7 & g / v -”____/
RO
P
e
s 5 /'
\ 4 -
/ 4
Ad

ndy cars of
_tomorrow

gineering.com = May 2010

<, 8 zuiknax ' @

’ =
LY . 9
b

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


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

CURRENT INDYCAR PERFORMANCE, >
BUT ACHIEVED MUCH MORE EFFICIENTLY | /

BODYWORK THAT PREVENTS
INTERLOCKING WHEELS

Artwork: |im Bamber

IndyCar is heading for the most radical Allare;gios  IAN WAGSTAFF
DeltaWing, BAT and :
Shake Up Of itS |Ife We EOOk at '[he maybe even others between the evolutionary and
. - if all the companies the revolutionary to decide what
current concepts being put forward for pitching o create the  the future holds.
itS 20‘] 2 re,birth next Indy car were to appear on The publication by the
the grid together then the glory Indy Racing League of its
days could be back. However, requirements and subsequent
economics dictate thatis not announcements from Dallara,
going to happen and what Swift and Lola in early February

seems imminent is a competition  were followed by the news that
May 2010 « www.racecar-engineering.com m
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- DESIGN AND INNOVATION

former Indianapolis-winning
designers Bruce Ashmore, Alan
Mertens and Tim Wardrop were
combining to present their own
bid - the BAT project. If the IRL
decides wrongly between them,
the Indianapolis 500 itself could
be in jeopardy. Get it right though
and its currently maligned series
could indicate the way ahead for
much of motor racing. At the time
of writing the League was not
going to indicate which way it
was leaning, although the word
around Indianapolis was that it
probably favoured staying with
what has been described as the
‘comfort zone’ option ie a new
Dallara-Honda V6.

ONLINE POLLS

The fans seem to favour neither
Dallara nor DeltaWing. Online
polls issued before the BAT
announcement indicated a close
run thing between Swift and Lola.
DeltalWing was the next most
popular, but only favoured by just
over 10 per cent, whilst Dallara -
perhaps unfairly blamed by fans
for the current sterile conditions
- was the least popular.

The IRL acknowledges the
desire for a multi-chassis formula
although, of the current bids, only
the DeltaWing project (described
in Racecar Engineering \/20N4)
would allow for this. Swift's chief
design engineer, Chris Norris,
believes that current economics
do not support anything other
than a spec formula. ‘We would
welcome the opportunity to
compete in a series with multiple
chassis and multiple engine
manufacturers. However, this
would bring an increase in the
cost of participation.

‘| hope that there could be
more than one supplier, adds
Dallara chief designer, Andrea
Toso, ‘but | think the economy is
not strong enough.

Each of the bids has its
pros and cons. Dallara is the
incumbent and has enjoyed
a good working relationship
with the governing body, but
people are looking for a change.
Swift is an indigenous supplier
and is highly experienced in
manufacturing for spec series,
if that is the way it must go, but
it has never built a car for the
Indianapolis 500. Lola, which has
the longest Indy car history of all
the bidders, has both its original

Dallara’s three concepts range from a mild update of the current car (top) to a version with a DeltaWing-style rear
end (bottom). The third design (middle) is thought to be a serious candidate, despite disapproval from fans

idea of two bodywork styles and
the fact that its chassis could
also be used for Indy Lights.
BAT has an unrivalled team of
Indy-winning designers and a
plan to bring more than just
Indy car work to Indiana, but it
must be able to persuade the
IRL that it can establish itself as
a manufacturer, Then there is
DeltaWing, which has the backing
of the teams and the possibility
of multiple chassis suppliers

and would get away from the
spec series concept, but would
perhaps be a step too far.
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The Italian company has shown
three very different designs,
indicating that it is prepared

to be conservative or radical.
One is simply an evolution of
the current car with the same,
distinctively pointed nosebox
and architecture, although the
rear bodywork is wider than
the wheels, offering increased
protection. With this suggestion,
the constructor is obviously
playing safe with a nod to
improvements in safety. The
front wing end plates would

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

also appear to provide greater
protection for the front wheels,
Arguably, the main visual
difference between this and
today’s car is the lower engine
cover with its 'shark’s fin'.

The second design is,
observes Toso, ‘more edgy. It
has a sharp look, but again with
increased protection for the
driver. Gone is the pointed nose
of the existing car but, like the
first design, the front wings are
being used for protection. The
sidepods, which slope outwards,
dominate the design, guarding
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Swift's designs are all based on the proven 017.N Formula Nippon monocoque and feature a number of popular
design elements such as an exposed engine and information lights, which let fans know car position and fuel load.
One thing that may go against Swift is its intention to build the cars in California instead of Indianapolis

against interlocking wheels
and with a sculptured feature
that protects the rear tyres. It
certainly looks different, but
whether it is attractive to the
fans is open to question. The

polls would suggest not.

The third design is more
revolutionary. With the delta
shape of its bodywork it has
echoes of the DeltalWing but,
unlike Bowlby's design, the

front wheels are exposed in the
conventional manner, but with
pods at the end of the front
wings for wheel protection.
Likewise, there is protection for
the rear wheels that is sculptured

into the enveloping bodywork.

Toso has long pointed out
that something had to be done
about the increasingly evident
problem of interlocking wheels. In
response to this, all three Dallara
proposals have bodywork that
is slightly wider than the outer
wheel rim. In order to prevent lift
off in a straight line, caused when
a car touches the one in front of
it, the shape of the underwing
has been designed to so that an
‘attacking car' is forced down,
not up. By properly shaping the
upper body, Toso also plans to
avoid cars tipping over when they
hit the wall after a loss of control
or having been hit by another
car. 'With an existing design you
can only do a patchwork, but
with a new one you can take
into consideration all the past
experiences, he said.

Whether the engine should
be a stressed member or not has
become a point of contention for
most concerned. Toso is adamant
that it should: ‘If the engine is not
stressed you have to connect the
transmission to the monocoque
in another way, so you need a
frame - and why do that?’' He
does not, though, discount the
use of a turbocharged in-line
four, as long as it is a stressed
member. He believes this would
have to produce at least 570bhp
(considerably higher than
DeltaWing designer Ben Bowlby
believes would be needed for
his concept), meaning high turbo
pressure and the consequences
that has on the life of the engine.
Alternatively, he sees a V6 with a
lower turbo pressure.

SWIFT

‘We are open to working with the
series organisers to develop not
only the car that they want, but
also the car that they need... and
on previous projects we have
found that sometimes these

are not always the same thing/
says the company's chief design
engineer, Chris Norris.

Swift seeks to reduce the
amount of downforce coming
from the wings. Whether this
means an overall reduction in
downforce or a change in the
balance of where the downforces
is created (wings or underwings)
is still open to debate. The most
conventional of its concepts
features a downforce-reduced
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front wing. Some concession
has been made to protecting
the tyres, but not as much as
with the other concepts. ‘With
this concept we wanted to bring
back interest in the mechanical
pieces, says Norris. ‘Nobody ever
sees the wonderful engines we
use. We felt it might be good
to display some of the engine,
perhaps the cam cover and the
rear suspension. On all three
designs show so far, the engine
is easy to see and one of the
discussions at Swift is whether it
needs to be quite this visible. A
‘downside’ to this approach would
be that sponsorship area would
be reduced.

One of Swift's concepts has
a front wing approach designed
to reduce drag, and also to
reduce the lift generated by the
front wishbones. One idea is to
have wheel pods that attach to
the uprights so they will turn
with them. For future concept
developments, Swift is now
looking at further drag reduction,
wheel protection and coming to a
conclusion about its wing studies.
Norris confesses that the design
group has considered many wing
ideas, but has yet to decide on
which direction it wishes to head.

Swift's ideas also include
bodywork that extends beyond
the wheels, one concept more so
than the other. 'The guard behind
the front wheel is at a high level
and the sidepod underneath
provides an exit for the air to spill
down the side of the car and from
the radiator intake, similar to LMP
cars with their exit ducts for the
forward venturi behind the front
wheels, explains Norris. The aft
body surface as it approaches
the rear wheel deflects the air
upward and provides a level of
drag reduction. Likewise, the
pods forward of the front wheels
are a drag-reducing device, as
well as being there to prevent
tyre-to-tyre contact. Swift is also
looking at guards behind the rear
tyre for future developments.

One of Swift's ideas to
improve the racing is what the
company calls ‘mushroom busters’
- referring to the mushroom
shape of the car's aerodynamic
wake signature. These, which
are already found on its Formula
Nippon design, sweep away the
vortices to create cleaner air
for the following car. The effect

-

——

—

Lola has a proven track record at Indianapolis, and would set up a new facility in Speedway if it won the contract.
However, feedback from fans suggests they feel the joint IRL and Indy Lights concepts are visually too conservative

achieved for the Formula Nippon
was small and Swift believes it
can be developed further for its
Indy car. On the Formula Nippon
the mushroom buster takes the
form of a blade device mounted
on the underwing to create a
vortex that sweeps the upwash
to the middle of the car and

or brake is being used.

As regards potential
powerplants, Norris feels it is the
engine manufacturers who will
have to have their say on the
installation, saying, ‘this needs
to be driven by them. He points
out that Swift has built cars with
stressed, semi-stressed and non-

ﬁd When two chassis
manufacturers lack harns,
development costs go

through the roof DD

upwards with a view to leaving
cleaner air for the front wing
of the following car. Ongoing
developments, however, could
mean something very different
for the Indy car.

Swift has joined the
entertainment debate further
with its proposal for ‘Swiftlights'
- an idea that takes the position
lights of Le Mans cars a stage
further. Light panels, made from
1mm thick clear plastic, that can
be pixel addressable and able to

indicate where the car is running.

Other information can also be
displayed, such as how much fuel
is on board, or how much throttle

stressed engines, but believes
the IRL will call for a stressed
engine installation.

LOLA

Lola has come up with a different
approach in that it has suggested
two aero performance-balanced
cars that would be able to
compete in close formation. The
company has also has targeted

a weight reduction to 1380Ib
(626kg) against the current
1540Ibn (699kg). ‘We have

tried to understand what is
important to the IRL. During our
early discussions it was talking
of having two engine suppliers

within a one (chassis)-make
series, says Peter McCool, head
of special projects at Lola Cars.
‘When two chassis manufacturers
lock horns, development costs

go through the roof. The IRL
wanted to cap costs, but it still
wanted visual differences.’ Lola,
therefore, came up with the

idea of a different body type for
each of the two engine suppliers
it was hoped would compete.
Whichever engine manufacturer
a team chose would then dictate
the body style it could use.
Although how many engine
suppliers there will be is currently
an unknown, Lola has stuck with
the two-body idea to provide at
least some visual variety.

Both bodies appear a logical
step forward from current designs
without appearing too wayward.
Indeed, from the side the B12/00
brings back memories of CART
inits heyday and Lola's IndyCar
DNA is clearly apparent.

In theory, the only reason for
choosing one bodywork over the
other would be a preference for
the look. 'We will match them
in the wind tunnel across the
entire ride height range, explains
McCool. 'If | were an engineer
on one of the teams, | would try
very hard to get an advantage
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from one kit or the other, but
there are ways of policing that’
Lola is proposing a series of

aero blockers that the governing
body can stipulate be run at
certain races. These will be able
not only to limit speeds where
required, but also ensure that
one body design does not gain an
advantage over the other.

Lola intends its chassis to be
suitable for both Indy Lights and
IndyCar, with simple upgrades
from one to the other. This would
allow drivers and teams to step
between the two championships
and potentially to flood the Indy
500 with teams for qualifying.
The current plan is that the Indy
Lights cars would be supplied for
the start of the 2013 season.

McCool: 'We believe what
we have come up with is a step
forward, but it may not be all
that is required. Our solution is
to have a wider front wing, so
this is likely to be the first thing
that is damaged. There is also
a structure at the back that the
following car will connect with.
In effect these are bumpers to
limit wheel-to-wheel contact.
The front and rear wings are also
less aerodynamically important,
so if a driver does damage his
front wing or end plate, this will
not destabilise the car as much
it would have done previously.
Structures in front of the rear
wheels should limit front wheel
to rear wheel contact, and the
front leading edge of the sidepod
has been moved forward for the
same reason. However, as McCool
says, ‘It is hard to maintain the
concept of open-wheel racing and
not have the possibility of wheel-
to-wheel contact!

Close racing is another IRL
requirement. ‘We satisfy this,
claims McCool, ‘by having the
reduced effect of the front
and rear wings. The majority
of the downforce is generated
by a large central underbody,
which is less susceptible to
downforce variations when
following another car. The Lola
aerodynamics team has been
working to find a minimum
wake solution to promote more
overtaking. Its concepts are
designed to eliminate the vortex
rings that fall off the back end
of a car through the underbody
and the rear wing endplates.
According to McCool, 'Our CFD

study already shows [these] will
minimise the wake and makes its
effect more manageable.
McCool's scheme will accept
both stressed and non-stressed
units, but he underlines that it
is always a problem to fit a road
car-based engine into a racecar.
‘There are a host of issues with
oil systems, levels of fluid, the
load going through the block etc.
I'm not a fan of racing unstressed
engines, he concludes.
Lola admits it has also
looked at a number of futuristic

safety and technical directors.
This enabled the team to
establish the safety features
of its design, in particular the
cockpit and driver position. The
goal has been to produce the
safest cockpit available, while
at the same time positioning
the driver in such a way that
he can drive the car in a more
aggressive fashion. The design
features the strength to sustain
minor knocks, as well as stable
aerodynamics to allow the

cars to run closer together.

ﬁﬁ It is hard to maintain
the concept of open-wheel
racing and not have the

possibility of wheel-to-wheel

contact Dp

possibilities and has suggested
that the best may be deferred to
appear as a 'next iteration option’.

BAT
The obvious feature of the BAT
project is the experience of its
partners who, over a 16-year
period, were among the most
influential of Indy car designers.
The skills of Mertens and Ashmore
are said to be complementary,
the former being best known for
his mechanical design ability, the
latter for his aero work.

BAT's initial move was to
meet with Indianapolis surgeon,
Dr Terry Trammell and IndyCar’s

The wheels are protected from

interlocking, although the design

still retains a Coke bottle shape

in the sidepods. The airflow path

is directed underneath what
Ashmore describes as 'sponsor-

friendly’ rear decking and towards

the centre of the car, in order to

facilitate overtaking manoeuvres.

The downforce, meanwhile, is
generated more from the stable
centre body profile than the
turbulent sensitive front and
rear wings as on current single-
seater designs.

The BAT design is one of
the smoother flowing of the
bids. Take Ashmore's 1990

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

Indianapolis 500-winning design,
move forward 20 years and
perhaps this is it. All the wheels
are well protected, the forward
ones between the end plates of
the sculptured wings and a guard
that protrudes from the front of
the sidepod. The rear is enclosed
front and back by the rounded
bodywork, from which flows the
integrated rear wing,

BAT has said that, if
successful, it will design and
build its entire car within a
30-mile radius of the Speedway.
It already has a drawing office
using the latest in CAD and CFD
software, while an agreement
has been reached with
ChassisSim, which has developed
a user-friendly Adams-type
modelling simulation program.
The team is also working on
a further plan to expand the
racecar industry that once thrived
in the area. In this it hopes to
offer more than just the factories
that both Dallara and Lola have
said they will establish in Indiana
to meet the IRL's criteria and take
advantage of a state subsidy
that governor Mitch Daniels has
indicated he may offer (Lola
intends still manufacturing
safety-related items such as the
chassis and nose box in England).
Swift, being a US company
anyway, has fewer constraints,
but does have relationships with
Indiana-based suppliers, including
Mark One Composites, which
it would use for much of the
composite manufacture. @

The BAT design team is highly regarded, but the firm would have to outsource to produce the cars
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The front section of the test car may not look extraordinary but proved to be a very potent downforce generator

t helps to understand the

effects of aerodynamic

changes at either end of a

racecar, whether the aim is

to achieve maximum
downforce, minimum drag or best
efficiency. This month we
continue our study of Nic Mann's
home built Mannic hillclimb
sports libre car and encounter
some very interesting effects at
the frontend...

The Mannic arrived at the

wind tunnel with a suspected
forward downforce bias,
something the first baseline run
confirmed (see table 1 below).
The overall aim with the car
was to increase downforce but
improve the balance so that
around 48 per cent of the total
downforce was exerted on the
front end, the car having a 50/50
static weight split with driver
aboard. Last month we saw how
a range of modifications at the

_ gaBLEL 4

Baseline aerodynamic coefficients on the Mannic
hiliclimber, based on an estimated frontal area of 1.6m?

CD -CL
0.764  1.507

-CLfront
0.855

-CLrear
0.653

% front -L/D
56.71 1.97

| |tABLE2 4

The effect of blocking the front louvres (results
expressed in ‘counts’ relative to the baseline case),
where a coefficient change of 0.100 = 100 counts

CcD -CL  -CL front
change change change
+20 -62 -al32

-CL rear % front -L/D
change change change
-69 -6.67 -0.13

rear enabled an overall downforce
increase, along with achieving
the desired balance. This month
we look at the mapping carried
out on the front end of the car.
Although most of the changes
involved either strengthening
the front end or losing overall
downforce to achieve a better
balance, they all added to the
understanding of the car.

The front end of the Mannic
looks superficially like a Classic
Clubmans'’ class nose, but the
lower surface of the nose section
is actually shaped like the
underside of an inverted aerofoil
section, so is in reality a wide
diffuser running the full width
of the car. Clearly, the flow from
this will be affected by what is
immediately downstream. In the
centre is the chassis, and at the
outer ends are the wheels, with
a reasonably clear path between
wheels and chassis, although
suspension is outboard and

driveshafts are present, too. To
try to augment the flow through
May 2010 « www.racecar-engineering.com m
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FRONT DIFFUSER
This terminates at the rear of the nose
section, with a vertical infill above that

PASSAGE OF AIR

These large louvres in the centre provide an exit
route through the chassis for some of the air that
has passed under the front splitter and diffuser

the centre section, attached to
the chassis is a secondary splitter
with a radiused leading edge and
a faired cowling channelling air
sideways and upwards. Small trim
tabs on the upper trailing edge

of the nose are also present,
offering three adjustments: high,
low and absent.

To test the effect of the
central louvres in the front
panel, they were blocked off
with a piece of card taped
underneath, and the changes
to the coefficients are shown in
table 2 on the previous page. It
would appear that the louvres
did indeed help the front end
to generate more downforce
and also to reduce drag slightly,
despite the compartment
beneath being cluttered with
front differential, inboard brakes
and springs and dampers.

PROFOUND EFFECTS

The little trim tabs were
checked out next, and for
such small devices these had
profound effects. The baseline

configuration featured the tabs
on the 'low’ setting, so table 3
(below) shows the effects of
fitting them in the 'high’ position,
and of removing them altogether.
Of all the configuration changes
made during this session, this
one was the most surprising, and
the effect of these seemingly
small adjustments deserves some
thought. Essentially, the trim
tabs were incredibly efficient
at increasing front downforce,
causing a commensurate
decrease in rear downforce and a
substantial shift in balance, with
an increase in overall downforce.
Not only that, they produced a
decrease in drag. All plus points.
The only downside at this
point was that the rear end could
not be strengthened enough to
balance the front with the trim
tabs on maximum, but time will
no doubt produce remedies to
that. However, as was shown last
month, it was possible to balance
the car with the components
available if the trim tabs were set
to the baseline 'low’ setting.

TRIM TABS

The front trim tabs are set to 'high' here

affect drag at all (see

So what were the Tikely
mechanisms by which these
plates proved so beneficial? It
seems probable they caused an
increase in local static pressure
on the upper surface of the nose
section ahead of themselves,
which would contribute to the
increase in downforce, But
one might expect this to be
accompanied by some extra
drag, too. However, we saw
how downforce gains from the
front wings of an F1 car did not

I T

The effects of altering the front trim tabs (results expressed in ‘counts’ relative to the
baseline case), where a coefficient change of 0.100 = 100 counts

CD

change
Remove trim tabs +13
Trim tabs to ‘high’ -20

-CL -CL front  -CL rear
change change change

-60 -169 +108

+30 +121 -91

% front -L/D
change change
-9.32 -0.11
+6.76 +0.10

__TABLES_

The effects of altering the front ride height (results expressed in ‘counts’ relative to the
baseline case), where a coefficient change of 0.100 = 100 counts

CD
change
Raise front ride -1
height by 14mm

-CL -CL front -CL rear
change change change
-121 -129 +7

m www.racecar-engineering.com = May 2010

% front -L/D
change change
-5.34 -0.16
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V19N9) and, as such,
generated useful increases in
efficiency (-L/D). So, with this in
mind, we might have expected
minimal change in drag from the
tabs. But in this instance there
was an actual drag decrease.
Perhaps then, an explanation for
this is they reduced the mass
flow over the car's upper surface,
increasing the flow underneath.
This mass flow increase under
the nose section would explain
the increase in front downforce
and would also mean less mass
flow encountered the rear wing,
which could in part explain the
reduction in rear downforce and
also the net reduction in drag.
The final configuration change
for this session was an alteration
to front ride height, and table 4
(left) shows the results. The fairly
large increase produced a marked
decrease in front downforce,
together with a significant
balance shift. So at least we
finished with no surprises!

Many thanks to Nic and fason
Mann for access to the Mannic,
and to Chris Lewis and Ling Xiao
for their assistance.
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Ultra-Lightweight for Reduced Unsprung Mass

Maximum Deflection in Combination with Smallest Block Heights

Exceptional Block Resistance and Durability

Precision Tolerances - The Tightest in the Industry

Precision Planparallel and Square End

Configurations Under Unloaded and Loaded Conditions to +/- 1 Degree

Lowest Side Loads with Load Center Ideally Located Relative to Spring Axis
Highest Linearity and Guaranteed Rate Consistency Within 2% Of Advertised Rate
Each Spring Individually Tested and Rated

Eibach Springs Lifetime Warranty

Eibach produces the finest racecar springs in the world. When other springs sag, or need frequent replacement, top race
teams, from F1 to WRC, from Le Mans to NASCAR, inevitably turn to Eibach. And wonder why they didn’t choose Eibach
in the first place.

To produce springs with unparalleled precision and repeatability, Eibach uses the world’s finest Hi-Ten spring steel,
produced to exceedingly precise tolerances-according to Eibach specs.

We use world-renowned German CNC coilers, as well as many machines engineered and built specifically by Eibach.
In short, we use state-of-the-art technology, in every step of the manufacturing process.

But it's not just about machines and technology: it's about people. Most notably, the Eibach Springmeisters, working
at production plants in Germany and the USA: Talented, expert craftsmen, each committed to creating the finest race
springs in the world.

www.eibach.com

Germany USA China United Kingdom

Heinrich Eibach GmbH Eibach Springs Inc. Eibach Springs (Taicang) Ltd.  Eibach UK

Phone:+492721 -5 11-342 Phone:+1 951 256 - 83 00 Phone:+86 512 5359 2388 Phone:+44 14 55 - 28 65 24
eMail:eibach@eibach.de eMail:eibach@eibach.com eMail:fyw@eibach.com eMail:sales@eibach.co.uk

Japan Australia South Africa

Eibach Japan Co., Ltd. Eibach Suspension Technology  Eibach South Africa P.TY. Ltd. e -
Phone:+81 4 67 61 - 36 10 PT.Y. Ltd. Phone:+27 41 - 45153 11 Iba[b
eMail:eibach@eibach.jp Phone:+61 2-99 99-36 55 eMail:eibachsa@telkomsa.net

eMail: eibach@eibach.com.au
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. FIRST PRINCIPLES

THIS MONTH:

[11 Is rocker arm
suspension with a 1:1
shock-to-wheel ratio a
good idea/

A It depends on how it
integrates with the rest
of the car

12 What's the best
way to locate a DeDion
tube?

A With parallel arms

Off your

rocker?

B T HE O OINS L LT AN T

continues inboard beyond the pivot point and has the shock vertical at the inner

EWhat is your opinion of rocker arm front suspension, where the top A frame

end? Space permitting, it seems a simple and effective system that minimises joints,
levers and rods, while possibly achieving nearly 1:1 shock-to-wheel ratio.

n its traditional form, the
layout does eliminate some
" parts and some wear points
compared to push rod or pull-rod
layouts. However, it requires a
long piece loaded in bending,
and doesn't lend itself to rising
rate as readily as push rods or
pull rods. Also, in most
of the old cars using it
the coilovers and the box
structures containing them

control arm / rocker by making
it a truss rather than a beam,
usually with the truss structure
below the pivot axis. In an
open-wheel car, the car would
then have similar appearance and
aerodynamics to a pull-rod car.
Or, if we want rising rate

doesn't lend
itself to rising

were situated by the drivers’ PrateE as reg adi Iy

ankles and would trap feet
and legs in crashes. Coilover
accessibility and shock cooling
were also often not very good.
In most cases, getting a 1:1
motion ratio involves making
the upper arms shorter than is
really desirable from a geometry
standpoint, although this will
depend on the particular design.
It is possible to improve
the structural efficiency of the

geometry, and if the upper arms
are inclined considerably to get
camber recovery in roll, and if we
have room above the pivot axis,
we will have a markedly v-shaped
rocker in front view. We may then
be able to add a compression
member across the top of the v,
from the upper ball joint to the
upper coilover end, and have a
truss structure that way.

It would even be possible to
incorporate adjustability into such
a design, rivalling that available
from a conventional pushrod and
rocker. The compression member
would effectively be a push
rod, of adjustable length, and
the system could then perhaps

be considered a push-rod
system, but with the push
rod and rocker more or less
integral with the control
arm, rather than separate.
This might offer a
reduction in the number of wear
and load points compared to
conventional rockers, and maybe
a small weight reduction, too. The
reduced number of load points on
the frame would be particularly
attractive for tube frame designs.

Whether the whole concept
would be advantageous depends
on how it integrates with the
overall design of the car.
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DeDion tube design
and location

transmission mounted directly in front of the axle. | plan to use a Watts linkage for lateral location. A single trailing arm

El am trying to decide on the arrangement to locate a DeDion axle in an Autocross car with a transverse engine /

on each side with a third central link does not seem appropriate because the transverse engine would dictate a very
short centre link, so | am considering parallel trailing arms on each side. However, | have seen applications that converge the arms
on each side to a single front mount. It seems to me that in this situation there might be bending forces applied to the arms when
one wheel rises and / or the other falls. Perhaps these are not significant because the axle will have quite limited vertical

movement. Any thoughts?

The simple answer is to go
with parallel arms. Converging
arms or hairpin-style ones with
a single pivot will bind in roll,
unless the DeDion tube has a
swivel in the middle.

A swivel in the middle
complicates the DeDion tube,
but this was actually a feature
of many designs when DeDion
suspension was popular in
F1 cars - for example the
Mercedes W154. That car used
a tube assembly that was
rigid in bending and tension /
compression, but not in torsion,
and single trailing arms, with
outboard brakes. Lateral location

rd

L Canverging arms ar

at the shafts, and the need for
any additional lateral locating
mechanism. Single trailing arms
were used, and brakes were
mounted inboard.

was provided by a roller in a slot
machined into the back of the
differential housing.

The Rover 2000 / 3500TC
on the other hand used a

A

A
rs J
Edf N

hairpin-style ones with a
single pivot will bind in rall

yy

tube that both swivelled and
telescoped, so it was rigid only
in bending. Lateral location was
then provided by fixed-length
halfshafts, eliminating the need
for any plunge accommodation

Both of these designs offer
somewhat more than 100 per
cent camber recovery in roll
(ignoring tyre deflection), and a
roll centre a bit higher than the
halfshafts or the roller.

m www.racecar-engineering.com = May 2010
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The Mercedes design
afforded very ample anti-liftin
braking, due to the combination
of outboard brakes and single
trailing arms. The Rover design
does not have comparable anti-
lift, despite similar side-view
geometry, because on that the
brakes are inboard.

Either of these designs could
also have used four trailing
links, and they wouldn't have
to be parallel. With outboard
brakes, that would permit having
any desired anti-lift in braking,
without significant bump steer,
which is not possible with
parallel trailing links. @
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Three factors determine the
performance of a competition steel rod;
weight, strength and balance. We
achieve these through experience,
manufacturing control and attention to
detail. Arrow steel connecting rods are
made entirely in the UK at our factory

in Leicestershire.

Arrow rods span all areas of motor sport:
"Track day’, ‘fast road’ car and bike applications
all the way through vintage / classic and club
racers to World Rally and Le Mans

So; whether you are a one time customer or an
international corporation we offer the same
high quality connecting rod to all.

* 817M40 double air re-melt steel
*H and | sections

« fully machined

- uniform machine peened

* balanced within a gram

* 100% magnaflux tested

* laser etched

- highest quality fasteners

* any quantity

at the heart of the world's most powerful engines.

ARROW

connecting rods from Arrow Precision

Arrow Precision Engineering Ltd,
12 Barleyfield,

Hinckley Fields Industrial Estate,
Hinckley, Leicestershire.

LE10 1YE

United Kingdom

tel: +44 (0)1455 234200

fax: +44 (0)1455 233545

web: www.arrowprecision.com

emall: enquiries@arrowprecision.com
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Control Systems

Ole Buhl Racing Ltd
Roughwood House, Highwood, Nr Ringwood, ire E

Tel +44 (0) 1425 478822 Email sales@obl:.lin CON
www.obr.uk.com

waw.itgairfilters.com

Filtration technologies
designed using the
world class:

—J

2 Foamf//}ers

Advanced air filter technology for professional motorsport

Why foam? Because, compared 1o paper or other filter technologies, reticulated polyurethane foam achieves optimum
performance against three key criteria:

1. Maximum Air Flow — the ability to allow air to pass through without causing a large drop in pressure.
2. Cleaning Efficiency — the ability of the filter to remove dust and contaminents from the airflow.
3. Dust Load-up Tolerance — the capability to absorb a large

amount of dust before cleaning or replacement is required. Four leading brands for
all motorsport needs:

Raceair
Maxogen
Megaiiow
Profilier

Congratulations Race Car Engineering on your 20th Anniversary v

Induction Technology Group Unit B Quinn Close, Seven Stars Industrial Estate, Whitley, Coventry CV3 4LH 5
Tel: 024 7630 5386, Fax: 024 7630 7999, Email: sales@itgairfilters.com C&” now on. 02 4 7 630 5386

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

Further speed
anomalies

Part 2 of our insight into speed-derived data

nlast month's Databytes we
saw how an ill-positioned hub
speed sensor can lead to
spurious readings in the data.
This month we will look at the
area highlighted B inimage 1
below. Here we see that the
speed as derived from the hub
speed sensor takes a large dipin
this period relative to the GPS
unit, but then suddenly jumps up
to a non-believable speed,
double what it previously was.
To investigate this, firstly we
will fix the data trace such that

we can compare the two speed
traces in relative terms. We came
to the conclusion last month the
hub speed was exactly double
within a certain speed range, so
we can create a maths channel
based on these conditions that
results in an almost corrected
speed trace, as shown in image 2.
Note that this will not produce
an absolute cut-off value due to
the effects of logging rate and
the sensor having the problem
within a tolerance band. A more
sophisticated algorithm to correct

for this could possibly use this,
combined with rate of change of
signal, to correct the signal.
Following this mathematical
conditioning of the channel
allows us to overlay the traces
from the GPS and hub speed and
to see in more detail what the
problem is. In image 3, overleaf,
we can see the speed trace from
the hub drops off the moment
the power is released and then
gradually tends towards the sam
value as the GPS signal over the
course of the deceleration.

EX P1 Math Management

[Dengre Soeed B [soesd.pcomecied [mesoworton |
() Sperd_gPs
@ Speed 7L @ Data rate
() Speed_RL_Corrected (=) 5ame as of channel Spemd_GPS v
(s Speed_RL_Half
[Speed_AL_Hal]|Spesd RLJ
—_—

Filter : Finition evaluates successfully

< =

Image 1: trace showing speed
derived from two sources - a GPS
unit and a wheel speed sensor.
in section B we can see a major
misalignment under deceleration

Figure 2: using a maths channel to
correct the anomaly in the speed
trace seen in the trace above
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THEORY

In its most simplistic form, hub
speed is calculated by counting
the time between triggers on a
toothed wheel and knowing how
far the wheel has travelled (from
the loaded radius) in that period
between triggers. With a race tyre
being a non-rigid body, this means
that the loaded radius changes as
a function of speed and load. The
data that is the subject of this
article is from a drag motorbike, so
we can assume that the tyre
loaded radius changes quite a lot.
From that we can quote an
equation to calculate speed of a
hub to be given as:

TyreDiameter{m)* Pi
WheelTriggers * SpeedRaw(Seconds)

where: TyreDiameter is double
the loaded radius; WheelTriggers
is the number of triggers in
one complete revolution of the
hub and SpeedRaw is the time
between triggers.
This means that:
e Anincrease in wheel diameter
yields a higher speed
¢ Adecrease in wheel diameter
yields a slower speed

POSSIBLE EXPLANATION

If we assume the front wheel as
an un-driven wheel is not subject
to as much tyre growth and
deformation as the rear we can
make an assumption that the GPS
speed is equal to the front hub
speed, and that front hub speed is
very similar to vehicle speed.

On this assumption, we can
calculate a percentage slip of the
rear wheel relative to the front.
This is simply expressed as:

Re arWheelspeed
FrontWheelspeed

This would nominally return a
value greater than 100 per cent
when the rear wheel is slipping. In
this example, we see that the slip
value is almost exactly 100 per
cent during acceleration before

B ATABY T E o —
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Image 3: overlaying the two traces we can see the speed trace from the hub drops off the moment the power is
released and then gradually trends toward the same value as the GPS signal over the course of the deceleration

AN

0
T | 15900 por

Image 4: expressing the two traces as a slip shows a percentage slip rate, which better explains what is going on

falling away under deceleration.
In the case here, this implies
the loss in hub speed with respect
to the GPS speed is caused by
a reduction in radius. This is
strange behaviour, as we would
expect in a drag vehicle for the
rear tyre to be slipping.
Investigating further, if
we normalise the rear wheel
speed to that of the GPS speed

Test your own data analysis skills by going online at
www.racecar-engineering.com/databytes

Here you will find a monthly challenge set by Cosworth, together
with an explanation of the answer by one of its data engineers.

m www.racecar-engineering.com = May 2010

under deceleration through a
multiplication factor, we see
that the rear wheel speed is
now greater than the GPS speed
under acceleration, which is more
likely to be the case. Expressing
this as slip again, using the same
equation as before, we see this
is now a very reasonable 7-8 per
cent slip, which begins to make
sense (see image 4 above).

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

CONCLUSION

This method shows how logical
thinking can be applied to a
problem utilising the power of
the mathematical functions

of a data analysis package,

and prevent the all too typical
immediate thought that as the
data system is not providing the
answers you expect that it

must be incorrect. @

COSWORTHI

Produced in association with
Cosworth

Tel: +44 (0)1954 253600

Email: ceenquiries@cosworth.com
Website:
www.cosworth.com/motorsport
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- HINDSIGHT RACECAR ENGINEERING

The last word
on technology

Reflections on 20 years of unrivalled motorsport engineering coverage

o say that Racecar
Engineeringis 20
years old is a bit
misleading. The
magazine itself may
be 20 years old this issue, but
the brand itself has been around
for a little longer. Racecar
Engineering was created by
journalist and author lan Bamsey
in the 1980s, the Englishman
having previously founded
Automobile Sport magazine. ‘It
was around 1985 when the idea
for a technical magazine really
started to form in my mind,’
Bamsey explains. The idea was
simple: to cover the technical
side of the sport and document
it. At that time nobody was
doing that. In the old days you
would find technical pieces in
titles like Autocar but, in the
1970s, all the technical coverage
seemed to dry up and in the ‘80s
there was nothing. So the need
was clear.
In 1986 the Racecar

Pt by 1 Fotsv Ui b
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Engineering brand appeared for
the first time, not on the front
of a magazine at all but on the
title verso of a book, Bamsey's

when | found out that Paul Van
Valkenburgh had used it | realised
that | had got it well Bamsey
also experimented with another
brand in some of the lower end
practical motorsport books, Race

ﬁﬁ The idea was simple: to

cover the technical side of the

spaort, and document it Dg

Ferrari 312 & 512 Sports Racing
Cars, The Porsche Hunters. It was
very much a history book, but
focussed on the technology of
the cars. Bamsey was using his
books, published by Haynes, to
develop the magazine concept.
But Bamsey was not
completely decided on the
name, having toyed with the
correct English version of Racing
Car Engineering. ‘'That just
didn't sound right, so | settled
on Racecar Engineering, and

Tech, which eventually became
the name of a section of the
magazine focusing on individual
technologies and components.
In 1986 Racecar Engineering
received its first press
accreditation for an event, the
San Marino Grand Prix, and later
the Le Mans 24 Hours, starting
the title's long-running coverage
of the sport's most challenging
race. The brand has been
represented at that event every
year since, and still features

LE MANS & INDY

unrivalled technical coverage.

By 1990 event press officers
decided it was high time they
saw this magazine that they
were giving passes to. Bamsey,
who by then had been joined

by Alan Lis, was asked to

show the FIA an issue of

Racecar Engineering. So the

two set about making one.

It was based on the format

of Bamsey's 1988 book,

International Race Engine

Directory, and featured no
advertising whatsoever, Just 500
copies were printed, making it
extremely rare today, but there
was now a magazine to show to
the FIA. Two subsequent issues
were produced, but Bamsey was
now looking for a publisher.

At the 1991 Autosport
show, he teamed up with
former Autosport editor Quentin
Spurring and, after a short delay
whilst Bamsey and Spurring
worked together on another
project, Q.Editions published

THE BIGGEST
LE MANS
EVER!
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The men who have brought you Racecar Engineering: (from left to right) Tony Tobias, Quentin Spurring, Charles Armstrong-Wilson and Graham Jones

the fourth issue of Racecar

Engineering. 'We called it Volume

2 No 1 because it had more
pages, more colour and adverts!'
explains Bamsey.

The arrival of adverts meant
that someone would have to sell
them and that man was Tony
Tobias. 'It was his energy and
enthusiasm that made it work,
adds Spurring. 'He managed to
sell 9 adverts into V2N1 - AP
Racing, ATL, Castrol, Earl's, F1
Racewear, Instron, Lola, Minister
and Rapid Movements.

That issue arrived in time for
the staff to take it to the 1992
British Grand Prix at Silverstone,
where Patrick Head commented
that it had 'too many pictures’
and Max Mosley said it was 'hard
to get into’,

Mosle

FIA presiden
f
EXpliins his
vision for
Formuta 4

_N_“'_‘_" F1 cars

TWE Modelling
OYOTA ALMOST WON ohturare 1o o
'‘ORSCHE CAME IN 1-2

ULA PALMER AUDI:
R CAREER BOOSTER

Two issues later there were
45 advertisers and, by 1995,
the magazine was in profit
(largely thanks to having a
stand at the PRI Show in the
USA). Things were going well,
despite the fact that Bamsey
had now left the company, and
soon a bigger publisher started
to take notice. The result was

Trans b‘e

impos

opening up Ferra
‘box of secrets

ri's

Racecar Engineering was sold

to the publisher of Cars &

Car Conversions, Link House
Magazines in 1996, with VSN5
being the first issue under the
new regime. Link House was
later absorbed into IPC Media,
the UK arm of Time Inc, and
remains the title's publisher.

Spurring's leadership gave

way to Charles Armstrong-Wilson

in 2000, and the following year
the magazine benefited from

a new look. Armstrong-Wilson
left the magazine in 2008, with
former Minardi F1 press officer
Graham Jones taking the controls
later that year. From 500 copies
of the first issue to more than
65,000 readers today (combined
with the website) Bamsey's
idea is ageing very well indeed!

EORMUI
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If there's one thing everyone involved in European motorsport seems to agree on,

it's that Audi has built the greatest racecars of the last 20 years

To celebrate Racecar
Engineering’s first 20
years we decided to ask a
number of people
concerned with the
magazine to select some
particularly notable events
and persons from the last
two decade, with the
intention of revealing
Racecar Engineering's
choice of Greatest
Engineer, Greatest Car
and Greatest Innovation.
QOur panel included,
Ian Bamsey, Charles
Armstrong-Wilson, Graham
Jones, Peter Wright,
Lawrence Butcher and
Sam Collins, with further
suggestions made by a
number of contributors.

redictably, the results
of the deliberations
over who and what has
contributed the most
to racecar engineering
over the last 20 years were
varied in many areas, but nearly
everyone agreed on one thing -
the greatest racecar was an Audi.
‘Audi has always tended to
go its own way when it comes
to motorsport, from the early
days with its highly successful
turbocharged, four-wheel drive
Quattro rally cars, through
its TransAm and IMSA racing
programmes, explains Graham
Jones. ‘However, winning the
12 Hours of Sebring and the 24
Hours of Le Mans with the R10
Sports Prototype in its first year
of competition (2006), making
it the first diesel-powered car
to win either of these blue
riband endurance events, was an
amazing technical achievement.
And that sentiment is echoed by
Racecar Engineering's technical
consultant, Peter Wright, who
cited the R15 TDI as his choice.
Charles Armstrong-Wilson,

m www.racecar-engineering.com « May 2010

Sam Collins and Lawrence
Butcher, meanwhile, all

plumped for its predecessor,

the R8. ‘People forget the sheer
dominance of the R8 in Sportscar
racing, explains Sam Collins.

‘The car was not just fast, it was
innovative, too. Look at the FSI
engine, the way the car was

ﬁlfl The car was not just fast,

This was further witnessed at Le
Mans when the Joest Team was
able to complete an entire swap
of the rear end of the car in just
over four minutes. But there is no
one 'trick” item that differentiates
the Audi from its competitors, it is
the subtle details that make the
difference...

Following the R8's crushing
victory in the 2000 Le Mans 24

it was innovative, too Dp

designed to be easy to work on,
and its solid design. It was the
perfect endurance racer,

So the decision was taken
that the joint winners should be
the Audi R8 and R10.

The Audi R8 was first
introduced in 2000 as a
successor to the previous
year's RBR. Sportscar design
commentator Mike Fuller of www.,
mulsannescorner.com observed at
the time that ‘Audi has produced
a thoroughly detailed machine.

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

Hours Racecar Engineering took
a closer look at the new Audi.
‘The manufacturer returned for
a second year with a car bearing
the RB8R type number, but here
the similarities with the 1999
project ended. The Audi Sport
chassis design team, headed by
Wolfgang-Dieter Appel, produced
a striking new chassis based
around an all-new, Dallara-
manufactured monocoque. Its
dimensions kept to the minimum
requirements of the ACO LMP

All photos: LAT; Audi Sport
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piston ring technology, innovation and
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temperature, preventing expensive accident damage.
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on-going maintenance costs.
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They say history is

what happens
while you are quietly
trying to get on with
your life. Well, in my
case, not so quietly.

One day I got a call
from my old pal ‘Q" aka
Quentin Spurring asking
for my opinion. Knowing
I had started run the
advertisement and
circulation departments
on Cars and Car
Conversions, Q wanted
to know whether I
thought launching
Racecar Engineering
would be a viable
business venture.

We concluded the
motorsport industry
did not have a B2B
publication to assist
suppliers find a market
for their products, or for
racecar manufacturers
to read about them.

Q asked if I would be
prepared to assist him. I
had faith in the project,
s0 agreed and, after
three successful issues,
became a permanent
part of ‘the family’. The
rest is history, but the
last 20 years have been
the happiest times of
my life. To have worked
on every single issue
of Racecar Engineering
has been a privilege and
it has been an honour
to serve and be a part
of one of the greatest
industries in the world.

None of this would
have been possible,
however, without my
wife Dixine, to whom I
owe a debt of gratitude,
both for supporting
me and for marketing
subscriptions at every
overseas show we
exhibit at.

The R10 set a precedent for other manufacturers to follow, by becoming the first diesel-powered car to win Le Mans

900 rules, to such a degree that
drivers taller than 1.8m found
the cockpit a tight fit. Every
effort was made to reduce

the c of g height, concentrate
mass within the wheelbase and
reduce the frontal area of the
racecar. To this end, the front and
rear suspension systems were
re-designed to place the coilover
units lower in the car. Changing
to side-mounted water coolers
resulted in a narrower tub, which
allowed the engine to be fully
stressed, improving chassis
rigidity and saving the weight

of the tubular steel A-frames
used previously.

The aerodynamic test
programme, carried out in
conjunction with Fondmetal
Technologies, resulted in upper

body panels that fitted far more
tightly to the running gear
beneath than on the previous
design. The underside of the car
was closer to the limits of the
regulations than it had been,
particularly in the area of the
front diffuser, which followed
the principles first seen on the
Toyota GTONE racecars in 1998.
A 20 per cent reduction in
frontal area was claimed along
with a 10 per cent improvement
in the lift-to-drag ratio.
Outwardly the RBR engine
appeared unchanged from
1999, although the layout of
the engine bay was revised
to cater for a closer fitting tail
section, The twin turbocharged
Audi V8 engine was designed
around a flat plane crankshaft,

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

in deference to exhaust tuning
and fuel economy advantages.
The 2000 engine weighed
around 12kg less than it had
originally, a significant part of
the saving coming from a lighter
exhaust system. Engine project
leader Ulrich Baretzky claimed
major gains in torque output and
driveability with an eight per cent
improvement in fuel efficiency,
enabling him to state before the
race that the R8Rs would be able
to routinely run a full 13 laps on
a tank of fuel.

A revised version of the
1999 longitudinal gearbox,
produced in conjunction with
UK company Ricardo, featured
a new magnesium alloy casing
and updates to the internals that
saved more than 15kg.
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To anyone with a
passion for

motorsport technology,
editing Racecar
Engineering is surely
the dream gig. I never
ceased to be amazed by
the access the job
brought. Whether it was
the chance to spend
time with Gordon
Murray or Adrian
Newey, the opportunity
to work with the likes of
Peter Wright and Paul
van Valkenburgh, or the
friendships with writers
Allan Staniforth and
Carroll Smith, it was all
a dream ticket. Even the
engineers who work
within the sport are
unlikely to see behind
quite so many locked
doors as I had access to.

There is a thrill in
holding a fragile-looking
Formula 1 piston in
your hand, while being
quoted the forces it
will be subjected to.
Likewise, watching a
brake being loaded on a
rig until it glows white
hot, or an engine being
run to its maximum
in a test cell. This is
where races are won
or lost, yet enthusiasts
who pay a fortune for a
grandstand seat never
get to see it.

Above all, my
lasting memories are
of the inspirational
conversations with
some truly brilliant
minds. Editing
Racecar Engineering
was a very special
opportunity — often
frustrating, infuriating
and exhausting, but
certainly never boring.

Audi introduced its FSI technology in 2001, reducing fuel consumption and improving performance in the process

In keeping with Audi
philosophy the rear end of the
2000 RBR was configured to
allow rapid replacement in the
event of not only transmission
problems, but also suspension
and brake issues, The revisions
allowed this process to be carried
out even faster than in 19989,
Having qualified in the first
three positions, the Audis were
similarly dominant in the race.
As the opposition dissolved,
the silver cars extended their
advantage over the field and, at
the finish, the winning RBR was
no less than 24 laps (326km)
clear of the first non-Audi
finisher in fourth place. Two of
the R8Rs required new rear-
end assemblies, an operation
achieved in a jaw dropping four
minutes in one instance. The
winning car's avoidance of this
necessity proved decisive.

According to Michael
Pfadenhauer, Audi Motorsport's
chief aerodynamicist, when you
start to develop a car for a new
race series you start with the
regulations, just like you do in
Formula 1. This gives you the
basis for a design. '‘Normally, you
don't have a car already existing
when you do this for the first
time, as was the case for the R8,
said Pfadenhauer. ‘Thereafter
you base your developments on
the old car. Unless you find that
the old car was uncompetitive
in some ways, then you have
to re-design these things more
extensively. Similarly, if you
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have an existing car and the
regulations change significantly,
you have to go through the
whole design process again. At
the moment the changes are
rather moderate, so the current
car is an evolution of the existing
car’ So the RB was only changed
slightly over its first two years.
‘These changes are probably
unnoticeable to the general
public, continues Pfadenhauer.
‘But a big step was made from
1999 to 2000 because the '99

car is the first car that has been
designed with CFD as an integral
part of the design process.

For the 2001 Le Mans 24
Hours the RB was fitted with a
direct injection engine, which
Audi branded Fuel Stratified
Injection (FSI). This gave the
R8 a significant reduction
in fuel consumption (around
eight per cent) and a boost in
performance. The FSI process
injects the fuel directly into the
combustion chamber, timed to

ljﬁ The FSI process injects
the fuel directly into the
combustion chamber DID

car was not at the optimum and
we needed some experience
with it to find out where the
optimum was under the current
regulations. In 2000 there was
a big step, which was visible

to the outside. After the initial
scheming was done for the ‘99
car from the regulations, Audi
turned to CAD for the design,
accompanied by wind tunnel
tests at 25 and 40 per cent
model scale. The current design
process, however, is different.
‘Now that we have a good basis
for the car and the fact that
CFD technology has developed
considerably in recent years we
are now including CFD in the
design process, but this is only
arecent innovation. The 2002

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

the millisecond. The necessary
pressure of over 100 bar is
provided by a piston pump,
which supplies fuel to the
electromagnetically-actuated
injectors in the cylinder.

The system was capable of
two different charge modes:
stratified charge operation
and homogeneous operation.
Stratified charge operation
allows particularly economical
fuel consumption at part throttle
because an ignitable, rich mixture
is only necessary around the
spark plug. The rest of the
combustion chamber contains
strata of air / fuel charge with a
high air excess.

FSI technology makes this so-
called stratified charge possible
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by controlled charge movement
in the combustion chamber and
injection directly before the
moment of ignition. At high loads,
the entire fuel / air mixture in
the combustion chamber has
the ignitable ratio of lambda=1
(homogenous operation), which
enables a considerable fuel
saving (owing to their high-
performance requirements, race
engines only operate with a
homogeneous mixture).

The R8 won Le Mans in 2000,
2001, 2002, 2004 and 2005. It
was only beaten at the race once,
in 2003, by its very close relative,
the Bentley Speed 8, which was
fitted with a 4.0-litre version of
the R8's engine.

THE DIESEL REVOLUTION

By 2002, though, the Audi Sport
engineers had their sights set on
the next project - the R10 TDI,

a diesel-engined successor to
the R8. We'd been involved with
discussions on the rules since
the very beginning. We sat down
with Daniel Poissenot and Daniel
Perdrix from the ACO in January
2002 in Ingolstadt and, over a
beer in the evening, talked about
racing in the future... and the idea
came out that we should build a
diesel. That's where it started,
explained Audi's head of engine
technology, Ulrich Baretzky. ‘The
next step was in Sebring in 2002
where | had a list of questions
from the ACO and went off to
think about them. The ball played
backwards and forwards until
the rules took shape. And while
the idea obviously appealed to
Audi marketing, Baretzky's eyes
twinkle when he says, ‘Oh yes,

| wanted to do it. It's as simple
as that!'

Both parties wanted this new
idea to work. Unsurprising really,
as currently every second Audi
sold is a diesel, and Audi invented
direct injection for road cars -
introducing the five cylinder,
120bhp, TDI engine, with
direct injection and electronic
management, at the Frankfurt
Show in 1989. It also knows that
diesel needs a major change in
image to bring acceptance in
the USA. The ACO, meanwhile, is
actively promoting responsible,
useful technology, and last year
introduced the Ecology Trophy
at Le Mans - created by the
Automobile Club de France, and

The TDi lump that appeared in the R10 wa

won by the R10's predecessor,
the R8.

When the ACO framed the
equivalency rules in 2003 (for
2004) they offered a carrot
for a diesel to challenge for
outright victory - also attracting
interest from Peugeot, who were
slated for a return in 2007, The
carrot was that a diesel, either
supercharged or turbocharged,
could displace 5.5 litres, as
opposed to the 4.0 litres for
forced induction petrol engines,

- HINDSIBHT RACECAR ENGINEERING oSN

a production diesel engine for
racing, as the under-funded
Taurus Lola-Caterpillar effort had
done in 2004. 'No, | didn't see
any potential in that at all. The
way they did it and the money
they had gave them practically
no chance. You just can't take

a road engine and go into LMP!
But in one respect, he did see
the Taurus effort as a threat, if
only to diesel's credibility: ‘My
concern was the way they did it,
with all the smoking and all the

ﬁd the only racecar in
the world to combine
turbocharging and direct

injection DD

or 6.0 litres for naturally-
aspirated petrol. Maximum
boost for a diesel is related to
displacement, and for the R10 is
2.94bar absolute, while a single-
turbo diesel must run a single
55.9mm restrictor and a twin
turbo (like the R10) is allowed
two 39.9mm restrictors.
Baretzky acknowledges
the rules were framed to give
an incentive: 'The ACO knew
they had to give a theoretical
advantage at least. Any company
looking to move into diesel would
have to take an enormous risk,
because making a diesel race
engine is very different from
making a gasoline (petrol) race
engine. He also knew there
was no future in trying to adapt

problems in Le Mans [it lasted 35
laps] doing more to destroy the
potential image of a race diesel
than to move it forwards.

He did have another
benchmark though: ‘our TFSi
engine and the R8. Which, it must
be said, has been everyone else’s
benchmark too, because although
the R8's 610bhp, 3.6-litre,
twin-turbo V8 introduced the
petrol direct injection TFSi format
as long ago as 2001, it is still
the only racecar in the world
to combine turbocharging and
direct injection. Or at least it
was until the R10 arrived, and
translated both to diesel, in the
programme that now evolved.
The schedule was fixed by
September 2003 and the hard

LAT

s the world’s first purpose-built diesel race engine. And boy did it work

points of engine layout were
agreed by early 2004 - including
the number of cylinders, bore,
stroke and external dimensions.
‘That,’ says Baretzky, ‘was the
most important stage, because it
affects everything that follows.
You can make the biggest
mistakes at the beginning - get
it wrong here and it's almost
impossible to correct it later.
Which is why we thought about it
all extremely carefully before we
fixed the basic parameters. It was
clear we had to take maximum
advantage of the capacity

for example, because more

than anything a diesel engine
depends on capacity. That was
why it became 5.5 [litres), and a
\/12 gave the best compromise
between what we wanted from
an engineering point of view and
what Audi wanted to do from a
marketing point of view.

ENGINE SPECIFICATION

So they started experimenting
with a single-cylinder mule, and
modified production engines,
but what emerged as the
definitive R10 TDIl engine is a
5.5-litre, dry-sumped, 90-degree
V12 (offering smaller, stronger
piston crowns than engines
with fewer cylinders), with

four camshafts and four valves
per cylinder. There are two
Garrett turbochargers with
maximum boost and restrictors
as per regulations, as well as
air-to-liquid intercoolers. It

is the first ever Audi diesel
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. RECOLLECTIONS BY GRAHAM

Much to my
amazement, this is the

19th issue of Racecar
Engineering for which I
have been responsible.
Even so, I am very aware of
being the new kid on the
block. It is impossible to
have accumulated the fund
of anecdotes and stories
from which Quentin and
Tony can draw, given their
time served with the
publication, but there are a
couple of events that stand
out for me in the last 18
months. One such was my
first visit to the
Performance Racing
Industry show in Orlando.
The initial impression on
walking into the main hall
of the Orange County
Convention Center was the
sheer scale of the event,
followed by a mild case of
panic: how were we going
to see everything in the
space of just three days?

The lasting impression
was of a show as only the
Americans can do, from the
spectacular gala breakfast
on the opening morning,
complete with a NASCAR
Cup car being driven into
the hall, to the Happy
Hour that brought each day
to a close.

However, perhaps the
most amusing interlude
of the Florida sojourn
occurred one evening a
short distance from the
Convention Center, when a
few of our number decided
to go to BB King's club
for dinner and to listen to
some live blues music. As it
transpired, it was ‘singles
night’ at the venue, there
were precious few blues
songs played and the
evening culminated with
a majority of the locals
climbing up on stage for
a mass line dance. It was
certainly entertaining, but
not quite what we had
been expecting...

The other memory that
sticks with me involves
a visit to Warneton
Speedway, in Belgium,
last summer, along
with editorial assistant,
Lawrence Butcher, and
deputy editor, Sam Collins.
We were there to fit

~ rea—
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data-logging equipment
to a couple of European
Late Model Stockcars for
a feature we had planned
for the magazine, and also
to provide some moral
support for Sam, who was
competing that weekend.

The Late Models were
very much the ‘star turn’
of the programme but, at
one point between races,
Lawrence and I decided
to venture to the outer
paddock in search of frites
with mayonnaise and the
local beverage. The sight
that greeted us resembled
a scene from Mad Max,
as the large number of
bombers and bangers that
were also competing that
day were being ‘fettled’
before their next races.

In one particular case, a
young lad, who could have
been no more than 10 or 11,
was knocking eight bells
out of a very dented bonnet
with a sledgehammer
about the same size as him.
As we were taking in the
scene, an adult member of
the team wandered over
and, although my French
is a little rusty these days,
I think suggested that it
might be more productive
in terms of the bonnet’s
overall fit and finish if he
hammered on the inside
rather than the outside...

All of which I think goes
to prove that you can't
be around motorsport for
any length of time, and
the people who work and
compete in it, without
amassing some great
experiences — a point with
which I feel my fellow
editors, and TT, would
undoubtedly agree.
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with an aluminium block and,
although it is probably about 50
per cent heavier than the RB's
\/8, there are links. ‘Apart from
the combustion process, says
Baretzky, 'we tried to take over
as much as we could, because
we don't have to re-invent the
wheel every time. There are
differences because of the
demands of diesel, but look at
the structure of this engine and
you'll see it's very similar to the
structure of the R8. Most of the
similarities are in the bottom
end, most of the differences in
the top end. For example, the oil
system is adopted from the R8.
We'd proved it worked so why do
something new?’

making electronic management
systems for petrol engines for
25 years, to make a system for
a diesel race engine was a big
challenge for both companies.
Injection pressures of around
2000bar are far greater even
than the 1600bar now seen in
production, with combustion
pressures way above anything
previously seen in any Audi
engine. 'Of course you have much,
much higher combustion pressure
compared to a petrol engine and
that affects the stress on the
piston heads, con rods, crankshaft
and many other things. You try
to make everything as light as
possible, just as you would with
any other engine, but the loads

ﬁﬁ hopefully we've given
them some inspiration for
the next generation of
road engines pp

The all-important fuelling
regime uses Bosch common rail
injection with multiple orifice
nozzles and Piezo injection
valves, Management is Motronic
MS14, and the system was
a completely new design. As
Baretzky explains: 'we really
started from zero to make a
system for diesel, and to fulfil
the demands of racing. Those are
demands you find nowhere else,
and although Bosch has been

are there and there's no use
trying to deny it. You have to
make it as close as possible to
minimum weight while respecting
the stresses’, But watch this
space: This technology will come
into Audi road cars within about
a year and a half. Let's say we're
doing a very hard test on the
technology now.

There will be other road
car lessons, too. Strength
without weight prompted the

BLAST FROM THE PAST

In the beginning, a youthful
TT peddled (scooted?) Racecar
Engineering around the
paddocks, direct to those who
it was aimed at
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all-aluminium construction,

and Baretzky admits, "Some of
our colleagues in production

said it would never work, so

now we've proved that it does,
hopefully we've given them
some inspiration for the next
generation of road engines.
Metallurgy has broader synergies,
too: ‘We're using alloys that are
used in production engines,
because Audi's philosophy is to
make all its race enginesin a

way that could be used sooner or
later in production form. For me
the whole purpose of racing isn't
just to have fun (or stress!) at the
weekend, it's to give customers
the knowledge that we're
working for them, too!

The R10 TDI engine first
ran on a test bed in July 2005
and produced so much torque
that Audi Sport’s F1-spec
engine dynamometers had to
be re-configured with special
gearboxes to accommodate it.

‘It was incredibly interesting,
says Baretzky, ‘because we really
have explored completely new
territory with this engine. It then
ran almost 1000 bench hours
before its first track roll-out on
29 November 2005, and Paris
unveiling on 13 December. Before
it arrived in Le Mans in June it
had done more than 3000 bench
hours, thousands of kilometres,
and of course everything it took
to win in Sebring.

Quoted outputs were ‘more
than 650bhp and over 1100Nm
of torque’, but even those figures
are reckoned to be conservative,
The meat is between 3000
and 5000rpm, but they say it
has useable torque and power
virtually from idling speed. And
the power band isn't significantly
narrower than the R8s, it's just in
a different place from the petrol
\/8's 5000-7000rpm range. This
is specifically the most powerful
diesel engine in the world, but
by racing standards it is smooth
and quiet. It uses a pair of Dow
Automotive diesel particulate
filters because it is very
important for Audi that it is also
seen to run clean. And it doesn't
even flame out on the overrun...

The Audi R10 TDI took victory
at Le Mans in 2006, 2007 and
2008. In 2009 it was replaced
by the R15 TDI, but continues
racing to this day in the hands
of privateers.

Innovative
minds...

..produce innovations. Here's what the Racecar Engineering
team picked as the most significant of the last 20 years

AWARD WINNER:
ADRIAN NEWEY

GREATEST ENGINEER
OF THE LAST 20
YEARS

e SR et

LAT

1992 - Williams FW14B
involved with putting

this piece together

agreed on one

thing - the greatest
engineer of the last 20 years
was one of two men whose work
has dominated motorsport at

the top levels for the last two
decades - Ross Brawn and

1992
Williams FwW14B
1993
Williams Fw15C
1994
Williams Fw/ 16
1996
Williams Fw 18
1997
Williams FW19
1998
McLaren MP4/13
1999

MclLaran MP4/14
(Drivers' title)

1994 - Williams FW16
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1997 - Williams FW19

1999 - McLaren MP4/14

2010 - Red Bull. Not a championship winner, yet...
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Safety advances, such as the HANS device, have undoubtedly saved lives

Adrian Newey. Brawn can claim
involvement with the greater
number of World Championships,
including that amazing run of
titles with Ferrari and Michael
Schumacher between 1999

and 2004, and the fairytale
result with Jenson Button and
Brawn GP last year. His great
strength seems to have been his
ability to assemble great teams

manufacturing, as well as the
rest - that makes him more of an
engineer than most.

In the end though the decision
went to Adrian Newey (see page
65 for Newey's own thoughts on
motorsport engineering today).

TECHNICAL INNOVATIONS
Finally. we attempted to decide
what the most significant

ﬁd many of these advances
have since filtered dawn to
other levels of the sport pp

around him and to motivate
them. By comparison, Newey
has always been more of a ‘lone
wolf’, but cars of his design
have won multiple F1 World
Championships for Williams and
MclLaren, and one has to imagine
the Red Bull Racing 2010
challenger, the RB6, will be a
strong contender for this year's
World Championship, given the
performance of last season's car.
Peter Wright plumped for
Ross Brawn explaining, 'l would
say that Ross Brawn is the top
engineer of the last 20 years - a)
for his record in three different
organisations, and b) because
he is the only technical director
| know who was responsible for

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

technical innovation of the last
two decades had been, and in
this category no two people

said the same thing, making

it impossible to name a single
winner. Graham Jones said that
the FIA's advances in safety over
the years was his choice: ‘It is
arguable whether any of the
current array of safety provisions
in Formula 1 could have saved
Ayrton Senna's life in 1994, but
the most significant legacy of
his untimely death has to be

the improvements to car, driver
and circuit safety subsequently
driven forward by the FIA. These
include cockpit design, rollover
protection, front, rear and side
impact structures for the cars,
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- HINDSIGHT RACECAR ENGINEERING

Spoilers, CoT, fuel injection... NASCAR will never be the same again True innovation at its very best - McLaren’s slotted rear wing concept
large run-off areas and, notably, as we were reminded by the Sam Collins couldn't even decide ‘The only real question in my
improved medical capabilities at accidents that befell Henry on a single concept. Ganassi's mind would be who would get
the circuits, plus highly effective Surtees and Felipe Massa last Laurel Hill tunnel facility was the award for that though - Paul
racewear. Significantly, many season, but it has to be that the his first suggestion, which sees van Valkenburgh for suggesting
of these advances have since odds are now stacked much more an abandoned highway tunnel the concept, Racecar Engineering
filtered down to other levels in favour of drivers than they converted into a hi-spec straight for publishing it or Ben Bowlby

of the sport. Yes, motor racing were prior to Senna's fatal crash. line testing facility. ‘How could for building the thing.

remains a dangerous activity, Meanwhile, deputy editor we not mention that?’ he cries. Peter Wright took a different

20 models to celebra

Racecar Engineering has teamed up with Model Collector magazine
interesting cars from the last two decades. Everything from the 19
Brawn BGPOOT are represented. All you have to do to enter is visit

See website for full terms and conditions, final selection of models subject to change.
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The trouble with KERS... The IndyCar DeltaWing concept is one of the most radical re-thinks of motorsport technology for years

direction again, suggesting 'the the only way to make moveable from a period that saw fully As for what lies ahead in

top innovation really depends aero legal is to use the driver and active 3.0-litre grand prix cars the next 20 years - Kinetic

on definitions. The DeltaWing to build it into an homologated give way to the current tightly Energy Recovery Systems
concept could be this. Or the component (the monocoque). The restricted 2.4-litre \V8s, NASCAR and alternative fuels hint at
McLaren slotted wing. This is fact that it is so difficult to copy change forever, diesels win Le the direction the next batch
brilliant on so many fronts: good is the real essence of innovation. Mans and drawing boards and of innovations may take. Rest
aero details; clever reading of Ultimately, it was too difficult wind tunnels starting to give way  assured, Racecar Engineering

the regulations to realise that to pick out one single innovation to computer chips. will be there to cover it. @

te 20 years of innovation

to give you the chance to win models of what we feel are 20 of the most
90 Ferrari grand prix car to DTM, World Rallying, Le Mans and the 2009
www.modelcollector.com/racecar CcoMPETITION CLOSES 30 MAY 2010
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- FIRST FPRINCIPLES

The mechanics
of acceleration

More thoughts on the anti debate,
this time taking it right back to the
beginning, using pictures and purely
graphic technique

FORCES IN STATIC EC B

hen a car
accelerates
hard, the rear
usually squats
down, with
the body pitching backward.
Conversely, when the car
brakes hard the nose dives,
with the body pitching forward.
And when cornering, which
is acceleration toward the
inside of the corner, the body
rolls outward. Changing the
suspension geometry can cause

V]

> Figure 1

Forces always come
in pairs, equal and
opposite. This can be
observed in nature

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

these body motions to increase
or decrease, or even reverse,
Recently, Danny Nowlan in
V19N3, V19NS and V19N10, and
Mark Ortiz in V19NS, explored
the suspension properties that
give anti-pitch and anti-roll,
under the general heading of
‘The anti-controversy'. Prior to
this, William Mitchell provided a

similar article in V17N7 entitled
‘Roll centre myths'.
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- FIRST PRINCIPLES

THE VECTOR PARALLELOGRAM

Forces can be represented
as vectors and the
combined action of two
forces can be obtained

by what is known as

the parallelogram law.
The diagonal of the
parallelogram formed by
the two vectors gives the
magnitude and direction of
the resultant force

Those articles used the
standard method for solving
mechanical problems that
is taught in most modern
technical schools. Put simply,
this involves writing down a
number of algebraic equations
describing the unknown forces
and moments in the problem, and
then solving those equations.

In this article we shall address
the same problem using an older
method of analysis. Our method
would have been familiar to a
competent draughtsman from

at least 300 years ago, right up
until the time computers became
commonplace. Our method
requires the drawing of a picture
of the problem using the known
information, and then finding
the unknowns via purely graphic
techniques. In this author's
opinion this graphic method
makes what is a controversial,
and hence apparently difficult,
problem really quite easy.

The main advantage of

the graphic method is that by
necessitating a reasonably
accurate picture of the
mechanism and its forces, the
user gets a better kinaesthetic
feeling for the problem than they
can possibly get from lines of
algebra. This kinaesthetic sense
is what a small boy develops

as he follows his father around

that in recent times shortcuts
have been taken in teaching
this subject and some of the
fundamentals have been
forgotten. So a brief review

is in order. Mechanics, a field
of applied mathematics, is
traditionally divided into three
sub-fields: statics - the study
of forces in balance; kinematics

ﬁﬁ a much better
kinaesthetic feeling far the

problem DD

the workshop. As the old man
pounds away with a big hammer,
the boy taps away with his

small hammer, and so, with no
words or equations, gains some

understanding of how things work.

MECHANICS PRIMER

Before we can use the graphic
method though we must
understand mechanics. It seems

m www.racecar-engineering.com = May 2010

- the study of massless bodies

in motion; and dynamics - the
study of forces causing motions
of massive bodies. We could start
our review about 2500 years ago
when the ancient Greeks knew
all the geometry that we need.
They probably also knew most

of the mechanics that we will
discuss next, but then most of
this was lost in the Dark Ages. So

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

we move on to the Renaissance,
or re-birth, of the 1500s, and
find some natural philosophers
re-exploring forces.

STATICS

Figure 1a depicts a rope at
the centre of a tug-of-war,
and suggests two of the most
obvious properties of forces
that were re-discovered. Firstly,
forces appear to be ‘directed
quantities’, in that along with
each force having an overall
size, or ‘'magnitude’, it also has
a 'direction’, that is at least

as important as its size in
understanding its behaviour.
Today we call these arrow-like
quantities ‘vectors', and we
use vector theory to describe
both forces and motions. On

a drawing we use an arrow to
represent a vector, with the
length and direction of the arrow
representing the magnitude
and direction of the vector.
Many other quantities, such as
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EQUIVALENT FORCE SYSTEMS

| SFigure3 |
One way of moving
forces around to get
different types of
systems, rather like
algebraic manipulation

14

@ F

length, area, volume, mass or
density don't seem to have any
particularly important direction,
so they only require a single
number to describe their size. We
call these quantities 'scalars’.
Secondly, if a force acts on a
body, such as one of the forces
acting on the rope in figure 1a,
then it seems that the force can
only come into being if it has
an equal and opposite partner.
We can only pull on the rope
if the rope pulls against us in
the opposite direction. Without
the second force we just walk
backward holding a loose rope.
This notion that 'to every action
there is always opposed an
equal reaction’ was eventually
formalised by Isaac Newton,
the English mathematician and
natural philosopher of the middle
to late 1600s, as his Third Law
of Motion, When two forces like
F1 and F2 act on a body and the
body remains stationary, then
the forces are said to be in 'static

equilibrium’, and we are working
in the field of statics. Each force
then is called the ‘equilibrant’ of
the other force.

Itis important to understand
that in figure 1a there is a long
chain of equal and opposite force
pairs acting along the rope, with
a pair of forces acting between
each adjacent pair of sections of

CoupLE VecTor |
QIgECTION:

RigHT HAND RULE

Magnirupe ¢ ITI=IFIxD

e
SN

take the forces F1 and F2 as two
representative forces taken from
this multitude of force pairs.
Figures 1b and 1c illustrate
another property of forces.
Considering only the static
equilibrium of the two forces
in the tug-of-war, it doesn't
seem to matter whether these
forces are acting at the ends of

ﬁﬂ the farce can anly come
into being if it has an equal
and opposite partner pp

the rope. There is also a similarly
long chain of force pairs going
back along the ground below

the tug-of-war, closing the loop.
More pedantically, we might
suppose that there is a pair of
equal and opposite forces acting
between each and every particle,
or quantum, of the rope and
ground. But, in simple terms, we

a very long rope, or if they are
brought closer together toward
the middle of the rope. In fact, if
the two forces swap positions so
that rather than pulling on a rope
they are pushing on the ends

of a wooden pole, then they are
still in static equilibrium. Again,
this property can be understood
in the context of the long chain

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

%0

of force pairs acting along the
rope or pole. Since all the force
pairs are essentially the same, it
doesn't matter from which pairs
we pick the representative forces
F1 and F2.

SLIDING VECTORS
Today we describe this property
by classing forces as ‘sliding’
vectors. Here the force, or the
arrow depicting it, can be slid
anywhere along its ‘line of action’
with no change to the mechanics
of the situation. Not all vectors
share this property, as we shall
soon see. Alsg, this property most
certainly does not apply if we
are doing a structural analysis of
a body, since the stresses vary
hugely according to where the
forces act along their lines of
action. So when considering load
paths, the forces should be slid to
their realistic positions.

The last important property
of forces to be discovered, or
re-discovered, required some
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Looking at the free

nature of couples in
an informal way

experimentation. Simon Stevin,
the Flemish mathematician and
engineer of the late 1500s,
used arrangements of strings,
pulleys and weights to come to
the conclusion that forces can be
combined or decomposed using
the ‘parallelogram of forces' rule.
For example, in figure 2 the two
forces F1 and F2 are combined,
or added together, to give the
‘resultant’ force fresultant. The
methed is to slide F1 and F2
along their lines of action so
either both their heads, or both
their tails, are at the intersection
point. The parallelogram is
then completed, as shown, and
the diagonal represents the
result of the addition. Using the
parallelogram rule in reverse we
can then decompose any single
force into a pair of forces, each
having any direction we choose.
We can then decompose those
forces into further ‘components’,
ad infinitum.

There is much more to statics

than given here but, quite
remarkably, for our investigation
of accelerating racecars these
simple properties of forces are
almost all we need to know. So,
to re-cap, the three main ‘axioms
of statics' are:

We note here some of the
conventions used in the figures.
We draw forces that are actively
pulling or pushing on the bodies
as solid, black arrows. These
black arrows don't represent
all the forces in the problem,

ﬁﬁ faorces can be
combined or decompaosed

using the '‘parallelagram of
forces' rule DD

1. Forces are directed quantities
that come in equal and opposite
pairs

2. Forces can slide along their lines
of action

3. Forces can be combined
or decomposed using the
parallelogram rule

All that remains is to become

proficient in the use of these

axioms, and that takes practice.

m www.racecar-engineering.com = May 2010

just the ones of interest at the
time. We often also draw some
white arrows to represent the
resultants or components of the
active forces, or to represent
copies of the active forces that
have been slid to other positions
along their lines of action.
These ghostly white arrows are
drawn only in the manner of
construction lines, to help the
reader follow the calculations.

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

OLIF ARE 'FREE' VECTORS

One subtle aspect of statics
we must address is how, in
three-dimensional problems, do
we add two forces that are on
non-intersecting, or 'skew’, lines
of action? In figure 3a we show a
force F1 acting at the right side
of a body. Towards the left side
of the body is a point of interest
P. \We want to know what sort
of force system acting at P is
equivalent to that of figure 3a.

COUPLES

In figure 3b we add two forces,
F2 and -F2, acting at P. These
have opposite directions, but are
equal in magnitude and parallel
to F1. We can add these two
forces to the body because we
are, in effect, adding nothing to
the body. In figure 3¢ we combine
F1 and -F2 into what is called a
‘couple of forces’ or, more simply,
a 'couple’ T. As such, the single
force F1 acting at the right side
of the body is equivalent to an
equal magnitude and parallel
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- FIRST FPRINCIPLES

Using the parallelogram

rule on not quite
parallel forces

Fe

force F2 acting at P, together
with the couple T. Loosely
speaking, we have moved the
force F1 sideways to P and added
the couple T to compensate for
the move. So if there is another
skew force at P we can now

add F1 to it. We can also do this
manipulation in reverse, moving
from figure 3c to figure 3a.

The couple T represents a
purely rotational force, and is
sometimes called a 'torque’, hence
the symbol T. Itis not a ‘'moment’,
as we explain later. It exists
whenever two forces of equal
magnitude, opposite direction,
and non-coincident lines of action
exist. Its magnitude is given by
the magnitude of either force
multiplied by the perpendicular
distance between the two forces'
lines of action. Its units are
thereby force by distance, such
as Nm, or Ib.ft. It is a vector, and
like other vectors it is depicted as
an arrow, often with an arrowed

Bies

ATV

ring around it, or sometimes a
double arrow head, to distinguish
it from the linear forces. Its line
of action is perpendicular to the
plane containing the two linear
forces and its direction is given
by the right-hand rule, as shown
in figure 3.

ADDING PARALLEL FORCES

ResurtanT FRe._s -

Line oF AcTion @ A/B = le'l/fFuI

MaeniTupe ©

Fres| = |F1| + |2

Figure 4 shows the free nature
of couples in an informal way.
Here a couple of large but closely
spaced linear forces is converted
into an equivalent couple of
smaller but more widely spaced
forces with arbitrarily different
lines of action.

ﬁﬁ the most interesting
property of couples is that
they are 'free’ vectors DD

Perhaps the most interesting
property of couples is that they
are 'free’ vectors. Unlike linear
forces, which can slide along their
lines of action but must not move
sideways off them, couples can
act at any point in a body with
always the same effect. However,
the same caveat regarding
structural analysis mentioned
earlier applies equally here.

Finally, on the subject of
adding forces, how do we add
two forces on parallel lines
of action? We could use the
parallelogram rule at infinity,
where parallel lines intersect,
but that would be a long walk.
At the left of figure 5 we use
the parallelogram rule on not
quite parallel forces to give an
indication of how it might work.

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

At the right of figure 5 we use

a method similar to figure 4. We
simply add to our parallel forces,
F1 and F2, two forces with
equal magnitudes and opposite
directions, F3 and -F3. This
allows us to bring the resultants
of the additions together at point
P. We then add these resultants,
effectively eliminating the F3s,
and we have the answer Fres.

MOMENTS

For completeness we need to
briefly consider moments here,
even though we don't need
them later. Figure 6 gives the
modern definition of a moment.
We get moment vector M when
we perform a certain type of
operation, the ‘vector product,
on two other vectors, R and F.
It turns out that modern vector
theory can be constructed very
neatly if we use the vector
product as one of the building
blocks. For example, in figure

May 2010 « www.racecar-engineering.com m
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THE MOMENT OF A FORCE AT A POINT

The moment of a force
at a point

6 we see that wherever we
slide force F along its line of
action, it always gives the same
moment M at the arbitrary point
P. The vector product and its
moment can replace the second
axiom of statics given earlier.
Modern vector theory is used
in many different fields besides
mechanics, such as structural
engineering, aerodynamics,
electrodynamics, quantum theory
and more. So moments are at
the core of much of modern
engineering and science.
However, the practical
understanding of moments is not
what it could be. This is partly
because the word ‘moment’ is
used with different connotations
in the different fields. We
suggest that in mechanics a
moment should be considered
a potential effect of a force at a
particular point. As such, itis a

‘bound’ vector that only makes
sense when fixed to its particular
point. This contrasts with a
couple, which is a rotational
action applied anywhere on a
body. The reader can discover the
difference by trying to loosen an
over-tightened nut using only
one hand at the end of a wrench

Vecror Probucr ¢

M=RxF

MQGMI TUDE <

IMl - {Rl X

Flx Sin6

the force is moved away from

its original line of action to the
point, as in figure 3. This is

how ‘moment’ is used in many
engineering circles. However,
with this usage it is important to
specify which forces are moved,
and where they go. Different
moves give very different

ﬁd moments are at the
core of much of maodern
engineering and science DD

with a long extension shaft. It
is not possible to apply a purely
rotational force using only a
single linear force!

It may help the reader,
when they hear the phrase ‘the
moment of a force at a point’, to
think of the couple that must
be applied to the body when

m www.racecar-engineering.com = May 2010

moments. It may be that the
subject of suspension antis is
considered controversial
because different authors move
different forces to different
places, without clearly stating
which forces go where.

Wwe will discuss this in more

detail later. @
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éﬁ | wasn't really thinking
{ of getting into commercial

A quantity surveyor by tra[nlng, an

engmeer by mtumon Eric Broadley may
not have set out to change the face of
“motor racing, but that's exactly what he

~and hiS company, Loia, did |

n doing interviews for this
series, one designer's name
seems to be mentioned

over and over again, that of

Eric Broadley. Perhaps that
it is not surprising. This is the
man who created what was to
become the most versatile of
all racecar manufacturers, and
certainly one of the most prolific
production chassis suppliers. 'l
wasn't really thinking of getting
into commercial racing,’ he says.
"It was just a dabble, but it took
me over.

Lola has now been operating
for over half a century, the first
40 years having been run by
Broadley. During that time it won
just one Formula 1 grand prix
and that was disguised under
the Honda name, but victories
in a wide variety of formulae
and wins in classic races such
as the Indianapolis 500 and the
Daytona 24 Hours mark it out as
infinitely more significant to the
motorsport industry than
many of those who have multiple

built stands out, Broadley smiles
and answers, 'The older | get
the more | think my first car is
my favourite. The iconic T70
Sportscar obviously stands out
in his memory (a recent industry
poll showed the Mk3b GT version
as the favourite Lola) but he
thinks that it is the Formula
5000 cars that stand out. ‘It
was an interesting and difficult
period, caused by extreme tyre
development. By the mid-1970s,
when we were running the T332,
we had got to the stage where
we had huge rear tyres, massive
rear rims and very small front
tyres. We were making our own
wheels because nobody else
could keep up and we got to
20in wide, This made the cars
extremely difficult to handle.
You need to use the front of a
car to support it but the front
tyres were so small they weren't
capable of taking much load.
There was also a massive cast
iron engine in the back and you
had to control the car from the

dﬁ We could be pretty
accurate in those days,
but no two cars would be
absolutely the same 99

Formula 1 wins to their name.
Quality surveyor Broadley's
start in the sport was the
classic one of an 1172 Formula
car. Having tried his hand with
his cousin Graham's Austin 7
Special, ‘| became keen to drive,
but | was also very interested
in the engineering and design,
he explains. The 1172 Broadley
Special dominated its class in
1957. For his next car Broadley
again went head on with Lotus,
this time in the 100cc Sports
Racing category. Again, the
car was incredibly quick, even
in Broadley's inexperienced
hands. In all, around 40 of what
became known as the Lola Mk1
were made. Lola had become a

-production car manufacturer.

Formula Juniors and then
a 1.5-litre Climax-engined
Formula 1 car that John Surtees
put on pole for its first world
championship round followed and
Lola was on its way.

0On being asked which of the

“around 240 cars that Lola has

back, which is very difficult to
do. We managed, more or less, to
get over this but the cars were
still difficult to drive. It was not
until the FIA in its wisdom - it's
not always wrong - decided that
the rear tyres were too big that
this improved. Then the tyre
companies said we'll make the
front tyres much bigger. They had
not thought of that before!'

Mention of the FIA leads
Broadley to recall the decision
of the organising body to ‘dump
the big engine rule’ and reduce
the size of endurance racers
to a mere 3.0-litres. 'Our main
direction at the stage was GT
racing and they killed it stone
dead overnight.

The interest in GTs went back
to the Lola Mk6 GT of 1963 -a
car that Broadley says was ‘the
sort that anyone could have
jumped into and driven quickly’
- and another problem with
authority. The hurriedly finished
car arrived at Le Mans only to fail
scrutineering. A rule stated that
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750 Motor Club excursions

hight: Broadley (middle right) discussing the latest in pit lane

fashions in 1961

the drivers had to be able to see

behind through a rear view mirror.

~—— However, the air ducts to the
carburettors made it impossible
‘to see-through the steeply raked
rear window. Tony Southgate,
who was working for Broadley at
' the time recalled, 'We had made
. this fantastic effort to get there
|_and the bloody car was not even
going to start.’ Much hacking
| away, and with the induction,
—system re-routed through the
sides, saw the car eligible for the
~race. It was-prebably our own,
| - Stupidity, recalls Broadley today,
' ‘there was a rule that said you'
—had to have a certain size rear
vision and | said it didn't have to
be all in one piece: That should
have been all right, but it wasn't.
The organisers at Silverstone
{wherethe car had made its
debut) and the Niirburgring
accepted it, but the ACO-did not.’
'The Lola Mk6 GT led to an
| unhappy involvement with
| Fordonthe GT40, and from
’; there to the GT versions of
the T70. Broadley reflects on
"how| \technology has changed
since those days ‘We went
fromla stage when T could
pretty much design the car by

Above: like many of the great racecar designers, Broadley started
his career behindthe wheel, seen here in 1957 in one of his early

myself to the computers that
have effected both the design
and manufacturing process.

\We could be pretty accurate

in those days, but no two cars
would be absolutely the same.
Now everything is 100 per cent

accurate and all cars are the same.

‘When about to design a car,
the obvious first thing to do is
to look at the rules... the second
thing is to see how far you can
bend them to your advantage.

Then you have to think about
such as the torsional stability
and the dynamics and, of course,
the aerodynamics. You gradually
bring them all together.

‘There is then the question
of how much priority you give
to each area of the design.

This should not be a personal
preference thing, it should be a
functional judgement. What is
important, says Broadley, is that
a designer should have a natural

ﬁd What is impaoartant is

that a designer should have
“a natural ability to visualise

the car he is working on D@

All cars have two front and two
back wheels to start with so you
are starting off with quite strong
limitations. \lery often you don't
have much room to move and
sometimes you are carrying on
from a previous design so you are
just dealing with modifications.
Where the engine is located,
where the fuel is going and the
various bits and pieces around

it forms the basis of the design.

m...www.racecar—engineering.cém +May 2010

ability to visualise the car he is
working on. He says it was out
of the question to start working
on the drawing board before this.
He also feels that those who now
work on computers may have lost
this ability. ‘They get their vision
from the computer, not the other
way round. A designer has got to
be a designer.

Broadley admits he 'never
really became computer literate,

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

at least not to the extent
that | could design a car on a
computer, so | had to stand
behind somebody else. In my
day, CAD was not very quick. In
fact, it was quite time consuming
and you could not afford that
much time, there were too
many other things to do. So
Broadley, who feels he was
personally good at structures,
found himself increasingly
having to delegate. However, he
believes that he has had some
excellent people working for
him over the years. ‘You get very
good results working alongside
the same people. You begin to
understand them and they begin
to understand you.

The first mechanics that
Lola employed came from Aston
Martin off the back of its 1959
Le Mans win, men like Laurie
Bray and Terry Hadley. ‘We threw
some real problems at them and
they got on and solved them.

Broadley believes the best
combination of designers
employed by Lola was in the
post-Ford GT40 period. 'We had
Patrick Head out of university
and John Barnard. Head,
particularly, was very good, a
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Left: Graham Hill in the Lola
T90 Ford Indy car in which he
won the 1966 Indy 500. This
period in time was very good
for Lola

Photos: LAT

Right and below: The Honda-
badged ‘Hondola’ was the only
Broadley-designed car that
ever won a Formula 1 race

Above: always one to speak his
mind, here's Broadley in candid
mode in 1980

hands-on natural engineer. He
would get straight to the root of
a problem. His drawings weren't
very good, though! adds Broadley
with a grin. ‘Barnard was very
different. He had his own ideas.
They weren't always right, but he
was brilliant as well.

Of more recent Lola designers,
Broadley topically, given the
DeltaWing, says that Ben Bowlby
‘'was good in his own way, a hard
working guy who liked quirky
things. Broadley also singles
out for mention Mark Williams
(now with McLaren) and current
Lola designer Julian Sole, before
continuing, ‘All designers are
critical of other designers, and |
am probably very guilty of that.
You will find a designer will lean
heavily in one direction and, very
often, according to the bullshit of
the day. Often aerodynamics can
be the be all and end all, as can
be minimum weight, when there
should also be concentration
on such as structural and
suspension requirements, ¢ of
g and cooling. All these things
are equally important. There are
very few designers who actually
understand the basics. In fact, |
often lost them myself!

‘When | started, there was
plenty of scope for innovation.
Now the design is railroaded and
there is very little room to move.
Designers are straight jacketed.
The problem is that the design
process is more or less laid
down and all they can do is just
massage how much you can vary
the tiny bits and pieces. When
there is a lot of innovation, that
can be a driving force in itself,
but there is not much innovation

and some of the finance rather
than actually wanting to be iniit.
They were after the glamour and
the money and you can't blame
them for that!

Broadley also has something
to say about drivers’ input. ‘|
found out that you can't rely on
their analysis, generally speaking
acaris quick oritisn't and it
is up to you to find out if it is
the latter. Sometimes drivers
can help but you just have to

ﬁﬁ yvou can't rely on [driver]
analysis... a car is quick aor it
isn't and it is up to you to find
out if it is the latter Dp

now, everything just drops into a
groove and that makes it difficult
for people to think creatively. The
cars are all very good and one may
be just fractionally better than
the others. It's all very boring!’
One of the problems that Lola
had with designers was 'we could
not keep them out of Formula
1, explains Broadley. 'Some of
our own excursions into F1 were
more about keeping the people

regard their observations as
one of the inputs. Having said
that, Frank Gardener he does
single out as ‘good’, while he
also mentions Al Unser srin this
context. By contrast, Broadley
believes that Mario Andretti was
‘not particularly analytical, so he
made things up. You never knew
whether the guy was simply
being political”

He also mentions how certain

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

drivers helped raise Lola's profile,
in particular the Indianapolis 500
appearances of Nigel Mansell,
Graham Hill and Jackie Stewart.
The heyday of supplying Indy
cars, ‘when there was plenty of
money about, was particularly
good to Lola. ‘But these things
don't last for ever. You have to
realise that it's a rolling business.
At one point Lola was building
over 30 Indy cars a year, with a
peak of 38 T91/00s.

Lola first appeared at the
Speedway in 1965. George
Bignotti, the legendary mechanic,
had approached Broadley to build
cars for the 500. ‘We had plenty
to do, but you grabbed what you
could. Indianapolis was a strange
place, still old fashioned, which
was rather nice. It also still had a
roadster mindset, with the teams
going there in May, putting a car
together, building the engine
and then going racing. Then we
Europeans arrived and screwed
everything up for them by
making it expensive.

‘We approached the design of
an Indy car in the same way we
would have that of a road racing
car, except in 1965 we had offse
suspension. That was a waste of
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L “Right: in terms of sheer numbers

built, the 1991 T91/00 Indy car
was Lola’s most prolific treatlon

" with 38 chassis buult that season

~time, but that was how it was.

Theoretically, it should have

~—— been an advantage, but nobody

ever exploited it as they should
have dene. 1t was banned before
anyone really understood its

| full potential; |

Tn 1966 Lola returned wnh a

|-car, the T90, that incorporated
| lessons learnt from what had

been a difficult debut ‘Il found
| those first two years very-.

-———interesting, muses Broadley, |

who was present as Graham Hill

brought his Lela-home to victory.
Lola won the Ind].ur 500 again

|n 1978 and 1990 Broadley was

. also there to see ground effects

mtroduced to the Speedway. It
was rather fule of thumb but it

~ seemed to work, but then there:

is a lot of bqushit talked about |
windtunnels..” '. 1
| The advent of the Indy Racmg

- League undoubtedly Spoﬂt‘the i

" business’ for Lola. Although the |
company pitched to become one | -
_of the-RL's chassis suppliers for

1997, Broadley came under much

oppmsnmn from his US distributor

“Carl Haas, whao was firmly in the
EART camp. ’So I backed off. You
grab what you can inracing

By this time thmugh, thanks to

ﬂwwwma'cecar—en'giﬁeefiné.c#m +May 2010
. '. | .
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business in Champ Car, as well
as Can-Am and F5000, Broadley
must have crossed the Atlantic
between 200 and 300 times.

‘It was in the 1990s that
Broadley feels one of the biggest

~ mistakes to have been made

in recent motor racing was

_ Broadley today, mid-way through the interview conducted by Waggy for RE

the cars to overtake, but how to
do that is not easy. The basic fact
is that the underside of the car
should be used to give as much
downforce as possible to reduce
the dependence on wings. It
appears the wings are what screw
things up but, until somebody

ﬁﬁ the flat bottaom rule
introduced by the FIA in the
19890s was a disaster DD

made, ‘| think the flat bottom
rule introduced by the FIA in

 the 1990s was a disaster. The

big problem with Formula 1 is
overtaking, but the thing is a
show and you want to put the
best one on you can. So you get

does some good research into it,
which | don't think anybody really
has, we don't know precisely

why overtaking is so difficult.

If you use the underside of the
car, exploit the venturi theory,
you can get a lot of downforce

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

Left: undoubtedly the most
evocative of all Broadley’s designs
is the iconic Lola T70 Sportscar,
seen here high on the banking at
the Monza 1000km in 1969

without disturbing the air’
He admits it is doubtful
whether it would be possible
now to get away with rear wings,
but feels the FIA's ruling has
meant almost 20 years of wasted
research. ‘The cars would be
totally different now. There could
be more overtaking... but we
don't know that. The introduction
of the flat bottom showed a
total lack of understanding of
aerodynamic theory. It's not right
for Formula 1, which should be the
leading technological challenge!
What about Broadley's own
mistakes though? 'How long
have you got?’ he asks impishly,
before singling out ‘one Formula
3 car at the beginning of the
ground effects period, which
we designed with so much
downforce it could barely drag
itself along. It was a disaster’
However, it is not for such
as this that Broadley will be
remembered. You only have to
think of the Mk1 Sports Racer,
Mk4 F1, the T70s, the Indy-
winning cars, the fleet 2.0-litre
Sportscars, the Hondola and the
dominating F5000 cars to realise
why his is the name that so many
fellow designers refer to. @

LAT
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WATKINS LECTURE 2010

The legendary Red Bull designer was

both frank and controversial when he
stepped up to support the Motorsport
Safety Fund

rofessor Sid Watkins,
the venerable retired
neurosurgeon who did
so much for Formula 1,
has a record of pulling
some powerful names out of
the hat for his lectures. Past
speakers have included Ross
Brawn and Bernie Ecclestone
and this year's Watkins
Lecture - held in support of the
Motorsport Safety Fund - didn't
disappoint. Adrian Newey is
undoubtedly one of the greatest
F1 designers of the last decade
and endorsed his abilities with
the 2009 Red Bell, which was
arguably the best package of
that season.
The term lecture has become
a bit of a misnomer in recent
years as the event is now
conducted as an interview and
this year the 'victim', as the
professor described him, was put
through his paces by evergreen
F1 journalist Maurice Hamilton.
But this seemed to hold few
fears for Newey, who looked fit,
relaxed and happy to talk.

DOUBLE DIFFUSERS

His inquisitor opened the
guestioning with, 'If the double
diffuser had been banned in
2009, would you have won the
world championship?’ Hesitating
slightly at being hit with such

a blunt question at the start,
Newey composed himself before
delivering a very diplomatic reply.
‘We had the quickest car before
everyone went double diffuser,
he noted, 'so | think we would
have stood a very good chance.
But unfortunately that's the ifs
and buts of motor racing.

Not to be fobbed off, Hamilton
pursued the theme and asked
whether permitting the double
diffuser had compromised the
objectives of the rule changes,
particularly in encouraging
overtaking. 'l don't think it
affected the overtaking. It
gave us more downforce, so it
made the cars around a second
a lap quicker. That doesn't
change whether a car is going
to overtake or not. There's no
difference in the aerodynamic
wake that affects other cars.

Newey then explained
how the 20089 rules, good or
otherwise, were the result of
the Overtaking Working Group.
It's questionable whether

they worked or not but the
process was correct. What's now
happening is everybody is saying
overtaking is sftill not as good as
it should be, and we've now gone
back to piecemeal modifications.
| find it very frustrating because
it's not thought out, it's a fiddle
and dick mentality without a
clear goal and proper research.
And what about banning

double diffusers for 20117 'I'm
ambivalent whether it's a good or
bad thing. What | don't like is the
way it's done.

THE NO REFUELLING RULE
Then he was asked about the
no refuelling rule, and how that
would impact on the design of
the car? ‘The initial problem is
packaging. We've gone from a
fuel tank that holds 85-90kg to
needing one that holds 160kg.
That's almost double the size.
That means it has to be longer
and wider and will reduce the
radiator area.’ He then pointed
out that it was more difficult to

A it's a fiddie
and dick
mentality
without a
clear goal
and proper

research DD

gauge how that affects the car's
dynamics in terms of ride height
change. 'From qualifying on

low fuel to the start of the race
where we are on 160kg of fuel
there's a big ride height change.
Also tyre degredation in the early
part of the race brings us onto
another factor where the cars
are normally quicker just before
a pit stop. The weight reduction
outweighs the degradation of
the tyres, so under the old rules
you can overtake cars by running
longer. Under the new rules the
car is always going to be quicker
after the pit stop because you
have the same fuel weight but
new tyres. So, on the face of it,
whoever pits first is then going
to overtake.

‘Then there will be all the
games of bluff and double bluff
with everyone standing out
in the pit lane saying they are
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going to pit and the cars driving
straight past. Potentially it means
overtaking through pit stops will
become more difficult, Does that
mean drivers will take more risks
because that's the only way they
can get past? We'll have to wait
and see!

PRE-SEASON TESTING
At the time of the lecture, the
media was making a big deal
of Red Bull missing the first
pre-season test. How did Newey
react to that? 'I'm always an
advocate for spending as long
as possible on research and the
design of the car and hopefully
having a better product, which
will more than compensate for
the lack of development. No mid-
season testing makes pre-season
more important for reliability and
learning about the car, and we
compromise ourselves on both
of those, but | believe it is the
best way to go. Part of that is
how confident you are in your
simulation tools. One thing that
surprised me last year was that
with no testing, most of the
teams were still able to put on
huge upgrades to their cars!
Was it delayed because
the team was hoping for the
Mercedes engine? 'Yes, and no.
The Mercedes engine enjoyed a
good advantage last year. Lap
time-wise it was significant -
several tenths of a second. When
you have to find that back in the
chassis it's a big ask. We looked
at the Mercedes engine and we
looked at the Cosworth engine

very carefully. In the end, Brawn
and McLaren blocked us from
having the Mercedes engine. Also
we became very satisfied with
staying with Renault because
Mercedes developed very heavily
through what was supposed to
be a frozen engine, while Renault
was very honest and they fell
behind. They now have a good
programme to redress that, We've
had a very good relationship

with them and they've been a
fantastic company to work with.
If we can maintain that good
working relationship and they can
bring that product up then that's
the ideal working scenario.

MARSHALL SAFETY

And what are his views on
safety? 'Marshall safety is
something we are guilty of not
thinking enough about. Things
like KERS. I'm hugely relieved
that we got through last season
without anyone being hurt by
it. In many ways | would be

to stop, put on your rubber
gloves, approach it carefully, push
the KERS button, stand back,
wait for it to go green, and only
then can you go and approach
the car. That's not human nature.
You are all trained to go and
assist somebody, not wait for the
light to go green. Those sorts of
things we do need to think about
more carefully.

ON CRASHGATE

Questioned about the Crashgate
saga at the 2008 Singapore

GP, Newey admitted he was,
‘surprised at the time but not
surprised a year later when it
finally came out. It was pretty
obvious. But then revealed an
unexpected take on the issue:
‘Flavio [Briatore] | have a lot of
respect for. He is one of the few
senior figures in the sport who
actually does genuinely care

for it and has a good business
picture for the sport and a good
vision of where it should be

ﬁﬁ | would be concerned if
battery KERS came back
into Formula 1 DD

concerned if battery KERS came
back into Formula 1. A lot went
on behind the scenes that people
don't know about with exploding
batteries. If a car goes into the
barrier, the driver is probably
hurt, there's wreckage scattered
everywhere, and you are meant

going. | think it is poorer without
him, despite that incident, which
we can only condemn.

‘Having said that, to some
extent it has been over-hyped,
journalists saying “this is awful,
we're endangering a young
driver”, Because the cars are

After an intensive programme of research, the Renault-powered Red Bull RB6 is Newey's latest F1 creation
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so safe he wasn't endangering
himself, he wasn't endangering
any marshals or spectators
where he did it, he was fixing a
race. Frankly, | think that what
Michael Schumacher did crashing
into Damon [Hill] and Jacques
[Villeneuve] is actually more
dangerous because not only
could he have hurt himself, he
could have hurt the drivers he
was hitting deliberately, but he
got off scot free!

Hamilton then drew him on
perhaps the darkest chapter in
his career - Imola 1994. 'The
court case didn't do any good,
reflected Newey. ‘| don't think
we'll ever know exactly what
happened. What we can see
from the data was the car didn't
understeer off, which would be
consistent with a broken steering
column. It actually oversteered
off. In motorcycle terms, it high
sided. The rear stepped out,
Ayrton [Senna] corrected, then
the rear gripped, spat him to the
outside, at which point he got
onto the brakes.

‘It served no purpose. Instead
of remembering Ayrton for how
great he was, we got dragged
into this court case that lasted for
almost 10 years. Unfortunately,
in the case of the prosecutor, greed
and self interest got in the way.

With respect to the 1994 car,
he was candid about its issues.
‘The tragedy was, the car at the
start of the year was a pig. We
had been on active suspension
for two years and developed
the car aerodynamically to suit.
When we went back to passive,
I'm afraid | completely mis-read
it. | didn't get the sidepod shape
right and they were stalling and
causing all sorts of handling
problems. So that car, at the start
of the year, was a very difficult
car to drive, and Ayrton used his
incredible ability to manhandle
it around at a speed it frankly
shouldn't have ever gone at. We
sorted that out by Magny Cours,
and through the second half
of the year we had a car that
was where it should have been
at the beginning, but that car
unfortunately Ayrton never had a
chance to drive.

By the end of the lecture,
Newey had acquitted himself as
a likeable man who the audience
clearly warmed to with their
enthusiastic applause.
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How damping ratios can be used to better understand how to control a racecar

number of issues ago
| wrote an article on
exploring approaches
to specify a racecar
damper. This article
is the second in that series and
we shall be following on from
where we left off. In particular,
we will be exploring the use of
damping ratios - what they tell
us and how we can use them.
Before we get into this
though, let's re-cap where we
left off with the first article. In
that | presented the example of
controlling a quarter car mass
being subjected to a sinusoidal
road input. We explored what
damping would have to be used
to control this and what we could
do via an inerter. The conclusion
drawn was that damping alone
wouldn't get the job done and
an inerter would only work at a
specified frequency. However,
we did leave the article on the
note that we could approximate
what we wanted to do by

approximating the job with
damping ratios. This is where we
will take up the discussion.

As a precursor to what we will
discuss, let me go through the
two schools of damping | have
encountered over my career.

The first school dictates all

the damper does is control the
oscillation of the wheel, that's it.
The second school regards the
damper as an essential element
of the set up of the racecar and,
in addition to controlling the
oscillation, it is used as a vital
tool to control chassis attitude
and tyre loads. | have varied
between both schools of thought

and | trust what we will discuss
here might provide some answers
to this conundrum.

Let's talk about how we can
characterise dampers through
damping ratios. As before, we will
be using the quarter-car model
approximation to draw our line
in the sand. | realise that a real
car functions with a chassis and

L

THE QUARTER-CAR MODEL

mg

K

The paramelers are

M g = Mass of the sprung mass (kg)
My = Mass of the unsprung mass (kg)
= Sprung mass spring rate (N/m)
CB = Sprung mass damping (N/m/s)

K; = Tyre spring rate (N/m)
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DAMPER SLOPES

Evaluating a
damper slope from
a typical force vs
damping curve

(N) 22104 1odweq

four contact patches, but bear
with me as this is still a very
useful approximation. To refresh
our memories let's look at the
quarter-car model in figure 1.
Here we have a system with
four degrees of freedom - body
movement and velocity and
wheel movement and velocity.
To solve this properly we need
to start solving eigenvalues and
eigenvectors but this doesn't
readily lend itself to nice hand
calculations.

Instead we need to make
some approximations. The
approximation that we are going

to make is,
Ko g Ko

(1
m, << my

Please note, all the rates we

are about to quote are going to
be in wheel rates. The astute
reader will instantly recognise
that this is perfectly valid for a
road car, but we could run into
trouble with an open-wheeler
application where the spring rate
of the chassis are of the same
magnitude as the tyre, orina V8
Supercar or NASCAR, where the
unsprung masses are quite high.
Bear with me though, for what
we are constructing is a rough

By w2

600 — _'_'=——-0
__,-.-—""—‘"P_'_'_’.-‘—

M7 - B sl

- | Damper Forceg

7 P

50 | A v

133

317 - e

P ———
500
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Velocity (mm/s)

rule of thumb. You'll see its power
as we carry on.

In this case, the governing
equations of the sprung mass
reduce to,

" '
My Xy ==Ky Xy =Cy 2y
@

In layman’s terms, what this
means is that the acceleration
of the sprung mass is the sum
of the spring rate of the damper
times the damper movement
and the damping rate times the
damper velocity. The damping
rate is the slope of the damping
curve at that particular damping
velocity. Let me illustrate this in
figure 2.

The beautiful thing about
equation (2) is that we can now
do a laplace transform on this.
The end results are shown below,

K
b IR
mB mB

El

0=s"+

If we compare this to the ideal

second order system with natural

frequency W, and damping ratio
itis seen that,

0=5"+28 w, s+,
@
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When equations (3) to (4) are
compared we know have the
tools to specify our desired
damping rate in terms of damping
ratios and natural frequency,

), = &
mg 6
Cy=2-wy my&
.
2:0,° my
@)

This is the first point of the
analysis. Equation (5) specifies
the natural frequency in rad/s

of the system (to convert to

Hz divide by approximately
6.283185), and equation (6)
means a damper rate based on
the damping ratio that is desired
can be specified. It's at this point

when calculating you need to be
really precise with your units.
Everything here needs to be in
strict Sl units, That is masses
in kg, Spring rate in Nm and
damping rate in Nm/s. Also all
rates are in wheel rates, not at
the damper. | make absolutely
no apologies for this. Besides,
as far as | am concerned, any
measurement that has the slug
as its measure of density is
intellectually flawed.

Before we get into this
in further detail, let'sdo a
worked example of this. For this
particular case, I've outlined the
following variables in table 1.
The damping rate was actually
calculated from figure 2 and
I would invite the interested
reader to repeat the calculation.
Let's now work through the
calculation of the natural
frequency and the damping ratio
shown in formula (7) below.

As far as | am concerned
the real power of this is that

2- 2.
gl e T 7 SRR =33.386rad /s
m, 157
% 2.
£ MR*-C,  1°-21333 503
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it gives us a powerful way of
non-dimensionalising what is
going on with a damper. If you
characterise a damper this way
the moment you do a spring
change you can specify a damper,
which in theory has identical
characteristics. | should also add
this applies both in bump and ratio what does all this actually
rebound. Obviously, when back mean? To get to the heart of the

TABLE 1

Values for quarter-car example

calculating for rebound when re-
working your numbers remember
to multiply the slope by -1, if
using a standard force vs damper
curve, that shows bump positive
and rebound negative.

Now that we have gone to all
this trouble to calculate damping

Item Value

Motion ratio (damper / wheel) 1

Spring rate 175000 N/m (10001bf/in)
Damping rate 21333 N/m/s
quarter-car mass 157 kg

TABLE 2

Rough outline to damping ratios
What this applies to

Damping ratio range

0.3-04 Ideal for filtering out bumps
05-1.0 This deals with body control
1.0 + This deals with extreme body

control / driving temperature
into the tyres

_|taBLES________________________ 4

Damping ratios for damper presented in figure 2

matter we need to return to what
our quarter car is going to do
when we apply a step input to it.
The damping ratios will actually
tell you this, and it is illustrated
here in figure 3,

Reviewing this graph is very
interesting. At low damping
ratios the quarter-car model is
decidedly underdamped and it

Velocity (mm/s) Damping ratio in bump

0 1.24
13 2.03
25 0.616
38 0.175
50 0.167
63 0.174

Damping ratio in rebound

0.95
0.6
0.707
0.31
0.286
0.31

Second order
system response
1o a step input

takes a long time to return to

an equilibrium state. However,
think about what this is ideal
for. If we are hitting a bumpy bit
of the circuit we actually want
the car to do this. When the
damping ratios hit about 0.5-0.7
the car's oscillation is remarkably
decreased. That's not so great at
dealing with bumps, but is ideal
for controlling the body when we
are pitching and rolling. Damping
ratios greater than this are ideally
placed to force the car to almost
act like a spring, as we discussed
in our previous articles. However,
be warned there are some
consequences for overdoing it.

On the back of this | came
up with a rough damper guide
that | actually outlined in my
first article. Now that we have
discussed this in further detail
let me outline this more closely.
Armed with this knowledge, let's
look at the first damper curve we
saw in figure 2. Assuming the
same numbers from table 1, I'll
work out the damping ratios for
both bump and rebound. This is
presented in table 3.

Table 3 presents some
enlightening insights into what
this damper is trying to do. First
things first, the damping ratios
from 0 tell me immediately this
is a high-downforce car (the high
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MOTELC SIMULATED TRALCES

Results for two totally different dampers
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damping ratios are telltale signs
this is a high downforce car). The
high damping ratios immediately
suggest that body control is
paramount. Looking at the bump
at 13mm/s the damping ratio
jumps to 2.03. This indicates
the damper engineer is trying
to give some feel to the car, as
well as load the tyres. Beyond
this range the dampers blow off
to a low ratio to allow the car to
ride the bumps. In rebound from
13-25mm/s the damping ratio
is 0.7. This tells me body control
is still paramount. Beyond the
damping ratios blow off to 0.3.
This tells me this is designed for
the bumps.

| think the reader is fast
starting to get the idea that
damping ratio is not just a useful
parameter, but can tell you an
awful lot about what you want
both the chassis and the tyre to
do. As a rough rule of thumb, the
higher the damping ratio, the
better it is for both controlling
the chassis and putting
temperature into the tyre. The
lower it is, the better it is for
riding bumps.

However, the question
has to be asked how do we
determine what we want and
need? One is experience and a
bit of informed intuition. Let me
illustrate with an example. Say
you have a low-downforce car
going over a circuit with a lot of
undulations. In general terms, for
a car without a lot of downforce
you would actually like low-ish

The second method is to
use simulation software to aid
us in determining this. Indeed,
it was this very question of
evaluating the appropriate
dampers that lead to the
creation of ChassisSim. When |
was evaluating what lap time
algorithm to use it was because
of this | dismissed the pseudo
static lap time approach. To

ﬁﬁ the higher the damping
ratio, the better it is faor
both controlling the chassis
and putting temperature
into the tyre DD

damping numbers in rebound -
say, damping ratios in the order
of 0.3-0.5. However, let's say you
are rounding out a turn with an
undulation - could it be desirable
to actually have a higher damping
ratio in rebound to keep the car
connected with the ground? I'm
not saying this is what you need
to do, I'm just asking the guestion
so you can think about it.

m www.racecar-engineering.com = May 2010

illustrate what | am taking about,
let me evaluate two totally
different types of dampers for
the front of an F3 car. The results
of the simulation are shown in
figure 4.

This is a bit of an obvious
example because this was a
very bumpy circuit and | set the
second damper particularly stiff
in both bump and rebound, but

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

nonetheless, this shows how
you can use simulation to look
at different configurations and
see the impact they can have on
vehicle performance. In this trace
we can quickly see the impact
this has had on loads, corner
speed and temperatures (the red
is the base line and the black

is the damper change). | would
wager the loss in temperature is
due to the fact the apex corner
speed has dropped by 2km/h.

CONCLUSION

In closing then, while we haven't
achieved the grand unified theory
of racecar damping, we have
delved into how damping ratio
can be a very effective tool. Not
only does it non-dimensionalise
the way we can look at damping,
but we can use it to force the
behaviour of the racecar to get it
to do what we want it to. Is this
a magic bullet? No. However, if
properly utilised it is a powerful
tool to investigate what is going
on with the car. It will also give
us some food for thought for the
next instalment in this series

on racecar damping.
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OLD NAME
RETURNS

FAl Automotive, the
aftermarket supplier formed
by the late lan Walker, that
ran a semi-works Lotus

team in the early '60s, has
moved into competition
engine components with its
new ‘Extreme’ range. The
company is currently testing
the potential for expansion
but has already launched a
range of multi-layer steel
gaskets for the Lotus twin
cam, Ford BDA/BDG, FVA/FVC
and Formula Junior engines,
plus crankshafts and con rods
for the Subaru €]20 and 25
and Mitsubishi Evo 4G63 and
4064 engines.

LOLA INCREASES
CFD CAPABILITY

Lola has started using a new
High Performance Computer
(HPC) built by OCF using

Sun Microsystems’ Sun Fire
X2270 hardware, It is also
using processing power from
OCF's new cloud computing
service RACE (Remote Access
Compute Engine).

£100,000 FOR
MOTORSPORT

The MIA has secured over
£100,000 of Tradeshow
Access Programme grant
support from UK Trade
Investment to help eligible
UK small and medium-sized
enterprises to exhibit
overseas. Funding of £1000 is
available for European shows
and £1400 for US events
(subject to UKTI terms and
conditions). The following
shows are eligible for TAP
grants: Motorsport Expotech,
PMWw, IMIS, SEMA and PRI.

Election

engineering

Vote for Motorsport Valley. Why?

s you read this, | suspect general election

fever will be in full flow in the UK's

Motorsport Valley. Why should readers

without a business in the UK care? Simply
because a great deal of the world's motorsport
technological advances and equipment comes from
Motorsport Valley. Business conditions for these
businesses will affect world motorsport, from
Formula 1 down to entry-level formulae.

To UK readers, just one bit of advice - please
vote for someone! This is the most important
election in the UK for decades and, as one friend put
it, if you don't vote, don't
bitch afterwards!’ A pretty
fair point, in my view,

Check the MIA website
where we are showing a
Manifesto for Motorsport.
You need to contact the
local politicians who are
seeking your vote, put
them on the spot with
questions regarding your business and be sure
they give you their plans for the future. The MIA
Manifesto may help, but don't hold back. Those you
elect will affect business more than ever before and
can help your recovery prospects.

Make no mistake, world governments have
re-discovered the value of business. They need the
wealth you create to pay taxes so they, in turn, can
spend on public services. Your employees will spend
their income and generate taxes, too. Your recovery
and ability to pay taxes is vital to them. This is the
time to hold them to account. They need your vote,
so ask them what they will do to help your business.
Whatever you do, don't waste your vote.

New business from NASCAR plans to introduce
fuel injection in 2011, and the new IndyCar chassis
with new engine suppliers (followed by Indy Lights),
are great opportunities in the world's biggest market
place for motorsport, the USA. Both developments
will need new suppliers from around the world
with necessary experience, which is just the kind
of boost the industry needs. Taken together, these
changes will have a significant long-term effect on
the wider US motorsport industry, as their plans
remove reliance on traditional carburettors and V8
engines, creating new opportunities in the process.

The MIA are organising a business development
visit to NASCAR and IndyCar in May (timed to take

ﬁﬁ There are
costs and risks
invalved, but what
is business without

these? DD

(NDLUSTRY LIPDATE M

THE BUSINESS

in the Charlotte All Star Race and the Indy 500).
Everyone is welcome to join us and this is a really
good use of those limited travel budgets.

The bad news of US F1 and A1GP does no one
in the industry any favours. We need to attract
investors and sponsors and, to do so, we should
expect financial due diligence to uncover how we
perform. How the legislators could have carried
out rigorous financial checks on US F1 and A1GP is
beyond me. | just hope someone in responsibility
thinks long and hard about such matters for the
future as this 'brings motorsport into disrepute’ -
something for which many
have been considered at
fault in the past.

Sports’ marketing
budgets are substantial,
and buyers select a
sport to secure brand
advantage. Ours must be
whiter than white and
right at the top of the
league, and these stories make that hard to achieve.

The exchange rate of euro and sterling to the
US dollar opens up substantial opportunities for
European exporters. US companies can import
products at a lower price than for many years, and
financial commentators believe this will continue
throughout 2010. This is good news for European
exporters, but not so good for US manufacturers.
The business world will rely, substantially, on export
performance in 2010 and 2011 to build their way
out of recession, so now is the time to focus on
exports and chase new markets. There are costs and
risks involved, but what is business without these?

We face a cautious, modest recovery, spread over
the next two or three years. In 2010 motorsport is
going to have a quiet, careful period, where caution
is the by-word and real cash, in the bank, is king.
This will change the face of the industry for years
to come. Some companies will emerge stronger, with
more market share than before. Make sure yours is
one of those. Good, experienced management

will be vital to that success. @

Chris Aylett is CEO of the Motorsport Industry
Association (www.the-mia.com). Please email chris.
aylett@the-mia.com if you have any comments.
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+Stockcar Engineering VI

Formula 1 2010; cockpit safety;
|Ri dampers; tyre models;
Deltawing Indycar; Daytona
winning Porsche V8; Ford Fiesta
52000; wiring looms; Boyo
Hieatt on F3; speed derivation
anomalies, FF1600 ride heights,
eSafety Challenge

NEVER MISS AN ISSUE AND SAVE
MONEY TOO - SUBSCRIBE TODAY

Find the best subscription offers online

Keep your favourite
magazine pristine
PRICE PER BINDER:
UK, BFPO £8.00
USA $24.44
Europe £12.00(€17.64)
Rest of World £13.00

www.racecar-engineering.com/subs

Order on: +44 (0)1733 385170
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Toys-R-Us

For the first time, a complete, one-stop Formula 1 facility is available to customers

Two state-of-the-art wind tunnels are available, one of which accomodates a full-size car. Both use PIV technology

ith more than

30 kme of floor

space, two wind

tunnels and a
mind-boggling array of research
and development equipment
the Toyota Motorsport
facility in Cologne-Marsdorf,
Germany could be considered a
motorsport engineer’s dream.
Only a dream because it was
off limits to anyone outside
of the Toyota works World
Rally, Le Mans and Formula 1
programmes, but the facility is
now available to customers.

‘Over the winter we basically

had to find a new business model
for the facility, explains business
development manager |ens
Marquardt. ‘In recent years we
have invested a great deal into
good equipment, as well as into
good people, so we obviously had
to find a way to make the best
use of that.

‘We have retained around 200
staff. And this is the opportunity
for us to bring this into a new
future and open it up to a wider
customer range and make our
services available to anybody.

The Toyota Motorsport facility
is unigue in the world, utterly
dedicated to automotive R&D, as

1

(NDLUSTRY LIPDATE M

¥

| TECH SPEC
FACILITIES ON OFFER

Two wind tunnels

Model shops

o - " * | CFDcluster

gearbox development, car
development, everything. We
are not limited to one part and
that is what makes us different.
As in the past, when we were
participating in Formula 1 we
did the whole car. Now that is
something we have transferred
to being available to customers!

dd engine development,
gearbox development, car

development, everything Dp

Marquart is keen to point out. |
think we are different compared
with companies like Dome

and Dallara. They are chassis
manufacturers and developers
so they cover the whole chassis
side. What we have is the whole
powertrain side as well. We can
provide engine development,

As the facility was built for
a single team, rather than the
comings and goings of secretive
customers, the question of
confidentiality is something that
the staff in Cologne will have to
contend with. ‘It is one of the
keys for us now, that assurance
of confidentiality to a customer,

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

Car design

Chassis calculation

Engine design

Engine dynos

Single cylinder dyno

Rolling road

Flow bench (swirl and
tumble)

Flow bence (flow
measurement)

Cam rig

Component rig

Seven-post rig

Transmission test system

Full car road simulator
(329 rig)

Transmission lubrication
test system

10 STL machines

Three laser sinter
machines

Three autoclaves (two
large, one small)

24 milling machines

Two turning machines

Eight 3D QC machines

Driver simulator

1360m? chassis workshop
/ build area

2
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, THEFALCTS
Staff: Around 200
Established: 1979

Current facility
constructed: 2000

Facility size: approx
30,000m?

Car park size: approx
11,000m?

Closest airport: Cologne
Bonn (24km)

Closest major train
station: Cologne Central
(10km)

Closest highway: Al
(2km), A4 (3km)

Website: www.toyota-
motorsport.com

Address: Toyota-Allee
7, D-50858 Cologne,
Germany

Telephone: +49 2234
1823 858

Fax: +49 2234 1823 834

Email: contact@toyota-
motorsport.com

The transmission test rig can be used to apply suspension loads to a gearbox

N

llNDLSTRY LIFDAT E

explains Marquardt. "We are lucky
that what we have hasn't been
built on a small scale and that
gives us the opportunity to divide
sections into customer-dedicated
areas and, through that, ensure
people their confidentiality. From
our F1 past it is something we
know is very important.

Toyota's two wind tunnels
benefit from Particle Image
Velocimetry (PIV), which
involves the use of lasers that
illustrate the movement of tracer
particles in the air flow. This is
digitally recorded to provide an
accurate analysis of airflow at
any given point. Visualisation
of flow structures in x, y and z
planes within the tunnel allow
direct measurement of local
flow velocity vectors, as well
as accurately validating CFD
predictions of velocity and
vorticity fields.

Post-processing and
comparison to CFD calculations is
streamlined, while PIV begins at
short notice with a quick start-up
time and, thanks to seeding
technology, no clean-up after
use. This enables normal testing
to resume immediately. As well
as PIV, the tunnels also feature
continuous motion and High
Speed Data Acquisition (HDSA)
systems to provide higher levels
of data more efficiently than
standard wind tunnels.

In continuous motion mode,

a user-defined programme of
ride height, yaw, roll, steer and
individual pre-load changes
provide continuous motion on a
pre-defined trajectory, while the
HSDA system is continuously
acquiring data at high frequency.

'On the wind tunnel side,
in the later stages of our
programme we ran the two
tunnels seven days a week on
shift operation. So all of the
model making and the design
was focussed on that, which
required a lot of people. Now that
area has been shrunk down, but
| think what we have available is
still quite capable of handling a
variety of programmes in parallel.

'The extent of services a
customer might expect to get
from us is a very broad range,
especially in the wind tunnel

Just one of the three autoclaves available for use, two of which are big enough to take full size car bodies

m www.racecar-engineering.com = May 2010

area’ concludes Marquardt.

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


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

AN,

RACING FUEL CELLS

....the complete Racing Fuel Cell System Specialists.

FIA approved Safety Fuel Bladder Tanks, available in all FT3, FT3.5 and FT5 standards, can
accommodate ALL road fuels and race fuels, ultra-lightweight bladder tanks available, ATL low cost
Saver Cells, FIA Refuelling Equipment, In-Tank Collectors and ‘Return-less’ Fuel
Systems, Fuel Pumps, Fuel Filters, Fuel Level Sensors, Foam Baffle....too much to list !

ATL UK ATL USA
Tel: +44 1908 351700 Tel: +1 201 825 1400
sales@atlltd.com atl@atlinc.com
www.atlltd.com www.,atlinc.com

- ®
c a rS ’ m Enginger winning race cars
with the world’s most validated
vehicle simulation software
Tuning: chassis, aero, powertrain,
suspension, tires, brakes, more
Widely used with SIL and HIL:
- Shock dynas - Engine dynos - Electronic controls
Works with optimization software
» Test design concepts before fabrication
Catalog chassis set-ups pre-race
Driving simulators:
Train drivers
Evaluate chassis tuning

SENSors

High performance control and S, A
clutch measurement sensors for motorsport — '---:@_——@'

linear \\{\\“
position //;\/z\

]

brakes rotary % speed
sensing

position \g

signal

suspension

throttle
gearbox

pedals

electronics

N—

B vy

3D TRACKS

Europe North America v ; RO AU
Active Sensors Lid Active Sensors Inc 2 2
Christchurch Indianapolis

United Kingdom United States .

Tel +44 (0)1202 480620 Ted + 317 713 2973 700+ OQUTPUT CHANNELS

sales{@activesensors.com Mirw | g
—
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A SALES REPRESENTATIVE AND
r STOCKING DISTRIBUTOR

. in EUROPE for
& AURORA BEARING COMPANY

o
geu‘agi 10
MOTORSPORT QUALITY
ROD ENDS & SPHERICALS

inch sizes
metric sizés

INTERNATIONAL DISTRIBUTORS
AGURORP’ - RODOBAL" - Seals-it"

widest range in Europe
ES:
0D ENDS ACCESSOR!
& \ateral seals

jon bools.
Pm!e:‘m?,,ut;-mn »
ight-hand, 1€
Getecno srl - GENOVA - italy ne

fax  +39 010 835.66.55 internet: www.getecno.com
phone +39 010 835.60.16 e-mail: info@getecno.com

contacts in English, Deutsch, Frarcais, Iltaliano

PRODUCT

Your PDR has just | oy

il 105...| @

got 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 also available.

See our new 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 03466 or Email ; sales@chasecam.co.uk

RACEPARTS

CALLNOW FOR YOUR
FREE 2010 CATALD_GUE
R ;

UNIT 3 ROCKFORT INDUSTRIAL ESTATE,
WALLINGFORD OX10 9SDA
TEL: 01491 822 000
SALESERACEPARTS.CO.UK
WWW.RACEPARTS-DIRECT.COM

CNC CAM POWER TO WIN

Serious Cams at Sensible Money!

L e

Cams F, ah Way F Kant BRS TDH
i: 01880-857100 I: 01689-855408 ¢: info@newman-cams.com www.newman-cams.com
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Dunnell Engines,

and and components for

Duratec full race and rally
lications

Knut Ove Borseth -

2009 European Rally Cross Champion

Using our latest Duratec RX series engine
o e e : G

7.
. zetec
etes

Duratec Enging engiag
2.0-2.5 Litre 1.6, 1.8 & 2.0 litre
200-330 BHP 175-270BHP - T

Complete engine &ﬁnnmnnnenl development

Tel: +44 (0)1449 677726 Email: info@dunnellengines.com
Unit 10 Tomo Business Park, Creeting Rd,
Stowmarket, Suffolk, IP14 S5AY, England

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

For all your safety cell

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, 5/8" diameter and 3/4" diameter 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 turther product detals and
prices visit our web site -

E mail: davicd@usaful-toos.couk
Web: www.useful-1ools.co.uk

DIGITAL

RACE CAR RADIO SYSTEM

o Clear, crisp and secure communications
o Improved immunity to interference
o Inherent digital noise cancelling feature

Wm. C. Mitchell Software - Racing by the Numbers

Introducing version 4.02 of the WinGeo3 Suspension
Geometry program with Force-based Roll Centers
--—- explained! ---—

704-660-0330 voice
704-663-0085 fax
Mooresville, NC 28115 USA

www.MitchellSoftware.com
B00-844-T296 from USA and Canada
125 East Plaza Drive, Suite 117

3rd Edition

An Introduction To Race Car Engineering
Book I

Race Car ENGINEERING

HOOK |
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acecar You can reach over

s

tast dasigner. C
hi last Teo 4

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

E From a double page spread through to an eighth of a page, make
sure your company is seen by the right people and key decision
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
I : . Be part of the on-line revolution at www.racecar-engineering.com
Ra ecal - | © - 3
,,.gma-nnn =TI | romote your company to thousands of visitors every week.

B
vvvvv

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

BYANPAN YA S| =

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

Entries are arranged under the following main headings:

BODYWORK FUEL SYSTEM
BRAKES HYDRAULICS

CHASSIS RACECAR MANUFACTURERS
COCKPIT SAFETY

ELECTRICAL SERVICES

To find out how your company can
ENGINE SUSPENSION

be listed in this section contact the

e ENGINE ELECTRONICS TRANSMISSION
Advertising Sales Department on EQUIPMENT WHEELS AND TYRES
+44 (0)20 8726 8329 FUELS AND LUBRICANTS
Cranfield B AEERADS FRICTION s
T BRAKES /
MAEROFOILS T2 44 (0)1234 754502 alcon ’ PERFORMANCE FRICTION
L E::n:::‘l-g:ﬁ:?hﬁ:lese Road, A (Y 1627.723700 8o Htalic Wtk
€0-ORD SPORT MK43 0AL, England www.alcon.co.uk ph L
amnemon, | il || ESemk L | BB
Midlands, DY4 7TR, UK B79 7TN, England PAX ) B zee Rl

e T

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

MFASTENERS

AEROCATCH
T:+44 (0) 1803861714
Unit D Seymour Wharf, Steamer
Quay Rd, Totnes, Devon TQ9 5AL,
England
F:+44 (0) 1803 B6B678 email:
graham@aerocatch.com
www.aerocatch.com

ARROW SUPPLY
T: +44 (0) 1234 B40404
Wi arrow-supply.co.uk

ARP
T:+44 (0} 18055255152

rg Ciarendon

CLARENDON
T: +44 (0) 1455 841200
Address: Newtown Grange Farm
Business Park, Desford Road,
Newton, Unthank, Leicestershire
LE9 9FL, England
wwwl.clarendoeneng.co.uk
sales@clarendoneng.co.uk

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

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

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

MRUBBER &
ELASTOMETRIC
COMPONENTS

RUBBER LTD
T:+44 (0} 1730894 034

AWINDOWS

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

MWIND TUNNEL MODELS
CAPITAL PATTERNS

T- +44 (0}208 777 5276
MARTIN FELOWICK

T:+44 (0) 1603 712611

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 2709433 &

LISA(+1) 873 305 3812

GKMN 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) B15 363 5000
TAROX

T: ltaly {+39) 033 567 814

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

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
wwiw.apracing.com
sales@apracing.com

TO ADVERTISE IN THIS SECTION,
PLEASE CALL LAUREN MILLS

+44 (0)20 87268329

MBRAKE DISCS

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

PERFORMANCE
FRICTION
BRAKES /
PERFORMANCE FRICTION

83 Carbon Metallic Highway

Clover,

sCz29710

TEL: +1 80O 521-8874

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: (0)1295 279711
www.performancefriction.com

WBRAKE FLUIDS

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

TILTON ENGINEERING
USAT:(+1)B05 688 2353
25 Easy Street
Bueliton, CA 93427, USA
www.tiltonracing.com

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

FERODO

T:+44 (0} 12568 812520
MINTEX

T:+44 (0} 1274 854000

PERFORMANCE
FRICTION
BRAKES /
PERFORMANCE FRICTION

83 Carbon Metallic Highway

Clover,

sC29710

TEL: +1 800 521-8874

FAX: +1 803 222-8134
www.performancefriction.com

PERFORMANCE
FRICTION
BRAKES /

PERF E FRICTION,
Tel: (0)1295 221020
Carbon Metallic House
Compten Park
‘Wildmere Road
Banbury,

Oxon 0X16 3WU

Fax: (0)1295 279711
www.performancefriction.com

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

MCALLIPERS

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

www.performancefriction.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
www.performancefriction.com

AVALVES

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

DEL WEST ENG

T:USA (+1)661 295 5700
FERREA

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

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

T:USA (+1) 408 448 2001
VALVOLINE

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

T:USA(+1)336 472 8281

m

MBODYWORK

Fagl==lmim]l N]| =
ComMmPOSITES DaO OB

— r\.,\__,_\s_‘
g == L e, WD
AERODINE COMPOSITES GROUP, LLC

B201 Indy lane
Indianapolis, Indiana 46214

T:(+1)317-271-1207
F:{+1)317-271-4455
www.aerodinecomposite.com

NBODYWORK
SPECIALISTS

ADVANCED COMPOSITES GROUP LTD
T +44{0) 1773 763441
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DATABASE

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

SA
T:(+1)317-271-1207
F:(+1)317-271-4455
www.aerodinecomposite.com

AERODYMNAMIC CONSULTANTS

T:{661) 729 5628
CMLGROUP

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

T:USA {+1) 727 539 D605
CROPREDY BRIDGE

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

T:+44(0) 1555853315
DON FOSTER RACING

T: France +33 (0)4 7058 0308
FIBRESPORTS

T:+44(0) 1268 527331
GARAGE

T:+44(0) 1255 758444
HAMLYN MOTOR SERVICES

T:+44(0) 15682 841264
HEDDINGTOM COACHWORKS

T:+44{0) 1380850198
MERLIN BODYCRAFT

T:+44 (D) 1260 705156
MITCHELL

T:MEW ZEALAND (64) 7823 6188
SPA COMPOSITES

Ti+44 (D) 1543 432904

MCALIBRATION
SERVICES
RICARDD INC

T:+44(0) 1926313319

MCHASSIS 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

MCOMPOSITES
SPECIALISTS

FEOLUS TECHNOLOGY
T/USA (+1)970 472 1288

P =i =Talal  NTS W
Pear At .r;.“:n...,..
— e
e e \.../F
AERODINE COMPOSITES GROUP, LLC
8201 Indy lane
Indianapolis, Indiana 46214
UsA
T:(+1)317-271-1207
F:(+1)317-271-4455
www.aerodinecomposite.com

AMEX SYSTEMS
T:+44 (0] 1869 345036

C&B CONSULTANT AERODYNAMICS
T:+44(0) 1202 673666

(g capricorn

CAPRICORN AUTOMOTIVE GmbH
Tel. +49.21 61.4 77 76-0
Krefelder StraBe 320
41066 Ménchengladbach,
Germany
www.capricorngroup.de
sales@capricomngroup.de
Fax +49.2161.477 7617

CARBON FIBRE TECHNOLOGY
T:+44(0) 1953859610
COMPOSITE WINGS
T:+44(0) 1953 885476

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

CROSBY GRP
T.+44(0) 1327 857042
cTs

T:+44(0) 1480 459378
DELTA COMPOSITES
T:+44(0) 1260 824438
DU PONT UK
T:+44.(0) 1438 734000

ELAN COMPOSITES

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

T: +44 (0)208 565 0293
HEYES ENGINEERING

T:+44 (0} 1453 75049
HITCO

T:USA(+1) 2135165707

T:USA(+1)570472 1288
KOMPREX

T:0191 4168200
MICRO CRAFT

T:USA (+1)909 947 1843
MIRALTD

T:+44(0) 247 6355 000
RICHARD HINTON RACING

T +44{0) 1279771667
SECART

T:USA (+1) 203 756 6658
SQUARE OME MOTORSPORT

T:+44(0) 1825723485
TECHNICAL RESIN BONDERS

T:+44(0) 148052381
TURBO HEAT

T:+44(0) 1535664303
SCOTT BADER

T:+44(0) 1933663100
TECHFLEX

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

T:+44(0) 1664 812454

MCRASH TESTING
Cranfield,

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

MDEFORMATION
TESTING

C ranﬁ ;’d

IVERSIT

CRANFIELD UNIVERSITY
T:+ 44 (0) 1234 754502
Cranfield University College Road,
Cranfield, Bedfordshire
MK43 0AL, England
wwiw.cranfield.ac.uk
motorsport@cranfield.ac.uk

MDESIGN & ANALYSIS
Cra n/rc [d

IVERS

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

CarSimr

Machanical 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

MFABRICATION

Figl=l=lmim{lN]= "N

EO RS T L e
===

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

OO P 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

AUTOMOTIVE FABRICATION
T USA (+1) 214 745 1148

m www.racecar-engineering.com = May 2010

AZTEK
T:+44(0) 1508 261299
BBiW

T:+44(0)1483 722713

BY G.FORCE PRECISION ENG
T +44 (0} 1243 544192

BRADY FABRICATIONS
T-+44(0) 1868 252750

g; EXHAUSTS

BTB EXHAUSTS
T:+44(0) 1327 261 797

UNIT 3. GREAT CENTRAL WAY,
WOODFORD HALSE, Daventry,

Nerthants, NN11 6PZ
www.btbexhausts.co.uk
F:+44 (0)1381 269577

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 783366
MASON ENGINEERING

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

T:USA (+1)888 2450013
MIKE TAYLOR DEVELOPMENTS

T:+44(0) 1609 780123
MIRKO RACING

T:USA (+1) 408 776 0073
POLSON

T+44 (0) 1440 B20371
PREMIER AEROSPACE

T-+44 (0} 1332 B30515
RILEY & SCOTT

T-USA(+1)317 2489470

FNCHNFERING. 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@snapdragonms.com

SOUTH CERNEY ENGINEERING
T: +44 (0} 1285 BE0295

VAN DYNE ENGINEERING
T:USA(+1) 714 847 4417

MMEASUREMENT
EQUIPMENT

CCA DATA SYSTEMS

T +44(0) 1525 378538
CRANFIELD INSTITUTE

T: +44 (0) 19068 634134
INSTRON SCHENK

T- +44(0) 1494 456789
MICROLEASE

T- +44 (0)208 427 8822
RACEPARTS UK LTD

T- +44(0) 1491 822000

¥ AROHN

Variohm-EuroSensor Limited
T:01327 351004

lwilliams Barns, Tiffield Road
Towcester, Northants, NN12 6HP

F: 01327 353564
sales@variohm.com
www.variochm.com

MMOULDING

BENTLEY CHEMICAL TRADING
T:+44(0) 1562515121

CROMPTON TECH GROUP
T:+44(0) 1295 220130

MSPACEFRAME DESIGN

COSINE TECHNOLOGY
T:+44 (0} 1706 378851

ENABLING TECHNOLOGIES LTD
T-+44(0) 1983 550483

WSTRESS ANALYSIS

( .':'(1,*1/‘_‘:‘5’{9{'

CRANFIELD UNIVERSITY
T:+44 (0) 1234 754902

Cranfield University College Road,

Cranfield, Bedfordshire
MK43 0AL, England
www.cranfield.ac.uk
motorsporti@cranfield.ac.uk

bnapdrag,un:c

SWELD TESTING

AIOLOS ENG
T:Canada (+1) 416674 3017

Cranfield

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

IMPERIAL COLLEGE LONDOM
T:+44 (0)207 5895111
LANGLEY FULL-SCALE
T:USA (+1) 757 766 2266

m

MINSTRUMENTATION
ACES

T:+44(0) 1206 395 324
ACTIVE SENSORS
T:+44(0)1202 4B0620
Website, www.activesensors.com

MSTEERING WHEELS
FLAMING RIVER

T: USA (+1} 440 826 4488
MOBILIS

T:Canada (+1)450647 1890
MOUNTNEY

T: +44(0) 1525 383055
RACEPARTS UK LTD

T: +44(0) 1491 822000

MSWITCHES & KILL
SWITCHES

CARTEK .RUTOHDTIUE ELECTRONICS Ltd
T:+44 (0)2380 637600
Unit 2, Wilson Street,
Southampton, SO14 S5AY
info@cartek.biz
wiww.cartek.biz
F:+44 [0)2380 637622
RACEPARTS UK LTD
T:+44(0) 1491 822000

m

MALTERNATORS
BRISE AUTO ELECTRICS
T:+44(D) 1322 277622

wiww brise.co.uk

COMPETITION SYSTEMS
Hypenipar, Lan Lans, Shore, COMPLTINN VMY
- - T:+44 (0) B707 444 666
Newbury, Eerltshlre RG14 2TA Hyguniper. Long I.ane, Shore,
Wil oty v fo V. RG14 2TA
WWW, it 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
www,gems.co.uk

LMI STACK

T-USA{+1) 717 637 1155
LONGACRE RACING

T:USA (+1) 206 885 3823
LUMENITION

T:+44(0)20 7403 4334

www.autocar-electircal.com

Pery +Giles

AE—
A Curtiss-Wright Company

PENNY & GILES
T:+44(0) 1202 409 409
15 AIRFIELD ROAD,
CHRISTCHURCH,
BHZ3 37TG, UK
F:+44(0) 1202 409 475
www.pennyandgiles.com
sales@pennyandgiles.com

VARIOHM
T:+44 (0) 1327 351004

MMIRRORS
RACEPARTS LK LTD
T:+44(0) 1431 622000

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

EERE

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

WILWOOD ENGINEERING
T:USA (+1)BO5 385 1188

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

MCLAREN ELECTRONICS
T:+44(0) 1463 261400

MCABLES

CENTURY CABLES
T:+44(0) 1733 211600
CONTIMENTAL
T:+44(0)1513 450 8663
RINGSPANN
T:+44 (D) 1234 342511
3 napier road, Bedford,
MK41 005, England

MCONNECTORS
L o

e
ELITE

DEUTSCH UK
T:01424 852722

1S MOTORSPORT
TIUSA(+1) 317 244 6643
MAGNETI MARELLI
T:ITALY (+39)02 972 27570
SAKATA MOTORSPORT ELEC. INC.
TIUSA(+1) 714 446 9473

SOURIAU
T:+44(0) 1582 477177

MIGNITION SYSTEMS
€FITECH
T:USA (+1)310 793 2505

SWIRING HARNESSES

fisystems
—— -

BERU f1systems
T:+44(0)1379 646200
Owen Road, Diss, Norfolk,
IP22 4ER, England
www.f1systems.com

DC ELECTRONICS
T: +44 (0) 1621 856451
wwwowiringlooms.com
PALLAS CONNECTIONS
T:+44(0) 1869 277053
www pallasconnections.co.uk
TOMY |JAMES

T:+44(0) 1379 854485

C0-0RD SPORT

T:+44(0) 121 661 6263
Unit 1 Cletone Street, Tipton,
‘West Midlands, DY4 7TR, UK
www.coordsport.com
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RACE TECHNIQUES
T +44 (0} 1242 245640

NAIR FILTERS
INDUCTION TECHNDLOGY GROUP
T- +44 (0} 2476 305386
KEN ENGINEERING
T-USA (+1) 800 B56 3333
KEN FILTERS (EURDPE) UK
T:+44 (0} 1925 536950
CONMNAUGHT
T:+44 (0} 1795 B43 BOZ

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

MWBLOCKS
INTEGRAL POWERTRAIN
T:+44 (0) 1908 278600

WBUILDERS

HODS0MN ENGINEERING
T:+44 (0} 1732 463658

MBCAMSHAFTS
AUTOSPRINT

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

T:Belgium {+32) 3320 2560
COMPETITION CAMS

T:USA (+1)901 795 2400
CROWER

TUSA (+1)619422 1191
DAVID NEWMAN

T:+44 (0} 1689 857103
DUNNELL ENGINES

T:+44 (0) 1449 677726
KATECH

T:USA(+1)313 7914120

CE

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

KENT CAMS BY |T

T: FRANCE +33 (0)3207 46480
LUNATI

T:USA(+1) 901 3650950
ULTRADYNE

T:USA{+1) 601 345 4447

FERFE T SRR

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

L CAT CAM.

QUALITY ENGINEERED PRODUCTS
UK Distributors for Catcams
Unit 10, Old Kiln Warks, 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)905 4815816
SOLEX

T:France +33 (0) 14 728 7171
WEBCON

T +44 (01932 787100

MCOMPONENTS
ATOMIC SPEEDWARE
T: 4180552208081
www.atomicspeedware.com

KENT AUTO DEVELOPMENTS
T:+44 (0) 1303 B74082

tilton

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

MCONRODS

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

F: +44 (0) 1455 233545

" L LSS
AUTO VERDI
T:+ 46 240 594300
Nissvigen 4
SE- 785 61 Djuras
SWEDEN

website: www.autoverdi.com
emall: info@autoverdi.com

(g capricorn

CAPRICORN AUTOMOTIVE GmbH
Tel. +49.2161.4 77 760
Krefelder StraBe 320
41066 Ménchengladbach,
Germany
www.capricorngroup.de
sales@capricorngroup.de
Fax +49.2161.477 7617

FARNDON ENG

T:+44(0) 2476 366510
MANLEY PERFORMANCE

T-USA(+1) 732 905 3366
OLIVER

T:USA{+1)616 451 8333
PAMKL

T Austria (+43) 3862 512500
SAENZ EUROPE-|ACQUEMIN TUNING

T: France +33(0) 3207 464 80

W jacquemintuning.com
SAENZ

T-USA{+1)305 717 3422
SCHRICK

T: Germany (+49} 21919500

MCONROD BOLTS

ARP
T:USA(+1) BO5 335 2200

=<AICICOW4
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) 330 630 0888
BLANC AERD

T: France +33 (0296 68 3339
CARRILLO INDUSTRIES

T:USA (+1) 949 498 1800
COSWORTH

T:+44(0) 1604 752444

T:USA(+1)310534 1390
EAGLE

T:USA (+1)901 345 5886

v CAME

KENT CAMS
T:+44 (0) 1303 248666
Units 1-7 Shorndliffe Industrial
Estate, Folkestone,
Kent, CT20 3U), England
www.kentcams.com
infogkentcams.com
F:+44 (0) 1303 252508

LAYSTALL ENGINEERING
T: +44 (0] 1902 451789

3COMBUSTION
ANALYSIS

O

isystems
USA

ISyslemepertormancs £om

PETROCHEM CARLESS LTD
T: +44(0) 1372 360000

MCRANKSHAFTS

ONLINE AT WWW.RACECAR-ENGINEERING.COM

ABS PRODUCTS
T:USA(+1} 7146710728

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

ision.co.uk

F: +44 (0) 1455 233545

(g"cc:plicurrl

Capricorn AUTOMOTIVE GmbH
Tel. +49.21 61.4 77 76-0
Krefelder Strafie 320
41066 Minchengladbach,
Germany
www.capricorngroup.de
sales@capricomngroup.de
Fax +49.2161.47776-17

EOS

T: +44(0) 1708 225 829
TREVOR MORRIS ENG

T: +44 (0) 1547 530289

MCRANKSHAFT
DAMPERS

WIBRATECH
T:USA (+1) 716 895 8000

MDISTRIBUTORS
PAD RACING
T: New Zealand (64) 3 3386 288

MCYLINDER LINERS

(g "capricorn
CAPRICORN AUTOMOTIVE GmbH
Tel. +49.21 61.4 77 76-0
Krefelder Strafie 320
41066 Minchengladbach,
Germany
www.capricorngroup.de
sales@capricomgroup.de
Fax +49.2161.47776-17

BDYNAMOMETER
SERVICES

BERTILS ENGINES

T:USA(+1) 708 395 4244
BRAYTOMN ENGINEERING

T:USA(+1}517 279 8458
CELTIC PERFORMAMNCE ENG

T:+44 (0) 1362 696729
CENTRAL AUTO TECH

T:+44 (0) 121 4556392
CONNAUGHT ENGINES

T:+44 (0) 1296 435389
DAWSON AUTO DEVELOBMENT

T:+44(0) 1327857729
DESIGH & DEVELOPMENT

T:+44 0) 1695 574454
DRAGON PROJECT RACING

T:+44(0) 118974 4175
ELLIOTT & SON

T:+44(0) 1306 711275
EVOLUTION ENGINEERING

T: +44 (0207 703 2225
FONTANA AUTOMOTIVE

T:USA (+1)310538 2505
GAERTE ENGINES

T:USA (+1)2192233016
GMH ENGINEERING

T.USA {+1) BO1 2258970
HASSELGREN ENGINES

T:USA (+1) 510524 2485
HOLBAY RACE ENGINES

T:+44(0) 1473623000
HOLMAN AUTGMOTIVE

T.USA (+1) 704 334 2151
HUDDART

T +44 (D) 127066405
INTER-TUNING BELGILM

T:(+32) 47306520216
JANSPEED ENGINEERING

T:+44(0) 1722 321833
LANGFORD & PECK

T: +44(0) 1933 441661

mountune
FRACING

MOUNTUNE RACING
T:+44(0) 1277 22 66 66
Prospect Way, Hutton,
Essex CM13 1XA
sales@mountune.com
Wi, mountune.com

TO ADVERTISE IN THIS SECTION,
PLEASE CALL LAUREN MILLS
+44 (0) 208726 8329

MICKEY MAROLLO USA
T:USA(+1)607 734 2148
QUICKSILVER
T:USA 301656 5003
TREVOR MORRIS ENG
T:+44(0) 1547 530285

:DYNAMOMETER

RACING

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

SUPERFLOW EUROPE
T:Belgium (+32) 15 216300

MENGINE BALANCING
AUTOMOTIVE BALANCING

T:USA (+1) 562 8615344
BC GEROLAMY

T:USA (+1) 216 638 3008
MILLINGTON

T +44(0) 1746 7839268
POWERHOUSE PRODUCTS

T:USA (+1) 800872 7223
SUNNEN PRODUCTS

T:USA (+1) 800 833 487
WINONA VAN

T:Canada {+1) 800 833 4670

MEXHAUST SYSTEMS

E" EXHAUSTS

BTB EXHAUSTS
T:+44(0) 1327 261 797
UNIT 3. GREAT CENTRAL WAY,
WOODFORD HALSE, Daventry,
Northants, NN11 6PZ
www.btbexhausts.co.uk
F:+44(0)1381 265577

BURNS STAINLESS
T:USA (+1) 949631 5120

FLOWMASTER
T/USA{+1)616 4634113

GOOD FABRICATIONS LTD
T:+44 (0) 1844 202650
www.goodfabs.com

MFLOWBENCH
ANALYSIS

ADVANTEC NEW TECHNOLOGY
T: Germany +44({0) 2261 61901

BRACEIRNG

MOUNTUNE RACING
T:+44(0) 1277 22 66 66
Prospect Way, Hutton,
Essex CM13 1XA
salesigmountune.com
Www.mountune.com

MFLYWHEELS

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

co.uk

F:+44 (0) 1455 2r33545

ICENGINEWORKS

T:USA (+1)512 858 2232
JETEX EXHAUSTS

T:+44(0) 1789 298985
KAITEN PRODUCTS

T:USA (+1) 7142202227
MARK ORTIZ

T:USA(+1) 7158353292

tilton

TILTON ENGINEERING
T:USA(+1) 805 688 2353
25 Easy Street
Buellton, CA 93427 USA
wwwitiltonracing.com
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TREVOR MORRIS ENG
T +44 (0} 1547 530289

MFORGING

(g capricorn

CAPRICORN AUTOMOTIVE GmbH
Tel. +49.2161.477 76-0
Krefelder Straie 320
41066 Manchengladbach,
Germany
www.capricorngroup.de
sales@capricorngroup.de
Fax +49.2161.47776-17

MFUEL INJECTION

e, 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

ASNU Corporation Europe Ltd
T:+44(0) 208 420 4494
65 - 67 Glencoe Road, Bushey,
Herts. WD23 30P. England
wWww.asnu.com
E-Mail: asnu.sales@asnu.com

AC ROCHESTER

T:USA(+1) 716 359 6361
GENESIS ELECTROMNIC SYSTEMS

T +44(0) 1635 582255
KINSLER FUEL INJECTION

T:USA(+1)810362 1145
LINGENFELTER

T:USA (+1)219 724 2552
NIPPON DENSO

T:|apan (+81)56 6255511

T:UK +44 {0)208 591 7700
PERFORMANCE SPRINGS

T:+44 (0} 1253 716900
TWHM INDUCTION

T:USA (+1)805 967 9478

MGASKETS
GORE-TEX
T-USA(+1) 410392 3200

MINJECTORS

ASNU Corporation Europe Ltd
T:+44 (0) 208 420 4494
65 - 67 Glencoe Road, Bushey,
Herts. WD23 30P. England
Www.asnu.com
E-Mail: asnu.sales@asnu.com

HOLLEY PERFORMANCE
T-USA (+1) 502 781 9741
MARREN
T-USA (+1)203 732 4565

MINJECTION ANALYSIS
ASNL

T:+44 (0)208 420 4494

MINTAKE MANIFOLDS
ACTIVE TECHNOLOGIES

T-+44 (0} 1953 B39 133
JENVEY DYNAMICS

T:+44(0} 1746 768810

MINTERCOOLERS

e PO

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
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ALLARD MOTOR: CO
T: +44(0) 1452 500333
PACE PRODUCTS
T: +44 (0) 1284 850960

T a—
[ =] d’
TURBO TECHNICS
T:+44(0) 1604 764 005
2 Sketty Close, Brackmills,
Northampton, NN4 7PL
www.turbotechnics.com

MLINERS
DATRON SLEEVES
T:USA (+1} 760 603 2895

MOIL COOLERS

P

AH FABRICATIONS
T:+44 (0) 1432 354704
Unit 6H Thomn Business Park,
Rotherwas, Hereford,
HR2 6]T, 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
8848 Steven Avenue, Orangevale,
California, USA,
winw.drysump.com
aremfg@ulink.net

W PRODUCTS

T:USA (+1)510 863 4096
LAMINDWA

T: Sweden (+46) 85 907 4045
SETRAB

T:Sweden (+46) 40 158 060

MOIL FILTERS

AAE

ARE DRY SUMP SYSTEMS
T:USA(+1) 916 987 7629
address: 8848 Steven Avenue,
Orangevale,

California, USA,
website. www.drysump.com
emall: aremfg@ulink.net

FLEXIBLE HOSE
T:+44(0) 1753570863
FRAM FILTERS
T: +44(0) 1443 223 000

MOIL PUMPS

AUTO VERDI

T:+46 241 10252

MNissvigen 4

SE- 78561 Djuras

SWEDEN

‘website: www.autoverdi.com
emall: info@autoverdi.com

PACET
T: +44(0) 1628 526 754
TITAN MOTORSPORT
T: +44(0) 1480 474 402

MOIL SEALS

2AACING s

SSEALSF

GSTRACING SEALS

A division of GregSeal Technology UK Ltd
Tel: +44 (0)77 1753 4027
Fax:+44(0)23 B027 5267
www.gstracing.co.uk
info@gstracing.co.uk

m www.racecar-engineering.com »

BOILSUMPS

TR PR

AH FABRICATIONS
T:+44(0) 1432 354704
Unit 6H Thorn Business Park,
Rotherwas, Hereford,
HRZ2 6JT, 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
address: 8848 Steven Avenue,
Orangevale,

California, USA,
website. www.drysump.com
email: aremfg@ulink.net

MILODON
T:USA{+1]818407 1211

MOIL TANKS

SOTCANET T

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

ARE DRY SUMP SYSTEMS
T:USA(+1) 916 987 7629
address: 8848 Steven Avenue,
Orangevale,

California, USA,
website. www.drysump.com
email: aremfgimulink.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) 1271 525 6450
ARIAS
T: +44 (0) 1403 784022
pistonsgarias.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

(E capricorn

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

Fax +49.2161.4 77 76-17
|ERISTONS

T:USA {+1)714828 9763
MALVERN RACING

T:USA (+1)804 971 9668
OMEGA PISTONS

T:+44(0)121 558 6778
TOTAL SEAL

T:USA (+1)602 676 4377
WISECO PISTON

T:USA(+1) 216 951 6500

MPISTON RINGS
ACCRALITE PISTONS

T:+44(0) 121 525 6450
CORDS PISTON RING

T: +44 (0)208 398 9323
FORD AUTD ENG

T:USA (+1) 805 2983785
HIGH TECH PERFORMANCE

T:USA (+1)801 8728766
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MRACE ENGINE DESIGN

RICARDO MIDLANDS TECHNICAL CENTRE
T:+44(0) 1926319315

4

SWINDON RACING ENGINES
T:+44(0) 793 531 321
Crampton Road, Greenbridge Estate,
Swindon, Wiltshire,
SN3 3]), England
www.swindon-engines.com
sre@swindon-engines.com
F:+44 (0) 1793528 484

TREVOR MORRIS ENG
T:+44(0) 1547 530283

MRACE PREPARATION
ALDON
T +44(0) 1384 572553
CLEM COMPETITION
T-USA (+1) 214503 8044
CONTINENTAL M/SPORT
T-USA (+1)513 455 8888
DAVE CROSS MOTOR SERVICES
T- +44(0) 1246 477566
DEMON TWEEKS
T- +44(0) 1978 664466
T:+44 (0} 1708 229 B23
ENGINE DATA ANALYSIS
T:+44(0} 1977 516622
FISCHER ENGINEERING
T:UsA (+1)818 767 8840
FOXCRAFT ENGINEERING
T:+44(0} 1264810110
GEOFE RICHARDSON ENGINEERING
T:+44 (0} 1480 B61599
GF BECK MOTORSPORT PREPARATION
T:+44(0) 1646621184
GRAHAM HATHAWAY RACING
T:+44(0} 1621 B56956
GRIFEIN MOTORSPORT
T:+44(0} 1733 771802
HARPERS PEREORMANCE
T:+44 (0} 16442 818188
HT RACING
T:+44(0) 1474 672888
|ANSPEED MOTORSPORT
T:+44(0} 1722 321833
JOHN WILCAX COMPETITION
T:+44 (0} 1455 230576
JOMDEL
T:+44(0} 1933411993
KREMER RACING
T:Germany {+49) 221171025
LIGHTHING PERFORMANCE
T:USA (+1)904 439 5263
MERLIN DEVELOPMENTS
T-+44(0) 1283511184
MINISTER RACING ENGINES
T-+44 (0} 1634 682577
MIS M/SPORTTECHNIK
T: GERMANY (+49) 263680394

mountune

HRACING

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} 1775 723052
PHIL JONES ENGINE DEVELOPMENTS
T:+44(0) 1454 310936
PHIL MARKS ENGINE DEV
T:+44(0) 1564 B24869
PRICE MOTORSPORT
T:USA (+1) 812 546 4220
PRIMA RACING
T:+44(0) 1159491903
PROCOMP
T:+44(0}121 350 3258
PRODRIVE
T:+44(0} 1295 273355
QUICKSILVER RACE
T:UsA (+1) 301698 9009
RACE ENGINE DEVELOPMENT
T:USA (+1) 760 530 0450
RACING BENT
T-USA (+1) 7147798677
RETRO TRACK & AIR UK
T:+44/(0) 1453 545360
ROADSPEED PERFORMANCE
T:+44/(0} 1453 750864
REM
T: FRANCE +33 (0) 386 66 0008
EARLE

T:+44 (0}208 305 2250
SCARBOROUGH
T-Canada (+1)416 759 9309

MREBUILDS
KREMSPEED EQUIPMENT INC
T-USA (+1) 814 724 4086

mountune
RACING

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) 1332671493
ENGINE PREPERATION
T:+44 (0} 161 746 8663
bobjones@newen.co.uk
whwnw bjraceengines.com
MACHTECH
T:+44(0) 1923 269788
QHIO STATE UNIVERSITY
T:USA (+1) 6142925451
PIT 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

MSTARTER MOTORS
ARK RACING

T: +44 (0) 1902 602881
RTRAC

T:Germany (+49)8725 5075

ASUMPS

T

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

ARE

ARE DRY SUMP SYSTEMS
T:+1 916 987 7629
address: 8848 Steven Avenue,
Orangevale,
California, USA
website. www.drysump.com
emall: aremfg@ulink.net

MILODON
T:USA(+1)818407 1211

NTEST BED SUPPLIERS

mOTOesrORT FEDCLETS

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

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) 1454412777

PERFORMANCE SPRINGS
T:+44(0) 1253 716800

TURBO TECHNICS
T:+44 (0) 1604 764 005
2 Sketty Close, Brackmills,
Northampton, NN4 7PL
‘www.turbotechnics.com

MVALVE GUIDES

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 252508t
MVALVE SEATS
CHE PRECISION INC
T:USA (+1} B0O5 499 BEAS

G*S Valves Ltd. ™

GE&S VALVES LTD
T:+44 (0) 1483 415444
Alder Works Cattershall Lane,
Godalming, Surrey GU7 1]5, England
www.gsvalves.co.uk
gsvalvesi@acl.com
MVALVE SPRINGS
DIAMOND
T:USA {+1}313 792 6620
EDELBROCK
T:USA(+1) 213 781 2222

G*S Valves Ltd. ™

GES VALVES LTD
T:+44 (0) 1483 415444
Alder Works Cattershall Lane,
Godalming, Surrey GU7 1]S, England
www.gsvalves.co.uk
gsvalvesi@acl.com

HERBERT TERRY & SOMS
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
infairkentcams.com
F:+44(0) 1303 252508

KURT KAUFFMANN
T:Germany (+49) 711 518300
PERFORMANCE SPRINGS
T:+44(0) 1253 716900
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R CAMS

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

MVALVE SPRING
RETAINERS

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

PR AME

PIPER CAMS
T:+44 (0) 1303 245 300
Unit 5 & 6, Bowles Well

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

DATASPARES ACQUISITION
T:+44(0) 208 463 5222
DATRON TECHHNOLOGY
T:+44 (0} 1508 261 655
DIGICOM ENGINEERING
T:Canada (+1) 604 984 9437
FOREFRONT
T:USA(+1) 404 448 9550

GENERAL ENGINE MANAGEMENT

SYSTEM LTD (GEMS)
Crabtree Road, Egham,
Surrey, TW20 BRN
T:+44(0) 1784 470525
T +44 {0) 1784 470527

co.uk

Folkestone, Kent, CT19 6PQ
www.pipercams.co.uk

(™' cATCAMS ...

QUALITY ENGINEERED PRODUCTS
UK Distributors 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

SOTDRSTORT PAGERCTL

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

MWATER INJECTION

e e
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

RL
T:+44 (0) 1273 581 007

MWATER PUMPS
DAVIES, CRAIG
T: Australia (+61}39459 7433
PERFORMANCE SPRINGS
T:+44(0) 1253 716900

TREVOR MORRIS ENG
T: +44(0) 1547 530289

MCOMPUTER SUPPLIES
COMPETITION DATA SYS

T:USA {(*1)716631 2880
FUELTRONICS

T:Australia {+61)B88363 21599
PERFORMANCE TRENDS

T:USA(+1) 2484739230

MDATA ACQUISITION
2D DEBUS
T: Germany (+49) 721 944 B50
B&G RACING
T:USA(+1)602 274 2537
COMPUTECH SYSTEMS
T:USA(+1)800 870 8383
CORSA INSTRUMENTS
T:USA(+1)313 761 1545

www,gems.co.uk

INTERCOMP

T:USA(+1) 763 476 2531
ISAAC INSTRUMENTS INC

T:Canada +1{450) 658 7520
LONGACRE

T:USA(+1) 425 485 0620
MOTOR SPORT ELEC

T: Australia (+61) 7 3290 1309
FIRESEARCH

T: +44 (0} 1554 253600
QUANTUM SUSPENSION

T:+44 (0} 1243 865 058
RACE DATA ENGINEERING

TUSA[+1)714 445 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

GEMERAL 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
www.gems.co.uk

MOTEC (EURDPE) UK
T:+44 (0} 8700113100
MaTEC
T:AUSTRALIA (+61)3 8761 5050
MOTEC
T:JAPAN (+B1)483 46 1734
MOTEC SYSTEMS,
T:USA  (+1)714 847 6804
OLE BUHL
T: +44 (0} 1425 478 822
PRECISION RACE SERVICES,
T:USA (+1) 248 B44 1060
SUPERCHIPS
T:+44 (0} 1280 816781
TREVOR MORRIS ENG
T:+44 (0} 1547 530289
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

Periny+Giles

A
A Curliss-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

Variohm-EuroSensor Limited
T-01327 351004
Williams Barns, Tiffield Road
Towcester, Northants, NN12 6HP
F:01327 353564
sales@variohm.com
wiww.variohm. com

m

MAIR LINES AND
FITTINGS

MOTORSPORTS NZ

T:Hew Zealand +64 2556 5559
REGENT

T:+44(0) 1308 612602
ROTOTEST

T:Sweden +46 8532 55850

MAIRTOOLS
DESOUTTER AUTOMOTIVE
T:+44 (0)208 205 4584

R T ST o P
Dino Paoli S.R.L

T-+39(0)522 300 828
Via Guide Dorso, 542100,
Reggio Emilia, ltaly
F:+39(0) 522 304 864
www.paolipitstop.com
info@dinopacli.com

MAIR COHPRESSDRS
COMPAIRU

T *44{0] 1494 465000/

+44 (0} 1473602222

MBAWNINGS
AWNING COMPANY

T:+44 (0) 1204 544900
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 & CAMSOFTWARE
DELCAM
T-+44.(0) 121 766 5544

EXA
T:USA (+1} 7816768551

MITUTOYD 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) 248 293 1750
DEWCO
T: USA(+1} 765 962 7201
MACHINERY SALES
T:USA(+1}510 430 4000

MAKIND

T:USA (+1) BOO 552 3288
MILLS ENGINEERING

T:+44 (0)1926 736 736
MILLSITE ENGINEERING

T:USA (+1}304 2735353
QLD HALL PERFORMANCE LTD

T:+44 (0) 24 7671 7100
RGS PERFORMANCE

T-USA (+1) 716434 2509
RMT MECHATROMNICS

T:+44 (0) 1565 650411
SERDI

T:+44 (0) 1895 232215
SOUTHWESTERN IND

USA(+1) 3106808 4422
T&S

T:USA (+1) 540 668 1002

MCOMPUTER
HARDWARE

CRANFIELD

T:+44 (0) 1234 758085
FASTER SYSTEMS

T-USA (+1) 415 332 6064
FUIITSU

T:+44 (0)208 573 4444

GENESIS

T: +44 (0} 1635 582255
KISTLER

T Switzerland {41}52224 1111
MOWA

T:USA (+1}6158326355

NCORNER WEIGHT
SCALES

ART

T:USA (+1)914 889 44999
LONGACRE RACING

T:USA (+1)206 885 3823
NOVATECH

T:+44 (0) 1424 852744

MDRIVERS EQUIPMENT
Al RACEWEAR
T:+44(0) 1233 638498

SDRIVING SUITS &
ACCESSORIES

AWS RACEWEAR
T:+44 (0) 1233 638498

MDYNAMOMETERS -
CHASSIS

FROUDE CONSINE

T: +44 (0) 1905 856800
INTERNATIONAL DYNAMOMETERS LTDY
DY NAPACK

T:USA (+1} 559 292 3800

T:Mew Zealand {+64) 4587 0484
LAND & SEA

T:USA {+1) 603 329 5645
SUPERFLOW

T:USA(+1) 800471 7701

T: Belgium {(+32) 15 216300
UNICO (UK)LTD

T:+44 (0} 1908 260000

MDYNAMOMETERS -

DAMPER
BEHRENTS SPEED CENTER
T:USA(+1)914 651 7389
CZECH MATE
T:USA(+1)800819 7223
MND TECH SHOCK DYNOS
T:USA(+1) 520 624 3507
ROEHRIG
T:USA({+1) 336 956 3800
TAT

T: Germany (+49) 7252 84258

MDYNAMOMETERS -
ENGINE

AVL DEUTSCHLAND Gmbh
T:GERMANY (+49)6134 71790

ENGINE & DYNAMOMETER
T:+44 (0) 1708 857108
JKM AUTOMOTIVE
T:USA{+1) 508 966 2531
LOTUS ENGINEERING
T:+44 (0) 1953 608000

NDYNAMOMETER
INSTRUMENTATION

AQUIRED DATA SYSTEMS
T:USA (+1)810 566 0131
DEPAC DYNO
T Usn(n] 315339 1265
DYNOLA
T usn (+1) 206 243 8877
QUADRANT SCIENTIFIC
T:USA(+1) 303 666 8414
ROEHRIG ENGINEERING
T:USA (+1)336 431 1827

MELECTRIC STARTERS
POWER TRANS SOLUTIONS
T:+44(0) 17222332126

MENGINE HOISTS
BLUEBIRD

T:USA(+1) 800 808 2473
C-LINE

T: USA(+1) 800 645 7267
GOODSON

T:USA{+1} 507 452 1830
JEGS

T:USA (+1)614 254 5451
MOROS0 PERFORMANCE

T:USA(+1) 203 4536571
MR GASKET PERFORMANCE

T:USA{+1) 216 336 8300
RACER COMPONENTS

T:USA{+1) 303 581 5876
SCRIBNER

T:USA{+1) 916 636 1515
SILVER SEAL

T:USA{+1) 800 521 2836

MENGINE STANDS
GUYDN RACING
T:Canada (+1) 403 277 6020

MFLOOR CRANES
ANRICK TRADING
T:NZ (04) 5899371

MFLOW BENCHES

ASNU
T: +44 (0}208 420 4434
AUDIE TECHNOLOGY
T:USA(+1)610630 5895
CLO-FLOW
T: Snuth Africa (+27) 11 963 128
DEPAC DYNQ SYSTEMS
T-USA(+1)315339 1265
FLOWDATA
T usa:rn?msaz?azs
HODGE M
T:USA{+ 1 ) aoo 262 4634

MGENERATORS -
PORTABLE

HANCO GENERATING
T:USA (+1)800 413 6688

LINCOLN ELECTRIC
TUSA(+1) 216 481 8100

WHELMETS AND
ACCESSORIES

QINETIQ
T:+44 (0) B70D 100942

MHORIZONTAL/
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
T:USA (+1)630377 1750
LS MOTORSPORT
T:+44(0) 121 525 5800
PERFORMANCE MACHINE
T:USA(+1)303 826 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) 1723 831655
MPARTS USE LIFING
KINETIC RACING TECHNOLOGIES
T:USA (+1) 248 245 2330

MPERFORMANCE
SIMULATION

CarSinmr

Mechanical Simulation
MECHANICAL SIMULATION
CORPORATION
T:USA(+1) 734 668 2930
912 N.Main 5t. Suite 210
Ann Arbor, M1 49221, USA
www.carsim.com/racecar_
engineering

DATAS
T +44 (0} 1603 506526

3PIT AND PADDOCK
EQUIPMENT

AP

RACING

AP RACING
T:+44 (0) 24 7663 9595
Wheler Road, Seven Stars Industrial
Estate, CV'3 4LB, England
F:+44(0) 24 7663 9559
www.apracing.com
sales@apracing.com

MPIT TROLLEYS
cHAMplo
T: +44 (0) 1953 B8RG64
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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
Wiww.apracing.com
sales@apracing.com

oo
U
STACK

T:+44 (0) 1869 240404
101 Wedgwood Road, Bicester,
Oxon 0X26 4UL, England
www.stackltd.com
sales@stackltd.com
F:+44(0) 1869 245500

MRADIO SYSTEMS/
INTERCOMS

APPERLEY HONING
T:+44 (0) 1242 525868
AUTOTEL RACE RADIO
T:+44(0) 1508 528837
GRAND PRIX PROMOTIONS
T:+44(0) 1474879524
MRTC
T:+44 (0} 1509812610
STRODE SOUND
T:+44(0) 1761 413248

3RAPID PROTOTYPING
3D SYSTEMS UK
T:+44 (0) 1442 262600

CRP TECHNOLOGY
T:+39(0)59821135
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 793 4319
USA - 4005 Dearborn Place, NW,
Concord, NC 28027
‘www.bmrs.net
GARTRAL
T.+44(0) 1426 682263
PREMIER FUEL SYSTEMS
T:+44(0) 1332 850515
WL gartrac.com
ROLLCENTRE
T: +44(0) 1480 464052
www.rollcentre.com

MREFUELLING RIGS

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

MSETUP FLOORS
UNIVERSITY OF HERTFORDSHIRE
T +44{0) 1707 284270

MSTOP WATCHES
CASIO
T +44(0)208 450 3131

NSUPPLIER EQUIPMENT
BRUNO HANSO!
T DENMARK *45(0]5599 1616

NTAPE
DRC RACE CAR
T:USA (+1) 609 397 4455

MTIMING SYSTEMS
CONTINENTAL SPORT

T:USA (+1) 513 450 8888
MST SPORTS TIMING

T:+44 (0) 1684 573479
VULCAN ENTERPRISES

T:USA (+1)602 750 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

NTYRE PRESSURE
GAUGES

o

QuUQ

aia
STACK

T:+44 (0) 1869 240404

10 Wedgwood Road, Bicester,
Oxon 0X26 4UL, England
www.stackitd.com
sales@stackltd.com

F: +44 {0) 1869 245500

MTYRE TEMPERATURE
GAUGES

STACK
T:+44 (0) 1869 240404
10 Wedgwood Road, Bicester,
Oxon 0X26 4UL, England
www.stackltd.com
sales@stackitd.com
F: +44 (0) 1869 245500

MWELDING EQUIPMENT
AMILLER ELECTRIC MFG
T:USA (+1) 800 426 4553

FUELS AND
LUBRICANTS

AGIP

T:Italy {+39)65 9981
CASTROL

T +44(0) 1793512712
CASTROL

T:Malaysia (603) 245 2642
CASTROL

T:USA t* 1] 30527094338 (+1)973

305 3
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.millersoils-online.co.uk

PETROCHEM CARLESS
T: +44 (0) 1372 380532
REPSOL
T:+44(0)207 5811333
T:Spain (+34) 91 456 5300
SLICK 50
T:+44(0) 116 2881522
T:USA({+1) 713 932 9954
5TP
T:UK +44 (0) 1488 682655
T:USA +1)305 771 1010
TECH-LINE
T:USA (+1) 919 4800305

TO ADVERTISE IN THIS SECTION,

PLEASE CALL LAUREN MILLS
+44 (0)208726 8329
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MFUEL CELLS

moToRLROT FRODUC T

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

RACING FUEL CELLS

ATL RACING FUEL CELLS
T:+44(0) 1908 351700
1 Patriot Drive, Rooksley, Milton
Keynes, Buckinghamshire MK13
8PU, England
www.atlitd.com
atl@atlitd.com

RACING FUEL CELLS

ATL RACING FUEL CELLS USA
Spear Road Industrial Park, Ramsey,
New Jersey, USA
T:USA(+1) 204 B25 1400
F: USA(+1) 201 825 1962

EARS MOTORSPORTS

T:+44(0) 1625433773
FUEL SAFE SYSTEMS

T:B00 4336524

T:USA(+1)541 8923 6005

for international calls
KS MOTORSPORT

T: Germany {+49) 2271 44905
oMP

TUSA+1 5733610508
PROMALS

T:FRANCE +33 (0)32089 7510
SIGMA

Switzerland: T: 41615717 600
SIMTECH - RALLYCELL FUEL CELLS

T:Belgium +32 69 B8 96 70

MFUEL FILTERS
€D PINK RACING ENGINES
T:USA (+1) 818 785 6740

FHS MOTORSPORT RACING
T:+44(0) 1753 513080
692-693 Stirling Road, Slough,
Berkshire, SL1 45T, England
ww.thsracing.co.uk
info@fhsracing.co.uk
F: +44 (0) 1753 513050

FRAM ELROPE
T:+44 (0} 1443 223000

5PV RACING
T:Australia (+61) 2 791 9855
3 FUEL HOSES & HOSE
ENDS
mmao—rw'm /
BHR’;‘%_’ T T

T:+44(0) 1753 545 554

Unit 5 Chancerygate Business
Centre, 5t Mary's Road,

Slough, SL3 7FL

USAT:+1 704753 4319

USA - 4005 Dearborn Place, NW,
Concord, NC 28027
www.bmrs.net

EARL'S
T:USA({+1) 310605 1602

HEARLS

EARL'S PERFORMANCE UK
T:+44(0) 1327 858221
Unit 16 Silverstone Circuit,
Towcester, Northamptonshire,
MNN12 8TL, England
www.earls.co.uk
sales@earls.co.uk
F:+44 (0) 1327 858473

HCL FASTENERS

T:+44(0} 1282 411 992
SAMCO SPORT

T:+44(0) 1443 238464
S£S PEREORMANCE

T:+44 (0} 1582 488040

MFUEL LINES

BMRS
T:+44(0) 1753 545 554
Unit 5 Chancerygate Business
Centre, 5t Mary's Road,
Slough, 5L3 7FL
USAT:+1 704793 4319
USA - 4005 Dearborn Place, NW,
Concord, NC 28027
www.bmrs.net

EAE MACHINE

T:USA (+1)317 243 3092
FUEL SAFE

T:US(+1) 8004336524

T:US{+1) 5418236005
GOODRIDGE CA

T-USA(+1)310533 1924
GOODRIDGE INDY

T:USA (+1) 317 244 1000
GOODRIDGE EAST

T:USA (+1) 704 662 5095
GOODRIDGE UK

T: +44(0) 1392 369090
HEMRY'S ENG

T:USA (+1)410535 3142

KRONTEC MASCHINEMBAU Gmbh
T:(+49) 9401 5253-0
PommernstraBe 33, 93073,
Neutraubling, Germany
www.krontec.de

RACETECH
T:+44(0)1327 359912

THINK AUTOMOTIVE
T:+44(0)2085681172
292 Worton Road,
Isleworth, Middlesex,
TW7 GEL, England
www.thinkaute.com
matta@thinkauto.com

WELDON RACING PUMPS
T:USA (+1) 216 232 2282

XRPINC
T:USA (+1)562 B61 4765
5630 Imperial Way, South Gate,
CA 90280, USA
F:USA(+1)562 861 5503

'mm

MHYDRAULIC VALVES

MOOG

MO0G
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.ukfindustrial/
motorsport
LEE PRODUCTS
T:+44(0) 1753 BBEE64
PERFORMANCE SPRINGS
T:+44(0) 1253 716500

RACECAR

MANLUFACTURERS)

ATR

T: Italy(+39) 0B61 7493200
CHEVRON

T:+44 (011565 777395
CHEVRON RACING CARS LIMITED

T:+a4{0)1565 777355

il

FYT

DALLARA
Via Provinciale, 33
43040 - Varano Melegari
Parma - Italy
T: Italy(+39) 0525.550.711
F: Italy(+39) 0525.534.78
http:/fwwiw.dallara.it/

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

[ RACECARS LTD

T:+44(0) 1663 734518
DOMECOLTD

T:Japan {131:'521 -0023 1777
DOME COLT

T.]apanfBl 749-54-1414
DOME CARBON MAGIC

T:Japan+B1 749-54-2828
ELAN

T:USA+1 (0)706 658 2518
ADE

T:+44 (D) 1863 744443
JEDI
T:+44 (0) 1933 440774

Lola Cars International Ltd
Glebe Road, 5t Peters Road
Huntingden,
Cambridgeshire PE29 7DS
United Kingdom
T:+44(0) 1480 451301
F:+44(0) 1480 482970
lola@lolacars.com
www.lolacars.com

MYGALE

T: France +33 (0) 3 8621 8621
PILEEAM

T:+44 (0)1778 424838

RMLGROUP
T:+44(0)1933 402440
6-10 Whittle Close,
Parl: Farm Indusmal Estate,
NNE ST\‘. Engiand
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
CHUBE

T:+44 (D) 1932 765568
FEV

T:+44(0) 1243 555566
LIFELINE FIRE & SAFETY

T:+44(0) 2476 712599

www lifeline-fire.co.uk
RACEPARTS UK LTD

T: +44 (0) 1481 822000

MBATTERY ISOLATION
SYSTEMS

AR TEN
ey Syt
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)23B0 637622

m

MOOGC

MO0G

Way, h
Estate, Tewkeshury,
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/

motorsport

YAIR FREIGHT
FORWARDERS

FIRSTAIR

T:+44(0) 1764 421451
JIM RUSSELL FREIGHT

T:+44(0) 1332811931
WINWEST

T Australia (+61) 2 522 46418
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ONLINE AT WWW.RACECAR-ENGINEERING.COM

MBEAD AND SAND
BLASTING

AEROMET INTERNATIONAL PLC
T:+44 (0} 1735 415000
COMPAIR AUTOPOWER
T:+44 (0) 1494 465000
HANKOE MOTORSPORT
T:+44(0) 1753522779
SWAIN TECH
T:USA (+1)716 889 2786
ZEUS ALUMINIUM PRODUCTS
T:+44(0) 1384 482222

MCOATINGS

CAMCOAT PERFORMANCE COATINGS
T:+44(0) 1925 445003
www.cameoat.com

(g capricorn

Capricomn AUTOMOTIVE GmbH
Tel. +49.2161.477 76-0
Krefelder StraBe 320

41066 Monchengladbach,
Germany
www.capricorngroup.de
sales@capricorngroup.de

Fax +49.2161.477 7617

LURD COTE
T:USA(+1)909 885 3223

cerlikon

Daizers

OERLIKON BALZERS
T: +44(0) 1908 377277
Bradbourne Drive, Tilbrook,
Milton Keynes, Buckinghamshire
MK7 BAT, England
www.cerlikon.com/balzers
andy.bloyce@oerlikon.com
F:+44(0) 1908 370637

PLASMA-SPRAYED CERAMIC THERMAL
BARRIERS

T:+44 (0) 1235 434326
POLYMER DYNAMICS

T:USA (+1) 713634 3296
ZIRCOTECH

T:+44 (0) 1235434 326

MCRACK DETECTION
DCM TECH
T:USA (+1)800 533 5339
KRALTKRAMER BRANSON
TUSA(+1) 717 242 0327

MCRACK TESTING
ORANGE COUNTY
T:USA (+1)800 3528378

MFINISHING
ASP GROUP
T:+44 (0} 1384 231300
HEPWORTH INTERNATIONAL
T:+44 (0) 1484 711720
RICHARD BARRETT MOULDS
T:UUSA 353 282 9842

MFOUNDRIES
FINECAST

T: +44 (0} 1903 765821
UK RACING CASTINGS

T: +44 (0) 1227 750877

MHEAT TREATMENT
AR CORNELL

T:+44(0) 1245 268098
CRYOGENIC TREATMENT SERVICES LTD

T:+44 (0) B45 127 9936
QUANTUM HEAT TREATMENT

T:+44 (0} 1908 642242
MMACHINING
APPERLEY HONING

T:+44 (0) 1242 525868
ATHENA MANUFACTURING LP

T-USA (+1)512 928 2693
COLEMAN MACHINE

T-USA (+1) 906 863 8945
DONCASTERS LTD

T: +44 (0) 1332 864900
LANGSTONE ENGINEERING LTD

T:+44 (0) 2392 452430
MILSPEC PRODUCTS

T-USA(+1)407 814 8547

MMEASUREMENT
SERVICES

PHYSICAL DIGITAL
T: +44 (0) 7880 703010

MMETAL MATRIX
COMPOSITES

MMLC
T:USA(+1)B17 893 4449

MMETAL SERVICES
APPERLEY 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

36 AT ot
Distribution

Slmgtary Taneag—.

Allegheny technologies Ltd
T:+44 (0) 121 7895764
Granby Avenue, Garretts Green,
Birmingham, West Midlands,
B33 05P
F:+44(0) 121 784 8054
motorsport@atieurope.eu

BYWORTH MATERIAL SERVICES
T: +44 (0) 1453821609
ELMDON METALS
T-+44(0) 1604 670 592
RGS PERFORMANCE
T:USA(+1) 716 434 2505
SMITHS HIGH PERFORMANCE
T: +44 (0} 1767 604708

ALLOYS
L LINATTET

SUPER ALLOYS
+44 (0) 845 838 0400
1 Java Park, Bradbourne Drive,
Milton Keynes,

hire, MK7 BAT, {f
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
motorsport@cranfield.ac.uk

MRAPID PROTOTYPING

30 SYSTEMS UK
+44(0) 1442 262600

MSTRENGTH TESTING
Cranfield

NIVERSITY

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} 1952 677372
ROUSH RACING
T:USA(+1)315591 4384

ATITANIUM
SPECIALISTS

3 AT 5

Allegheny technologies Ltd
+44 (0) 121 789 5764
Granby Avenue, Garretts Green,
Birmingham, West Midlands,
B33 05P
F:+44(0) 121 784 8054
motoersport@atieurope.eu

SUPER ALLOYS
+44 (0) 845 838 0400
1 Java Park, Bradbourne Drive,
Milton Keynes,

MK7 BAT,
www.superalloys.co.uk
sales@superalloys.co.uk
F:+44 (0) 845 8380444

MTRAILER HIRE
11/56 MOTORSPORT
T: +44(0) 1543 480303
BRIAN |JAMES TRAILERS
T:+44 (0} 1327 308833
HOPKINS MOTORSPORT
T:+44(0) 117 9509254
MOBILE FROMOTIONS
T:+44 (0} 1832 733460
TONHIRE
T:+44 (0} 1892 836155
WARWICK TRAILERS
T:+44 (0) 1962 732661
WARWICKSHIRE TRAILERS
T:+44 (0) 1564752337

ATUBE 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

CONTRACT MFG & ASM
T:USA (+1)}520 720 4225
MALVERN AIRCRAFT
T:+44 (0} 1684 8926000

AANTI ROLLBARS
COMPTECH USA

T:USA(+1} 216 933 1080
OTM CONSULTANTS UK

T:+44 (0) 1865 407726
HARROP

T: Australia (+61) 3 2499 7433
KIC INT 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
ALTOSPORT BEARINGS & COMPONENTS LTD
T:01932 225777
GETECND
T:Italy (+39)010 8356016

neBaas

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

KAMATICS i pmoonniins
HAMAM

KAMATICS CORPORATION
T:(+1) 860 243-9704,

(+1)001 317 918-5616
1330 Blue Hills Ave, Bloomfield,
CT 06002, USA
David.DeMaria@Kaman.com
wiww. kamatics.com
F: (+1) B60 243-7993

HMB MINIBEA

T +44(0) 1522 500933

MCOILSPRINGS
COIL SPRINGS

T:+44(0) 1142 758573
EIBACH

T: +44 (0} 1453 265850
EIBACH

T: Germany (+43) 2721 511220
HERBERT TERRY

T:+44 (0} 1527 64261
HYPERCOILS

T:USA (+1) 5747536622
WOODHEAD

T:+44 (0} 113244 1202

MUCOMPONENTS

Y 4

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

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

MDAMPERS

IRZ SUSPENSION

T: Metherlands (+31) 4026 191 55
MOTON

T:Metherlands (+31) 413 255 836
PENSKE RACING SHOCKS

T:USA {+1} 2153756180

@ SAC“:CS

ZF SACHS RACE ENG
T: (Germany) (+49) 9721 98 3258
Ernst-Sachs, Strasse 62,
97424, Schweinfurt, Germany
T:UK +44 (0) 115986 9211
www.sachs-race-engineering.de

MDRIVESHAFTS

GKN MOTORSPORT
T:+44(0)121 313 1661
METALORE
T:USA{+1) 310 643 0360
OLD HALL PERFORMAMCE LTD
T:+44 (0) 24 7671 7100

SUPER ALLOYS
+44 (0) B45 838 0400
1 Java Park, Bradbourne Drive,
Milton Keynes,

MK7 BAT,
www.superalloys.co.uk
sales@superalloys.co.uk
F:+44 (0) B45 8380444

TEX RACING
T:USA(+1}910428 9522

MENGINEERING
SERVICES

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

RACING INDUSTRY TECHNICAL SERVICES
T:USA (+1) 2B4 645 1724

TREVOR MORRIS ENG
T:+44 (0) 1547 530289

MRODS & ROD ENDS
RACE-TEC NAK
T: +44(0) 2380 246986

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

MSTEERING SYSTEMS

NeSWVO

NEVO DEVELOPMENTS
T:+44 1480 830 800
Unit 14 Papworth Business Park
Papworth Everard
CB23 3GY
info@nevodevelopments.com

WOODWARD

// R TR PR E 8T R
WOODWARD MACHINE CORP

T:USA(+1)307 472 0550

PO Box 4479, 3592 Burd Road,

Casper, WYB2604, USA

F:USA({+1) 307 235 1551

www . woodwardsteering.com

ASTRUT BRACES

aroATT P

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) 121 661 6263
Unit 1 Cetone 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 CONTROL

T:USA {+1)916 636 7888
PROELEX UK

T:+44 (0) 1200 442345
ROD MILLEN MOTORSPORT

T-USA(+1)7148472 111

(@)

ZF SACHS RACE ENG
T: Germany (+49) 9721 98 3258
Ernst-Sachs, Strasse 62,
97424, Schweinfurt, Germany
T: UK +44 (0) 115986 9211
www.sachs-race-engineering.de

SACHS

MSUSPENSION
SERVICES

BLAST-IT-ALL

T:USA (+1)800353 2612
DAVID POTTER CONSULTING

T: +33 (0) 494 338090
PILBEAM RACING DESIGNS

T- +44 (0) 1776 424838
SHOCKEOX DAMPER SERVICES

T: +44 (0) 7915 340550

MSUSPENSION TESTING
(_Jranflfc'f"d

NIVERSITY

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,

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

FICHTEL & SACHS
T: +44 (0)208 654 8835
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T:+44 (0)207 930 2424 ~J
OLD HALL PERFORMANCE LTD IPRO-SHIETY
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SCOMPLETE TRAN-X GEARS LTD Tel: +44 (0)77 1753 4027 NN 5€], England
TILTON ENGINEERING Brandon Road, Binley, Coventry Fax:+44(0)23 8027 5267 www.griptyresoftener.com
TRANSMISSIONS T:USA(+1) 805 688 2353 West Midlands, CV3 2AH, England wiww.gstracing.co.uk info@griptyresoftener.com
HEWLAND ENGINEERING 2'5 Easy Street Wwiw.tran-x.com info@gstracing.co.uk
OLD AL PERFORMANCE LTD sl X $3427 LS 544 (0)24 7665 9061 MICHELIN
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ALLEN ORCHARD

What other motorsport projects
has Sumo (JRM) been involved
with?
The history behind |RM goes back nearly
two decades. Towards

The project culminated with back-to-
back victories in the British Rally
Championship with the team securing the
manufacturers’ and drivers' titles in both
2007 and 2008. |JRM has been running a
continual development programme for its
national and international-spec
Mitsubishi Lancer Evolutions, culminating
recently with an outright win on the
Finnish Rally in February 2010.

In addition to all levels of circuit racing
and rallying, the Group has experience of
national level drag racing, European Drift
and Time Attack.

How did the FIA GT deal with
NISMO come about?
JRM wanted to expand its racing
activities and also help promote the
Sumo Power brand on an international
level. When the

the end of 2008 |ames opportunity arose to
Rumsey, executive “Allen Orchard, team negotiate with NISMO to
director of |RM Group, manager, Sumo purchase the two cars,
purchased Chesterfield- Power GT1 team JRM showed the required
based ADR Motorsport, M Started out racing level of professionalism
the acquisition including Superbikes in his and commitment over and
the company's assets, n&tNe Aus;raha, above all the other parties
good will and, most swrt.chm,gto to secure the deal.
importantly, its highly Lol
; . competition when .

skilled technical staff. e nnadt, | How close will

During the '90s ADR ‘England to race in you work with
built and prepared a Eormula Vauxhall NISMO throughout
variety of race and rally Junior and Formula the season?
cars for various ‘Renault in the early Very. We have NISMQ
championships, as well '90s. He later technicians here at Rye
as providing on-event started to run his [East Sussex, England] to
support. These included it T.eamsand LR assist with certain points
front-running one-make boastsower’iﬂg:ars and collect data.
saloons such as Sl s
Peugeots and Vauxhalls E;m’idﬁg ’ What's it like to
- up to British Touring up Sumo Powerf:‘-‘l"s work closely with
Car Championship level NISMO-supported a major manufacturer?
- plus single seaters assault on the FIA Great! The NISMO
from Formula Ford to GT1World personnel are as
Formula Renault and - Championship with passionate as we are and
Formula 3. the Nissan GTR. having a window into

In the 2000s, as the SumoPowarGT the R&D office through
customer base changed, 18 4 patl of the regular meetings is very

the company’s
commercial focus and

JRM Group.

beneficial to everyone.

engineering emphasis moved towards
rallying, primarily in the construction,
preparation and development of Group N
Mitsubishis. In 2004, the company's
reputation in the sport, and its
association with the Japanese brand, in
both domestic and overseas markets, saw
ADR contracted by Mitsubishi Motors UK
to runits works rally team.

How much input did Sumo have
in the development of the car?
Vlery little prior to the cars coming
to us, but since their arrival we have
instigated several engineering activities
with our technical partners, like Exe-TC
suspension, plus we are utilising our
own in-house, state-of-the-art design,
manufacture and inspection facility.

Force India's director
of business affairs,
Ian Phillips, has left
the team. Phillips was
with the outfit in its
different guises for

19 years and, before
joining the then
Jordan team, filled

a variety of roles in
motorsport, including
editor of Autosport
magazine, manager of
Donington Park circuit
and team manager of
the March / Leyton
House F1 team.

David ‘Dyno’
Johnson has retired
from Australian V8
Supercars team Dick
Johnson Racing - his
brother’s team, which
is now known as Jim
Beam Racing — after 30
years. He says he now
plans to spend time
with his family.

James Key is the

new head of Sauber's
technical team,
replacing Willy Rampf,
who is set to step
down as technical
director in April. Key
arrives at BMW-
Sauber from Force
India, where Mark
Smith will replace him
as technical director.

Dato’ Kamarudin
Meranun and SM
Nasarudin have
joined the senior
management team at
Lotus Racing. Both
are shareholders in
the Norfolk-based

team and they will
act as deputy team
principals, alongside
team boss Tony
Fernandes.

JC Jake’ Elder, a
long-time crew chief
in the NASCAR Cup
Series, has died at
the age of 73. Known
as 'Suitcase Jake'
because he never
settled down with
one team for very
long, Elder began his
NASCAR career in
1960 as a fabricator
for Petty Enterprises,
and went on to crew
chief championship-
winning seasons
with David Pearson in
1968 and '69.

Six NASCAR crew
members have fallen
foul of the governing
body's stringent
substance abuse
policy: William
Hileman, William
Wheeler, Matthew
Huffstetler, William
Keith and Kenneth
Luna have all

been suspended
indefinitely.

Doug George

Doug George has
been appoimnted the
new crew chief for
Kevin Harvick Inc’'s
no 33 Chevrolet in the
NASCAR Camping
World Truck Series.
George moved to KHI
in the off-season and
began the season

as crew chief for the
outfit's no 2 car.
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Steve Plattenberger
is to act as interim
crew chief on the

R3 Motorsports no

23 Chevrolet in the
NASCAR Nationwide
Series, replacing John
Quinn in the role.
Plattenberger, who has
been the team's shop
foreman since last
season, has prior crew
chief experience and
brings more than two
decades of knowledge
to the team.

Rick Humphrey is

the new managing
director of business
operations for US track
operator International
Speedway Corporation.
Humphrey has been
involved in motorsport
for 16 years and was
previously president
of the Talladega
Superspeedway.

Anthony
Hamilton

Anthony Hamilton,
the father of 2008
Formula 1 World
Champion Lewis
Hamilton, will no
longer manage his
son, concentrating
instead on his new
business GP Prep, a
company which aims
to give up-and-coming
drivers test mileage
in modern F1 cars,

and with managing
other sportsmen. The
split is believed to be
amicable.

Flavio Briatore

Flavio Briatore has
told the Italian press
he is 100 per cent sure
he will never work

in Formula 1 again,
despite winning a
court action to overrule
his FIA ban on
working in motorsport.
Briatore also said he
had no regrets about
his time in F'1, which
came to an abrupt end
when his part in the
Singapore scandal —
when Nelson Piquet jr
admitted to crashing
on purpose to cause

a safety car period —
came to light.

The FIA has appointed
nine new judges to its
International Court of
Appeal, all proposed
by the Formula 1
teams. These are: Sir
Laurence Street, L
Yves Fortier, Stefano
Dambruoso, Prof Dr
Ulrich G Haas, Prof
Dr Gabrielle
Kaufmann-Kohler,
Dr Antonio Rigozzi,
Sir Philip Otton, VV
Veeder and James

H Walsh.

Roush Fenway Racing
has moved crew chief
Drew Blickensderfer
from Matt Kenseth's
Sprint Cup programme
to crew chief on Carl
Edwards' Nationwide
car. Mike Kelley,

who had previously
served in this

position, has now
taken over the role of
competition director
for the Nationwide
programme, while
Mike Beam is heading
up the speedway part
of the R&D department
for all of RFR.

Todd Parrott has
taken Blickensderfer's
position as crew

chief for Kenseth (see
above). Parrott is a
former Sprint Cup
championship-winning
crew chief with Dale
Jarrett and came to
RFR from Yates Racing.

Ricky Viers is now
crew chief for Greg
Biffle's part time
Nationwide car at
Kentucky-based Baker
Curb Racing.

Viers previously
worked at Red Bull
Racing, while he
also spent many
years at Richard
Childress Racing.

B 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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This will help differentiate us from most of the GT1 grid.

What were (are) the main challenges of
developing the GTR for racing?
It's no surprise to those who take a look at the GTR
positioned next [compared] to a traditional Sportscar.
We have a very high c of g and need to punch a big hole
through the air. We can help by lowering as many items
as possible in the cars, but it is still an inherent attribute

of the car.

How do you rate the GTR's chances this year?

Very good. Our driver combination of Peter
Dumbreck and Michael Krumm in the number one car
is already working very well, and the level of expertise
within the team is second to none. Lastly, and most
importantly, the car has been built and developed
superbly by NISMO, so we have all the elements
required to achieve podium finishes.

What do you think of the new FIA GT1 World
Championship as a concept?
We believe it will be a very exciting format and believe
it will stimulate as much attention as GT racing did in its

heyday in the '90s.

What are the motorsport plans for JRM and

the Sumo Power GT team in the future?
Firstly, the GT1 involvement for us is long term.
Likewise, our involvement in rallying is long term. But
we are always looking for interesting projects and
technical partners to work with. Our excellent financial
stability means we can be fairly selective with projects
and partners, but also offer reassurance that we are not
just financially motivated. We are here for the long term

and intend to develop our reputation for technical
excellence and innovation.

@

AWARDS

The Brienne Davis
Scholarship goes to...

The Universal Technical
Institute Foundation has
awarded Bobbie Newgard
the US$25,000 (E16,500)
Brienne Davis Memorial
Scholarship - an award
made possible thanks

to a generous donation

by NASCAR team owner
Roger Penske.

The award is part of
the Brienne Davis
Memorial Scholarship
Fund, whichis a
scholarship programme
designed to help women
gain the relevant
education they need to
pursue careers in the
automotive industry.
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Olav Aaen's CUT-equipped D-Sport Racer from the 1990s

SAFETY SOLUTIONS

I read your story on
head protection in
open-cockpit racecars
with interest. I had
the opportunity to
address the subject
when I designed my
open cockpit D-Sports
racer in 1990 and a
couple of situations
caught my attention.
First, a friend of mine
was killed when he
hit an Armco barrier
head on. The bottom
barrier gave away
and the car wedged
under the top rail,
which came back and
smashed his head. The
other situation, which
occurs frequently in
NHRA drag racing, is
cars landing upside
down on top of the
guard rails. Without
the double roll bars
mandated by the
NHRA, decapitation
would almost certainly
be the result. I have
yet to see a Formula
1 car land at 90
degrees on top of
another Formula 1

car, but I believe the
bargeboard could then

inflict serious injury,
as nearly happened
in turn five at Road
America during an
IndyCar race when
one car landed on top
of another. As a result
of these experiences,
I designed my open
cockpit D-Sports
racer with a double
rollbar set up, but in
this case the second
bar was extended
forward at an angle
in order to slow down
any intrusion under
guard rails. This
design, which was
featured in Racecar
Engineering VEN2
p66, not only offered
more protection, but
also increased the
torsion strength of the
chassis substantially
by reinforcing the
cockpit area. There
were no negatives,
except perhaps a 4lb
weight penalty, which
I gladly exchanged for
the increased safety
offered and a better
handling chassis.

Olav Aaen
by email

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

PLM is
the way,

unfortunately
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STRAIGHT TALK

CHARLES
ARMSTRONG-
WILSON

They said it was the way of tomorrow and
would make our world unrecognisable, but is it

really an improvement?

e've seen the future and
itis PLM, or so said the
engineering software
companies a few years
ago. Product Lifecycle Management,
they assured us, would take care of
everything - track design changes,
order raw materials, control stock levels,
make the tea and give you a soothing
massage. Well, everything but. Fast
forward to the present day and we
must surely by now be secure in that
computer-aided design utopia, living
a simpler, more fulfilling existence,
thanks to the new
generation of
powerful software
packages.

Well, it is
here, just as they
promised, and
every CAD software
house now has its
version of PLM on
the market. Even the blue chip product
CATIA has been subsumed into the new
PLM package suite of software products,
\/6, from Dassault Systémes. This is the
future and it's here, now.

Chatting to a CAD professional
recently, | queried him about this new
life he must be enjoying thanks to PLM,
but no sooner were the words out of
my mouth than he was spraying his
beverage across the room in shock. "You
are joking, he insisted. Slightly taken
aback, | pushed him on the subject and,
once he calmed down, he explained: It's
all very well, provided you don't need
to get any work done! His point was
that, while it will do everything it claims,
the task comes with an unwelcome
administrative burden.

| listened sympathetically, but
couldn't help being sceptical. I've known
him for years and knew his particular

ﬁﬁ It's all very
well, provided
vou dan't need
to get any

work done Dp

circumstances. He's a freelance one-man
band and people like him are all too
inclined to get set in their ways. Change
is a chore and adopting new ways of
working takes an investment of time that
only returns a benefit in the long term. In
the meantime, he would surely prefer to
focus his efforts on the work that pays
the bills today.

Just then, another friend from a much
bigger motorsport company breezed past
and | recruited him for an opinion. His
employer is part of a much larger concern
and surely he would have embraced the
benefits of PLM?

‘Er, no, we don't
have time.” My faith
was taking a severe
beating now, so

| challenged him.
What about the
bigger company,
don't they insist on
your compliance?
‘We're a pretty small part so they tend
not to bother us and we can lock the
doors, came his response. Again, his
point was that PLM was far too admin-
heavy for the pace of work in motorsport.
Things move too fast and if you want to
keep up, you can't afford to be dragging
that burden behind you.

So, PLM is the future, but not for
motorsport, and is unlikely to be until the
suppliers can simplify its implementation
sufficiently to make it a practical
proposition. Now | can't help wondering
what effect it's having on the world of
engineering outside motorsport. @

Charles Armstrong-Wilson is a former
editor of Racecar Engineering. See p34
for his thoughts about the last 20 years
of the magazine
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Fighting the odds

here has been much negative comment in

the media, on websites and from individuals

in the motorsport industry in the wake of US

F1's failed attempt to make the 2010 World

Championship grid. Let me say at the outset that

| don't subscribe to these views. | accept, however,
that there may have been some ‘bending of the facts’
- undoubtedly born of desperation - when it came to
public and internal pronouncements from the team as
the project began to unravel earlier this year.

The fact is, when we visited US F1 at its North
Carolina base in
mid-December last
year, we found a
busy facility that
was clearly intent
on delivering two
cars to the grid for
the opening race of
2010. That view seems to be supported by the fact FIA
consultant, and former Jaguar F1 team principal, Tony
Purnell, visited at about the same time and apparently
pronounced himself satisfied with progress.

What happened between those events and the
recent admission by Ken Anderson that the team was
seeking permission from the FIA to defer its entry until
2011, one can only surmise but, as with most things
involving motorsport at the top level, the likelihood is
that it involves money or, more correctly, a lack of it.

| was in the privileged position of seeing this at
first hand when | became involved with the Minardi
F1 Team in early 2001, at the point when Australian
aviation entrepreneur, Paul Stoddart, stepped in and
saved the struggling Faenza squad from impending
closure. There isn't room to go into all the detail here
but, on arrival at the factory, with just six weeks and
three days to go until the start of the season, Stoddart
found but a single, unfinished tub. There were no
engine or driver contracts in place, and the workforce
was clearly demoralised, although clinging to the slim
hope there might be a last-minute reprieve. As history
was to show, he and Gian Carlo Minardi succeeded
in turning the situation around and the team made
the grid in Australia, albeit with the second chassis

ﬁﬁ the likelihood is that it

involves money ar, mare
carrectly, a lack of it QD

assembled for the first time in the Albert Park garage.

Stoddart dug deep into his own pocket to make
this happen, and to keep the team going during that
first season. He also had to cope with at least one
defaulting sponsor - a situation that was to crop up
several times in the four years of his ownership.

The point is that it's easy for casual observers to
criticise - and even condemn - the US F1 project, and
the men who conceived it. The fact is, even 10 years
ago, to take over a struggling F1 team and sort it to
the point where it could field two cars for the season
required something
approaching a
superhuman effort
that none of those
involved will ever
forget. In the case
of US F1, they
were trying to do
something even more ambitious - to set up a team
from scratch, and in a part of the world without any
Formula 1 heritage or connections.

Ken Anderson and Peter Windsor may be accused of
many things, among them being naive and unrealistic,
and sadly, both employees and suppliers will have
been adversely affected by what has transpired.
Formula 1, however,
is an exceptionally
risky business, and
those with a desire
to become involved
should understand
that. The problem is,
the siren call of the
sportis such that
it makes otherwise
sane individuals
imagine they can
beat the odds.

EDITOR

Graham Janes
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Because championships
are won with clever
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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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