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iddle brakes. You wouldn't normally think of the simple,
mechanical lever system used by the drivers of trials cars to
apply braking force to one or other rear whee| independenthy
in order to turn more tighty as having much to dowith medern
Formula 1 cars, As we reveal in this month's exdusive look at
some of McLaren's notable technical innowvations of recent years, however,
the fiddle brake concept is the same as thatbehind the brakesteer system
used to advantage by the Woking team on its cars in the late 1990s Also
under the "MclLaren Secrets’ heading. we bring you inside stories on the
use of aluminium beryllium, the team’s Menedes-developed KERS and
the creation of the McLaren MP4/23, which carried Lewis Hamilton to the
World Drivers' title in 2008, it's not often ore is given the opportunity to
part the “technical curtains” at Mclaren, and Rocecar Engineering extends
its sincere thanks to the team’s design and development director, MNeil
Datley, and press officer, 5teve Cooper, as well as Wolfgang Schattling
ard Frank Reichert at Mercedes-Benz Motorsport, for their imvaluable
feature - in this case, on the use of wood
as @ Acecar construction material - plusa
"anti effects. In addition, there is a full report \ i
on the enthralling Formula Student event that g
comment from Peter Wright, Nick Daman and
Chris Aylett.

assistance. This month's issue isn't solely restricted to Formula 1. It
also contains a typically thorough Forbes Aird

&
response from Mark Ortiz to the views of fellow ( L |
contributor, Danmy Nowilan, on the subject of \
took place recently at Silverstone, an interview
with former Lola designer, Bruce Ashmaore, and
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- NEWS FIA PRESIDENTIAL ELECTIONS = F3 RULE DODGING

BACKING OUT OF NASCAR « GR3 » FORMULA STUDENT SEE PES

Stage set for FIA ===
election showdown

Opening exchanges: Mosley backs Todt, Vatanen wants reform

THE CONTEM

THE RACE FOR the presidency of the
FIA looks set to be contested by two
of the sport’s most high-profile names,
with former W orld Rally Champion Ari
Watanen going head to head with ex-
Ferrari F1 boss |ean Todt.

Vatanen confirmed he was to stand
far the post at the German Grand Prix,
while Todt made his intentions clear a
week later, and the opening exchanges
suggest that Vatanen is to stand on a
manifesto for change within the FIA
and the way it isrun, while Todt will
represent the old, Max Mosley-led order.

Unsurprisingly, Mosley was quick
to lend his support to Todt, stating
in a letter to FIA clubs before Todt
amnounced his intention to stand that
“|ean is unquestionably the outstanding
matorsport manager of his genemtion,
anguably of any generation... If he agrees
to stand, | think he weould be the ideal
person to continue, but also to extend
the work of the past 16 years. He can
be relied on in all areas where the FIA
isactive. | very much hope you will give
him your support!

THE TODT ANGLE
For his part, Todt - who iron ically was
Watanen's boss when the Finn drove

for Peugeot in the 'B80s - has made it

g
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clear hewill carmy on with the Mosley
agends, the Frenchman saying: 1t is my
imtention to continue and expand the
outstanding work of president Mosley
wha for 16 years, has worked tirelessly
to strengthen the AA’s major motorsport
championships and to position the FIA as
the woice of the motoring public, actively
promoting s=fe, clean and affordable
mchility for all”

THE VATANEN ANGLE
Mearmwhile, Vatanen, who until recenthy
hasworked asan MP in the European
Parliament, warned that Todt is too close
toMosley, and would notin factrepresant
areal change at the head of the FIA. They
are very dose friends andworked closely
together when |eanwas at Fermari and
Mz at the FIA, But that can also turn out
tobe a handicap! the Finn told the
Assodated Press, "ou need anew star, an
independent person who represents
change. The fact that he [Todt] has FIA
support may somewhat distort the
situation, but fmnot worried When the
wind starts changing it does change!

The election will take place in
October and is decided on the votes
of FIA general assembly members, of
which there are 200. Mosley will not be
standing for re-election

by Mosiey

B ]EAN TODT
Backgroun i former
World Rally co-driver and
boss of Peugeot Talbot
Sport, masterminding
championships in World
Ral by andWorld
Sportscars, plus twole
Manswins. Joined Fermri
in mid-"90s and owersaw
record breaking
Schumacheryears,

FOR: one of the most
successful motorsport

managers in the business.

AGAINST: not popular
with mamy in F1,
which might make
negotiations difficult

B ARIVATANEN
Background:
Spectacularrally driver
weith 19871 World Rally
Championship to his
name, Survived near-
fatal crash in 1985 and
went on to compete
regularly in Paris-Dakar.
Bected to Eurcpean
Parliament in 1999 and
2004, but not re-elected
in2009.

FOR: Popular ‘mcer
with agenda for reform.
Bxperienced pol itician.
AGAINST: the voting
systemn already in place
could favour Todt.

Old names out, new
names in?

GENERAL HOTORS
RECENT bankruptoy
protection and
reorganisation will
have immediate impact
on all three NASCAR
series, but it seems the
Matiormwide and Truck
Series teamswere hurt
more than the Sprint
Cup, as Chevrolet-backed
teams were notified
they would be losing all
financial backing from
the manufacturer. The
major teams affected
include Kewin Harvick
Inc, Rusty Wallace
Inc, ThorSport and |R
Maotorsports, though it is
understood enginesring
he lp will continue to be
given tosome of the
teams, incuding wind
tunnel time

The Sprint Cup teams
of Hendrick Motorsports
Richard Childress Racing
Earnhardt Ganassi Racing
and Stewart Haas
Motorsports have allhad
their sponsorship cut
back, but team sources
remain tight lipped as to
howe farthe cuts went.

The move follows the
rew's recently that the
two remaining Qup Series
Dodge teams - Penske
Racing and Richard Petty
Motarsports - hawe not
b=en receiving their
scheduled sponsarship
payments from the
manufacturer, who
also recently filed for
bankruptoy protection.
Fram that RPM laid off
11 members of staffand
cut employees wages A
possible reduction from
four to three teams could
alsobe on the horizon,

Dodge cut its backing
totally in the Natiorwwide
and Truck Series at the

General Motors Is cutting back heavily on It racing budget

end of last season and
Ford followed suit with
the Truck Series owver the
winter. Kevin Harvick Inc
also laid off a handful of
employess after the GM
cuts wers made known,
Other manufacturer
changes that have been
fleating around the
garage area include Red
Bull Racing - whose
contract with Toyota is
up at season’s end - and
whowill be switching
to Cheviolet and leasing
engines from Hendrick
Motorsports. Earnbardt
Ganassi Racing (BGR)
could lose its backing
from Chevrolet, resulting
in either a disbanding of
the team or a switch to
Toyota likely at the end
of the season. There are
also rumaurs that with
the departure of Martin
Truex jr from EGR, should
Ganassi hawe a team
remaining for Juan Pablo
Montoya, Ganassi will
mawe it tohis Indianzpaolis
facility with his Indy Car
and Grand Am teams.
Mearmvhile, MASCAR
chairman Brian France
jr hinted that the
organisation iswilling
to lock at foreign
manufacturers entering
the sport. We have
been talking to pecple

offand on for a long
time," he =3id. " These are
decisions in terms of a
new manufactuner joining
the sport that would take
a long time to evaluate
and actually enter. It's not
something where we just
flip a switch and it would
just happen. Clearly, there
are SoMe companies
that are going to look at
oppartunities that have
not been there in the
past. It is under a very
clear set of circumstances
that manufacturers come
to MASCAR to compete
and that will not change!
Since Toyota - who
could now be seen as
the strongest among the
manufacturers immohred
- joined the sport in 2004
there have been rumours
of Missan jumping into the
NASCAR circle, but earlier
in the year a source dosa
to the manufacturers
racing division said the
idea had been shehed,
Onewould have to
surmise though that for
other manufacturers to
become imvohed NASCAR
would have to do some
twedking of the current
car to make it more
identifiable to those seen
in showrooms. But maybe,
just maybe, that might be
around the corner..

BRIEFLY..BRIEFLY..B

FORMULA 3 TO FOUR

The chassislife of Formula 3 cars is set to be
extended to four years, after a decade inwhich the
chassis homologation has gone in three-year ycles
The oycle of the current cars thatwere introduced in
2008 was due to cease at the end of 2010, but this
wiill mowe end in 2011, with new designs hitting the
track for the 201 2 season. Corveniently, this also fits
inwrell with the AA's desire to launch a global mce
engine across a variety of series thatyear.

JOBSEEKERS UP 50 PER CENT

Motorsport recruitment specialists in the UK ane
reporting seeing an increase of around 50 percentin
the number of skilled people looking forwork since
the dowenturn in the economy kickedin a year ago.
Faor the full story, see Race People pBE.

GP3 HITS TRACK

The car for the all-new feeder series far GPZ -
predictably enough called GP3 - has successfully
completed its first tests. The Dallara-built spec car,
powiered by a 280bhp Renault engine, was shaken
dowen by current GP2 ace Romain Grosjean.
Mearwhile, series organiser Bruno Michel has
claimed thereare 41 teams interested inthe 10
available entries (each for three-car teams). Michel
has alsosaid he plans to keep the budgetbeneath
the costof Eurn F3.

GOODRIDGE EXTENDS

Goodridge celebrated its 40th year in business on
Manday 13 July, with the opening by Sir Stirling
Moss, of the new £500,000 extension to its
headguarters near Beeter Airport Sir Stirling also
opened the original factory, on the same site,

20 years ago

(MWATCH THIS )

Electric FSAE camber car from Cal Poly
Go to: WP/ AW Wi, [Acecar-eng ine o Ing. comi'vids
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INDY CAR .

Carl Long, independent S8print Cup car

owner and driver, and his crew chisf,
Charlea Swing, have been a fined a NARCAR
record af $200,000 (£121 400}, suspended
for 12 races, and penalised 200 points when
the primary engine for the non-points Sprint
Showdown at Lowe's Motor Speedway during
May was found to bs oversized. Bwing was
aleo admitted to hospital with a heart condition
during the same week “We purchased an
ex-Ganassi engine from Emis Ellictt at the
beginming of the season,’ explained Long, who
app=aled the decision to the National Swock
Car Commyission, but only had his suspension
limited to the Cup Series 8o he can continus to
work in the Matiomwids and Truck Ssriea. s
ovetheated the engine in practice and had io
change it. We had the option to withdraw and
go home before submitting it to inspection,
but trusting that our blown engine wouldn't

LUl The .17 is as
wrong as if it would
have been 400
cubic inches '

hawve any problems passing NASCAR tech, we
gubmittad it and put our other motor in the car
to get ready for the Showdown,

"Tha rules are 368 cobic nchea (360 with an
eight cubic inch tolerance) and ours is 328,17
cubic inchea. The .17 is as wrong as if it would
hawve been 400 cubic inches. Thie engine is B0
horeepower leee than top teams, but it was
all that could be affordsd. I would have never
Imowingly gone to the race track with a big
engins| This suspension has not only stopped
me from racing, it has also lurt me with my
every day job (car chief and spotier at Front
Fow Motorsporie). I don't consider mysslf a
cheater. I am addicted w the worst dmg ewver...
racingl

‘Every dime we have besn able to scraps
up we uss to mes becauss we love the sport,
It takes about a half million in equipment to
be able to build an engine, 2o [ have to rely on
other paopls and thie time it bit me."

Adding insul to injury, Long detonated his
geacondary engins during the Sprint Showdown
‘when a machanic installed the n-line oil flter
in the wmong direction, starving the engines of
oil, The fine should ke paid by Swing by the end
of the year, if not it falls to the car owner, but
nmeither will get a 2010 licencs until the fine is
paid in full

|| FINE: US5200,000 [£121,400
|| PENALTY: 200 POINTS, 12-RACE
| SUSPENSION |
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WRC tech regs
get thumbs up

Revised regulatlons for rallylng’s top category recelve

positive reception

THE FIA WHMSC response to economic
and erwviranmantal concems has
resulted in numerous rule changes in
the World Rally Champ ionship.

The restriction to one tyre type
remains, but a choice of compounds
will be considered, Additionally, a
shngle fuel supplier is to be considered.
The proposed introduction of the
turbocharged 1600cc engine has now
been brought forward to 2011, while
the plan for naturally aspimted 2.0-litre
Super 2000 cars to run as WRCs has
now been canned. Instead, a WRC Cup’
for Super 2000 cars will be introduced
for 2010,

The regulation blueprint for these
new Waorld Rally Cars i based on the
philosophy of the existing Super 2000
formula, with restricted electronic
=anzars and controk and a fourwhesl
drive system using exclusively passive
limited =lip differentials. Bxternally, the
new cars will use a re-designed rear
aenodynamic device,

BP Ford team boss Maloclm Wilson
is positive about the changes There's
still a lot of detail to come, but in
principle we're happy. The turbocharged
1600cc engine ticks all the baxes
Ermvironmentally, smaller engines
with forced induction are the way all
manufacturers are going”

The new formula is welcomed broadly
by top team engineers, with the proviso
that the WM5Cs edict is "in principle’
and that pertinent details of the new
regulations are yet tobe decided.

Ford's chief engineer, Christian
Loriaw, explined he can see no real
point’ in thinking deeply sbout the
new 1600 turbo engine rules until the
actual detail is known While praising the
initiative behind the capacity change,
Loriaw is adamant that the engine
should be based on a production unit,
E0ing on to suggest minimum weights
for imternal components.

"Manufacturers want to show the
ruggedness and design expertise in
their products and this is the best way
todo it. While there is no turbo 1600

planned far the Fiesta (Ford's proposed
rew WRL car), there is a suitable 16-litre
base engine, which we would be able to
turbocharge in 3 similar way to the 2.0-
litre World Rally Car, he explained.

Howrever, while such a “follow-on”
option is generlly assumed, it is not yet
detailed in the new regulations. Nor is
the method of controlling power outputs.
Current WRL engine output is controlled
by a physical restriction in the inlet fract,
and Loriaw: points out that by forcing
intake air speed to beoome supersonic
ahove a certain rate this way, therety
rendering it unusab e and potentially
damaging this ‘naturally’ restrains the
engine output and rpme 1 hope this & the
way we have to go’ he says

The Ford engineer went on to say
howr he felt teams should be able to
alter the material specifications for the
crankcase and head castings, and that
he is concemed over the recent trend to
increase the minimum weight of the 2.0-
litre 52000 cars, in a bid to rescue parity
wiith Group N.

Ford! M-5port has already built a
2.0-litre, normal by aspirated, S2000-
specification Fiesta, which Loriaw:
says "goes well but & down on overall
powrer, particularly torque at lower
engine speeds... The 1600 turbo would
be quicker than a Super 2000 - and
that's the idea Make the rally engine
more relevant to the trends in the motor
industry, while it provides cheap, well-
wontrolled grunt”

Waorld champion, Citroén Racing's
Sébastien Loeb, also approves of the
rew engine regs:"Obvioushy, there is still
a lot of detail to come, like the power of
the car. But for me it was important to
keep the turbo engine. Without the turbo
was not the best way!

Of the wrbo 1600 rules, Citroén's
chief engineer, Xavier Mestelan-Pinon,
had this to sy: Tm an engineer. I'd
prefer a bigger engine, of course, but the
mest important thing is the spectators,
the people who buy our cars. Look at
NASCAR, the cars are not up to much, but
spactators love the racing and the cars!

Honda urges IRL
to speed up
rules debate

HONDA'S PRESIDENT
OF performance
development, Erik
Berkman, has calledon
the Indy Racing League
to decide on its future
chassisand engine rules
by the end of this year.

Talks on the future
of the series have been
ongoing (see V19NA) but
Berkman has said future
plans need to be final Eed
this year if all those
imohed are to have cars
and engines ready for the
changes by 2012,

‘If we get into the first
quarter of next year and
it continues to draw out,”
Berkman said, "we won't
be able to do it for 2012,
We need to know by
Christmas sowe can put
plans in place and budget
for it accord nghy”

The main stumbling
block remains the
question of what engine
wonfiguration touse,
with Honda keen ona

INDUETRY

Japanese manutacturer |s keen to get Ingy rules finalised

six cylinder and other
manufacturers wanting
four, but Berkman says
Honda would be willing
todiscuss an equivalency
formula of some sort.
Mearmrhile, the IRL
has announced changes
to its aerodynamic rules in
an effort to spice up the
racing at its oval events
The tweaks, which come
in the wake of some
lacklustre encounters
recenthy - particularly the
Richmond mce, where
the top two finishers
apologised to the crowd
for the lack of race action

- include tyre ramps and
sidepod extensions

IRL competition
president, Brian Barnhart,
said it was vital that
the saries restored its
reputation for close
racing. We have always
prided ourselves on
doing our best to create
the most entertaining
and compelling on-track
product in motorsports,
and | think in the last
several years - especially
with this version of the
racecar - we've been
very successful in
achieving that”

gl NASCAR Sprint Cup team Eamhard:

Ganassi Racing has been fined and
penalizad for muils violations that cames o
light during the posiTacs ingpection at the
Chicagoland race. The no 1 Chevrolst, driven
by Martin Thoex jr, finished 16th in the race, at
NASCAR found that the car'e right mar quartsr
panal was too high. As a result, crew chisf
Eewin Manion was fined $26,000 and placsd on
pmobation until the end of the year, whils car
owner Terssa Earnhardt wae docked 26 ownsr
pointe and Trex 26 driver points.
|| FINE: 25,000 (15,150
| |PENALTY: 25 DRIVER AND OWHNER POINTS

Randy Hood, crew chiaf for the no 1

Chevmolst driven by Danmy O"Ouinn jrin the
NABCAR Mationwide Beries, has been fined for
il viclations discovered at Daytona. Hood was
finsd 2600 aftar the transmizsion asssmbly in
the Chevy wase found to be under the minimim
wraight of B00b,
| |FINE:

500 (£1 500!

Marco Sorensen was stripped of his
Hungaroring Formula Rensult Bumpoup win
after his Motopark Acadsmy car was found to be
mnmning with parts that did not conform to the
regulations. The team is to appeal the decision.
| |PENALTY: DISOUALIFICATION

Four Audi Ads were excluded from the

Zandwoort round of the DTM for weight-
ralated infringements. The cars of Alex Premat
and Timo Scheider did not get to the acalas on
time, whils Marlue Winkslhock did not have the
mandatory 1kg of fasl in the tank and Christian
Balkdeemud did not weeigh in at &ll
| |[PENALTIES: DISQUALIFICATION

Select Committee announced

MIA assists with submissions to Influential enguiry Into UK motorsport

FOLLOWING THE MIA'S
successful Motorsport Industry
in Parliament day in | uly, the
organisation has been invited to
assistwith the submission

of evidence to a House of
Commons Se lect Committee
enguiry into the motorsport
industry. Specifically, the MIA
will help companies present their
wiritten views.

"Iwelcome this excellent news,
as it is the first time the motorsport
industry has been privileged to
present to @ Select Committes’

weww the-mia.com for helpwith

says MIA CEQ, Chris Aylett.
This is avitally important time, as
new policies are being formed that

support for the future.We have
worked hard to explain to

UK business that supports
motorsport and to address their
incorrect perception thatwe only
supply Formula 11°] encourage all
interested parties to contact us at

submitting evidence.
TheHouse of Commaons

Business and Enterprise Committee
will carry out the enguiry, looking
at the role of the sector in the

will set the direction of government  wider economy, assessing the
effects of the recession and the
effectiveness of curent
Parliament thereal and successful.  gowvernment policies. The enguiry
willalso study the role universities
and academic research play in
supporting motorsport, examine
how engineering excellence can be
maintained and review the role of
motorsport SMEs. Where barriers
extist toinnovation, it will see what
canbe done to overcome them.

House of Lords event has led
to MIA Imvelvementwith Selact

Committes enguiry

September 2009 + www rcecarengineesing.com NN




- NEW PRODUCTS THE LATEST MOTORSPORT TECHNOLOGY

THERMAL BARRIER 3 : = ’ j ] SUSEPENSION

ZIRCOTEC
ZIRCOFLEX

SHOCKS

" SPAX TRACK
) ]

THERMAL HANAGEMENT
SPECIAUST Zircotec has
developed what is believed to
be the first ever flexible ceramic
heat shield material. The new
lightweight ZircoFlex product
offers a robust solution to the
problem of providing thermal
protection tovital engine and
electronic components.

The ceramic material is
sprayed in the form of thousands
of individual ‘platelets’ on the
surface of the foil. While they
are close packed to provide
comprehensive heat protection,
the structure allows the foil
to be bent and manipulated
to =uit different geometries,
meanng it can easily be spplied
to awide range of materials and
substrates, including carben fibre
and can even be folded tighthy
through 180 degrees.

For more information
VIS Wi I Irooibec.com

DRAWING ON 50 years

of experience, UK-based
suspension specialist SPAX
has recently released a new
series of steel-bodied dampers
to complement its existing
alloy-bodied TrakSPAX range.
The range of dual adjustable,
krypton gas-filled dampers
can be specified in a range of
configurations and lengths to
suit applications from single
seaters to Touring Cars.

MOTEC DHB MODULE - ,
&

VEHICLE ELECTROMICS The OHE does All the internal components
EXPERT MoleC hasreleased an not require e comman to the compamy's
innovative new module called software of its :.- - race-proven, aluminium TrakSPAX
a DHB (dual half bridge]. It is own, nstead range, and incorporating both

a high current amplifier that it whorks in thie bump and rebound controls
allowes low current awiliary canjunction ‘ \ into the ahe block has allowad
outputs, such as those in ECUs with MoTeC's full ' - 5PAX to produce a very compact
and dash loggers, to drive the range of ECUs and F* " damperwith an excellent stroke-
high current loads required dash loggers. The I to-body kength ratin Bach unit is
by motors and salenoids. The parameters for speed X dyno tested before it leaves the

DHB contains twa high current control, direction control
half-bridge ocutputs that provide or servo control are sat up using
bioth switched and pu ke width the respective BCU Manager or
modulated (PW M) functionality. Dash Manager software.

factory and customers can return
thie units to SPAX for servicing
and calibration,

These outputs can drive a single For mone information visit
motor in two directions, or two For more Information visit WS pax perfonmance. com or
motors in a single direction. Wil W.mobe C.oom.au call+44 (0) 1869 244771
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mnmn INNOVATION

Small steps

We In".fEst|Eate the W twas a showdown in

Brazil at the end of an

iterative dESiEn action-packed season, and

. predictab by it was a thriller.

process behind The 2008 Farmula 1 World
MELEFEH'S EUDB Championship was decided with
3 only afew hundred metres to go
winner - Lewis Hamiltan took the title in

his McLaren- Mercedes MP4/23
‘after a season-long battle with
‘the Ferrari F2008s.

The carwas an evolution of
the MP4/ 22" explains McLaren
technical director Neil Oatley.
“ltweas really just a case of
optimising the aerodynamics.’

he 2007 designwas a race
winner and nearly took bath
titles that year, so it wasa good
starting point. A higher nose and
revised airbox surround were
the most obwious dif ferences,
but the front suspension
was alsa re-worked and the
wheelbase lengthened. Indeed,
a number of teams went longer
with their 2008 designs and
that trend continued into 2009,
"The wheelbase change was
purely an aerodynamic decision,” |

LAT
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MCLAREN HP4rZ3

BENS0TE,

Radios: Esmwood
Wheels: Enkel

Brakes: Akehono callpsrs
and master cylinder

Barteries: GS Yoasa
Corporation

Srearing: McLarsn power-
asalated

Fuel cell: ATL

Engine: Mamadss-Banz
FO 10ev

Capachiy: 2.4-lire

No of cylinders: 8

Max rpm: 19,000 (F1A
Tequlatory hmit sinos
2007)

Bank angle: SOy
Plston bore (max): S8mmm
Number of valwes: 32

Fuel: Mahdl 1 Unlaadad
{5.75 per comt bilo fael)
Lubricans: Mobil

1, meEwTy demsdoped
2008 forrmila for lower
friction and Detiar wWaal
Tealstance

(rafhtms FA reguittion)

reasons Oatley, and other teams’
engineers echo this, explaining
that longer wheelbases give the
cars more stability and larger
surfaces towork with.

Design work on the new car
started in March 2007, with the
first chassis being constructed
six months later, and from the
first layout work until the car's
launch it spent in excess of 3000
hours in the wind tunnel,

The car took to the racetrack
far the first time at Jerez in
Spain in early January, and in the
lead-up to the season oovered
14,27 5km in 21 days.

From the outset it was clear

At Siverstone the cars m@n with asymmetric mdlztor ducts. The team also Introduced the small blades on the sides
of the chassls ahead of the cockplt at the French Grand Prix (NB Ferrar and Renautt also employed similar devices)
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that the MP4/23 and Ferrari
F2008 were faify evenly
matched and that itwould be
atight battle between the
pair to gain the upper hand

r

MeLaren started the season with
a shaped extenslon ahead of the
sldepods and connected to the
chimneys. This quicily grew in
skze (see leftIn Manza trim] and
the whole assembly was revised
fair the high downferce Singapare
Grand Prix, with the sidepod
extension lengthened by around
T00mm [as shown below leTt)

design throughout the season:
“It's difficult to pinpoint one area
of the car where we made a
particular jump,” explains Oatley,
“itwas all iterative development.

00 the wheelbase change

was purely an aerodynamic

decision |/

technologically. By the first race,
in March, in Melbourmne, Australia
the Mclaren was already starting
to feature new components, and
countless further developments
werne integated into the car'’s

Of course there were a huge
amount of upgrades over the
winter, but we probably picked
up more performance during the
season. We constantly chipped
away at every little bit. If you

compare pictures of the car from
avery race you'll see loads of
little @ero bits appearing!

CONMSTANT TRICKLE

Mclaren's approach varies from
that of some of the other big
teams in that it does not tend to
do big package updates, rathera

constant trickle of developments.

‘We just put every little bit on

a5 5000 as we get ity Oatley
explains. Assuming it is not
inter-related with other things,
if you can get a part on one or
two races earlier then why not
do it? If you can get on little bits
allthe time, all of which make

you a little bit faster, thenyour
whole year performance must
ke improved. We just put bits on
as 5000 as we are comfortable
that they are quicker. With big
package upgrades it's easy to see
that the car has gone a second a
lap quicker, and you know that's
because you've put all those new
parts on the car, butyou may not
kniowe wehich are really worth it.
We are looking at things that are
potential ly almost immeasuable
as an individual change on the
car, s0you have to be certain
that your data is giving you the
right answers!

With so many iterations

a Santand:

.wdafone

Atthe German Grand Pric, the MP4/23 was fittedwith the so-called”amiF
wing, designed te Increase stability In a lateral wind

Thi frontwing wWas an area whene
Mclaren carrled out major werk,
adding an Increasing number of
elements. By Siverstone (middle
left) the w ing had slx elements,
wihille at the Hungaran Gramd Prix
(bettom left) the count was up

1o seven, wih an extra slot In the
rear-most element fitted under the
@r's nose. This wing was only used
In conjuction with the ‘dambe
wings that appeared at the same
race. The final Iteration of the Tromnt
wing on the MP4/ 23 can be seen
on the next page

appearing on the car over the
year and with limited testing
you might have imagned it
wiould be difficult for the drivers
to adapt, but the two Mclaren
pilots coped well, and there

was minimal variance between
the components run on each
driver's chassis, "Drivers are all
slightly differant, albeit mone in
the details’ explains Oatley. "On
the ssrodyramic side it's not
often that one driver varies to
anather in what they like. The
e(ception to that may be on fromt
wings where they are reasonably
effected by the yawing of the
car and the steer angle of the
fromt wheels, Different wings
and end plates can give different
characteristics, and occasionally
you'll find that one solution

suits a particular driver's style
more than another, but that i
fairly rare. Amything rearward

of the front wing is never really
an issue There was certainly

ot 3 big difference between

our drivers during this period,

but going back a bit when David
Coulthard (D) was driving for us,
there were some more significant
differences. The Finnish guys he
wias sharing with [Mika Hakkinen
and Kimi Rakkonen] liked a
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2006
NOVEMBER

The first design meeting for
the MP&Z3 takes place

2007

MARCH

Earty layout work started
MAY

Wird tuninel work commences
SEPTEMBER

Diwers Lewis Hamition, Pedra
oe la Rosa and Gary Paffett
have pravisiond seat fittings
NOVEMEER

The first chassis is ready

for bording

DECEMBER

The car buil process for
chassiz 1 begins

2008

JANUARY

The build process for chassis
1is finished ard the MP423
makes its track debut

loeser car than he did. DCwanted
it more neutral and that lead to
some more differences”

FDAMPERS
During the season one of the
things to be revealed was the
application of the so-called j
damper on the MP4/23. This was
believedat the time to be one of
the team’s secret weapons and
team members refarred to the
device's capabilities in terms of
‘zogs - “we should fit an 18-zog
jdamper’, for example It was
said in some magazines and in
the paddock that the j-damper
was to make up for the loss of
tunied mass dampers but, in
reality, the ‘j-damper was the
inerter developed by Professar
Malcolm C Smith of Cambridge
University and detailed in W 18N9.
In fact, according to Oatley, an
inerter-equipped Mclaren was
nothing new: 1t goes back many
years! | think we firsthad it in
2002, but it took awhile for us to
adopt it a5 a permanent feature
on the car. We tested with iton
the car for a year to 18 months
before actually mcing with it
Like the brake-steer system
of 1997 (see p27) the use
of the device came about by

Ly
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enginesrng degres
from Leughbomugh
University in 1978, Lata
in 1877, Datlsy, who
was bom on 12 Juns
1864, took a position in
the drawing office of
the Williams Formmla
1 team as a design
draughtsman, amd
during the sswven years
apent with the team he
alzo assumed the rols of
race i 3

Ar the end of 1984,
Oatley was recmiitad
to be the joint chisf
designer of the Foms
Formmla 1 tearn and
twio yoars after that he
joined McLaren. In 1988,
ha was promoted to
chief designer; in charge
of the dasign group for
the following year's
challenger, the MP4/6.
Hiz corment rols as
design and development
director has him
overessing the car
apecification and design
programme, defining the
apecification for each
race and supsrvising
the build and approwal
proceassa for sach new
Componstt used.

chance: 1t all came through a
family connection,” explains
Datley, it was ust something he
[Professor Smith] was applying
his considerable thought process
to and thought twould be an
interesting idea on the car!

SUBTLEWEAKMNESS

The battle with Ferrari
throughout the year was a
tense one, both on and off the
track but, locking back, the
Mclaren may have had a subtle
weakness. | don't think the car
had ary major vices, and itwas
reasonably good on all different
types of cincuit, daims Oatley.
"However, ane thing we didn't
actually cure over the season
was rear tyre wear, Qur car was
perhaps a littke harder on them
than the Ferrari! Speculation on
W [CeCa-ENgineeringcom

suggested this was down to

the fact that Ferrari may have
been using the blended tyre

gas detailed inW1TN12 (50 per
cent HFC R0 Awith 50 per cent
C0,} but Datley dismisses this. |
don't think it was down to that.

| think it was that on circuits
where the tyres were closerto
their durability levels orwhere
they were more susceptible to
graning we suffered a little

bit more in terms of cur mce
performance. It was something
that was a bugbear for us and
we never really got on top of!
Howeewer, as the saying goes.
every cloud has a silver lining
ard this was no exception. Whilst

The MP4/ 23 medelwas subjected to theusands of hours of wind tunnel
time. Mote kere It Isinlate 2008 MPA 23(K) spec with the 2000 wing

over a race distance the rear tyre
usage put the Woking. LIK-buitt
cars at a disadvantage, in some
circumstances it could actualby
help the team. 0n some circuits
our one-lap performance was a
lot stronger than that of Ferrari

car became a test bed for this
year's chassis. Taking to the track
with a revised fromt wing and,

on occasion, with the Mercedes-
Benz HPE KERS [see p24) the
MP4/23(K] as it was now known,
covered many more testing laps

one thing we didn't
actually cure over the
season was tyre wear

because we could light the tyres
up more easily and qualify better,
therefore getting a better race
result, even if they [Ferrari] had
perhaps a theoretically quicker
race pace, Though the opposite
cou ld occur depending on the
ambient conditions on the day’
Following the end of the
2008 season the development of
the MP4/23 did not stop. In fact,
in some areas it increased as the

to prepare the team and drivers
far the forthcoming MP 4724,
The MP4/ 23 was final ly
retired in January, when the
MP4/24 was run for the first
time in the Algarve. With six mce
wing seven podium finishes and
a Drivers’ Championship to its
credit, the car will undoubtedly
take pride of place in Mclaren's
collection at its Technology
Centre in Woking. o

The final version of the MP4/23(K} also Titted with KERS. Note here the green dye coating for Tiow visuallsation
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AEROBY TES

Simon McBeath Isan
aerody namlc consultant and
manufacturar of wings
under his cwn brand of

The Wing Shop - wwn,
wingshop.co.uk. In these
pages he uses data from
MIRA to discuss common
aerody namic Issues faced by
racecar engineers

Preduced in association with
MIRA Lid

[MIRA |

Teel: +44(0) 2476 355000

Emalk engu riesgmira.couk
b site: weew.mira.co.uk

Drag racing

The lesser-understood effects on drag of adjusting wing
angles and ride heights

Photoe SHcBeatd

The Mansell Metor Sport EuroB0ES Benetton B199 being set up In the MIRA wind tunnel

he effects of adjusting  pictures here was the sole dowenforce and 3.4 per cent less
wingangleson rear wing that came with this drag. Naturally, balance shifted
downforce and Benetton package at the time more tothe frontas the rear

aerodynamic balance

are well known, but it
seems that the effects of thess
adjustments on drag are less wall
understood, even in some
quarters of the specialist media..
5o one of our topics this month is
to look at the changes that
occurred on the Mansell Motor
SportEuroB0SS BenettonB199
as the wing angles were altered
during ahalf-day session in the
MIRA full scale wind tunnel.

We'll start the session by
looking at the rear wing. The
moderately high, triple element
dowrnforce device seen in the

of purchase. Though the end
plates on the car offer a numbsar
of adjustment holes, the only
ones that were compatible with
the wing set gave ust two
alternative angles of attack, 26
degrees and 23.5 degrees. 5o
while it wasn't possible to map
the wing's ‘lift slope; at least
some idea of the car's sensitivity
to rear wing angle could be
gleaned, as table 1 below shows.
The baseline configuration
had the rear wing at the steeper
angle of 2k degrees, so relating
changes to this, the lower angle
created three per cent less rear

wing angle was reduced

In the case of the front
wing the available adjustment
was infinite within a range of
14-18 degrees, measured across
the top of the whole wing at
the maximum chord portion
just inboard of the end plates,
including the fixed Gurneys.
Time being shaort, just three front
flap angles were tested, the
results shown in table 2.

A number of key points jump
out from this table, but the
general one that is often not

appreciated is that in spite of the
large changes to downforce and

| |[TaBLE1
The effect on the coefficients of changing rear wing angle
Rear wing angle CD -CL -CLr CLr % front -L/D
23.3 degrees 0.678 2170 0894 1.27a 41.18 2.219
26 degrees 1.002 2,208 0.889 1314 40.536 2.200

_|TABLE2 4

The effect on the coefficients of changing front wing anghe

Front wing smngle CD -CL -CLr -Clr % front LD
14 degrees 1.000 -1.809 ET1 1428 28,66 1.088
16 degresas 0,009 2128 0.748 1.380 36.10 2.128
18 degress 1.000 2,206 0.873 1.332 30,68 2,206
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FRONT WING

At its steepest angle the cars wing
produced a great deal of downforce

FRONT FLAP
Infinitely fine adjustment of this
wias possible via a turn screw

arrangement setin the end plate

balance that front wing angle
sweeps ach ieve, the drag barely
alters. Overall drag is rarely
governed by the first thing the
air encounters and, in simplistic
terms, what the front wing
doesn’t extract from the airflow
the rest of the car downstream
from it will. In practical terms it
means we don't have to worry
about directly inducing extra
drag by running more framt
wing although in maintaining

a balance, more fromt wing
generally means more rear wing.
which does add extra dag.

The other obvious paoint is
that the fromt wing's downforce
contribution changed significantly
with quite small angle changes,
something that is even more
evident when looking at the
plot of front and rear wing angle
adjustments in figure 1. Given

REARWING

This was a farly potent three-
element device but only two
angle optionswere available-

| steep and not sosteepl The

tip vortex is very evident in
the smicke frail here

that adding front dowenforce
reduced rear downforce, small
changes of front wing flap angle
altered the aerodynamic balance
significantly. In fact, justhalf a
degree of wing flap made ower
one per cent difference to the
balance, which explains why fine
tuning fromt wings is a good idea.

RIDE HEIGHT (HANGES
Moving on toride height changes.
there was only time to look at one
(lzrge) adjustment to front and
rear ride height, but the results
wene thought provoking, & table
3 demonstrates. The wingswerne
at their maximum angles in each
case here, and the ride height
reductions were measured as if at
the axlelines

Dropping the front ride height
produced less front and less
overall downforce, together with

Owerall -CL va wing angles

"

'_,.,.-"'

—d—Far wing

— 8 Fia wing

2
Wimg angle, deg

Overall downtoroe (-CL) vs wing angle for the front and rear wing

adjustments carrled out In this sesshon

mare drag. In fact, this was the
highest drag figure seen during
this session. This is cbwvioushy not
what one would ordinarily expect,
but there seems to be a simple
explanation. The front wing had
already been lowered by 17mm,
as discussed in last month's
is=sue, a change that produced
a small gain in front downforce
ard a very small increase in dag.
In the context of the discussion
here, how do thesea drag
increases from ground clearance
reductions fit in?

The obwious answer is that
by dropping the front of the
car by a further 12mm {which
equates to more at the wing) the
wing had been lowered further
into the wind tunnel floor's
boundary layer, which would
see a reduction in the energy of
the flow under the wing. This,

TABLE 3

The effects on the coefficients of ride height adjustments

cD
Previous configuration 1.003
Drop front by 12mm  1.042
Drop rear by 12mm  1.024

-CL -CLt -CLr
2244 0.888 1360
2214 0863 1381
2219 0.842 1377

m el L [CECA-ENgINESNg.cOM » Saptember 2009

% front -L/D
3048 172
a8.E3 2124
a7.94 2,187

in turn, means there would be
less downfornce increase than
might have been expected, and
that as the wing was lowered
further it was probably stalling.
This would explain the loss of
dowmforce and the increase in
drag. We can see from figure 1
that the front wing's |ift slope
was already beginning to tail off
at its steepest angle before the
two height reductions, and would
then be prone to stall as the flow
beneath it became less energetic.
This is not to say the wing
[and underbody ) would suffer
these problems on track. There,
although the front wing would be
mare sensitive at lower ground
cleamnces, it would not be
because of a boundary layer near
the ground. In fact, there could
well be efficient gains to be had
from running the front at reduced
ride height. But this was a useful
lesson in seeing why certain
aspects of low ground clearance
aerodynamics can't be properly
guantified in a fixed floor tunnel.

Marny thanks to Kevin Manssif
it Mans=lf Motor Sport

@
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— "1 Data

your racecar data

ith the large
numbers of
sansors used
these daysand
theneed todo
systemn checks on a regular basis
it is easy to generate a massive
amount of data during the course
of a race weekendor test
Correctmanagement of this data
ensures itwill be easy tofind in
the future, and also enables
multiple datasets of the same
type tobe loaded simultaneoushy.
This Databytes will show hos
procedures can be established
to catalogue and store data for
easy retrieval, as well as some

To allow you to view the
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tips and tricks that can be used
to assist this. Please note that
mamy dif ferent avenues ae
possible using this technique and
that this represents just one way
of storing data. it should also be
noted that this article assumes
that a Windows X P ermironmert
is being used

DATA STORAGE
Fle managementin its most basic
application can simply take the
form of intelligently creating your
Windows file structure.

All data systems provide
the option of how to store data
on the user's computer. Figure

2 %
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. management

Using Windows file structure intelligently to better control

1 shows an example of the
configuration screen of a data
system where the data should be
stored on of f load.

Here we can sae that a
default location of O\Data has
been specified (a partition of a
drive sowe are not using the
=ame drive as the 05), and then
the rest of the storage path and
file structure is defined based
on a number of variables. We
zee that a series of "V are used
to create new folders within the
Windows folder structure,

Choosing our track name
[=ee figure 2), we can again be
sensible and exploit the useful

3

Figure 3
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=yl Fire Up
[ Engine Stait
[£] Skt Check
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[ Instalation Lap
2 Fun
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[# Cranking
[] Ebectiorics Test

Figure 5

fact that Windows sorts folders
alphabetically. 5o if for example,
we choose to store our data
round by round, or test by test,
we oould use

"Rnd1_Sikerstone™
“Test]_Thrne: ton™

Aswellas being an cbvious
comvention, this alsoresults inall
races being in the correct order
[see figure 3 on previous page)
An alternative to sorting by
race and test is to use the date.
To ensure Windows sorts folders
named in this style cornecthy,
ard in round order, a format of
Year_Month_Day is required (see
figure 4 on previous page).
Referring back to figure 1.
you will also see that we have
a delimiter of “type’. This allows
us to sort data by whether it
isan’Engine Test' - defired in
this instance as engine speed
being greater than zero, but
vehicle speed being less than
a pre-defined outing speed- or
an Duting, where engine speed
is non zero and vehide speed is
greater than this threshold,
Within the file structure
defined, the name of the
datafile has ako been specified
Again using the format of
<seggion>.<outing> .<lap>
results in the data appearing in

chronological order (see figure 4).

AUTOMATING DATA STORAGE
Taking this procedure one step
further, several softwarne
packages now nclude a Data
Management’ suite that sorts
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data in amaore detailed format.

We have already seen how
data can be stored as either an
Engine Test or Outing. but a
dedicated suite sorts this into
maore discrete folders, as shown
in figure 5.

To allow the data to be
intelligenthy sorted, we have
to define a series of conditions
to allow the software to know
which data set to put intowhich
folder. If we consider the example
of an Engine 5tart, we can define
this as in figure &. The reasons
we have chosen these particular
conditions are as follows:

*  [Gpeed] represents the averall
car speed Beause thisis mat a
shift check, anly anengine start,
wie do not anticipate any of tha
wheels to move 50 the aversll
car speedwil remain zera

*  [Enginz RPM): wa have two
qualifiers for rpm I it is greater
than zem the engine must be
tuming we know theidle speed
of this particularengineis less
than 1000 and, a5 we don't
antidpate blipping the throttle
during this engine start, we can
be sure the Engine RPM will
rot go showe 1000, Wealso
Inows the cranking speed iz less
than 1000, so for the type of
‘Crarking’ this is baw we would
defire it

*  [Mumber of Laps): a final
qualifier is to ensura that the lap
rumber is mat indeasing. just to
meke sure the car is static

Defining these conditions for all
of ourdifferent scenarios means
we end upwith a tidy folder
structurewithout too many
datasetswithin each subfolder,
therefore reducing the time it
takes tofind data.

If wee now link this into our
data analysis software, we can
define some shortcuts o allow
easy and rapid browsing of this
data (see figure B}
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New appro

Lithium-ion battery technology heralds the lightest KERS yet

inetic Energy Recovery radiator to cool the battery
Systems (KERS) have . SAMEBLLINS system. The 2009 Formula 1
been a controversial no failures during races. technical regulations prevent
technology since It is also said to be the teams from using cutouts or
thay first appeared lightest in Formula 1, weighing "gills’ to evacuate under-body
in Formula 1 in 1998, McLaren in at ust 25.3kg complete with heat so mostuse the space
Mercedes was the first team storage and maotor, Much of the around the exhaust exits to

totest a system, but whispers
of its existence soon saw it
outlawed - a move that some

; the system's low weight
people at the time suggested

was shert sighted, is down to the battery
EIwen?EarsunaKERS— tE:h“ﬂlﬂEl? invalved IT)
equipped Mclaren Mercedes ¥

finally started a race at the

2009 Australian Grand Prix
Quickly the systemwas said to
be the best on the grid - relisble,
effective and used to great
effect by driver Lewis Hamilton
in particu lar. From the start

system's low weight & down to
the battery technology imohed,
This was developed by a partner
of Mercedes as part of an existing
exclusive contract with a leading
battery manufacturer asa basis

serve this purpose. At some
tracks, such as Silverstone,

where McLaren opted against
using KERS, the radiator was not

of the project to getting the for a joint leaming process and
system to @Acing standard took possible future use in series
Mencedes-Banz HPE engineers production vehides,

at Brixworth, England, working The system has a single

in collaboration with the Daimler lithium-ion battery pack

{ Mercedes-Benz research and mounted at the base of

development department, just 24 the right-hand sidepod
manths. [twas intended to aid of the MP4/23, I
the firm's corporate objective of Attached to ;

sustainability, particularly with thisisa
regard to innovative and effident

propulsion technology, and it

appears to have done just that. f
It has since been used in most
races by Mclaren and hasa 100
per cent reliability recond, with

Computer rendering showing the KERS layout. The main KERS
components are coloured biue, with the battery, MGU and KCU clear to see

L] oo wiracecar-engineerng com « September 2009

fitted and so the right-hand side
exhaust exit was a different size
and shape.

Mounted in the left-hand
sidepod is the KERS control
unit (KCU linked to the battery
madule by two heavy-duty
cables. The KLU is, in turn,
linked to the motor generator
unit, mounted at the base of
the il tank at the front of the
engine, and & connected to the
crankshaft with a splined shaft.

This system is currently only
used by Mclaren Mercedes and
not by either of the swo customer
Mencedes teams - Brawn GP and
Force India - though Norbert
Haug has stated on a number of
occasions that the system is
available to customers. @

EMGINE

The 24-litre Mercedes-Benz
FO108W V8 is currently the
strongest in F1

BATTERY PACK

The system uses a pack of
lithium-ion cells mounted in the
base of the RH sidepod

BATTERY COOLER

Mounted with the oil/ water heat
exchangers in the RH sidepod is the
battery pack's dedicated cooler

KCu
The KERS control unit is
mounted in the LH sidepod

The Mercedes-Benz motor / generator
unit is visibly shorter and wider than
others (showen here removed for clarity)
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DESIGN AND INNOVATION

forward

How McLaren used a cheap mechanical brake
system to gain a performance advantage

t took awhile for amyone

to notice, but there was

something odd about the

McLarens running at the

1997 Austrian Grand Prix.
Onthe exit of some of the tums
the carbon fibre rear brake discs
were glowing red hot, yet the
cars were dearly accelerating

A fews weeks later the
situation became clearer. After
the twa Mclaren MP4/12s
failed in the European Grand
Prix, photographer Darren Heath
managed to photograph the
pedal bex in one of the cars.
What the pictures revealed
wias an extra pedal in the car's
footwell. The fiddle brake or
‘brake-steer system’ was now
public knowiledge.

‘It was Steve Nichols idea’
eplains Mclaren technical
diractor, Meil Oatey. "He was

SAM ODLLINS

racing a Formula Ford 2000 at
that time and it occurred to him
whilst driving that if the car had a
fiddle brake he could overcome its
understeer. Once he had the idea
it wras fairly easy to mpkement’

on farm tractors and trials cars.
The extra pedalwas actually

in one of the lines to the rear
but, when the pedal was not
actuated, it was justa free route
through the master oylinder and
rormal braking.” explains Oatley.
"Sowhen the driver actuated the

very similar to the
systems commaonly found
on farm tractors

The system allowed the
driver touse the extra pedal
to apply braking force to the
inside rear wheel on the exit of
a turn, allowing the car to hold
a better line through a comer.
Mechanically, both in design and
operation, it was very similar to
the systems commonly found

pedal he just put pressure on
one of the rear wheels At that
time we were just in the process
of getting rid of a foot-operated
clutch, and the extra pedal was
actually the clutch pedal that
we usad, along with the clutch
master cylinder, with an exta
loop of pipe that ran through

MCLAREN MP4r12

Engine: Marcedes-Benz
FO110E/F

Brake ralipers AP Hachgy
Electronics: TAG

EBrake discs and pads:
Carmn Industris

Wheels: Enisl
TyTes: Goodyeer slicks

Ly
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Darven Hemth

THIRD PEDAL

This photo taken after one of the MP4/12<
retired at the 1997 European Grand Prix,
revealed the extra pedal that allowed the
Mclaren drivers to apply extra braking
force to the inside rear wheel in a turn

from the brakes to the clutch
pedal and then off to the rear
brake systerms!

As the system could only be
used on one rearwheel, not both,
McLaren engineers had to decide
which of the rear wheeals to run
the system on before the event, a
choice which naturally depended
on the nature of the cicuit. This
meznt that on some corners the
system could not be applied - on
right handers if the system was
on the left rear for example.

But Mclaren had a plan to solve
that on the MP4/13 of 1958,
"Over the winter we developed

a sy stem where we could hook

it up to both wheels, with a
selector device allowing the
driver to switch from left to right

Thatwas the more advanced
version of the systemn [twasa
little electronic vahe the driver
could operate, selecting whether
hewanted the system on the
right or left [rear] wheal!
Howvever, using an electronic

braking but, as the driver was
using the electronic vahre when
hewas going down the straight,
there was no power added during
braking nothing but the power of
his own left foot”

Itall sounds straightforeard

it may have been worth
a tenth or two...

vaklve in the braking system oould
contravene a technical regulation
that prohibits amything but the
farce of the driver's foot being
used on the brakes. Oatley
explains how MclLaren got anound
this: The regulation said that you
could not add any power when

L] oo wiracecar-engineenng com « September 2009

from a technical standpoint, but
from the driving seat it could
have meant a big increase in
workload, although as Oatley
reveals, the Mclaren drivers
David Coulthard and Mika
Hakkinen were comfortable with
it very quickly. We only did one

or two tests with it before racing
it. Itwas such a simple thing that
it oould just be put on or taken
off the car. They all liked it You
only used it from mid-comer to
exit during that time your left
foot is doing nothing. so itwas
fairly easy for them to get the
hang of it They could playwith
it and adjust the trajectory of the
car fairly easily ard they took to
it really quickly!

The simplicity of the system
isunderlined by its incredibly low
cost. There was noth ing silly in
it.When it was plunbed to just
onewhes|the total cost of it
wias probably only £200, daims
Datley. The switchable system
wias more complex and cost more,
bt it rea lly was not expensive’

That glewing rear brake disc under acceleratlon was the ghveas ay that the 1997 MP4/1 25 had a brake steer system. Unsunprisingly, It was scon banned

Despite the system being
simple and cost effective, it was
banned after the firstrace of the
1998 season inAustralia, a race
which McLaren dominated. Many
thought that brake steerwas the
big advantage of the silver cars,
but it wasn't The MP4/13s were
just as dominant without it, going

on towin nine races and bath
wiorld titles, It was disappointing
to see the system banned, says
Oatey, but | honesthy don’t know
heowe much lap time it was worth,
Certain by, with the "398 car [in
testing] we had it on right from
the beginning sowe never ran
without it. Then, after the first

RACecar

engmneenng

Please quote code 10T

P, we never ran with it, so there
was no compaative testing done.
| think it may have been worth a
terth or two, something of that
order, but it’s hard to be certain.
Initial by, wehen it was only used

on one wheel the effect was
obwiously less than what we oould
heawe got from the 1998 version.”

Never miss an issue!

Save up to 40% when you subscribe to RACECAR ENGINEERING today
www.racecar-engineering.com/subs
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Whilst brake steer was banned
inFormula 1 ard a few other
series, it remains legal in mamy
other formulae tothis day and,
with such cheap implementation,
one has to ask how long itwill
be untilwe hear of its return
elsewhere. Or perhaps it's
already with us... l.'l'?

Otter closes 1 October 2009
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Just over a decade ago, aluminium beryllium appeared in Formula 1 and, almost as
quickly, disappeared again. But what did it offer and why was it so quickly excluded?

ormula 1 has a long
reputation of bringing
exotic new materials
into motorsport and
forcing the pace of
their development. I1thappened
with carbon fibre composites,
with titanium and ewven, for
a shiort while, with depleted
uranium. Just over a decade ago
another material appeared on
the F1 scenewith enormous
promise and potential, yet
within two seasons it had been
legislated out of the sport, never
to be seen again. That material
was aluminium beryllium [AlBE)
alloy, and the story of its short
life in the series is fascinating in
a number of ways.

Mario llien of lmor recalls
what first attracted him to the
materil: 1 looked at materials
we could make a piston out of
instead of aluminium because we
wanted to increase the revs, put

more stress on the piston and |
wanted to make things lighter!
“We had been aware of it much
earlier, but the price was hideous
and there were all sorts of issues
machining it recalls Oliver Allan
of Advanced Engine Research
whio, at the time, was working for

limar on the Mercedes engines
used by Mclaren, There was a
b=y llium bicycle that we were
all awsare of 10 years before our
use of the material. In 1997, the
ompany had run into problems
with its big end bearings, which
were proving a limiting factor in

dﬂ We had
been aware
of it much
earlier,

but the

price was
hideous pp

HARIO ILLIEN, ILMOR

achiewing higher revs. 1 think we
were just under the 18,000[rpm]
mark. We were working very
hard on bearings to make those
survive but obwiously, f you can
reduce the piston mass you can
hawe quite a dramatic effect on
what load the bearing is seeing’
At the time the company was
using variants of the established
RREH alloy developed by Rolls-
Royce and used in the wartime
Merlin aero engine. It was the
staple piston material for all
racing engines and had not been
bettered. "Our piston mass was
somewhere around the 230g
mark; notes Allan of the RR58
items, but all that changed when
they switched to aluminium
beryllum Tvemnight it allowed
s to reduce piston mass pretty
dramatically. | think the first
iterations were about 170g" The
subsequent effect on bearing life
was instantaneous and all the

September 2009 - weiw.ACECAF ENGINEETINGCOM m




- ENGINEERING

SOLUTIONS

bearing problems disappeared
We thenwent through a period
of wery good reliability’ he
continues. ‘It was one of those
satisfying pericds in engineering
when we oould concentrate

on just upping the revs and
developing performance.

But the advantages went way
beyond giving the bearings an
easier ime. According to Allan,
‘As a piston material it has every
property inthe book going in
the right direction. Obwvioushy,
it is very low density, so that's
good, but at the same time you
hare dmmatically increased
stiffness and a reduction in the
coefficient of ecpansion, which
allorw s you to make the piston
mare stable over a greater degree
of opermting temperatures. There
was the friction improvement too
- because the skirts are very stiff
you could have avery small skirt.
Piston mass obvicusly has an
effect on thrust loads so we had
a reduction in friction there as
weell. And we could run less oil to
the piston because it didn't have
any problems with micro welding
the piston rings. And you also
hare higher thermal conductivity,
wrhich means it runs cooler, and
that gives you an added benefit
in terms of volumetric efficiency.
5o really, in every direction you
had a benefit!

This seemingly impossible
scenario of benefits in every
direction is echoed by Richard
Bass of AP Racing. Around the
same time, the company adopted
the material for its F1 brake
calipers and saw an immediate

Hakklnen was forced to retire fram the Britlsh Gramd Prix In *97 atter an AlBe piston fallure In his Mercedes engine

Aswell as pistons, AlBe also had nothing but pasitive benefits for use In brake callpers, which were found 1o be

both ighter and stiffer, pleasing buth drivers and engineers. Shown Is a 1987 Formula 1 callper frem Brembo

stiffness improverment, but

also aweight advantage, too.
There was less pedal travel,
which pleases the driver, says
Bass, butalsoa lighter caliper,
which pleases the designer. [t's
rare that we can please both.
Usually, you make a very light
caliper, which makes the designer
happy, until it gets on the car and
the driver doesn't like it. 50 we
are always playing the two off
against each other”

HAZARDOUS MATERIAL

The key 1o the materials
fantastic parformance is its
stiffness Aluminium has a
modulus of 72-7 30Pa and the
metal matrix composites AP
Racing was using for its calipers
previoushy were typically around
125GPa. In comparison, the
AlBe alloy the company used
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had a madulus of 19 26Pa, Add
to that the lower density than
aluminium (2.1 g/cc against
2.75g/cc) and it seems like no
contest. 5o, were there any
izsues with using the material?
The first was that it is registered
as a hazardous material, which

clearer on the machine ltwasa
minar risk but, because it had a
BOVEernment regis tration, itwas
quite difficult to set up to use
it. Getting registered was the
problem. it was a long process!
With this in mind, AP Racing
put its AlBe machinng out to a

ﬁﬂ as a piston material
it has every property in
the book going in the right

direction Dp

calls for it to be processed under
special conditions. In its solid
farm, Beryllium and its alloys are
harmless but dust particles can
cause problems i inhaled.

‘It's quite simple to make
it safe, says Bass. Basically,
you need some kind of vacuum

sub-contractor already licenced to
handle the material.

limar, howewver, jurmped
through the government hoops
to get the certification and did
its machining in house. The first
izsue it came across was how
hard itwas to work. Tt meant we
had to go almost exclusively to
diamend tools to machine it, so
initially the tooling costs were
quite high,’ recalls Allan.

The next issue was a series of
piston failures on the Mercedes
engines that took some time
to get to the bottom of ‘When
an AlBe piston let go there was
niothing mare than shrapnel left,”
recalls Allan. 1t really was gravel
and it wasvery difficult tobe
sure why the piston had failed.
You never saw any precursar
cracks. We isolated the root cause
eventually as being inclusions
in the material. They don't have
any inherent strength and, if they
happen to fall in the wong part
of the piston, typically in the key
areas such as the gudgeon pin
bores, youwould end up with

a problem. But we had a very
strong materials department at
limior that allowed us to develop
it and our materials experts
spent an awful long time with
BrushWeliman. It was just caneful
optimisation of the processing
route We had the way the
material was made analysed, the
way itwas ectruded, modified
andwe did some rough forging
to get some grain flow! Heat
treatment was another important
part, according to lllien

‘It wasn't really fit to be used
in that sort of environment” he
says of the material when they
first started working with it.
‘But we had a major programme
because | was determined | could
make itwork”

DESIGHN LIMITATIONS

Another issue that confronted AP
Racing was that, although the
stiffness of AlBe was far higher
than aluminium, the ultimate
tensile strength [UTS] was

rot and this presented design
limitations. ‘Usually with most
materials, if it's stiff enough it's
strong enough,” says Bass, but
with AlBe that was not always
the case. The UTS of aluminium
is 405MPa, while AlBe is higher
at 448 MPa, but the difference is
not proportionate to its stiffness.
S0 sometimes a design would be
limited by the material s fatigue
life and burst strength mther
than by the desired stiffness of
the component.

Then, of course, there was the
wost “They were very expensive
calipers in their day,’ notes Bass,
‘and we probably haver't topped
that evenwith all the extra work
we put into designing the latest
ones. Machining the new calipers
is mare difficult because they are
more ntricate, but it still hasn't
got up to the relative cost of
where we werne with AlBe. | think
we more or less doubled the price
of a caliper when we went to Be.
An MMC caliper at the time was
E3500, while the AlBe version
came in at around £7 5007

Howeewer, Bass is quick to
point out that this should be
wonsidered in the context of the
wost of an F1 car A caliper is not
a consumable, so the team buys
maybe four to five car sets of
brakes, depending on the teams,
some maybe buy eight sets, but
they last all year. The big cost in

STRENLGTH IN DESIGN

3000 5 - - - -

ETT T
One of the Inherent
benefits of berylllam
was Its strength.

Where contemparary
Metal Matrix
Composites had a
madulus araund
125GPa, ALBe ame In
at 192GPa

B0

brakes is the carbon, where they
will use maybe three sets per
race weekend. The costwasa
woncern but not the biggest one!
In fact, the cost of the
material was a bigger concern for
AP Racing. It was quite risky for
& financially because if you have
to scrap a caliper in aluminium
it's a lot cheaper than scrapping
a beryllium caliper. It was always
a big disaster if we wrote off
a beryllium caliper during the
machining stage”

Iﬁd When
an AlBe
piston let
goa there
was nothing
more than
shrapnel

left DD

OUVER ALLAN, ADVANCED
ENGINE RESEARCH, EX-ILMOR

At limor, the experience was
more positive. Allan:“I think
werll on the programme, we
ended up being fairly satisfied
that we had actually saved
ourse lves money because we
certainly made fewer pistons in
a year and we had fewer engine
failures. Ao the life of the
piston was that much longer so
effectively the life of the engine

Dty fgferm |

was increased, Dverall, | think

it was a cost-saving venture

and thatmade it all the more
frusrating when it got removed!
lllien concurs: " Obwiously,
berylliurm is quite expensive

per kilo, but when you look at

it cwerall itwas still very cheap,
despite the material costs being
high, because you didr't use
much material per piston and it
lasted about three times as long
as an aluminium piston 5o overall,
it was actually a cost benefit’

5o, with all these apparent
benefits, why did it get removed
from the spart? Health and cost
are the commonly cited reasons,
but does that really stand up?

It seerms from the accounts of
the people there at the time
that costwias not a major issue,
But, as development progressed,
would it hawe beoome one?
Certainly, ewen the prospect
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of the alloy being banned was

a cause of expense for those
using it There was always a
parallel programme going on’
Allan remembers. In the time we
were using AlBe, |was spending
more time designing aluminium
RREH pistons than AlBe pistons.
We were concerned aswe had a
fews things on the car thatwere
legal one weekend and illegal the
renct weekend - brake steer is one
thing that sticks in my mind. 5o,
with the spectre of the =afety
issue being raised, you never
knew that itwasn't going to get
50 serious that they would say
“you're not allowed to turmn up to
the next GP with AlBe” Sowe
had single-gylinder progmmmes
with aluminium rurning
throughout that period!

HEDICAL CONDITIONS
Butwhat about the health risks?
Beryllium is listed as a categony
1 carcinogen, along with nickel,
chromium and benzene This is
to say that they have all shown
some evidence of cancers

at some time and long-term
exposure to beryllium dust can
increase the risk of developing
lung cancer. A greater danger

is the risk of chronic beryllium
disease [(BO]. Some people
become sensitive toberyllium,
deve oping an inflammatory
reaction on the skin and in the
lungs days, months or even years
after being exposed to higher
than normal levels of the metal.
It is thought to be a danger to
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The matsrial

used in Formmla 1
was supplied by Brush
Wellman, a 1S company
st up in 1931 w
enploit the commercial
poeeibilities of beryllium
and ita alloye. Founded
on work by the Bush
laboratories, businsss
tock off during the
Bacond World War as
applications in defence
and aemepace created a
demand. In motoreport,
beryllinm was naed
for valve seats during
the turbo era in tha
10@0a, ut it was as
brakes calipers and
pigtons that abiminium
berylliom found ite
way into the sport in
the late 1990, Brush

|y

Physical properties of Brush Wellman AleeMet AM 162 AlBeMet HIF'd billet, annealed
Metric

Density

2.071gfec

0.074821kb/in*

|taL€2

HMechanical properties Brush Wellman AlBeMet AM 162 AlBeMet HIF' d billet, annealed

Metric English Comments
Tensile strength, ultiimate J07THMPa AAEDDpal B0TMPa typical, 262MPa minirmim
Tensile strength, yield 228MPa B2B00pel 226MPa typical, 1930MPa minirmm
Elongstion at break B.00R% E.00% B typical, 2% minimmim
Modulus of elasticity 193GPa 2B000kai
Poissons ratic 0,170 0,170

between one and 15 per cent of
thie population.

Obwioushy, this was taken
care of during the manufacturing
stage with specially vented
machinery legislated urder
the gowernment certification.
Butwhat if the material was
released into the atmosphere in
particle form at a race meeting
following ==y, an accident or
engine failure? Allan: That may
happen, but the amount of dust
released is insignificant. In my
personal view, it didn't stand up
as an argument. lllien concurs:
‘I reality, beryllium is no more
harmful than hardwood dust”

POLITICAL IMPLICATIONS
Allzn thinks the real reasons lie in
thie politics of Farmula 1. The ban
was not an FIA initiative and was
actually the result of a collective
decision among the teams, and
he feels the reason behind it was
thie battle for competitiveness,
‘It is @ material that is in use in
aerospace a great deal. There are
people out there who still use it
and use it safely!

lllien has his own views on
wehy it was banned: 1t's always
thie same problemn If somebody
has something others can't have
thien you either try to get into
the programme with something
similar and compete, or you get
it banned. It's the easiestway to
eliminate the competition!

As history records, it was
excluded from the sport, but
where did that leave those
who had exploited the benefits
of the material? When itwas
withdrawn remembers Hass, 'we
dropped a long way back from
192GPa to BOLPa We then spent
a lot more time doing design
work, finite element analysis
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etc. Whereas typically we would
havre spent a month or two on
a caliper design, straight after
the demize of AlBe we did four
or five manths on the job and
real ly stretched ourselves. We
didr't lose all the stiffness that
the change of material lost us.
Anrd that's what we do more of
nowadays. We're alway s working
on the caliper design for longer
ard longer periods.” Most notably,
this approach is manifested in
the compamy’s Radi-Cal mnge.
The prospect of the material
being banned was always a
factor in limor's strategy. When
| was doing detail studies into
hiows far you could take it | was
looking at p iston masses of
about 1408 reveals Allan. But
we made a conscious decision

conclusion it would have been

a really, really light piece. The
logical extension would have
been smaller big end bearings so
you get those back up to a maore
stressad level Then you've got a
lighter crankshaft and lighter con
rods. The knock-on effect real ly
does start multiplying.

‘We had a stepwhere there
was a reduced beryllium content
far a period, at which point it
wias almost not worth doing,
although it was still just Then a
period of RR58 again. and then
subsequent alloys tended to
be refinements of RR58. Then
there werne the nanotechnology
materials - using aluminium
alloys that have very fine and
controlled grain structures to
try and increase strength at

lﬁ’l‘j There are people out
there whao still use it and use

it safely pp

not to go to that level because
by the time we started racing it
wewere awae of the political
pressures from elsewhere in the
sport to get the material banned.
Wewere fully aware that we
wene going to have a short run of
this. If we developed the engine
ta make full use of the AlBe
piston we would hare more of a
problem in the future when it got
banned. We were half expecting
it to get banred practically ower
night Therewas an awful lot of
political pressure at that point

1 wias always frustmted, as
the piston guy, that we didn't
take it as far aswe could, if we
had followed it to its logical

temperatures’ It all sent the
company back down the road of
aralysis in an attempt to recover
some of the lost parformance
"During the AlBe period we

didr’t spend much time going
dowm that route. Certainly, the
first RR58 piston that we @n
competitively againwas nowhere
near asheavy as the RR5A piston
that we had run prior to AlBe. It
wias awhisker over 200g"

And that was the end of an
era that nudged F1 enginesring
in a new direction, driven by
computers mther than metallurgy.
Better or just different, in the
long term ithas probably
proved no cheaper.
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dd | believe that racecars
have first to finish the

race, so mine have tended
to be a bit overweight DD

With a highly successful background

in designing customer race cars, Bruce
Ashmore elxplains what drives his design
philosophy and why he now gets his
thrills from the brutal USAC sprint cars

AN WAGSTAFF

ruce Ashmore once

had a theory that

Lola would win the

Indianapaolis 500

every 12 years.
Certainly, from the mid-19&60s
to the first of Arie Luyendyk's
victories, that held true, with
the company leading the field in
1966, 197 8 and 1990, And the
TOWD0 that achieved the last of
these was arguably Ashmore’s
finest work.

‘In terms of my fawourite
designs, that is the one that
sticks out the most,” he recalls.
Ttwon the pole and the 500 at
Indianapaolis with Luyendyk and
the championship with Al Unser
jnr but it was mare than just that.
It was a major departure from
the 1989 model, the TBVOD,
| had worked on the Indy cars
from 1983 and taken over the
project in 1987, The THB/00 was
the first one forwhich |was the
chief designer. We won some
races with that, but everything
revolved around Indy at that
time so you compromised on all

Indy 500 is fast 50| decided we
had tohave the lowest dag and
the most downforce’

States Ashmare, My
driving force has always
been aencdynamics. | would
ompromise arything for this.
Iwould notworry about such
asraising the centre of gravity
or increasing the weight! And
speaking with him it's not hard
to seewhene that influence
comes from The lastyear of his
apprenticeship at Lola, 1980, was
spent in the drawing office. The
Lotus 79 had proved that ground
effects were the way to go and
subsequently aerodynamics
became the big thing. Lola had
also just started to make use of
the guarter scale wind tunnel at
Imperial College, London,

"Another car that sticks out in
my mind was the Te40E Formula
Ford thatwon the Townsand
Thaonesen championship and
Formula Ford Festival, driven
by Julian Bailey: This car was
actually designed by Andrew
Thorby, but Ashmore aks o worked

A6 My driving force has
always been aerodynamics |

the other tracks to make sure
youwere fast there. We had put
evenything into lowering the
centre of gravity and making it
stiffer and more reliable, butwe
were slower than the Penskes,
The time carried cut in the
wind tuninel was increasad for
the 1989 car. We lowered the
centre of gravity further and
made sure that there was less
frictional drag by working on the
transmissiaon, the wheel bearings
and the uprights. It was a little
bit quicker than the previous
year but the Penskes had
moved up another step by then.
5o | then put everything into
aerodynamics. The 1990 car had
the minimum chassis size - the
sidepods were minimum height
and maximumwidth - and the
wheelbase was stretched to give
more room for the components.
The turbowas also moved so
that the engine cover was lower,
I'took out all the adjustment
for the suspension geometry
as thishad besn affecting the
aerodynamics. [twas a 100 per
cent aerodynamic project The

on it, taking ower the project and
camying out the development.
"The Wan Diemens that had been
winning before were very bomay,
but we started to smooth things
out. We used oval tubes for the
wishbones and all the bodywork
undermneath the gearbox was
smooth. We oould not afford
aerofoil tubes so we squashed
the mild steel round tubes into
an aerofoil shape. There were
little winglets at the back and we
stretched ewery shape that could
be into an aerofoil, The car newer
went imto a wind tunnel but we
made every thing as smooth as
possible We just knew that was
howe the car should lock!

The T4 American version
weant on towin in the US driven
by Michael Andrett], but it is
another Formula Ford design that
Ashmore perhaps remembers
more, as this was to faature
ground effects. The T740
would hawve had side-mounted
radiators with an undenwing.
but for a couple of week's wind
tunnel testing was caried out
at Imperial College. We had got

o
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| 50 hea.rli.:,rlnm Indy cars that it
- mever ran | reckon it would have

been a really good IlEl' because —
wE tested the level of downforce

that itwould hare had by adding

illegal test parts on the TEAZ.
and it was fast] Ashmore recalls,

_ Lola briefly locked into the |

possibility of the T740 being

Built by cutside contractors but

urfortunately it never happened,
!

AERO EMPHASIS

_Ashmote's recurming theme

can b= seen again in his 1985
T594 Sports 2000, Again, the

" emphasis was on aerodynamics,

with more of a tear drop shape, |

_and the car was a success, Qur

previous Sports 2000 had been a
very booy little car but the TS84
had the twao philosophies | like’
In addition to the aenodynamic
emphasis, the chassis was as
stiff a5 we could make it

| 1
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Aside from aerodynamics
there are other themes that have
occurred regularly in Ashmaore's
designs. | hawe never been one
far building superlight cars, he
says 1 believe that racecars
have first 1o finish the mce, so
mine have tended to be a bit
overw eight. Growing up in the

ﬂd | have never been one for

‘Howeever, | didn't worry
so much about this with the
1990 Indy car. | had =ved a lot
of weight on the mechanical
components but we had more
bodywork so it was still a little
bit orerweight. The one-piece
underwing was much stiffer and
heavier. There were many gaps

building superlight cars DD

customer car sector and never
doing amything in Formula 1
taught me that youwaon by the
numbers. If your cars finished
ard people liked thern then they
would work to develop them
‘fouwould then win @mces, then
the championship, then more
customers would buy them.
Reliability was all-important.

mbsr 2009

ard leaks on the previous ar so
| designed this one so thatall
the suspension was on top of
the underwing. [twas a big jump
from the car before and it came
out of the frustration of coming
second at Indy all the time”

His 1991 design was morne
reliable. The suspension was
maoved for the 1992 version,

:| These days, Ashmare gets his kicks engineering sprint cars, such as this R Motorsports Silver Crown Beast, seen here at the Indiana State Falrground

making it easier towork on, and
there were some changes made
far 1993 to meet new rules, but
allwene essentially developments
of the TS0, which remains
Ashmone’s favourite,

Ashmore recalls that, during
Lola's early days of wind funnel
use, ‘we didn"t really know
if reducing drag or adding
downforce was going to make
a car go faster sowe did a lot
of testing. We also of ten misled
ourselves as the wind wnnels
ard the models weren't that
good There were a lot of cars
at that time that just did nat
work and we built some at Lola
The 1983 Indy T700 was a real
"dog’ when we first took it out
Horwewer, by the end of the year
we had won at Elkhart Lake,
whichwe achieved mainly by
increasing the stiffress of the
chassis and adding sealed and

moulded carbon undemnwings to
replace the old oneswith gaps
and leaks that we had at Indy.

ROGUE RUNS
In the late 19805 Ashmore began
to realise that to design a better
car you hiad to design a better
wind tunnel. "We started off
using wind tunnels that were left
ower from World War 2 aircraft
design, he remembers. But by
this point Lola was using the
Cranfield tunnelwhere it owned
the rolling road and electronics
system. By the end of 1989 the
Lola team ocould, recalls Ashmire,
rely on the tunnel “to tell the
truth. However, it was still not a
fantastic instrument and you had
to keep an eye on the electronics,
as every now and again you
would g=ta rogue run!

A second car that comes to
mind as less than successful

was the 1986 Indy THE/O 1
was assistant designer on that
car to Nigel Bennett. It caught
us both out. There had been a
big rule change and the 1985
car had been a pretty good one
We then spent a lot of time
with the regulations people and

Ashmere’s 1985 Sports Z000 racer, the T594,

embodied his two deslgn philesophies perfectly
- achassis as s & possible and a body as

aerodynamic 25 possible. The teardrop-shaped car

proved o be a SUCCess

Ieitmuotifs is to try and make a

car with @ minimum number of
omponents. Wishbones, for
instance, are generlly non-
handed so can be swapped side
for side. "l will force the design
into being like that | thirk this
came from the time of dewing by

ﬂﬂ to design a better car
you had to design a better

wind tunnel DEI

thought we were on top of all the
changes, which had been brought
in to skow the cars down. Then
we |ooked at the opposition and
we were 5o far behind. The car
didnot have enough downforce,
it wias big it was heavy. That
car drove it home to me that
aerodynamics were so important.”
Another of Ashmore's

hand. | also started in a machine
shop so | krew how hard it was
to set up and make a component
The fewer components, the
shorter time you need to make
the car, or the fewer people you
reeded to do so. That way you
could get it on the track before
amyone else and start testng it.
‘I remember when Penske and
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Lolas used to line up together

on the fromt row of the grid at
Indianapaolis with almost exacthy
the same speeds. One year |
caught Roger Perske examining
our car. He looked down at the
top wishbore and the brackets
that held it onto the tub. He could
see each bracket was the same
piece and the lower wishbane
brackets were similar to the top.
He shook his head and then
looked at the complexity of his
car. Everywishbone bracket was
diffarent and the bolts were in at
dif ferent angles. He just looked
ower at me and smiled!

LAYOUT IS PARAMOUNT
When designing a car, the first
thing that concerns Ashmaore
is layout - ashe puts it, where

everything goes!

“fou are uswally racing against
somebody else, soyou look at
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going from awedge shape and
getting into ground effects. We
wene mwing components like
turbochangers, radiators and
radiator ducts to squeeze in
tunnels and bigger wings

1 then try to stretch
something such as a longer
wheelbase or awider tack. It is
ahway s to get mone downforce
ard maybe less drag. | have to
ask why nobody else has gone
that long that narrow, that big
or that small. When | came into

| designing cars, regulations were

already in place governing overal |
width and length. Howewer, there

m whalwLrcECr-EngInE=dng cam » Septambsr 2000

A 1 write all the

regulations down and look
at where the minimums and
maximums are QD

whether it is plus or minus half

a thou or plus or minus five
inches. 5o, you put down all the
booes you are allowed to go

into, reckon onwhat would be
different towhat everybody else
has done and then ask can you
make it work? Wheelbases and
body width should be maximums,
chassis need to be minimums,

three days a three-dimensional
carwould appear. However, those
30 sketches did not generally
work. They would be very nice
drawings but the car would often
not lay out. | therefore found that
my jobwias to do the 20 sketches
- plan views, side views, front
views and probably three cross
sections [would have to force

from a sketch or 20 layout!

HODERN THINKING

Ashmore is not impressed
bywhat he currently sees
happening in motor racing. °| think
the sport s in trouble right now. |
don't know whom the marketing
Buys are frying to corwvince, They
seam to be trying to persuade
people that the car is not
important. And every sanctioning
body is falling into the same
trap, in which you eventually end
up with a spec car. You start off
with a number of constructors.
Then the regulations get tighter,

dﬁ There is never going
to be anything different
until you open up the
regulations DQ

mean they will not be slow just
because they have bought the
wrong chassis or engine. They
have removed some of the risky
decision making but it's just
that risk that excites a large
percentage of race fans”
Despite this, Ashmore does
not pine for the past. He has
ideas as to the direction in

maybe event the chassis - you
put these aut to tender from
various different manufacturers
and then you join the dots up
‘fou have freedom between
the pieces and can move the
omponents around.

“Once sponsors become
interested you open up some of
the areas. You ket that be driven
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Arguably Ashmores
Tinest hour, the 1990 GOING FOR GOLD
nqm‘“p1a Lola TeW/ a0 that took d
PIZZAI 1 || pele position and the ) -
4 | win at the Indy 500 mmaﬂahmqmgmﬂmmgﬁhﬂt
i| || || | that year he preachea in his mls as saris
L r coordinator for the projectsd UBAC
111 Cold Crown Championship. The sariss
il |11 - - may be a phosnix rising from the ashes
of the New Generation Silver Crown
Charmpionship but it doss have a cartain
appeal and, in a world domimmated
by epec racing, it could be something
tocally differsnt. Tradition is to be
combined with a moderm look, but thers
is more to it than just that.
Ashmore claims it may ba the snewer
to thoss who bemoan the dominance
8 Coincidertally of the overssas drvers in the IndyCar
L born five miles saries in that its combination of road and
from Lola's factory, owval courses ooald be the final nang of a
Ashmore gradusted ladder that takes American drivers to the
from Cambridge Indisnapolia B0,
el T it and Tha USAC Gold Crown Charnpicnship
joined Eric Broadlsy's has already met with approwsl from
COMPATTY. D_u:iuga potential car owners. At an initial
17-year period thers mesting they unanimously agresd twa
he prgressed from sarias roll out with the firet cara dus to : = i
F SPErentics to senior appear later this year = . = . 500
designar. In that tims Prochuction NOW COMmMencs wWith . - — - =
| ha designed five of tha fonar it “ﬂ]aiﬂc E_ Traditlenal chassls technology combines with modern loeks In the USAC Gold Crewn Champlonship,
compary's Indy cars, Al Dsign, Devin Bace Cars, Rilsy with a cholce of chassls, acholoe of englnes and a definlte route ento the US open-wheel laddsr
inchyding the 1990 B0 Technologiss and Rock Chassis. Testing
L winming T20/00. and development will follow in 2010 will ba tube framed, front engined, ‘Wittins, The front body panel of sach car
In 1993, Ashmors with a 10-race programms scheduled for — open-whesl cars, specially designed will be sculptured o depict the engine
moved to Reynard the year after to race on both superspesdways and used, encouTaging mamifacturer support
to work on its Indy Tha Gold Crown Champicnship is to road courssa, from the fans. The engines will be the
car project and was b= the Destination Saries of USAC, as The design of the Gold Crown car zame as thoss used for the current
subsequenty described wall as baing on the ladder system of combinss a traditional fromt-enginsd Silver Crown series — B00+bhp, 3680
i a CpsET-w] Tacing ivems aspirng to i i styling, 8-l urmininm-]
by Adrian Reynard heal for drive with modern E. 8-litzs), al headad Vs from
*Eﬂzﬂdﬂﬂiﬂﬂﬁmﬂ;ﬂ the Indy 600, Gold Crown construction the work of Chevrolet designer Randy Chevolet, Ford, Mopar and Toyota.
i=n't starmy’.
two years, Reynard had
m] i'm] Iﬂ:ﬂﬂ:lthﬂ] their layouts, their history and werme not minimurm tacks or You just push everything as far Eric’s 30 drawing into something the team owners encourage this which motor racing should be by something that needs to be
0 CADNT Ask them ask where did they get where maximum wheelbase regulations.  as you @n! that would lay out | developed and eventually all the cars and heading. some of which can be deve loped for the road car world
e n you thinkin broa tis the same today, only the thisas a technique. engines are the same. sean in the projecte - perhaps an electric motar ar
moved to the UBA to they are? Then you thinkin broad  Itisth day, h hi echnig [ th in the projected USAC Gold perhaps lectri
help establich Reynard strokes -where do all the bits fit numbers are smal ler. 2D SKETCHES "Mowe wie are in the CAD era, | "Despite this, in a spec series Crowen Charmpionship for which a fuel. Right now, an engine
Worth Americs and on the cars? Twerite all the regulations Ashmone points out that he likes still do 20, There are thoss who it is the team that has the most he is responsible (see sidebar is a piston with con rods and a
later the Anto Reasanch ‘The next thought is that dowm and look at where the sketching usually in 200 T'm not tell me that they can design in30  money that wins. It is a time / above). | think that we need to crank. It evolved that way when
Center Aftar two yoars if they are doing things like minimurms and maximums are. that good at 30 sketching Eric from the start, but | don't think quality gmph. The mare time and open things up and that spec deve lopment was free but now
WlthPlE]fBIB Foreythe that, where can | move things Whenyou are an engineer, Broadleywas fantastic. We would you can do that. | design things money you apply, so the quality component racing is the way to you are told that it has to be
Racing, ]Jﬂfm'ﬂd around and get a performance evenything you do is in have a big sheet of paper on the that don't exist yet, whereas goesup. The team owners have g You have a selection of parts this. There is never going to be
2 I-"-‘-‘5’1'5-"-‘5@'':']-“"1_"‘“"3"i advantage? When |was growing tolerances. It doesn't matter desk and over a period of two or most 30 chjects are already rows agreed to regulations that - transmission, wheels, uprights, amything different until you open
mﬂm@m A up, the cars were changing. made in another form or come up the regulations. However,

we cannot afford to change the
whok @r n one go We annot
go back to where we used tobe/

This May, Ashmore could b=
found working enthusiastically
on the Gold Crowen project and
engineering a R Motorsports
Silver Crowen Beast at the Indiana
State Fairground. Perhaps it is
significant that a designer and
engineer such as this should be
finding mare to motivate him at
this level than if he were tobe a
few miles down the road at the
Indianapaolis Motor Speedway
where one of his desigrs once
drove into victory lane.




- FIRST FRINCIPLES

.‘_

In response to a previous article on the matter, Mark Ortiz offers some further
thoughts on controversial chassis phenomena

number of people
have asked me to
respond to an article
in the March 2009
Rocecar Engineering,
inwrhich the author, Danny
Nowrlan, makes some assertions
that challenge corventional
thin king about anti-squat and
other geometric pitch and
roll resistance phenomena,
contradictin g some of what | say
in my Mindng Your Anti video.
That iswhat | will try to doin
this article.

Let me begin by emphasising
that | imtend no disparagement
to the integrity, intelligence or
imtentions of the author of the
aforementioned piece, nor to
those of amy of my colleagues
in the field of vehicle dynamics.
One might suppose that
vehicle dynamics, being mere by
Newstonian physics, would
not be controversial or hard to
understand for educated peaple
in the 21st century, yet amyone
who has delved into the field
will have noticed that there isa
lot of disagreement, and sorting
through all the contradictions
is amything but easy. Given this
situation, anybody who makes an
honest effort to understand the

laws of nature, and to

del ver honest goods and
services to the public, deserves
the benefit of the doubt
regarding their intentions.

For the benefit of readers who
may not have seen Mr. Nowlan's
article, | will summarise his
assertions, as faithfully as | can,
in rmy own words:

1. Wemust not ba slaves ta
orthadaxy. We must bewiling
ta think things through fram

4. Thelaw s of physics act similary
in all directions. Therefare,
wie shauld be shle to use
fundamenitally similar methads
ta analyse frant-view and side-
Views sUspension geametry.

5 Infrant-view geametry, the
point where the force line
intencapts the c of g planeis the
ol centra

E Similarly, in sideview, the point
whene the side-view force line
intancapts the c of g plane may
be taken as 3 pitch cantra

7. Al farces exerted by the tyre

ﬂlﬂ the car is a collection
of masses that are rigidly
attached to each other DD

first principles, and entertain
amy conclusiors that may result,
even if they contradict what
aomepted authonties say.

2. The car has only one canitre
of mass Itis rata sting af
sEparate massas, and should not
be analyzed &s such

2. Al dynamic effects should be
anahysad as forces and moments
ghout that sngle centre of mass.

upan the moad, and by the road
upan the tyre, act at the gound
plare, not at the wheel centre.
8 Ary time a tyre is ederting
alongituding force, it is
necessanily traremitting 3 omue.
9 Therefore, there is no dynamic
difference between systems
withinboard and autboard
brekes, or betwesn systems
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with sprung and unsprung
differentials

10AcmEpted theary asserts that
wiith inboand brakes ar sprung
diffs, farces are applied to the
car at wheeal centre height

11.Acepted theary predicts
amplke kengitudinal anti far
such systems, but data fraces
from ctual @rs contradict this
Suspension displacements are
wery rearty what we woud
expect from pitch maments
ghout the ground, reac ted
entirely by the cr's springs,
implying little or no anti, or a low
pitch centre

Taking these mone or less in
order, | agree with number one.
Willingness to re-examine and
question accepted theary is
the difference betwaen science
and dogma, and is an important
foundational principle of human
liberty in general.

Mumber twa & correct, almost.
That is, the car is a ool lection of
masses that are rigidly attached
to each other, and can therefare
be considered a single body
- except that when the car has
a suspension system, some of
the attachments within it are
not rigid, and some components

L
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can move with respect to athers,
albeit in a (hopefully) limited and
carefully controlled manner. For
SOME PUrposeEs, rigonous anakysis
requires us to treat these masses
separately. Moreover, the masses
are separate to different degrees
in different modes. The nuances
of this will make a good future
article or new slketter.

Howrever, we can examine
the principles of anti effects
using an assumption that all of
the car's mass is sprung and the
masses and inertias of unsprung
components are zero, Real cars
arer't like that, of course, but
imagining they are so greatly
simpl ifies the discussion and the
associated equations,

5ince we will be presenting
equations, it is time for some
definitions, so let's start with the
vehicle axis system:

As per SAE corvention, x is
longitudinal, y is transverse,
ard z is normal or vertical,
Unless otherwise stated, sign
comventions ane as follows: x
- positive forward, y - positive
rightward and z - positive
dowrmward Unless otherwise
stated, vehicle origin is per SAE
aerodynamic axis system: on the
ground plane, mid-way along the
wheelbase, and centred with
respect to the fromt and rear
tracks. However, for particular
purposes, we may use local
origins and sign cormentions may
deviate, so it is necessary to pay
attention to context Brenthen,
x will always be longitudinal, ¥
transverse, and zvertical, in
some sense that is appropriate
to the context

SAE vehicle axis comvention
takes as origin a point on the roll
ais, directhy below the sprung
mass centre of massorc of g. |
don't care for that, because the
points in question move and
are subject to uncertainties.
Actually, there is no origin
that & completaly mmune to
some uncertainties and relative
movements but for our purposes
here, we will use the SAE
aerodynamic comrention (right)

CONTACT PATCH FORCES
Returning to Mr Mowlan's
assertions point three isn't
necessarily comect In particular,
it is incorrect to suppose that
forces at the contact patches
act along the force lnes or

OMETRIC ANTI-ROLL

Origin of peomeitric Y i
amtkroll on an cutside
whesl. Induced
support force In the
linkcage tries to extend
suspenshan
.~ Upwrard jacking fonce resists
= 23 SISpEnSion Compression
. Resultant wector sum
! of mmerng foros and
joacking fone
" _
L U
[ \
- \Front view fone
e Centripetal line perpendiculsr
Poimth — mrnerng fonoe to Point & motion
motion path from this tyre path

¥,y and z may denote coordinates in this axis
system, or linear displacements in this
ais system.

Next, angular quantities about the axes

+# [phi] is roll, or angular moverment about an
¥ axis, corventional ly positive rightward, or
clockwise as seen looking forwand.

M, or Mgis a moment in roll or about anx
ks,

B [theta) is pitch, or angular movement about
ay ais, corventionally positive rearward, or
clockwise when looking from left to right.

I"'I:, o Mg is a moment in pitch, or about ay
ais,

W [psi} is yaw, or angular moverment abouta
z ais, comventionally positive rightward, or
clockwise when looking down.

M, ar My, is @ moment inyaw, or aboutaz
amis,

L is the centre spacing between twowheels
of a pair under consideration.

L, iswheelbase,

Ly is track.

1, is tyre loaded radius
For simplicity, we will ignore distinctiors
between loaded and effective tyre radius.

F is force, F with anx, y or z subscript is force
in an , y or z direction.
m is mass.
a is accelemtion.
F=ma (when mis in |b, a should be in gs).
His height.

is height of the centre of mass or centre
of gravity (c of g.
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THE SAE AERODYNAMIC CONVENTION

H,. i roll centre height.
Hr—' is pitch centre height

dw/dz is the instantaneous rate of change of
a point's x coordinate with respect to change
in its z coordinate: the first derivative of x
displacement with respect to z displacement.
dy/dz, similarly, is the first derivative of y
displacement with respect to z displacement.

dw/dz and dy/dz are also the instantaneous
skopes or inclinations, from vertical, of the
comtact patch centre’s path of motion in side
and front view respectively.

A force line is a notional line of action for the
vector sum of an x ory ground-plane force at a
tyre contact patch and the induced z-direction
support force within the suspension system that
results from angularities in the suspension linkage
In front-view geometry, the force line is the line
fraom the comtact patch centre to the front-view
instant centre, The front-view force line & an
instamtanecous perpendicular to the contact patch
centre’s path of motion in front view, and hasa
slope or dz/dy, relative to ground plane, equal to
the contact patch centre’s dy/dz. The side view
force line is an analogous construction in side view,
whose slope is the contact patch centre’s dwidz
Thene are some subtleties to assigning that dw/dz,
wrhich we will address,

The front-view and side-view force lines define
a plane, which we may call a force plane

— Centripetal
', cornering force
",lllfrun this tyre [

_LQ—H_-?_,:\
A 3

i

"’—/Dmm'urd jacking farce resists suspension extension

"~ Resutartwector sam of mmeringforce and jacking force

force planes of the suspersion
geometry, and therefore exert
moments about the centre of
mass according to their vertical
or perpendicular distance

from the centre of mass. This
misconception stems from a
misunderstarding of what the
force lines and planes represent

The car is not a body floating
in space, acted upon by angular
forces in the force planes. Nor is
it an airplane with four wings or
contral surfaces, each exerting a
lift and a drag force. It i a body
with a centre of mass above
the ground plane, supported
through compliant suspension
at four points in the ground
plne, accelerated in the x andy
directions by forces in the ground
plane, These forces do not act
on the car as a whole along the
force planes, they act on the
car as awhaole along the ground
plane. The ground-plane farces
induce support forces within the
car, in the suspersion systems,
acconding to the slopes of the
force planes. These induced
forces create moments within
the vehicle that may oppose
or exaggerate the suspension
displacements in roll and pitch,
and can alter the distribution of
tyre normal forces,

This may seem merely a
rhetorical distinction, but it's
not. In particular, the anti-roll
and anti-pitch moments do not
depend on the proim ity of the
force plane to the centre of mass.
Rather, they depend only on
the spacing of the wheels the

magnitude of the ground-plane
forces and the slopes of the force
planes. The anti-roll and anti-
pitch moments do not depend

in amy direct way onwhere the

ROLL CENTRE

WHAT I5 THE ROLL CENTRE THEN?
It is a notional coupling point for tRnsmission of y
forces between the notioral front or rear axle and
the sprung mass Its height is the height at which
the centrifugal inertia force for that end of the car
would generate a roll moment exactly equal to the
anti-roll moment induced by the linkage geometry,
50 no roll would result

Importantly, the roll centre is not any sort of
coupling peint for z forces i is analogous toa
horizontal link, or a roller in a vertical slot, not a pin
in a hole, When the caris in motion, a sustained
z force does not induce a geometric roll moment.
Engineers were confused about this foryears,
partly because when a car is tested sitting still an
a shop floor, with no slip plates under the tyres,
Fymmetries in its anti-roll actually produce roll
maoments in response to z forces, But when the
wheels are free to track in and out as they roll
along, that effect goes away. This is why we roll a
car befiore we scale it

The equation for the roll moment Mx or Mg
produced by a total wheel pair y force Fr acting ata
height H is:

M =FH m

The equation for the anti-roll moment induced in
the suspension by right and left wheel ground-
plane y forces F,-u and F:ﬂ- is:

M= [F ldyida), - F, (dyldz) )L j2

0Or, in English, the geometric anti-roll moment is

centre of mass is.

Mumber four is cormect The
laws of physics do act similarly
in all directions, and we should
be able to apply fundamentally

similar methodology for both
side-views (pitch-related)

and frontwiew (roll-related)
phenomena. How ever,

™ Geometric ant-roll rurrber five is incormrect, and
om an Inside wheel. mansequently so is the following
e i I one, number six The ol centre
_x’th-l e is notwhere a single wheels
v, . meaning It tries to R
I haid the . fonce line intercepts the cof g
compressed plane. Correspondingly, applying

similar thinking to the side view
is likewise inoormact

Indeed, we cannot
meaningfully speak of a roll
centre or pitch centre for a
single wheel, even in simple
twio-dimensioral modelling Bven
in 20, we need two points of
support to resist an overturning
moment, and it is the combined
effects at these two support
systems that create amy moment.
Likewize, we cannot meaningfully
speak of right-side or left-side
rall, or front-end or rear-end pitch

We should note that when
both wheels have anti-rall ie
when both force lines slope

equalto the difference of the two induced support
forces times half the track (the sum of the two
support forces is the net jacking force for the wheel
pairy Stated another way, the moment in rol| for the
wheel pair induced by the linkage geometry has to
equal the difference in the support forces induced,
reacted on the half-track. If our modelling gives us
some othervalue for this moment, there has to be
an error in our modelling. Note also this equation
inclides no term representing c of g location.

Cormbining equations (1] and (2}, for a condition
wihere H is the height of the roll centre, H_, and the
roll moment and the geometric anti-roll moment are
equal in magnitude:

FH, = [F dyidz), - Fldyidz) JLj2  c
Solving for H:

H, = [[F,JF dylda), - F, JF Mdyldz) )L /2
2]

This can also be written:

H, = [ (F,/F,)dyldz), - L IF, JFy)idyldz) )iz
A

Or, in English, the portion of the totaly force at the
right whee |, times the track, times the right wheels
force line slope, minus the portion of total y force
at the left wheel, times the track, times the left
wheels force line slope, all divided by two, is the
roll centre height
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upward toward the centre of the
car, those two force line slopes
are mathematically of opposite
sign, so the difference of the two
products in the large parentheses
ends upwith a larger absolute
value than either product by
itself: the two products either
add, because we're subtracting

a negative, or add negatively,
because we're subtracting a
positive from a negative.

Daing the same thing
graphically, we onstruct what
I call a resalution line, This is a
vertical line in our fromt-view
drawing whose y position relates
to the distribution of y force
betwean the right and left tyres.
If for ecample, the right tyre is
estimated tomake 70 per cent of
the cornering force for the pair,
the resolution line is 70 per cent
of the track from that whesl (30
per cent of the track from the
left whee ). We then find the two
points where the front-view force
lines intercept this resolution
line, average those heights (add
them and divide by twol and
that's the roll centre height.

Myviden includes illustmtions.

How does this compare with
Bill Mitchells force application
point method? He drawsa
vertical line at the c of g finds
the force line intercepts of that,
and does aweighted avemge of
thiose, with the weighting based
an the F/F, distrbution.

Tumns out that the FAP
method gives the same answer
as the resalution line method,
when the c of g is mid-way
betwesn the wheeks. It also
gives the same answer when
the force lines have equal and
opposite slope iewhen they
cross in the middle of the car,
even if the c of g is offset. When
the ¢ of g is laterally offset, and
the suspension is also marked ly
asymmetrical, it creates an error,
If the c of g offset is small, the
error is too small to measune
experimentally on a kinematics
and compliance rig. [twould
become a concern in a car that
has a large |ateral c of g offset,
and markedly asyrmmetrical
independent suspension - for
example, perhaps a Supermodified
with independent suspension,
in a rolled condition (such
cars did once exist, though
Supermodifieds are now required
to hawe beam axles at bath ends).

FORCE LINE VISUALISATION

| sFgues
Asslgnment of
resalutien line for
sltuation where the
outside whesl makes
75 per cent of the
oarnering fonce

_~—PResokrtion Ina

TEW
of frack

Suspansion with
torce lines of equal

and oppesite siope,

showing resalution
lines for three
ditferent lateral force
distributions

The oldest method of
assigning a roll centre is to
take the front-wiew force line
intersaction as the roll centre,
The force line intersection
method can also give a correct
arswer, but the only tme it
necessxily doas iswhen the
force line skopes are equal and
opposite. The more asymmetry
we introduce in the geometry,

d 4
FaFl

parallel, and have no intersection.
Since the roll centre does
not ransmit z forces, it doesn't
matter what its [ateral location or
y coordinate is. | call it undefined.
If you like to think of it as being
under the c of g that's fine. If
youl like to think of it as midway
between the wheels, that's fine.
Just don®t think of it & something
that can fransmit force vertically.

it does not mean that

conventional thinking on

anti-sguat is incorrect |

the more anomalous this model
tends to become. The most
obwious anomalies occurwhen
one whee| has slight anti-roll and
the other has slight pro-roll, so
that the force line intersection
lies a long way outside the
wehicle. The intersection can
then be far above or below the
ground, despite the fact that the
suspension genertes little net
pro-roll or anti-rol | moment. If
we further suppose that z forces
Eenermte moments about this
point, the modelling anomalies
can get outrageous. Finally, in
some cases the force lines are
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Regarding numbers seven
through 11, it is true that the
car and the read can only apply
force to each other where they
touch ie at the contact patches.
Howeever, this does not mean
that comventional thinking on
anti-squat is incorrect, although
it may be that some accepted
presentations could be clearer.,

It is also true that if there is
an ¥ force at the contact patch,
there isa torgue at the wheel,
with the exception of the case
where the x force is induced by
thie tyre running ata slip angke
when comering

Howewer, the torque may
or may not act through the
suspension linkage, and as such
may or may not contribute to the
Mg in the suspension.

Let's imagine a free-body
diagram for the wheel and stub
axle in an independent rear
suspension, in side view, when
the wheel i propelling the car.
The tyre exerts a rearward force
upon the parement, and the
pavement exerts an equal and
opposite forward force B upon
the tyre, which propels the car.
Thewheel and axle assembly
exerts an equal forwand force on
the rest of the car {remember
we @e magining that the wheel
assembly doesn't have any mass
of its own) The remainder of the
car, acting through the linkage
and upright and bearings, exerts
an equal and opposite rearward
inertia force upon the axle. As
such, the sum of the wheel and
ale assermbly's forces is zerg
ard there is a couple, equal to the
wheels torque My, which mustbe
reacted somehaow, for the sum of
the moments to also be zemn,

Hr =Fr, o]

In most independent suspensions,
the torque is applied through the

|
e

Roll centre when force
lines are paraliel and
the laaded wheel

1l

makes 75 per cent of
commering force

|
|
e |
I
|

helght

]~Rc-l mnkre

driveshaft and the driveshaft
is jointed so it can only apphy
rotational force. It applies this
force directly to the axle, it
does not apply rotational force
to the upright The shaft sees a
rearward torgue at its outboard
end and a forward torque at its
inboard end. The stub axle at
the diff driving the axle, sees a
rearward torque from the axle.
This in turn reacts through the
diff the pinion bearings. and the
transa¢le mounts This torque
is then applied to the caras a
whole, but the load path does not
include the suspension linkage.
Imagining the free body
diagram for the upright then,
wie have a forward force
[thrust force) exerted at the
wheel bearings, but no torque
applied at the wheel axis. Both
lomgitudinal links, or side view
projected comtrol arms (SWVCAs]
exert rearward force upon the
upright and forward force upon
the sprung structure. These
forces are both smaller than the
total Fx at the wheel centre,
and both in the same direction.
Their magnitudes are inversehy
proportional to the distances
from the hub or wheel centre,
and there are induced z forces

within the suspension depending
on the magnitude of the x forces
and the S CA angularities. The
owerll z force Fz induced is B
times the dw/dz value at the
wheel centra:

F, = F [dw/dz] 5

Why not the dw/dz at the contact
patch? Actually, the dw/dz at the
ontact patch is the samel If we
wonstrain the wheel rotationally
(lock it) at the inboard end of the
driveshaft and then move the
suspension, the wheel doesn't
rotate with the upright, and the
point at the static contact patch
centre stays directhy below the
wheel centre through the entire
travel Its dw'dz is then the =ame
as that of the wheel centre. This
dif fers from a situation where
torque is applied to the upright
and does act through the linkage,
as with an outboard brake. In that
case, the dw'dz that matters is
that of the contact patch centre,
assuming the wheel rotates

wiith the upright. The force line
then runs from the contact patch
centre to the instant centre, and
has a skope equal to the contact
patch dwfdz for a wheel that
rotates with the upright Also, the
forces at the SWCAs are opposite

in direction, with the force on the
loweer opposite to and greater
than the F, at the contact patch,
and the one on the upper in the
same direction as the contact
patch F_ and smaller than the
fonce on the lower: clearly a
different picture, and one that
will usually produce a different
induced z force

Kinemnatics and compliance
testing consistently confirms
that it matters mightily whether
tomue reacts through the linkage
or not. The only case where it
doms notmatter is where the
wpright does not rotate in side
views as the suspersion moves
[SWCA s parallel to each other).

With independent suspension
of inbeard brakes, the force line
tas the same slope as a line
from the wheel centre to the

PER CENT ANTI-SOUAT

side-view instant centre (SYIC),
not the slope of a line from the
wontact patch centre to the SVIC.
This iswhat some authors mean
when they say that the force acts
at the wheel centre. They don't
mean that the rearwward pitch
moment Ma i equal to FJH:l—ri:l.
It's =till FH_ S0 corventional
theory does not predict huge
antiksguat for independent
suspension. On the contrary,
antisquat by comentional theory
is genemlly very modest for
independent suspension.

50, in point 11, Mr Nowlan has
misunderstood the theary he is
attempting to refute, which is in
fact confirmed by the data trace
he presents.

Taking Terry Satchells chapter
in Milliken and Milliker’s Roce Car
Vehidle Dynomics &= an example
of a comventional presentation,
when F_ ks considered as acting at
wheel centre height, a different
rule for determining percent anti
is used, and the result & a comect
calculation when the full method
is taken together.

If we insist on considering
the farce line as passing through
the instant centre, that method
is cormect. | prefer to say that the
force line passes through the
wontact patch centre but has the
same slope as a line from whesl
centre to instant centre. | then
use the same rule for percent anti
as for a system where the torque
does act through the linkage. |
find this a slighthy clearer way
of thinking about the matter,
but both methods give the same
an=w er. At this paint, we shou
probably review what is meant by
percent anti-squat (see below ).

Graphically, what Satchell and
others do is shift the force line
up to the wheel centre, but then
determine anti-squat based on
where the force line intercepts
the front axle plare, not relative
to the ground and the c of g
height, but relative to a point a

This is the percentage by which the anti effect reduces rear
suspension compression, compared towhat would occur with zero
anti. It isnot the same as per cent anti-pitch. Here is the equation for
percentanti-squat P, as per my method:

P_= Il.k{dxﬂlzfﬂ‘}"lm En)

Or, by Mr Satchells method:

P = [l + Lidardzl) - ok, J100%
It wiill be apparent that {&a) and [Eb) are algebraically equivalent.
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tyre radius abowe the ground and
a point a tyre radius above the ¢
of g. In other words, they draw
the same picture | do, ezcept
everything is moved up atyre
radius, and the final answer is
the same.

Mr Nowrlan poses an example
where L [dx/dz)= .EII}IH<I (force
line intercepts front axle plane at
20 per cent of ¢ of g height), and
the c of g is in the middle of the
wheelbase, sothat the height of
the force line at the c of gplane
is 10 per cent of c of g height He
says that the c of g plane/ force
line ntersection should be
considered the pitch centre, and
also the anti-squat is 10 per cent

Actually, the anti-squat is
20 per cent. But this doesn't
mean the car pitches 20 per cent
less than it waould with no anti.

It means the rear compresses

20 per cent less, and the front
extends the same as it would
with no anti-sguat Remember,
there is nio such thing as rear
pitch. Pitch is the relative
displacement of the front and
rear, or alternatively, the angular
displacement resulting from that.
For the simplest case to analyss,
where the frant and rear have
equal wheel rates in pitch as
well as equal staticweight if the
front and rear disp bcement with
no anti is identical in magnitude,
and we call that absolute
displacement z then with no anti,
the relative displacement fromt
torear is z+ z, or 2z With the
anti, the relative displacerment is
z + .80z or 1.8z. That's 10 per
cent less than 2z 5q for this
simpl ified case, a 20 per cent
squat reduction produces a 10
per cent pitch reduction.

Note, however, that we could
maove the c of g forward or back,
ard, if we dom't change the
springs. wie still get the same
deflections in response to a given
z force, and the same anti-squat.
Ifwre make just the fromt springs
safter, the pitch increases,
because the front end risas more,
but the squat and anti-squat stay
the =ame.

Therefore, we cannot sy
that the c of g plane/force line
intercept can ke called a pitch
centre, or that it necessarily tells
us amything definite about what
the carwill do

Mr Nowlan does not elaborate
onwhat he recommends when

PITCH CENTRE

-~ Resolutlon line

Application of the
same principles to Sprung .
asslgnment of a pltch ma 55 'CG&
centre analogous to a =
rall centre o e

i

——+—
" A

70% of wheelbase

centres and bounce centres. The
pitch centre is a centre of rotation
about which the car oscillates
in response to sequential
perturbations at the front and
rear, aswhen going ower a short
speed burmp. It is determined by
the relationship of the front and
rear static deflections or natural
frequencies, and does not relate
to pitch moments created by
¥ accelerations or opposing or
exaggerating pitch moments
induced within the suspension as
a result of x ground-plane forces,
For anti-squat in a rear-drive
car, F/F, = 1, and F4F, = 0. With
allwheel drive, F_/F_ depends
on the frontfrear thrust ratio. In

both front and rear wheels are
making x forces, but definitely
neither will the average of the ¢
of g plane ! force line intercepts
senve as 3 pitch centre, nor will a
weighted average (eccept when
thee c of g is mid-way along the
wheebase), norwill the side-view
intersaction of the force lines.

50 is the idea of a pitch
centre analogous toa roll centre
useful or relevantatall? | think
s0, Andwe can assign itusinga
method closely resembling our
fromt-view approach, Obwioushy,
this will on by work if the front-
view approach is comect, and if
we adapt it comecthy.

One issue we need to address

is that the term ‘pitch centre’ is braking F_/F_ depends on the
already in use in another area of overall front / rear retardation
vehicle dynamics, with a meaning  force ratio

not analogous 1o a roll centre, With sprung diffs or inboard
Ride engineers speak of pitch brakes, dw/dz is the value fora

CH CENTRE ANALOGOUS
ROLL CENTRE

What would a pitch centre analogous to a roll centre be? 1t would
be a notional coupling point between sprung mass and whee | pair
suspension, for the total x force of a right or left wheel pair, with
frontirear x force distribution close to actual for the situation being
mideled. [t would hawe a height Hpc such that the total Fx for that
side of the car, applied at a height Hpc, would produce no net pitch,
because the geometry would produce an equal and opposite anti-
pitch moment. The equations for this would be of the same form as
equations (3a), (3b) and (Ick

FH,. = [F fdwidz), - F (bl dz))L 2 o
H, = [IF JF Jiddde), - (F_IF Jideldz) Lj2  om
H, = (LF./F)e/dz), - L(F JF )dx/dz) 2 g

Or, in English, the portion of the total x force at the front wheel,
times the wheelbase, times the fromt wheel s force line slope, minus
the portion of total x force at the rear wheel, times the wheelbase,
times the rearwheels force line slope, all divided by twa, is the
pitch centre height.
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Tor braking

wheel that does not rotate with
thie upright For outboard brakes,
live anles, or odd cases such as
Hurmsees and VW Transporters
where the upright contains drop
gears, dw'dz is the value for a
wheel that does rotate with the
upright or axle.

Duing the work graphically,
we construct avertical resolution
line, positioned according to the
F4F relationship. For propulsion
with rear drive, the resolution
line i at the front oxle. For
braking. it is aft of the front axle
by a distance equal to the fromt
overall retardation percentage
times the wheelbase, Force lines
ane as described above from the
contact patch to the SVICwhere
torque does react through the
linkage, and where torque does
not react through the linkage,
through the contact patch centre
ard parallel to a line through the
wheel centre and SJIC. We then
find the intercepts of the fromt
and rear force lines with the
resolution line, average these.
and that gives us our pitch
centre height.

The left and right pitch
centres define a pitch axis,
aralogous to a roll axis. The left
and right F_values times the
respective Hpc values, divided
by the respective wheelbases,
are the left and right geometric
load transfers. The total F_ for
both sides, times the moment
arm of the c of g about the
pitch axis divided by the total
angu lar elastic pitch resistance
rate, is the pitch angle. The right
and |eft angular elastic anti-
pitch moments, divided by the
respective wheelbases,
are the right and left elastic
load transfers.
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The case for

the oldest, most
versatile composite
of them all

efore Kevlar and
carbon fibre, before
Elass fibre even,
there was mud-brick,
reinforced with straw.
Composites, all of them. But
long. long before any of that
came the most astonishing
and versatile composite of all:
cellulose fibres in a matrix of
lignin - wood, in other words.
It's amazing stuff really. On
an equal weight basis, it closaly
matches structurl metals for
stiffness and strength You can
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FORBES AIRD

shape it by hand with simple.
familiar tools, you can even join
it by driving nails into it (nails])
and it is both a renewable and
biodegradable resource. Wood
isalsg however, bulky stuff

- a certain mass of it occupies
rather a lot of volurme, compared
with alternative structural
materials. This can certainly be
incorvenient when wood is used
to handle bending loads- e asa
beam. Such beams may become

50 deep as to be annoying
- especially if you bang your
head on them. But, if arranged as
a stressed skin, this very same
bulkiness becomes a substantial
virtue, aswe shall sae,

If it s2ems capricious to
angue for wood as an attractive
material, a preferable one even,
far a high-performance structure,
consider that history has
demonstrated it to compete with
structural metals in applications
as diverse as boats, aircaft and
Cars - Yes, BVEn [IeCEs,

THE PRACTICE

Several examples of successful
wooden chassis for competition
cars sprang from the drawing
beoard of the late Frank Costin.
His first, the original Marcos
sports-racing coupé, staggened
competitors and critics alike,
beoth weith its performance and
its stupefying ugliness. Later,
Nathan-Costin sports @cers were
far more attractive, yet equally
successful. His F2 Protos, while
sleek, performed disappointingly,
though this was surely not the
fault of its chassis material

A much mare recent effort
is the Splinter’ [see opening
pic) - a high-performance coupé
designed and built by graduate
industrial design student Joe
Harmon. This enterprise taxes
credulity to the paint of rupture.
Not only is the primary structure
of wood, the body is also of
the same class of material
fwonen cherry wood), as are
the suspension links and the
front spring. a transverse leaf of
laminated Osage oAngewood.
Doubters can check the website
[see references at the end).

In the aviation field, one can
point to the Lockheed Vega, the
deHavilland Mosquito (perhaps
the fastest propeller-driven
bomber ever built), several
thousand homebuilt aircraft
and, of course, Howard Hughes'
Spruce Goose’, This last, now
reposing in its osn museum
in McMirwille, Oregon, has the
largest wingspan of ary aircraft
ever built at 97, 54m. That it
made only one, very brief, maiden
flight in 1947 had nothing
to dowith the material of its
construction and everything ta
dowith the non-existence of
adequately powerful engines, the
eccentricity of Hughes himself
and the timing of the end of
Wwll. The Bellanca Viking, still
in production today, has awing
structure compesed of plywood
skins ower a spruce spar,

Given even these few
successful {structurally, at least)
examples, it would seem hard to
argue gainst the load-carrying
efficiency of wood, yet one
highly respected source dissents.
Pazmany [see references) cites
a 1945 SAE paper by Herb
Rawedon (see references] in
which the author compares outer
wing panels in two generlly

The gulk Ing Marcos sports coupé, othenwise known & the Ugly Duckiing. successtully used a wooden chassls

similar aircraft - one made of
wood, the other of aluminium
-and concludes that wooden
wonstruction entails a &8 per
cent weight peralty. A reading
of the original source, however,
makes clear that Rawdon was
omparing apples and oranges.
For econormy and simplicity in
manufacture, that particular
wooden wing panel was made
in such away that it was
distincthy non-optimal in we ight
vs strength and stiffness, whilk
its metallic counterpart used
best practice and was obvioushy

the buckling will take the form of
a simple curvature - it will bow
into a 'C shape, while in shear the
result will be diagonal wrinkles.
The panel has not broken (it
wiould spring back if the load
were removed) but it has, ina
sense, failed - ithas ceased to
fight back.

Nowi, the ability of a panel
to sustain such loads without
buckling depends on just two
things: the inherent stiffness of
the material (its Young's modulus,
represented by the letter E). and
the panel's thickness. Reasonably

itis both a renewahle
and biodegradable

resource

more structurally efficient The
author's conclusion is unjustified,
and Pazmany's acceptance of it
seems odd,

THE THEDRY

50, itworks in pActice, but

does ftwork in theory? Yes, and
here’s why: consider a roughly
rectangular panel, thin in relation
to its area. When you load such a
panel in compression (stand it on
edge and push down) or in shear
(grab two opposite edges and
try towarp the rectangle into a
diamond shape], itwill take onhy
a comparatively small load befare
it buckles - before it runs away
from the load’. In compression,

enough, the effect of the Young's
modulus is linear - a doubling of
Eyields twice the resistance. The
effect of the thickness, however,
is much more dramatic. The same
parameter varies as the cube
of the thickness - double the
thickness yields eight times the
resistance. It therefore follows
that if two alternative materials
are considered for such a panel,
and if they hawe equal {or closely
similar) values of stiffness (E) in
relation to their density (D), then
the less dense material wil | win,
hands dowen.

Consider steel and aluminium.
Steel is three times as stiff as
aluminium, but has three times
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the dersity. For equal weight, the
aluminium panel can therefore
be thres times as thick. A
disadvantage of 1:3 (based on E)
is swverwhelmed by the advantage
of the greater thickness (to the
tune of relative thickness cubed
- ie 7] so, inthis respect, the
aluminium panel cutperforms the
steel one by a factor of (27/3=) 9l
That's one reason why they don't
make the primary structure of
aircraft out of steal,

The s=ame argument can
be applied to other candidate
materials. Magnesium, for
instance, has just 65 per cent
the dersity of aluminium, yet has
essentially the same value of E/D
as aluminium or steel, On that
basis, it cught to show a weight
advantage of about 33 per
cent. And it does. The reasons
aircraft are not generally made
from magnesium are threefald:
flammability, corrasion and cost.
Helicopters however, where the
price-to-weight mtio takes on
a rather different complexion,
douse lots of mag. The =ame
argument can be extended to
the least dense of all" raditional
materials for stressed skin panels
- wood, specifically phywood,
Although it is slightly inferior
to structural metals in weight-
specific stiffness and strength
[see chart) wood's low density
(it floats, for Pete’s sakel) permits
panels that are very thick, and
therefore well suited to resist
wrinkling under compressive and
shear loads.
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This whaole argument, of
course, rests on the assumption
of a nearly constant value of
E/D far each candidate material,
Among metals, wood and even
lowe-tech composites using
glass fibre, that assumption
is, surprisingly, justified. Or | E
Gordon (see references) calls
this "one of God's little jokes.” But
if that ratio strays significanthy
from that of traditional materials,
then all bets are off.

Designers of aincraft and
racecars have enthusiastically
adopted modern synthetic fibres
far composites - carbon fibre,
Kevilar, Spectra etc - for this very
reason. Their values of B/D are
vasthy superior to traditional
materials, making possible
structures of unprecedented
efficiency. Composites also have
the merit of being capable of
bieing formed inta comple:, three-
dimensional curves

The benefits of modern
composites are unarguable,
bt they are achieved atno
small cost One of the costs is,
er, tost - this stuff is serioushy
expensive. Apart from the price
of the mw materials, there
is the need for a mouldand,
absent an NC mill, the mould
requires a ‘plug - an original
pattern. Moreower, the really high
structural performance stuff is
cured under pressure and at high
temperature in an autoclave- a
shatteringly expensive bit of kit.
People working with aerospace
budgets can afford this and
those producing in quantity can
amortise the tooling costs over
umpteen parts. But for amateurs
and one-offs, these costs are
usually a deal breaker.

Evenwhen the tooling and
material expenses are oovered
by someone else’s budget, the
labour and logistical costs are
high. Two consecutive technical
directors of an FSAE team
familiar to this writer have
expressed the conviction that
the potential structural benefits
of their cars” carbon fibre twbs
scarcely justify the student
wrorkers’ hours of labour - about
BO0 hours in a recent case - time
which might better have been
spent in development and de-
bugging of an earlier-completed
vehicle But, if such pragmatic
considerations exclude advanced
composites, then we are back to

STRENGTH VS WEIGHT

Comparison of materlal bending stifness relathe tawelght and thickness

_|tagL0

Strength, stiffness and density of various materials

UTS, ksi D Ib/min  UTSD
SAE 1010 steel =] 0.3 200
SAE 4340 steel 196 0.3 860
& Al-AV titanium 170 0.186 1030
SAE 2024 aluminium &7 0.10 a7
AZI1E magnesiom 42 0.086 848
Arsmid fhbre 436 0.08 a700
E-glass nhre B2E 0.09 E833
Spruce wood 16 0.02 a0
HES carbon nbre 00 0.07 8671
HM carbon fibre 326 0.07 4843
selecting from among materials happens, for the pupose and

that hawe a very similar value of
E/D. And we have angued that
this fact farours wood,

SHORTCOMINGS

Of course, wood has its
shortcomings, too While concerns
about rot and other biological

benefit of the tree from which

it comes, the fibres in wood are
all arranged parallel to each
other, sowood is a unidirectional
composite - it has a grain’

- ard so is much stiffer and
stronger along the grain than
across it A rough aveaging of

it closely matches
structural metals for
stiffness and strength

infestations are well anmwerad
by modern chemical treatments
and synthetic adhesives, other
issues remain. We have explained
that wood is a composite. As it
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the longitudinal and tRnsverse
properties can be achieved

the same way as with other

ud composites - multiple plies
stacked at right angles to each

E, ms=i ED
a0 100
30 100
18 o4
10.6 108

8.5 108
16.3 aze
10.6 117

1.4 0
a2 467

100 1420

other, in other words plywood
Also, unlike thosa in modern,
man-made composites, the fibres
in wood are hollow and contain
wiater so, when the temperature
approaches 100degl, the water
begins toboil off and the wood
shrinks and splits. This =ame
sensitivity towater content
also means that wood slowly
changes size with changes in
atmospheric humidity. Most of
this dimensional change occurs
in the cross-grain direction so,
again, the plywood technigue
mitigates this

A remaining problem with
phywiood is the difficulty of
forming it into complex shapes
[though to all but the most skilled
the same can be said of sheet

We have all heard the woodworm

and dry mot jokes and I am for ever
being asked about the longewvity and
problems experienced with a woodsn
chassgia, g0 owver the past year | hawve
been monitoring the condition of all the
wooden chaseis cars that have been
through our workshops, in ordsr
o prepars 8 qualified eport on
what I hawe discoversd with cars
up to 36 years old.

The main problems we have

come acrees are ‘cowboy repaire”,
including one owner who, and 1

wooden chassis Marcos was designed tw
cops with up to around 126bhp deliversd
through 176 « 13 tyres. This limits the
torque maction set up in the chassis to
the adhasion of the ty1e contact patch.

If thie ratio iz albered then probleme will
almoet certainly ocour,

The main problems

we have come across
are 'cowboy repairs’

quots, ‘thought it wonld be stronger with The second and only other real

gtes] platee sither side of the wood., '

I carmot emphasise this encugh —do
ot try to improve' a wooden chassis, it
works exiremealy well as it is. If you have
damage to the chassis then repair as psr
original. The most cormmen reason for
damage ie the fitting of oversize wheela
and tyes and too much power. The

problem with the woodsn chassis

is water, It is perfectly capahbls of
witheatanding wet weathar uss and
doss not need any special attention
in that area. What it will not tolerats,
howewear, iz water satiration. This ia
generally caused by leaks, allowing
watar to collect inside the car for long

pearioda, which will then migrate into
the stcium and start to delaminats
the plywood. Oncs this starts the only
remedy is to mmove the damaged ama
and replacs. Do not be tempted to try
o 2eal or watsrproof the inside surfaces
of a wooden chagsie car as thess mst
b left open to allow the wood
o ‘breaths’,
Tha Marcog" woodsen chasais ia
a remarkabls structure, being used
in care from 1964 ©o 1968, Ik has
proven itealf to be far mupsrior to
the later stesl chassie cars, many
of which are already on their sscond
chassiz, The 1800 veraion remaina a
compsstitive racecar, reqularly winning in
claseic series, and will contimms to do so
for yesars to come.
Excerpt from The Marcos Wooden Chassis

by Rory MacMath, coartesy of Marcoe
Heritages, UE — www.roryuk.com

Vanden chassls Marmes continue to race competithely In classic Spertscar serles today, of ten outiving and outperforming thelr stesl coumterparts

metal). Simple. gentle curves in
one plane are easy, tight radius
curves are not Three-dimensional
curves would seem tobe
impossible but can, in fact, be
achieved by essentially making
the plywood in situ - Bminating
wery thin strips of veneer over

a form in successive plies,
essentially at right angles to each
other. This was the technigue
used by Costin for the previously
mentioned Protos FZ and by |oe
Harmen for the exterior surfaces
of the Splinter. While highly
morwvoluted surfaces may need
tooling comparable to a mould
for other types of composite
work, simpler shapes may need
nothing more than a handful of
pre-cut p lanes perpendicular to

the surface of the nascent panel
- perhaps themsehres forming
bukheads within the finished
structure. While it is possible,

recessary for their processing

In that event, a very strang

case can be made for wood,
specifically plywood, for stressed

wood is a unidirectional

composite

easy evern, to mis-apply modern
synthetic composites (| hawe
seen some Ether dodgy efforts,
aven from bright engineering
students), when used correctly
their performance outstrips that
of all raditional materials,
Nevertheless, in many
circumstances advanced
omposites are excluded from
consideration because of their
wost and that of the facilities

skin construction - its ease of
working the relatively low cost
of both the material and of the
tools necessary to cut and join it,
its familiarity and its widespread
availability... after all, itreally
does grow on trees,
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Force-based
roll centres

Applying the
concept to both
symmetric and
asymmetric
suspension
geometry

bout two years ago,
| read an article in
Rocecar Enginesring
by Bill Mitchell on
force-based roll
centres. This, for me, was one
of those moments when the
light bulb suddenly went on. It
alsoillustrated for me the very
powier ful role this magazine
plays. The unfortunate thing
about motorsport is that there
are precious few avenues where
individuals can have a genuine
technical discussion, but it has
been my privilege to add in a
small way to this discourse.
This article will follow on
from the Mitche |l feature and, in
particular, will prove not only that
his farce-based approach was
correct, but also that it applies for

the asymmetric case as well.
Before launching into the
subject, however, et me state
what the significance of this
article is. One of the first things |
didwhen | started in motorsport
was to generate a proof relating
the forces and moments in
roll to @ symmetric suspension
Eeomety arrangement. | was
seeing all these diagmmsand
Iwanted to prove it to myself.
Amyway, as | read more about
peometry and leamed about
the horizontal locations of roll
centres, | began to incorporate
all of this into Chassis5im. Most
of the time it worked well, but
everny once n a while it would
throwe the odd Joker up, which

struck me as odd. After reading
Mitchell's article, | moved to the

force-based approach, and those
weird inconsistencies evaporated.

Without further ado then,
let us setout the proof This is
illustrated in figure 1.

To make things as simp ke as
possible, Fve made the following
assumptions:

» The lower control arms are
paralkel to the ground This is

ta simplfy the geametry, as |

don't want us getting lostin the

detal
» Thehub pick-up paints are set
gt B2 and RS2 farexactly the

SEME MB3son

» dl iz the half track length.

* [wedlsoassumed the control
@ms are equally offset from

September 2009 « wws . RCECF ENGINEETINGCOM ﬂ




- FIRST PRINCIPLES

the ale line. This simplifies our
wiaw of how the farces act at
the chassis That is, we can view
tham as 3 straight line fram the
hub 1o the chassis on the axle
ne. | rvite interested readers ta
work this out themsehes

The ather simplifying assumption
I'm going to consider is the
pseudo-static case That is,
I'm just going to consider the
forces transmitted through
the suspension links and how
they react around the cof g. [l
assume the bars and springs and
ground reaction will keep the
geometry in place. fm simphy
doing this for clarity, because
what we are after here is
finding the relation between the
geometry and how the forces are
reacted. When we include the
effects of bars and springs, these
effectively form the full stop.

The first port of call then is
to take a free body diagram of
the tyres. Since the tyres aren’t
maoving and we are visualising
this &5 a pseudo-5 tatic case, we
can construct figure 2.

Analysing the forces and

taking moments about the
ground it can be shown,
E{ =0=F -F, +F, cos)

R iR
T M, =0=F, -3 -Fycose)-3f

m

Solving for this it can be shown
as follows:

3
Ea =EFR

__Ta
" 2-cos(8)

Fa

Thee astute reader will quickly
recognise the same process
applies for the keft-hand side.
Corsequently, it may be shown
as follows:

3
Fag = EF:.
__ B
He 2-cos(8,)

B

DIAGRAMMATIC ILLUSTRATION

Eree body diagram of
the right-hand hab

Let's now check outwhat is going on with the sprung mass. Looking
at the right-hand side and taking its component effects about the c
of g it can be shown that,

M:cm =F,-d, _FHWEI:E:"Q! _cr}_Fﬂsmj-{d'-'-h'}l

=5 (4, +56, -0, +n) we) .

| have not tried to fudge equation (4}, I've just spared you four
lines of algebra. Similarly, looking at the left-hand side, itcan be
shown that,

M,y = Fy-d, —Fyy cos(8,)- W, —€,, J+ Fy,, 5in®) -k, - d,)

=FL[J’+% ’,—{Jr—h‘]'-mntﬁlj:a .

We now need to tie this into what is going on with the geometry.
Let's re-wisit figure 1, but this time let's look at the geometry. This is
illustrated in figure 3 overleaf.

Looking at the instant centre for the right-hand side it can be
shown that,

__k
tan(8 )

Xy =4,

Yo =

j._L

B

R
L

R

3= FIE C;ﬂ

&
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F T o

This point is the intersection of
the twao arms on the right-hand
side - M've simply saved you all
the intermediate steps to get
there Given we have the instant
centre location, we can now
formulate the equation of the
slope of the line from the contact
patch of the tyre to the instant
centre. This is ghven by,

y== - a))
7

Soat the ¢ of g location athx it
can be showen that yis given by,

y:@-{—ﬁ"—ﬂj

ey =200 (1, +d,)
=]

WeWe had toput this in as
regative because of where we
hawe placed our origin at the
centre line of the car. You might
nowd be thinking so what? The
peometry seems to ke completely
disconnected from the forces,
Here's where we produce owr
trump card. Looking at the
geometry, it is readily seen that,

%'R—(cy+R)
t =2
an(f) d—d.
R-
dy=d, +—

1 x

tan(8)

The astute reader will quickhy
recognise that the moment
arm given in equation (4] is
identical to the result shown in
equation (10} What's even more
significant is that our derivation
of the geometry has come from
wompletely different approaches.
This is very telling. Knowing this,
let’s nowr consider the left-hand
side. Looking at the geometry,
it can be showen that the instant
centre on the left-hand side is

Ehwen by, B
w = tan(0 ) -t
R
Y =§ m

50 the equation of the line
onnecting the instant centre to
the left-hand tyre contact patch
is ghven by,

tan(8, )
2

'(x'l-d]} na

As such, the height above the
gound at the ¢ of g is given by,

}?:

dre =$ (d, -h.)
na

The astute readerwill recogniss
wie'll have to ermploy the =ame

trick &= we did for the right-hand
side to relate d1 tocy1 and
tan{a1). This is given by,

3

3 E- hi "'R}l
e

gy =d, s 4
=d, %
! tan(s,)

At this point, we are ready to show something very profound. Let's
now calculate the difference between the c of g height and the
point specified in equation (B). It is seen that,

mom_arm =h—drc,,

=h_tan{ﬂ}_

2

—+

-0, R,
2 27 2

—h-Ri e, —(n, +d, @)

_+_
2 2

1
=dr+5'(cr

~ (1, +d, )tan(®))

nm

5o cakulating the difference between the c of gheight and dreLHS

itis seen that

2
=j]l_£+l
z 2

1
=d;r+£.(’:y

The astute readerwill quickly
recognise that the moment arm
in (15] is identical to the moment
arm given in equation (5],

The significance of this is that

it shows conclusively that
Mitchell's force-based application
methods apply not only for the
symmetric case but also for the
agymmetric case, Remember,

in our construction we have

rot assumed symmetry for the
arrangement of the suspension
geometry. Yet the maths dearly
indicates that for deducing forces
and moments about the cof g
this method is valid, becauss

the only assumptions we have
made in our proof have been
assumptions to make the maths
and frigonometry simpler. For

all intents and purposes, we

hawe shown a very asymmetric
case, and the reader will quickly
recognise the symmetric

case ks simply a subset of the
asymmetric case presented here,
The guestion here then is that
for convergent geometry, how do
we work out forces and moments
about the cof g7 Let's illustrate
this in figure 4 overleaf.

Allwe do is draw lines finding
the instant centre and then draw
lines from the relevant tyres
to thosa instant centres. The

~(d, -, Jtan(®))

ns

moment arm is simply given by
following the line from the tyre
to the instant centre point under
the c of g This paoint | refer to as
the force-based roll centre. I1t's
that simple.

One guestion that remains
unanswered, how ever, is how
dowe calculate the forces that
are going straight imto the tyre?
These are aften referred to
as jacking forces. | could give
another long proof on this, but
the details are actually buried in
the proof | presented earlier. It
can be shown the jacking forces
are given by,

F, = F, ta(p,.)
ne

Whene Ft is the force being
applied straight to the tyre, Fy
is the applied laterl force and
#ic is the angle of the line from
the contact patch to the instant
centre, |invite the interested
reader towork this outon his or
her own {motorsport engineering
students, that means you).
Obwiously, we have analysed
the pseudo-static case, but what
about the dynamic case? Looking
at the numbers, the place where
things will be affected will be in
the moment equations because

our derivation of the
geometry has come from
completely different

approaches
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we now have to consider the
effect of angular accelemtions,
The impact of these numbers,
however, & very small. To
ilustrate this let's consider a car
with significant body movemeant.
This is outlined in @able 1.

Going through the numbers,
the change in roll angle is about
0.02 rad Making some relatively
BEMNEMOUS 3SsUMp tions, we
could apprimate peak roll
acceleration as 0.1 rad's2. When
we start multiplying this by the
roll inertias we get about 25Nm
far the body and 1Nm for the
hub and tyre. Given that we have
forces in the order of say, at
least 1g going through this, and
assuming the car weighs 1000kg
and a 50/ 50 weight distribution
and a c of g height of say, 0.4m,
we are dealingwith moments in
the order of, say, 750Nm at the
hub and numbers inthe order
of 4000Nm for the body. The

L jTABLET

Some representative numbers for 3 dynamic analysis of

roll forces

Parameter Value
Body mill 30mm
Track 1600mm
Time for the manosuvie 1=

Body mll inertia 260 kgm?
Tyrey/hub moll inertia 10 kgm®

reader will quickly appreciate this
will have a critical impact on the
third or maybe second significant
figure for calculating rall angles
ard the like, Consequently, the
aralysis presented here can be
used for real mcecar work,

The only real question that
remains now iswhat dowe do
when the arms are parallel?

Well, if the reader will recall my
article in Stodecar Enginesring
[RE W13MNE/SE 4) on live axle toe
steer, | looked at this to analyse
what was going onwith anti-

squat / dive. Applying those same
technigues and assuming the c of
E is at the centre of the car, we
can conclude that,

M, = FJ-{h—%-m{ﬁ]]
RO _arm = [h-%mnﬂ:]]
e

Here tis the tack, and ¢ is the
angle of the arms relative to
the ground. f'm going to leave
the derivation of this to the

RS =
4 " e“
|
e
S e e T
—3 j—j =
P Y l_-,-_,..rﬂ"ﬁ B
T T |
B ——— RS B
F e =i I
rar 7 i 7 = b TR T T O
z 7 -
I"h| ."""'U-IS
LHS
-
e
dopgs |
- =
L LHE

F.HJ r g v N A

1
:FR' i,
T T 7 T % VN TRRLR .
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interested reader. | would also
imvite the reader to extend this
far the asymmetric case. I'm
leawving this toreaders bacause
they will realise there is an
elegant link between what we
can do with suspension geometry
forces and anti-dive and anti-
squat. | will be talking about this
at length in a future articlke.

In closing. we have shown
without a shadow of doubt that
not anly ane the force application
methods of Mitchel | valid, but
also apply for the asymmetric
case aswell. We also discussed
some very useful methods along
the way of calculating this, and
the jacking forces came out of
this as a by-product. Lasthy, ['ve
left imterested readers with a
teaser that | rustwill have them
pulling out pen and paper and
considering the matter further,
Trust me, the rewards will be
worth the wiork imolved

DIAGRAMMATIC ILLUSTRATION

Nastration of the
Instamt centres

Graphically calculating
torce-hased roil centres

- ENGINEERING SOLUTIONS

or the second year
run ning Rennteam
Stuttgart took the
top honours at
Silerstone in the
increasingly prestigious British
FSAEround, Formula Student.
The German team's FO711-4
[abowve) dominated the Sprint
event. completing the course
almost two seconds faster than
armyone else and looked set to
repeat that performance in the

Formula
future

Some quality engineering and design this year, but the
real surprises were to come in the low carbon class

Endurance event until the British
weather intervened and left the

car a distant 13th (including the

new Class 1A runners).

“All the statics went quite
well’ adds Ronald Mueller, the
team's leader. Whilst the car did
riot make it into the Design final
it was the best of the rest, and
looking owver the neat white car
revealed plenty of interesting

Saptember 2009 « Wt [CECAFENGINEENING.OM “

detail. The main difference to
last year s winning car is that we
replaced the tubular steel chassis
with a carbon fibre monocogue!
reveals Mueller. This was mainly
due to the new rules in FRAE
regarding cockpits and the
templates they have to conform
to. With a monocogue you have
more freedomwiith shapes and
wou can put the suspension pick-
ups wherever you want without
hawing toworny sbout the nodes
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-
WINMEI
FSAE VIR
15T
Missouri University of Sdence
8528 points
2ND
Uniwersity of OHahoma
8084 points
3RD
Uniwersity of llinpis- Urbana
Champ
7873 points

FSAE Michigan
15T

Graz University of Technology
3335 points

2ND

Rochester Institute of
Technalogy

83136 points

3RD

ETS

7896 points

FSAE California
15T

Rochester Institute of
Techrakogy

8856 points

ZND

Oregon State

877 points

3RD

Uniwersity of Kansas
- Lawrenos

#3153 points

Formula

Student

15T

Uniwersity of Stuttgart
7915 points

ZND

TU Delft

78R3 points

3RD

ETH Zurich

7ER4 points

Formula

Hybrid
15T

Tenas AEM
9309 points
ZND

Colorado State
757.7 point=s
3RD

Draxel Liniversity
B9 4

[

i

J

Mow Testuring a carbon fibre menocoque the Stuttgart entry soundly thrashed the oppasition In the Sprint event

as you would have to with a
tube frame. The other reason we
optedto go for a carbon tub is
sowe could increase stiffness,
Last year when we increased
the stiffness of the steel frame
from the second car to the third
carwe found 20 per cent, which
improved the driver feedback, so
we thought that more stiffness
could improve it even more.”
Handling and responsiveness
werne something the German
students focussed on, and
with such excellent dynamic
performance it seems to have
worked The increased stiffness,
in combination with our very
lowe friction dampers, makes for

ﬁfliﬁ We cut the

As well as the dyramic
benefits, Mueller argues that
there are cost benefits to rumning
a carbon chassis The advantage
of a monooogue is that when
you consider every thing is meant
to be based on a production
run of 1000, it becomes quite
affordable as you can re-use the
tooling. Therefore it is not much
mare expensive’ Stuttgart came
35thin Cost,

FUEL CONSUMPTION

For 20089, FSAE rule changes
put extra importance on the
cars’ fuel consumption, and the
Stuttgart engine team kept
that in mind when developing

maximum engine speed
to .O000rpm 99

very good driver feedback In
testing we found that even small
changes to the damping and the
anti-roll bar gave the drivers good
feedback, sowe could find a good
race set up in a short time!

The FO711-4 is fitted with
Formula 3-spec dampers from
ZF Sachs. They have through-
rod technology, so they run at
minimum gas pressures,” explains
Mueller. Also, on the spring there
is an axial bearing because when
wou compress the spring this
leads to a torsion and the bearing
reduces friction!

m "ha!lwL[ACECA-ENGINESNg cOM » Saptember 2009

the car. Dur main goal was to
reduce consumption. We cut
the metimum engine speed to
11,000rpm when last year we
had 13,000rpm. Howewver, we
have kept the power and torque
at about the same level”

The traremission is the
standard Honda unit, rather than
the bespoke unit the team used
last year."The advantage of it
was outweighed by the cost ard
ard reliability issues so that led
us to the Honda unit. We would
have liked to develop ours but our
financial situation didn't allow it"

" [Techspes g

RENNTEAM STUTTGART
FO711-4

Class: FEAE

Chassls: carbaon fms
TR0 OIS

Length: 2E57mm
Width: 1420rmm
Helght: 1055mm
Wheelbase: 1635mmm

Track: 1214mrm fromt/
1143mm rear

Suspenslon: doublks
wishbone

T
Tyres: 7 « 13 Hoosler
Differential Drexlsr

Diweshalts: n-houss
Tabricated carbon fbies

Final drive: 3.8:1
Welght: 209kg

Engine: Honda
CER-6500 RE

Power: 86bhp

Torque: 88Mm

Baore: 7mrm

Stroke: 42.6mm
Management: MoTsC
Lubricaton: dry sump
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RACING
GREENER

Electric sh

The University of Hertiorshire's UH1 28 Impressed mary with its simpllcity

and spead, finlshing sbth In the Endurance In wet conditlans

Cotord Brekes entered a petrol § electric iybrid car In the 18 class fer the
second year ranning. [t perfermed adequately but net spactacalarly

The alk-electric UH12A has 240 LIFRRATT lithium-Iren phesphate cells.
wihich previded more than enough power to finish the Endurance section

nvironmentally friendly,
of ‘green’, motorsport is
something the industry
is currently consumed
with, but Formula
5tudenthas been ahead of the
game on this for some time, with
biofuels, ydrogen and hybrid-
drive wehicles all running in
competition since 2007 (though
admittedly the first year wasa
demonstration event only).

But last year, IMech E formal ly
launched Class 1A- a category
specifically for low-carbon
designs. It is open to cars that
meet all the normal regulations
for Class 1 cars, except those
that relate to powertrain. In place
of the ariginal rules, which allow
only a petrol- (or EBS) burning
engine to power the vehicle,
the new Class 1A rules allow a
wider mnge of fuels and hybrid

wehicles with more than one form
of power. Cars using petrol or EAS
may be eligible for either Class 1
or Class 1A and may be entered
in either (but not both), although
raturally Class 1A rules favour
the low CO, nature of the chosen
fuel and smaller engine capacity.

COMING OF AGE

In previous years the 1A cars
have been slow and unreliable,
but in 2009 they came of age.
in the wet conditions cars from
the University of Hertfordshire
[electric), UCLAN [250cc EBS)L
ETH Zurich (gas / electric hybrid)
and ecford Brookes University
(gas/ electric hybrid) more than
matched ther comventioral
rivals. Bventual 1A winners,
the University of Hertfordshire,
finished the Endurance eventin
sith place overall,

UNIVERSITY OF
HERTFORSHIRE UH12A

Class: FEAE (FS 14)

Chassls: tubular steel
Iramea

Length: 2565mm
Width: 12980
Helght: 1248mm
Wheelbasa: 1535mm

Track: 1200mm ot
1180mm Taar

Suspenslon: douhils
wishboms

Tyres: Avan A45 slicks
Final driwe: 4:1
Wedght: 196kg
Engime: 2 « LMC 72v
magmet

PETICATIETIE
D motor

The ETH Zurich Inybrid appeared ta be well enginesred, but struggled to
Tinitsh the full Endurance course, slowing drastlcally bn the final laps

Herts entered two cars into
competition - its four cylinder,
‘Yamaha-powered LUH1 2 into
class 1 and its alk-electric UH 124
imto class 1A. The tter stunned
onlookers with its simplicity and
pace. Wewanted to make a TA
car that would match the speed
of class 1, and it's essentially
the same as the dass 1 version,
explains team leader James Major,
with pretty much the same
dimensiors, the same chassis
and suspension, just a different
powrertrain. It's a high voltage,
pure electric system - 144y with
a S0Ah capacity. There are two
brushless, direct current electric
motors connected in series
on a single shaft, so they are
mechanically cornected together
and run through a differential and
sprocket W's the same aswe run
on the class 1 chassis!

September 2009 + was.[ACECEF ENINEEINg.cm m
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CLASS 1(200)
TU Murich

CLASS 2
Liverpool John Moore

CLASS 3
Isfehan University

SUSTAINABILITY
LCLAN

COsT
University of Bath

PRESENTATION
Uriversity of Karsruhe

ACCELERATION
LIS kil

SKID PAD
TU Graz

SPRINT
University of Stuttgart

ENDURANCE

Swianzes

FUEL EFFICIENCY
Uriversity of Abandesn

LOWEST CARBON
Uriversity of Hertfordshire

BEST NEWCOMER
Uriversity of Aberdesn

MOST PROFESSIONAL
LA Craz

TEAMWORK
Uriversity of Abandesn

WEIGHT
U Delft

INNOVATIVE DESIGN
Imperial Colege London

DATA ACQUISITION
[Jueens University Belfast

ELECTRICAL SYSTEMS
ETH Zurich

COMPOSITES
TU Murich

ENGINEERING
TU Delft

Providing power to the twin
miotors are 240 prototype lithium-
iron phosphate 10Ah cel k. ‘it has
a LifeBatt management system,
which consists of a management
circuit for every four cells, and
each one is balanced by one
more,” Major explains.* The cells
themsehes are capable of 3000
oycles and are quite recyclable.
There is only a trace of lithium,
the majority of the cell make-
up is copper and a urminium, so
when you look at actual usage

you are talking about a penmy

a mile! At the competition, a
rurmber of people were overheard
ommenting on how nobody had
actually seen the team charging
the batteries, and Major explains
why: We charged it for about half
an hour before the Sprint and for
about an hour before the Endura.
We have enough capadity todo a
fair bit more than the Endurance
run, though. In theony, you could
increase the discharge rate but
we are quite dose to the limit

already, both on the batteries and
the controller. it's the greenest
car here, we have zero emissions
andwith green resources you can
get zero emission electricity!

One amusing incdent relating
to the UH12A was when it was
fonced to go through the noise
test ‘Unfortunately, we achieved
99dh, but that's purely to do the
testas we had to have the chain
rotating and that's not the case
for any other car, Major concludes
with a smile

Cool, calm

connected

Swedes learn from year one and produce a great contender

ne of a number of
vehicles to catch the
Rocecar Enginesring
eye at thisyear's
Formula Student
eventwas the Clear River Racing
entry of Sweden's Karlstad
University. Only competing
for the second year in F5,
these students had obviously
observed and learned the
lessons weell from their initial
experience last year.
Beautifully presented, with

the body design and paint
scheme inspired by the 2001

Lola B1/00 CART chassis of
Swedish racing star Kenny Brack,
our initial attention was dewn by
the car's performance during the
Friday practice sessions.

Where a number of teams
were struggling with engine or
handling problems - or both - and
appeared occasionally flustered,
the Karlstad entry started on the
button every time, mn stronghy
and displayed good performance

L1 the Karlstad entry... ran
strongly and displayed good

performance and handling b

Well prepared, well erganised and good laoking. the Karistad University
entry was a model Formula Student entry

and

and handling. abeit initially with
some lifting of the inside rear
wheel when turning tightly. The
Swedes also appearad to be
working calmby and effectively.
In shart, it looked tobe avery
wellsorted effort

The mpression was confirmed
when we spoke with team leader
Mattias Karlsson, We wanted to
improwe almost everything on the
car from last year, as that was
very much a leaming experience’
he chserved. We have read a

CLEAR RIVER RACING
(KARLSTAD)

Chassls: Tubnilar steal
spaceaftarma

Langri: 2760mm
Width: 1530mm
Helght: 1240mm
Wheelbase: 1750mm

Track: 1240mm font/
1280mImn reEr

Suspension: doubls
wishbons

Tyres: Hooalar slicks

Differential: In-house
I Torsen und

Final drive: &:1
Welght: 200ky

Engine: Yamsha YZF-RE
Bore: 65,5mm
Srroke: 44. Bmm
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- ENGINEERING SOLUTIONS

Six cars wers salected for the Deaign final — Cecford

Brookes (100), TAS Ewikau (98), TTAS Graz (3], Helsinld
(B}, TU Viemma {41) and T Delfi (2). In the end, the lightweight
car from Holland was considsred the best of the group. ks
ergonomice and mliabilicy were criticsl factors, as waa ite very
low waight Howewver, on irack the little car stmuggled to match
the pacs of Stuttgart and its drivers complained of understesar.
Utimately, that cost the team overall victory

lot more books in betwean and
looked at other cars”

He explained that the team’s
focus for 2009 was on building a
light, reliable, simple car, but one
that addressed what were felt to
be two particular weak points of
last year's machine: suspension
design and engine management.

DESIGN PHILOSOPHY

Knowing that, it could be seen
how Karlstad's decisions an
design philosophy for its new car
wene reflected in all aspects of
the finished product. Last year's
chassis, for example, was very
stiff but deemed unnecessarily
heavy. The 2009 chassis - again,
a tidy, tubular steel spaceframe

- wias simulated in Ansys before
being fabricated in the Karlstad
University workshops. We have
two excellent welders, one of
whom is very good at alumin ium,
explained Karlsson, We spent a
lot of time and money having the

The Design category
‘winner, Trom T Deltt

chassis made really well”
Connected to the chassis
was a comventional suspension
arangement of unequal length
wishbones (tubular stainless
stesl) with pushrods acting on
horizontal spring/ damper units at
the front and vertical units at the
rear. Significantly, the new design

r

1
Rty

LT LoV Wy

improwe low-speed responss
Exhaust pimary lengths
matched 1o within 1cm

Hallows driveshafts ard the
removal of fourth, fifth and sicth

gears from the transmission o
reduce inartia

FEM-aptimised uprights, plus

a light. r'_|=_-_IiaI:|I|=_-.

simple car

eliminated the suspension flex
detected in last year's car.
Other notable features of the
2009 car included:
*  Power Commander control unit
tomanage the fuslling of the
Yamaha ¥ZF-RE engire

* A sintered mylon plenum to

ncraase airflow through the
restrctar.

* Tured inket manifold lengths o

L] i rercecar-enginesring com - September 2009

hubs and dif ferential breckets of
high-strength aluminium alloy
reduce ursprung weight
Adjustshle Torsen differantial in
a student-designed housing
Bectranic, solenoid-oparated,
pedde shift sy stam with lever-
operated machanica back up
Leing pueh-pull wines

Recing clutch to eliminate

potential of wheal lock-up
on downshifts

The cost attached to the finished
car? Avery precise 580,131
[E48,550), according to the team
leader, with most sponsorship”
coming in the form of parts and
manufacturing assistance from
a number of Swedish companies
enthusiastic about motorspart

With the Karlstad University
entry looking strong at
Silverstone, it seemed a fair
assumption the students
would be pleased with their
performance. "Yes, very, it has
gone super so far’ responded
Karlsson. We are aiming for
the top 25 thisyear and, if we
accomplish that, we will be more
than satisfied”

In the event, they finished
an excellent, and deserved,
17thin the final standings.
Definitely a team towatch
in the futura, @



Eibach UK

to act as

motorsport hub

German suspension manufacturer
expands its operation in Europe

e |

Increased steckholding and centrallsed loglstics are set 10 INCrease Support

ibach LK, the wholly-
owmed subsidiary of
Eibach GmbH, the
respacted German
suspension manufacturer, is
tobecome the hub of a pan-
European network to further
improve the company's levels

"By centralsing stock, logistics
and planning. we're hoping
to improwe yet further on our
levels of support.” commented
UK managing director, Julian Gill.
We will still b= working closely
with all of our local importers
and distributors in each territory,

of service and delivery to its but this new structure means
maotorsport clientele We Can increase imestment in
Currenthy stockholding
enjoying a dd fur'ther' and staffing
busy season, 8 to make life
the move sees improve thE even e3sier
an expansion company g for our clients
of the LK The message
division's role IEVEIB Df is"We're here
inmainEining SBRPVICE DD to help” and
its existing | believe this
customer base while growing new structure will facilitate that”
new relationships with other Eibach's current order book
teams and manufacturers. With includes many of the leading
manry of the sport’s big names Formula 1, WRC, GT and BTCC

being based inthe LK, much
of Bbach's burgeoning order
bookwas already serviced
domestically, but the new deal
sees responsibilities much
further afield for the Midlands-
based outfit.

teams and it is hoped that
this latest move will put maone
of Europe’s grids onto the
compary’s ERS spring range
For more information, wisit
wowew.eibach.co.uk or call the
team on 01455 285851,
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ToilY TOBIAS

Be prepared...

More showtime tips from Tony Tobias.
This month, preparation before the

show

TRAVEL

Aim to book airline tickets as
early as possible to get the best
prices. The same advice applies
to car ferries and trains.

HOTELS

Reserve accommodation early
ton, but also make a point of
trying to find out where the
popular hatel is. After-show
networking is a valuable
opportunity to meet mportant
individuals in the industry,
ideally ower a meal or drink
and away from the show, and
your competitors,

STAND RENTAL

Consider your options carefully.
It may be cheaper to rent

a stand locally if there are
expensive haulage charges
imvalved in shipping your oen.
Look inthe show catalogue to
get an idea of rental costs.

STAND DESIGN
Prepare your stand design early
and make sure the graphics and
colour scheme, including carpets
and furniture, are carefully
considered. Order lights,
power points and telephone
connections in advance, and
remember ta take the
necessary adaptors for

overseas shows.

If you are shipping product,
choose a relizble freight
company ard cbtain tacking
details in case anything goes
missing or is late arriving. Make
a point of taking a few samples
and some display material with
you, again just in case your
stand shipment gets held up.

STAFFING

When selecting staff for

wour stand, choose effective
communicators who will show
passion and enthusiasm far
your products and are fully

corwersant with them. They
will need to be able to provide
information about compamy
origin, production processes,
shelf life and shipping methods
quickly and accurately. They
shiould also be well schoaled
on stand etiquette and best
practices for making visitors
feel welcome.

Dress smartly, displaying
the company id and name tags

where gpplicable as it identifies

the staff with the brand and

helps break the ice with visitors.

Ensure eating and drinking on
the stand is kept toa minimum,
and always arrive early each
day, to be prepared and just in

AUTOSPORT

Engineering Show
14 - 15 January 2010 NEC Birmingham, UK
In association with AGECAT

case there has been a problem on
the stand.

Walk the show to check on
other companies - it will aways
provide you with some useful
tips - and, at the end of each day,
have a 10-minute catch-up with
your colleagues to compare notes.

HARKETING
Ensure you prepare enough
media kits and brochures as it
wiould be more than embarrassing
to run out on the first day
- and yes, it does happen. Take
sufficient quantities of business
cards ton, as it is highly unlikely
you will b2 able to hawe new ones
printed while at the venue that
are to the quality you require
Consider advertising in the
show guide or show media, and
be sure to always put your stand

rurmber on any promational
material to help direct wisitors
to your stand.

Try to look at a list of the
other exhibitors before arriving
at the show and, if you know
who some of the show visitors
are, send them an email inviting
them to visit you. Again, always
give your stand number,

AFTER THE SHOW

For canny exhibitors, the show
doesn't end when the doors
close on the final day. To get
the most from amy exhibition,
make sure you retrieve all your
leads and business cards and,
once back in the office, follow
wp every lead and enquiry by
mailing your compamy brochures
and, if it's appropriate, a
promuotional gift.

b R TR Y
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Effective display stands are as much about the peepie a5 the products

Gripping
developments
from Titan

New markets open up for well known

engineering company

itan Motorsport, a
regular exhibitor at
Autosport Engineering
and already booked
to appear at the NEC next
January, has been having an
encouraging year, despite the
current economic gloom. A new
range of differentials, said to
provide extremely smoath and
progressive torgue transfer, plus
increased business arising from
arecent trip to the U5, are just
part of the story.

is that it reduces and, in some
cases, eliminates the high levels
of MWH often experienced with
clutch-plate LSOs.

Titan is also currentlyworking
with a technical partner to
introduce varizble ratio steering
into more forms of motorsport
This technology has been popular
in Formula 1 and 2o Timbrell
from Titan's sales and marketing
department, s=ays the company is
keen to make it more accessible.

As a direct result of a recent

5t Neots-based Titan was visit to the U5, the compamy
formed in the is now
late 1960s, developing
manufacturing Emﬂﬂth El"ld arange of
Formula 3 and - products
Formula Ford progressive to suit the
chiassis, It has tﬂr'l:lIJE drag racing
hed arke
sovee e transfar market
the years into too. It is
a high-guality working

companent manufacturer, knosn
particularty for its steering
systems, but also imvohleed in a
variety of power unit-related
products. The new Titan Traction
Master is the latest addition- a
limited slip differential that will
be on display on the compamy's
stand at Autosport Enginesring
Traction Master has been
developed directly from a
clutch-plate 150 and is purpose
built for motorsport. Three
variants are initially available: the
Sierm T-inch, Atlas and English.
Titan's sintered clutch plate
coating Sintrak, ensures the unit
increases load to the slipping
wheel in a smooth and linear
manner. The company also claims
its ooated clutch plates are able
to fransfer significantly more
torgue across the rear axle to the
tyres with higher levels of grip
than steelplated dif ferentials.
A further benefit of the coating

September 2009 = wwe. RCECAFENGINEETINgG COm m

closely with Top Fuel and Pro
Modified chassis builders to
ensure the companents meet
the exacting requirements of
this highly specialised branch
of motorsport. Details will b
announced shorthy.

Furthermore, Titan Motorsport
has now established solid
working relationships with
a nurmber of new technical
partrers to further develop
and exxpand its business in the
U5 The opportun ity to meet
North American companies is
a0 available to exhibitors at
Autosport Engineering as many
of these attend the show.

“This will be Titan's fifth year
at Autosport; says Timbrell, "k
prowides an opportunity to meet
new and existing customers
and is an important date on our
sales and marketing calendar.
We very much look forward to
attending!
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STEVE KENCHINGTON

Utespeed was among the new
teams looking for 3 slot on the
F1 grid. Was it disappointing not to
be among the chosen three?
Yes, itwas. F1 was always in our
business plan, but the

We are gaining experience running
thie cars and, with our design strengths,
we anticipate we should be able to
design guite a reasonable car in the
future. We probably opemte slighthy
differently to other F3 teams in that we
don't have amy mechan ics. Bveryone that
works on our cars s a degree qualified
design engineer. The reason for this
is that when you design a car, if your
design engineers don't understand
what's good in terms of assembly or
detail engineering then they will design
a car that is difficult to wark on. I1's like
an accelerated learning programme.

How does the Litespeed differ
Trom the Dallara?
The Litespeed's monococque is slimmer
and tapers in more, so the caris
reasonably quick in a stmight line when
compared to a Dallara - that's probably
the key thing. Also, the

advent of the budget Steve Kenchington, detail engineering on the
cap accelermted that director of car, especially the carbon
process and gave a real engineering, composites, isvery nice
opportunity for new teams Litespead compared with the Dallar.
to join. | think the budget 198219858 racad
capwas avery good thing and engineared in How has the team
for F1, and also a good chub-level Forrela performed 5o far?
thing for aspiring teams. Ford 0n occasion we've done

We're maintaining u1991-2003: quite well. We didwell in
our design efforts so if Soose Lloe i our second race at Brands

) ARP F3 and FF1600. .
a slot does ooour in the Dz 1 SMO1 Hatch, where we finished
rear future, we should FF1800 chassis a strong second, sowe've
b= able to tap into that. «1992-2008: Lotus had aur moments,
We're designing the car Enginaering, But, to be honest, the
in conjunction with Mike director of contmol biggest issue we have is
Gascoyne, and the car will ay=tems and ons that most of the teams
be built here in Norfolk... of the originators wig'Te racing against in the
We're ex-Litus people, so of Lotus Active for Maticnal Class have been
the initial thought was, Team Lotus Fl. rurn ing their cars since
witwy not try and bring e 2005, so they have a lange
control systems
Lotus back . for racs, database of how to set
oad and military their cars up.
Im the meantime, applicatirns.
you campalgn wZ00E-2000: What are

the Litespeed R1 In Litsapesd F3, Litespeed's Tulure
the British Formula 3 director of plans In F37
Champlonshlp. How did enginesring Next year we will be
that project come about? consolidating and

Through an acquaintance
| became aware that the SLC project
cars, and the rights to the design were
available, We were interested in going on
to understand how the cars worked and
then to design our own car in the future,
At the moment, we're just racing the
cars in the National Class and the ability
to develop them is very restricted.

rurning some cars in the
International Class, and we wart to grow
the A side of the business. We stillwant
to design a car, but it's not reasonable
to design a car until 20171 because they
have extended the life of the cars to four
years, sowe will probably run another
manufacturer's car inthe meantime,
whether it's a Dallara or a Mygale.

Geotf Willis has left
the Bed Bull Formmmls 1
team. Willis joined Red
Bull in 2007 after five
years at BAR/Honda,
Ha has alao worked
gt Leyton House and
Williams during a
long F1 carest A team
spokesman =aid that
b=coms redundant.

The Motoreport
Inchstry Association
has mocognised
Boss Brewn for his

'most outetanding
contribution' to the
motor racing world.
Brawn's awarnd was
presented by the
right homourabls Paul
Dirayeon, UE minister
of etate for innovation,
at the MIA's antmal
BUIIINAT Tecepiion st
the House of Lords.

Grant Rushton

hag laft Menard
Competition
Technology to taks
up a post at Oxford
Technologies, Fushton
worked at Menard

for aix years, during
which time he was
involved in many of
the company's engins
projects, inchading the
Infiniti IRL, NASCAR
Chewrolet SE2 as
well as Buperlsagus
Forrmla W12,

‘when it was still
oparating as Honda,
and is said to hewe
played a mls inthe
creation of the BGP
001 racecar. The
German has previously
wiorked at BMW-
Sauber and Williams.

=
J -
Malcalm Wilsen

M-Sport boes Maleolm
Wilson, the man
behind Ford's World
Rally Championeship
effort, has besn
awarlsd an OBE for
sarvices to British
Motomepart.

Francesco Nenci

has left the Toyota

F1 team. Nenci, who
‘was Timo Glock's race

Tony George has
meaigned from his
post as head of both
the Indianapolis
Motor Spesdway and
the IndyCar series.
However, he mmains
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on the board of
Hulman-George — the
company that owns
the track and the
championship — and
will contimis oo mm
his own team, Vision
Bacing, in IndyCar...

.. meanwhila, the
Tole of president

at Hulman-George
vacated by George
will now ba fillad by
W Curtis Brighton,
formerdy the group's
e tive vice
preaidsnt snd chisef
legal counssl, whils
Jeftrey G Belskus iz
now the president
and CED of the
Indianapolis Motor

Sportacar ownst/
driver Luc Alphand
has suffared ssvers

back injuries in an
off-road motomcycling
accident. Alphand, a
former sl racer and
Dalar flont nmner
whoes eponymous
TBAm nms cars in the
FIA GT Championship
and the La Mane
Bariag, is to be out of
action for soms tims,

Trip Bruce is the new
crenw chisf on the
Busty Wallace Racing

no 88 Nationwids
MNASCAR entry. The
car'e former crew
chisf, Dale Ferguson,
has besn promoted
o the mls of lead

enginssr in the team.

Silverstome Holdings
Lid, the cormpamny
which manages the
Britigh GERhosting
wvenue, has announced
Petor Williame and

Stephen Morris as
non-exXecutive directors,

Ternpus Sport team
director Richard
Coleman has split
from the Cheviolet
Lacetti BTCC team to
form his owmn outfit,
Bamboo Enginssring.
Coleman has taken
the car, driver and
Bnginesring sst-up
contims in the BETCC,
‘while Tempus has
caased its invohremesnt,

Erawm boae Ross
Brawm is to be the
patron of the SEIDE
Motor Projecta charity
- a scheames that
provides opportunities
for disadvantaged
childmen to gain motor
trade and enginesring

Earting legend and
cne-time Formmla Zip
TACSCAT CONSTNCIOL,
Martin Hines, iz aaid
o b considering a

TOOWE NG TACSCET

B Moving to a grest 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 informeation to

Mike Breslin at bresmedia{fihotmail.com

S TRAIGHT TALK

Formula
for life

BN FALE FELRP L E | —

TER WRI

Thoughts on the future of motor racing’s premier
series from the FIA's technical consultant

started working in Formula 1in
1967, and it has been an abiding
passion for me ever since. In the
40-plus years of being imvolved |
hawve seen enormous change take place,
much of it guided and controlled by
Max [Mosley] and Bernie [Ecclestone],
until nowe. Formula 1 has become an
economic and technical tour de force
but it now faces uncertainty, both due
to emvironmental concerns forthe
sustainability of

preserved. However, this ignores Darwin's
overriding theory that life's primary
purposeis toreproduce itself, and to do
that it must first ensure itshost organism
survives, Life and DMA have evolved one
particular, very dever characteristic that
enzb kesittobe successful in this quest,
as itinteractswith the environmeantin
which it exists. It mndomby mutates, and
natural selection promotes those
mutations that are best suited to the
environmentie it

human life on ik adaptstoa

the planet and S [FI_] needs changing

the economic mutations to envircnment
sustainability of EI"IEI'.'IIE tl"lE nEwW History is full of life
3 global frade =  Torms that failed to

system based
on exponential
gro th. Mosley understands these
threats and is leading the governing
body of International Motor Sport, the
FlA, inan attempt to change Formula 1
such that it survives,

There has been much talk of
maintaining the DNA of Formula 1, and
using this as an argument against mAdical
change. However, this seems to me tobe
confusad, DNA is the formula for ife and,
a5 such, exists in a wide variety of host
onganisms. Its main chjective is to
reproduce It does tdie when itshost
dies, butit can’t reproduce itself once its
hest expires, Damwin's evolutionany
theories are often quoted == survival of
the fittest, and this seerms tobe how
Formula 1 sees its OMA should be

world order :_:;;/
¥ 4

adapt, of particular
note is the
extinction of the dinosaus ata time
when the ervironment undenwent major
change The much smaller mammals were
able to adapt and survive

Formula 1 needs to change What is
debatable is whatitshould change into. It
needs mutations to enable the new world
order, whatever that turns out tobe, and
canselect the form mest suited to
survivaland success, 5o far, all
mechanisms for major change initiated by
the FIA haveor are in the process of being
rebuffed. Whilstwriting this piece. a
settlement has been brokered between
the FIA, CWC and the F1 teams, There is
change embodiedin it, butwhether thisis
enough toenable F1 to survive
remains tobe seen @

Life and thus DMA evelves, and In the past Formula 1 has done so too, & these historlc
Mercedes-Benz grand prix cars show. Is It time for ansther step?
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OPFINION

Small scale
engineering

The cheapest, most accessible form of motorsport known to man?

he most technically advanced
racecar in production today is a
Touring Car. Now before you all
reach for your keyboards to shoot
off a stream of nay-saying missives, let
me elaborate. I'm not talking about aWTCC
or BTCC production econoba, or even a
spaceframed silhouette DTM car, but a
1/10th scale radio control electric racecar.
Let’s look at the headlines: electric power;
four wheel belt drive; adjustable limited slip
dif ferential; easily adjustable spring. damper
and roll bar rates; fully adjustable roll centres,
camber, castor, wheelbase and flexible weight
distribution. Performance? Scale speeds in
excess of 650mph and an actual 0-60mph
time of less than two seconds, And rather
impressive comering. too. Add to this that it
is the cheapest form of motorsport arailable
[The UK governing body, the British Radia Car
Aszociation (BRCA) is affiliated to
the M5A) and has no age limits, and dd
you have a powerful argument in
favour of R/C racing's accessibility.
Radio control car racing started
in the early "70s, initiallywith
fuel-powered, large-scale cars
racing on kart tracks, and over time
has successfully branched into off road, with
both Bth and 10th scale off-road buggies
[the larger powered by exotic nitro-methane
fuels, the smaller electric) and indoors
with small and incredibly nimble 12th scale
electric'LMP*-style cars but the premier class
wiorldwide is 1/10th electric Touring. And it
really is a worldwide sport. At the recent world
championships in Thailand drivers from 19
rations oovering all the inhabited continents
ompeted together. Chassis manufacturers
from Britain, the U5, Japan, Korea and Russia
sent their works drivers, mamy accompanied
by personal mechanicsl

LATEST TECHNOLOGY

50 |et's look in more detail at the current
fastest car in the world, manufactured by

Hot Bodies of Japan and piloted by native
driver Atsushi Hara. Powver comes from the
latest maintenance free, brushless motors,
powrered by 7.2V lithium or NiMh batteries- a
wombination which can produce as much as
F4bhp and immense torgue, all at zero revs.
Putting all this power onto the ground takes

some pretty advanced chassis technology.
The chassis itself is constructed of high grade
2.5mm carbon fibre sheet, precision cut to
allow the rest of the elements to be hung
from it There is also a carbon fibre top deck,
which comes in many different designs to
enable chassis flex to be fine uned to the
circuit conditions

The drivetrain combines light weight with

the technical grounding
is useful for youngsters

looking to progress in
racecar engineering L.:ig

great strength Being electric powered there
is no need for a gearbime, but the overall ratio
is adjusted using either pinion or spur gears
to suit the power delivery of the motor fitted
and the design of the track. Lightweight,
ultra flexible belts take the power front and
back, at the rear to an infinitely adjustable
limited slip differential. This component is
interesting in itself being based on a principle
first imrented for lawn mowers in Edwardian
times but resurected and refined by Cecil
Schurmacher, a senior engineer who keft his
job at Cosworth to set up his own comparmy
manufactwring these differentials for the
RC market. These days there & no longer a
differential at the front, mcers preferring
a locked front end, or spool, for its
better raction out of comers.

Shocks and springs are oil filled
woilovers with damping being
adjusted by the viscosity of the
oil and the ‘holkes’ in the pistons
Springs are available in mamy
different weights and changing
them is the work of a minute. The

B (< A L E P E LI L | ——

Carben chassis, imited
slip diffs, adjustable
damping, roll bars and
roll centres... and yau
‘stlll think these things

are toys?

same can be said for the rall bars.
The greatest illustration of the chassis
flexibility is that adjusting the roll centres
takes just seconds. In a full-sized racecar,
suspension pick-up points are often mandated
or fixed to those of the donor vehicle. When
rules allow them tobe adjusted it's a major
engneering exercisa, but with RC Touring
cars it is simply a case of moving spacers and
shims around, or using a different
wishbone location entirely. And
whilst we're talking flexibility, the
wheelbase can also be altered at
thee touch of a hex spanrer. As most
race series run control tyres, the
rewrards of getting the setup right
e mmense

One of the beneficial spin offs is that the
chassis tweaks all waork in full scale, so the
technical grounding is useful for youngsters
looking to progress in racecar engineering,
ton It's also great fun and the cheapest
form of motorsport bar none ﬂ

T see some of these machines in action
check out the website of the only dedicated
RC Rocing programme an TV - wwweroocing.
v or for specific

cor info, www
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Fifty per

cent rise in
motorsport
jobseekers

otorsport
recruitment
specialists in
the LK are
reporting an increase of
around 50 per cent in the
number of skilled people
looking forwork since
the economic downturm,
Keith Blain, a
recruitment consultant
with TXM Recruit, told
Rocecar: " Comparned
to this time last year |
would say the amount of
people sending us their
CW's looking forwork in
matorsport has gone up
around about 50 per cent.
Ard that's right across
the spectrum.. weTe

4
1 ,.<"j'

et while there are
ever more people looking
forwork in the sector
some edperts say there
are still jobs available
for those with the right
skills. A head hurnter
working in the industry
on a strictly confidential
basis told Rocecar:
There is generally a
shortage of good calibre
aerodynamicists, they ae
always in demand. And
armyone who is into CFD
or simulation, again there
is ahways a demand for
those skills”

One area where
there is definitely not a
shortage, however, iswith

U0 we have more
people coming out of
colleges than we have

places for

definitely getting a lot
mare Formula 1 people)

Steve Bailey of
MotorsportRe cruitment.
com agrees: There'sa
significant increase...
and some of the people
looking for work are
extremely good and
very experienced.

But while the amount
of people looking for
work has increased, the
amount of companies
looking for workers has
decreased. "Last year
we had between 10 and
12 [motorsport] clients,
whereas now we've got
about four, says Blain,
whose company oovers all
areas of engineering. not
just motorsport.

vy

recent graduates with
motorsport enginesring
degrees: | have a concern
that we have mone people
oming out of colleges
than we have places for.
That's my perception
Blain, howewver, insists
that there are still places
for graduates in the
motorsport workplace, 1t
depends on the company.
There are companies |
am recruiting for that
are taking on pRduates,
espedially those that have
some edperience and
really want a career in
motorsport. If they hawe a
great interest in the sport
and come over really
enthusiastic then that
really helps, too.” @

LN el racECar-engineenng.oom = September 2009

THE BUSINESS
Support the

winners

What value Government can deliver

to motorsport

he MIA has just completed

its first “Industry Day in

Parliament for its members,

and the lessons learned
in the UK can apply to amy national
government. Mo business operates in
isolation, whether large or small, and
national and regional governments
can make a real difference to business,
profits and employment.

Plannin g tax, rates, recruitment,
education, business development,
access to finance and international
trade development are just a few areas
that are directly affected.

An election in
the UK will occur [
within the next -

F |
1
|

All politicians
want to be linked

B CACE PEORPLE N,

- don't bail out losers”, All politicians want
to be linked to success and motorspart
delivers this ona global stage.

We asked for their help in continuing
that successby, for example, increasing
research and deve lopment tax credits
for SMEs and financial support for
international trade development,
helping w ith apprenticeships and
graduate retention sowe do not lose
top quality employees and finally, more
honest and positive banking support,
particularly from those banks recently
rescued by the tae payer.

The Conservative Party has a
good chance of
forming the next
government in

12 months and the UK and is
change is in the to success End now forming
air. This is the its policies.
right time for r11|:lt|:|r'5|:ll:lr‘t o This is the right
UK motorsport delivers this i,xil_,_j time for high-
employers V¥ performance

to approach their local Members of
Parliament, who need to secure votes.
Your workforce is important to them.

Ask questions in writing and they
will answer. But make themn simple and
to the point - “what do you plan... what
is your position an...what is your view
oni” Then form your own opinion as to
hiow tovote, If you're not in agreement
with the response, argue your point
constructive by, try to persuade your MP
to your view.

And always include a paragraph
describing your business, how many you
employ in the constituen oy, your future
employment plans and business growth.

Copy this to a Minister or, wery
importanthy right now, a Shadow
Minister to make them aware
of your point of view. Check
wiwew.parliament.uk to find
your contact point

During the MIA's
Parliamentaryvisit, 25 leading
motorsport employers explained
the sucress of our industry on
a global stage.We encouraged
government to backwinners

EN gineering companies to secure a
place within its policies.

Our industry offers well-rewarded
employment by focussing on cutting-
edge technology and, with a global
reputation for success, attracts young
en gineers into employment with
5MEs. This is the perfect recipe for any
gowvernment, but it is up tous to tell
them of our successes.

| encourage all readers to make an
effort to inform, encourage and improve
government relations, wherever you are
in the world, to benefit motorsport
as a whole,

Chris Aylett is CEQ of the Motorspart
Industry Assodation www the-miacom

Moterspartvolee: the MIA Industry Day In Parilament




B CACE PEORPLE .

m’m

Faith restored

F|IT CREW

Editor
Graham Jones

“'&?1‘{{.‘_‘3"

Brt Editor
Earhar Hani vy Bomas
Chiaf Sub Editor
Mk Pya
editorial Assistant
Lawrarecs Burichar

Emlbtrtln&l&i‘bﬂ'!
Paul Wani'a
Technical hnn.hz'rrt

Mwurqm
Erlnurﬂ nn Editor
1ns

o Art Editar
ﬁ!l‘ﬂﬂm
Contributors

Fortsa

Wk, Cr s Agect S
MrBaath, Danmy kawlan, Mark
Drtl Tory Tobids, kn Wagstart,

R

Business Davalopmert
Diractar

IH Fobdas
Tl +44 (07 20 B7 26 B3ES
Fablla 07758 244280
mma:u H72E B0
Emall 1 i cam

Group semant Hanagar
I

+44 (0 20 B726 B30
EIdII:um_rllH orada om
Group Advertsin us
Dirgsctor Gaeln de Carle
Publizher Acherd Marcont
Goreral Man ager Miall Darkson
Haraging Diractor Faul Wllans
Editorial & A dwartisi
Racecar Engineering, FC Hada Li,
Laon Housg 23 High Sinaal
Croydon, 5 CRATHE,

| 44 =25 HBS
Fax +34 [020 &35 800

Email mﬂﬁmﬂlm

Back kxS
'.".‘a Paterh P‘EiEln\ IJ[

Tl -+44 (201 38E170
wharbi st mags-ukoondIpc
twiarldwid Trada

b

Marioatfons LK L1 The Blus An
Bulkding, 110 Spurthwsrk Sract,
dan SET OS5, UK
Tal +34 20203145 333

tworldwida Subscriptions
R St
TR
uu1 !.lmu HIE 3F5, UK
Typsasutting & Rapre CTT Lid
Printed by Sauthemprint Limied
Prirvtad in England
155H Mo CR61- 1005
LISPS b D07 -962

IPC|INSPIRE
o

G recycle

VA FACECAT-=NgiNEEfing om

Quicha oods 10T

was a Formula Student wirgin until just recenthy

which, considering my advancing years and best

part of a working lifetime spent in and around

motorsport, is something of an embarrassing
admission. In amy event, | attended Formula Student
{F5) at Silwerstone this year for the first time - and
lowed it. In fact, for amyone in a similar position,
who is feeling jaded by the soap opera dramas,
overweening egos and incomprehensible behaviour
currently dominating the top levels of the sport, FS
is a guaranteed restorative.

Ultimatehy, F5 is about the things that really
matter, the things
that make motorsport
the fascinating
field of endeawour
it is - studying
understanding
putting knowledge
into practise,
experimenting. designing fabricating assembling
and competing, with all of this driven by an overriding

desire to improve and perform better than one's rivaks.

It was all there to be seen, in pure, urvarnished form,
in the cowrse of the Silverstone weekend.

The contrast with what had been going on in that
=ame paddock just a few weeks previously couldr't
hawve been amy more damatic. Where the space had
been occupied by rows of gleaming perfectly aligned
team transporters and dramatically brge, look-at-me
miotarhomes during the British Grand Prix weekend,
nowi there were temporry marquees for student
registration and the various static events that form
part of the overall F5 judging process. Parked behind
the garages was a motley collection of lorries, vans,
trailers, tow cars and other assorted vehicles,

Inside the garages themsehres, mamy of which
still bore clear signs of the Formula 1 squads that
had occupied them, were to be found the teams
representing the many universities taking partin
the competition. Packed in up to eight to a garage,
organisation sppeared torun the gamut from post-
party, student dorm bomb site to professional race
team orderliness.

dﬁ Formula Student is
about the things that
really matter Dp

Similarly, the spectrum of human activity went
from calm, quiet and well organised to flustered,
undirected and occasionally fractious. t was
fascinating to observe.

The students themsehes seemed oblivious to
those of us wandering through the garages, looking
atwhatwas going on, as they were engrossed in the
business of preparing their cars. The werll feelwas
reminiscent of the science fairs inwhich | competed
during my high school years back in Canada.. Yes,
| suppose the warmning signs of ‘geekdom’ were
beginning to manifest themsehles even then.

Perhaps the most
significant point from
miy perspective though
immhed some of the
other non-participants
spotted wandering
around the gamges.
locking closely at
the cars and teams. Ross Brawen, Pat Symonds, Gary
Savage, Andrew Deakin, Tim Densham, Jon Hilton,
Richard Moble and Lord Drayson were all there, Mary
of these motorsport high-fliers will have been at
Silverstone several wesks earlier for the British GP
because they had to be. They were here now because
they chose tobe.

Formula Student #
is stactlywhat its { 1
title says it is. It <
has no trappings.
carries no baggage
and displays not
the slightest hint
of pretentiousness.
Itis a wonderfully
honest ewvent
and, although |
may hawe come
to it a bit late, Fm
definitely hooked.

EDITOR

Graharm Jomas
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THE RISE OF
THE MACHINES

Raetech’s Late Model P ——

load cells data loggers aceca
Fully programmable sensors Running data acquisition

for NASCAR Sprint Cup systems in race situations engineaenngy




STOCK CAR TECHNOLOGY A=slNif=INiss

Sam Colling

At Ediier
Evartsaran Stanl oy Bormin
(el Sl Exfitar
Ml Py
Edirboaiall A shrtant
L i B
Geap Hagaz in e Editer
Gy Coreranc-f i i
GranpArt Editer
Ml | S i
i ibariors
Gainga Bl , Mam B,
it i g s,

Carini D Ik d, LAT
Himd of Busines s Denebepament
Tiwwy Taba g
Tl w4 (1) 208726 B08
Hialla 077ES 244880
Fa +44 () 20 8726 8399
1 a0l gl o i sy

Graw p Addheertising
Sales Disector
Cardn da Carla

[
A chard Marcrah

Gereal
Niall Jaricion
Haraging Disecter
Pl ol et

Ediitosiall B Adwertising
P i 1 € g g, DT bl L1,
L Hoisw, 233 High Swan,
ok, Suimey TR THE, LK
Tl ~i4 D20 ETIE B354
Fax +4 308726 8399
Emalll o argip cra clacom

Typesetting & Repes (7T Ly
Pyt by s v e Lid s

Primted in Englard

Stockoar Engine ering
is & Rocecor Engineering
publicatinn

[PC|INSPIRE

FOCUS

P k. n i

Frecyvecie
ToLYLEC

mn:ﬂl“hn-lnﬂm

If you would like to receive
further issues of Steckrar
Engineering please

amail your details to
racecangipcmediacom

E_;mm:m.“:ﬂ.m

il h:mw_‘m ot o
arslisrvicen, (¥, pheinis 15 sRo .n|

A
m:ﬂ:-‘r.“mmrﬂriﬁ

proskacttin dd . B o, pl s s RO

ecession, recession, green shoots and recession. Not having as much
' money as ame of us might like means you tend to have to ahop around,
and go further to get that unisr advantage at the dght price. Somet ines
that means looking in unlikely places. In Europe, there s the immensely
popular but amatear NHRPA National Hot Rod series, which pitches a
range of tube-frame siThovet tes ftted with highly tuned, 300bhp, 20-litre angines
againet each other on the short tracks of Northem Europe. These quarter-nile
circuits are dotted all over the place, with a particular concentration in the East of
England. With arcund 100 eingle-car teame racing most weekends in the top class
it's no surprise a technieal supply industry has grown up around it Fims
like Simpaon Race Exhauets came from within the seres and started
supplying product to other short-track racers, but now the firm's
atandard of enginesring i eo high it i= malking components for grand
prix cars and has NMASCAR as the next target in its sights.
And Simpeon i not alone. Titan, a TE-hased steering rack
apecialist, is another actively trying to break into the huges US
market after yean of suppling the ahort-track racers. Even
gearboxes are on the list, with the Elite Racing Transmissions
baoth at PRI dodng swift teade last year I recommend you
imrestigate this new breed of Stock Carsupplier. Whilst you
Ay not have heard of them, they combine the beat of Buropean
road racing know how with a wealth of short track oval racing
experance. Where alse can you find that sort of pedigres?

EDITOR

Sam Collins
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STOCK CAR TECHNOLOGY

The return Eof the CoT |

NASCAR HAS NOW MADE it
official that it will implement
the ‘Car of Tomomow' in
the Natiomadde Series nest
season at the restrictor-
plate events of Daytona and
Talladega, plus the tweo moad
courss races at Watkine
Glen and Montreal The car
will have the same 110in

© wheslhase as the Sprint
Cup cars, 86 is five inches

| longer than the current
Natisnwide Series cars, but
will continue touse the lesser
harsepower Natiomesdde
Serjes engine. The bodies,
however, will look lie the
imsgyes previously released in

| Racesr Enginesring and will
feature the Dodge Changer or
Challenger and Food Mustang,
while the Camry and Impala
wiill comtirnied to be used
by Toyota and Chevmolat
regpectively. The obwious plan

The long awisl ted Nationwide Car of Tomonmow could debut in Wa thore ide next year and go full timein 2011

from thers brwand would be
for NASCAR to implement the
car full dome in 2011,
MASCAR held a mandatory
‘town hall’ type mesting with
ownemn and divers during
May and it has bean wewed
by the governing body as a

succeas. The anganising body
. held two two-hour mestings

with the mesting split
betwesn diffsrent owners and

drivers. At them the NASCAR
drug policy was discussed,
a8 was the compatitivensss
of the aport, possible changes
to the new design car and
getting more input from fans
on what they are leoking

to ses from the sport. Rick

Hendrick and Felie Sabates
wers the only tweo ownens to

apeakup in the first mesting,

with Hendrick apparently
advizing Brian Franee be
nesds to attend mons mEoes
and that e can't stear the
ship from Daytona Beach.
Saveral drvers brought up
the subject of how to male

the racing more competitive
and one thing discussed that
was implemented alm ost
immedistely (at Porono) was
the inception of douhle fils
re-gtarts with all cars on the
lead lap re-starting in font of
the lap down car. A possible
wedight reductjon of the car
was also talked about,

MolTeC ADL3

AUSTRALIAN FIRM MaTel has
introduced a new dash logger, the ADLI
It is a fully programmabie, all-in-one
dispil sy, loggar and contraller whaose
performance is significantly increased
over the ADLZ, induding 10 times mone
processing power than its predecessor,
a 250Mb logging capability and fast
ethearnat downl oad

It provides two independent CAN
buses, built-in advanced maths fund fions
and an internal three-axis gforce sensor.
Data can be logged at up to 1000 samples
per second, and over 300 channels can be
derived from a mixture of analogue and
digital inputs - both RS 232 and CAN
data channals.

[Four auxiliary outputs enable wser-
defined control of extermal devices like
pumps, fans and solenoids. Additional

) oo sce o ergineening comvstockess « Saptember 2009

outputs ane available as an upgrade or by
using expand er modules.

The ADL3 iseasily integrated with
MaTel BOUS and CAN-basad accettories
such a5 SLM shiftlights, LTC wideband
lambda units and VIM modules for high
resolu fion sensor inputs Many
GPS devices are also Su pporbed,
allowing the ADLI to recard
spead, penerate lap fimes
and measure position
information, which
can be usad to create
track mapsand
plot and compare
diriven lines.

The screen layout
i fully config urable
to display a
multitude of data

channels, warning alarms, lap times, fuel
cal culations, minimum cormer speseds and
manimum straight speeds.

For mone information see
WWW.Mo bec oM. au

Coyge Holt p

Speedcar falters in
the Middle East

SPEEDCAR, A RELATIVELY
new Stock Car racing seres
bhased in the Middls East
has censed operation . It
pitched famous former

grand prix racers like Jean
Aleai, Johony Herbent and
Jaoques Villemieve against
each other with a few very
wealthy Arahs malding up
the numbers. The meing,

all on mdd Eouress, wWas
undoubtedly excting but the
coat it Seems wWers just too
hdggh for the series to hesp
going. All of the purposa-built
cars are no longer ftted with
engines as the leass deal they
wene supplied on has expired,
and are likely to be sold off in
the com ng weeks.

It wras just the latest fadlure
in a string of attempis to
make Month Amedcan-atyls
Stock Car racing work outside
of the TS, A wisit to Japan by
the Cup teams yelded little,

Despite hig name drivers, the rosd ourse-baved Speedcar series has hokded

arecent demonstration at Fuji
Speadwray saw Eyle Busch
upstaged by a Formula 1 car,
and in the UE the ASCAR
saries lost cradibility after

a series of mame changes

and dwindling grids and
eventually became a dass ina
larger road courss only seres

lnst year, leaving just the pick-
up truck seres rumning at the

purpose-Tnailt Rodlingham
Speadway in England.

Prior to ASCAR the Euwrocar
championadp looked strong,
but & move from VE engines
to VEa hurt grid mimbers and
that serjee alao failed.

i]

M As part of its ong aing
effarts to curb costs in the

Truck Series NASCAR is now
all owin @ teame to transher
one st of tyres from one
track to another if they

are the same com pound
numbsers usad at the two
different fadilities. Undar
mor mal rules NASCAR does
ot peer milt tyres to be used
at ather tracks.

B NASCAR is spreading
its wings, albeitina small
way. In June, the infamous
Winston Special Chewy
T-Rex’ was seen in action
in England at the Goodwond
Festival of Speed.

In July, three Roush
Fenway Rading cars
fram Cuip, Nationwide
and Camping World were
demonstrated in Argentina
at Potrero de los Funes, a
racetrack lacated in the San
Luits province.

Late Model Series

booming in |

Lurope

DESPITE THE DOOM AND
gloom created by a fajhirs
of Spesdcar, grid numbers
have bean rsing stesply in
the all new European Late
Medde] Series, started this
year. The new series accepis
Late Models from the Belgian
CAMSD VE champlonship and
cars from the defunct British
ASCAR aparation, with the
emphasis placed on keaping
the races excting and the
costs low. So far 30 drivers
have paints on the board and
there are regularly over 25
CATE Al TS

Currently, Lefthander
chasais Hited with the
mandatory GM crate motor
and Brinn transmission ane
the front runners, bat both
Thnner and Howe chassis

have also rn strongly.
The championship has

proved popular with fns

both at the tracks and

those watching the regular
television coverage on

Saturday mghts.
Sinchear Enginearing will

Thirty drivers have sconed points
in the: BLMS with new cars on the
wiay Stockesr Enginesring will be
eftering some rates this year

be nunning a car in selected
races this year and will take
the opportunity to use the
series to evaliate some of the
latest racing components. The
firet fruite of this exerdee can
be found on pld.

Rocecar Engil ing and
Stockoor Engineering used PED
Femies to get to Wameton
Speedway in Belgium and we
highly recommend the diub
loange on board!

SCEwould also like to take
this opportunity to thank Tony
Roots, |ean Vassuer, Kelvin
Hazsell and Keith Whalley.

Septenti 2009+ wainiskarergnangavstonest [T
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MODERN TECHNOLOGY

| e — There's no getting away from it, the

p top computer is replacir
pad and pencil in today's pit lane

ng the

INE

With the testing ban now in place, NASCAR has been forced into a new way of thinking.
e look at how the teams are getting to grips with oval racing’s latest black art

he small town

e ated anth

race weskend in
NASCAR Sprirt Cup
garages has one

. odd sspect when it comes to

the often fiendly exchanges
among particdpants. The

| drivers swap information with

one another, aften regardless
of team of mam fact urer
affiliations, much like

| nejyhbours across the back

fence. And although they

hardly exchange trade secnets,
T prew chiefs ave aleo known to

talk across thess boundaries
with their conmterparts. Yot

- the enginesrs, the other key

participants in car set up,
stand apart, rarely spealking
to those from another team
abaut what they're doing.
‘Our erew chief knows what
other guys have on their cams

a lot more than enginess
lmow what other enginesars

JONATHAN INGRAM

have, says Jeff Curtis, an
enginesr at Richard Childress
Racing. Enginesrs don't talk
to each other ke the cnew
chiefs do. You don't really
ko what other programmes

enginesrs have You might
hear comments here and thers,

mainly because teams have
been banned from testing
on tracks hosting Sprint Cup
events. Computer testing, on
the other hand, has only the
limits of a team’s simulation
programme to hold it back.

As recently as thres years
aggo, and before the amrhal
of the CoT chassis, relying

M Engineers don't talk
to each other like the
crew chiefs do pp

bast you don't really know '
However, i enginesrs
did eccasionally sxchangs
information, the hottest tople
they'd want to discuss thess
days would be simulation
programmes. The influence of
sims programomes has dsen
dramatically this season,

on simulatiome would haie
been considersd anathema in
MASCAR garages. But 2009
has been the first season in
MASCAR history with a test
ban, which has changed the
outlonk on sims com plately.
Coupled with the nesd to
accelerate the learning

curve on the CoT, simulation
DIGETATII &8 AT A NeCSESATY
commmod ity these days.
‘Simulation and the gatherng
of informeation is big business
in our sport right now,” says
the Childress team's Jeff
Burton, a contender in the
Chase fbr the Championship
for the last two seasons,
who gets the benafit of the
sime programmes of Cutis.
Asg you might expect, the
jury is atill out on whether

A commun jeat ve, capabls
driver and a grizsled crew
chief indlined to saquint

and ponder on prevadling
conditions - the ald-atyls
magic — can beat ateam
wiith better simulation
programm es. ‘You could say
simulation is more important
than the driver,’ says Burtomn.
‘The otherway to look at

it is that the driver is more
important. But by the end of

this year, I think you're going
ey Bew @imbe beams who do
well that have really good
simulation programomes and
some teams that do really
well with medioors

simu lation programenes.

UNCERTAIN TIMES

The significance of the

simu lation s programines wWas
most obiiows at the Daytons
Intemational Spesdw ay in
February during NASCAR
Speed Weals Asmistomed to
testing at the 26-mile tacility
throwughout Jamuary, this year
teams arrived without asin-
gle day of open testing. Mot
only were drivers antsy after
along winter lay off, all team
members were unsure of what
to expect. ‘The pressure's
aharays there at Daytona,”
says Doug Duchardt, vies
president of development for
Hendrek Motorsports, bt
this year there was a lot more
umeertainty imolved.”

The Daytona oval is
umigue, because thers is no
comparable faclity to test
on that simulstes the 31-

degres banking and 2 5-mils
sw een, but there's ample
practics dmes durng Spesd
Weeks, plus the Budweiser
Shootout exhibition and the
twin 180-mile qualifying
races at Daytona to gather
data from. Unlies private
testing though, no telemstry
is allowed on the cars during
these sessions. Consequently,
the Hendrick team hedged
its bets by adding tweo new
sournces of inibrmatjon = the
bsman ind. The firet mowve
mude by team owner Rick
Hendrick was s gning 50-year
ol Mark Martin to drive full
time in 20089, both because of
his ability to quickly sat up
cars and because Goodypear
use him for tyre tests — bath
sources of infbrmation for all
four of the Hendrck entries.
Secondly, Hendrick agreed
to supply engines and chassis
to the new Chevy team
created by the partneship
of driver Tony Stewart and
team owner Gens Hane.
This alliance gives each of
the two independent Chery
teamns More cars for sourcing
information from during

Goodyear's tyre tests or over
rate weekends.

‘Ithink with the CoT
chassis the drivers are more
important,’ explaing Hendrick
of his first dedsion. When
it comes to getting the car
comihrtahle, that's when you
e drivers ke Mark Martin,
who know what they want.
There's no replacement for
great talent *

But ahsent any testing, the
driver side of the squation
loges some of its significance
and elevates the demands on
mimulations inetend.

BIGCER DIVIDE

Andy Graves, vice president
of enginesring at Toyota
Radng Development, pre-
dicted that simulations would
spell the difference in the
Daytona 500 while standing in
the gamage prior to this year's
race: ‘You're going to have

to Jean on your sim tools,’

b maid. The Roush team,
Hendrick Motorsports and Jos
Gibba Racing, their sim tools
are far enough advancesd that
Ithimk you'll see a bigger di-
vide betwesn the faeter teams
and the mid-pack guys.’

This prediction was bept
in doubt by a multi-car mélds
started by Hendrick's Dals
Earnhardt jr mid-way through

by Red Bull Racing in Formula
1. The NASCAR team alss
uges the Formula 1 team's
scale model wind tunne] b
testing its Toyota Camrys.
The team’s simulation
DT AT WaS A priority

unloading off the tuck. Gone
are the days when a crew
chief like Ray Evernham of
Hendrick Motorsports would
throw three different sets of
shocks and springs under Jeff
Gordon's Chevy in the first

dd FPractice time is
now severely limited
and playing catch up is
rarely rewarded pp

of John Probst, Red Bull's
teschmical dirsetor for the
two-car MASCAR team, which
now alas mehides e Formula
1 driver Scott Spesd . My first
hire was a saftware engineer,”
sajd Probat of the start up
that took place in 2006, The
sim programme indudes a
caleulatorand a lap simulator,
in addition to the Fed Bull
programms, which Prohst
declined to provide details on.
Vickers iz one of the few
who uses a laptop in his car
during practios to revew
any changes mads by crew
chief Ryan Pemberton and
the team's crew of enginesrs.
Sowith all this experence to
call upon does Probat think
the driver or the computer

ﬂd Simulation and the
gathering of information
is big business in our
sport right now w

the race that took out several
front nmners. Then rain
wrept over the walls of the
seaside track with 120 miles
remaining. Nevertheless,

it was the Ford of Roush
Racing's Matt Esnseth that
was hands-down faetest

and in front wien the skies
opened up One of the front
runners that Eambardt jr's
sty manoeuTe in urn thres
eliminated was Brian Vickers,
driver of the Red Bull Toyota,
the team enedited with having
one of the most sophisticated
simulation programnes

in NASCAR, thanks to a
propristary system developed

simulation programmes have
become more important in the
ahsence of testing? In a lot
of ways it's sasier to say the
simulation programmes ane
mare important,” be replies.
‘That being said, it's probably
Do more important than it
wras last year If you do all the
testing with telemetry, at the
end of the day if the driver
tells you somet ing you're
going to isten to that *

After Daytona, the
remaining 36 races of the
Sprint Cup schedule are
contested as weskend svents,
where simulation programines
are most significant when

. .wu.zqﬂﬂ!'w.ﬂ#ﬂyﬂéuuhwm-m

practice to accumulate the
data neaded for qualifying
and the race. Practics time

is mow severaly limited and
playing catch up is rarely
rewarded. If a driver's car
comes off the truck quicker
than the et of the Gald,
that's a huge advantage, and
one that will rarely be caught
OVET Up oVer a race weskernd.

DRIVER VS COMPUTER

But onees the racdng has
begun, the dehate of driver
e computer heoomes e
theoretical, says Cal Wells, a
veteran of CART s Indy cars
before he migrated into the
MASCAR garge as a team
owner and now as a prindpal
at Michae] Waknp Racing.
Tt's more abhout the process,
rather than an individual who
has a really big say or not,' he
says of bow things progress
on race weskends. Tt's tak-
ing experence and melding
it with real-time informa-
tion, whether it's o-rings on
the shock shaft or what's
seraping on the ground and
whatever tyre information you
can get. If the aew chief can
surround himsell with some
pretty smart guys and take
the kinematic information off
the car you've got some pretty
good sounees.

From an engineser’s
perspective, Curtis says be's
niot necessanly providing
answers for Burton's no
3 Chevy entry and crew
chief Scott Miller once the
race weskend has begun.
“We're just bere to provide
information We're trying to
make the crew chisf smanter,’
he says. ‘Lot them call the
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MULTI BODY SIM
[Ewen rig testing can be simulated you're not going to run well  too. The emphasis now on lifeblond of & sims programme
as this LMS soreen grab shows in this aport.’ race weekends s on sorting because it can confirm a
Ceartainly the the chassis according to track prsgTAMm &S AeEUracy in
enginesring at Richard segments. ‘When I came in,’ the real world. Alss, original

| shots. It helps to have a Childress Racing has contimes Cutis, ‘Tdidn't sources such as the wind
practical guy making the calls  improved since Curtis, who have any experience, so to tunnel, pull-down fdgs,

. and dedsions. That frees us earned his degres at Comel get acrew chief to listen to seven-post shakers or kinetios
up to lve in the theoretical University, arrived five years what I'was saying was harnd. and compliance igs can be
world and that takes away ago, shartly after graduation. In all honesty, he shouldn't validated at tests. ‘Simulation

| the pressure from us being the  ‘When I fist came into the have listensd to what Iwas warks better if you have
ones with the answers and aport you had enginesrs,” saying because I didn't have data to validate | sxplaineg

| allows us to be the ones who

hawve information '
The ideal scenario is a

1 talented, commumnicat e

driver coupled with an

| enginssdng crew desply

versed in gime programnmes
and a crew chief to integrate

- these two elements, says

Curtis. The teams that run

| the beat in this garage have

strong-headed crew chiefs
who use the enginesrs’
information with a strong
degres of scepticiam. If you
have a crew chief who does
what an enginesr tells him,

dd The emphasis now
i= on sorting the chassis
according to track

segments w

he gays. But they weren't
computer geaks. You hed
practical enginesrm but they
weren't living in the comprater
wiarld. Mow you've got smarnt
people in it who have real
axperence

And the approach to set
up at the track has changed,

a freaking clue. Now though
I've got experience in rumning
asimulation, I've got the
practical experence in the
aport, but it's more & matber
of I know how to do the
aimulation hetter.’

These days telemetry at
the rack during atest iz the

I i g ot Seprembergobe |||

Curtis. Without that, you
have to go back to past tests
and calibrate off them, put
all your new informatjon in
and try to get a good relative
comparson. It works pretty

good, but I'd rather go testing.

I can tell you if the simulation
ie dead on when I have dats.
If the simulation is saying
you're sseing 46 degress of
side slip off tum four, I have a
degres of confidence that it's
going to be correct.”
Despite the mpidy
changing emdronment,
the teams are not beredt of

L
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senion A typical examle of asi though
j - - —~ F SmPanl-Bed [ SmPus? Bk [ GmPand-Gesn [ G Fusd - Rk g i come aﬂ:ﬂﬁﬁ
Sirrasbation Dptiorn o= I L T 11 S0 1. ¥
I™ | Opimine Camer Mo to st ham |1 I
[~ Epat Diata INOITE: IF ophimisng. han dabs Ingger ofl.
T Ushia ¥ ok Hiai Simuhion ] e Dotions
Crenmasis g-p- demgam | Wi Flesitn I
I™ Cick hess I smuiisting an Ovd
Smlston Reads
Fiort Hotzara coefficenls -2 0SG5S -37207R040 4 138311 4.168866 _f_]
Frant cambe enafivers 14 079003 § 45F072 2 450170 B0 97ul4E
Fisa W eticasl coadfiomnts 01 21 800 0 290550 -M4 02008 24 81 0089 -2 277187 0 EF 10 1. 394754
Res Heizantal coaliesnls -2 D9957S 373 072040 4 150711 4158068
Al cambe coaficenis 1400 B3 4 457072 B2 45717 59 678048
Brshe lenghh i 252 M 1757
P
SEafing ape sgortm, Plasss wal
Tuan Mo 1, Apex opeed is 137304000, Tarn in speed s 1E2037739 -
Twn Mo 2. Apsy spead is 1331 TG00, Twm in spaad is 173ESG320
Tumn Mo 3. Apex spsed is B1. 680000 Tumin speed is 116112323
Timn KMo 4, Apex spesd i 51 08000, Tumm apeed iz 125 BTG
Tumn Mo %, Apex speed is B 352000, Tumin speed i 128 220357
Shating begs lergih
Brake lengih 1, dore, length 100034000 m
Hrahe lerglh 2. dore, lergth 715 S0ATEm
Brake lergih 3. dore:, lergth 208 764161 m
ek e 4, dore, lergth 204 374681 m
Brake lengih 5, dors, length 188 8004 32 m
bezkie kength |
The Winner's Edge
¥ yious howe achusced alhe car prngstin v e b0 00 b the Simultn st and select Sinedate == T
. telemetry data gathened Cup schedule that determine The results are somewlat all working with the game ||| || the Waknp team . ‘So we were  ssason in 2008 shewed the idea of what to show up with.'  Eurt Busch led 234 of 330 laps,
in the current seassn that constructions and compounds  dimdinished by the limited lim it e serodynamis tools that the Toyota team The Toyota process. ‘Toyota has a lot of Likewrise, the Dodge the strongest showing by the
| can be used toupdate to be used at upoom ing data offered by Goodyear we have at our disposal. If teams have aseres of data sharing,’ reiterates Wells, BT OO AT Was gat up team in MASCAR since Rusty
sims programmes. Teams races. Goodyear chooses one on the tyres the company we ot into & realm where we sats that they share. It does ‘bt the teams stil] compete likee that of GM, esach team Wallace dominated the short
| compensate by testing at representat ive from each chooses to bring on mee could test our own tyres and not include the track map, but  against themselves. Some, operating independently. oval in Bristol, Tennessss. In
facilities that are similar manufacturer for each test weekends as a result of tests had five times the budget to it does include some things like us, are a little more The wild card has hean Atlanta, alot of credit went
_ | layouts to those on the and teams are allowesd to mm bast, just as with the leasing test perochmamics, thenwe'd 0 | likees tyres. “We're allowed to cooperative. Joe Gibhs Racing — Penske Racng, since it also to the use of Dodge’s new
| Sprint Cup dreuit. But this M be in a realm whens a good run data at the bests. Then would be the polar opposite runs Indy Car and Sportacar NASCARVE, but it was moone
process is complicated by thE t?l"E II"IfEII"I"I"IEtII:II"I &im would beat a bad ons. the Toyota teams have an and Red Bull is somewhene in programmes whers &ms than that The team clearly
T the tyre-leasing programme You could work from now untdl agreement between them that  the middle’ have already been highly o] the best handls on car sst
astablished by NASCAR ana 155 still the most important you're dead an your sim, but actually helps THD.' G iven this, perhaps developed. And it shows. up for the high speed, high-
| Goodysar. None of the tyres II"IfﬂI"'I"I"IEtIﬂI"I w the tyre information s still the overall Roush Racing has the In the American Le Mans hanked track.
- used on race weskends are mast important infermation ———————— INFORMAT IONM SHARING best angle on testing. Jack Sares, for example, the As vsual, Roger Penske

availahle fbr off-site testing

| at facilites e the 1 G-mile

oval at Eentucky Motor
Spesdway orthe high-banked

- mile at Rockingham, He. The

ST i g vt Sepremtargobe |||

swestest information cones
from Goodyear's own tyme
tests at tracks on the Sprnt

telemetry during the test.
Bacauss it is Gondyear's test,
the information i lim ited to
ehort rung on different sats

of tyres and further limdted
becauss not every track on
the achedule has a tyre test,
bt it's still ussful infomat jon .

operation instigated by
NASCAR, the data distributed
for tyres s findamental to
heeping the playing feld level
among te ams of different
eConnm e means. We all have
the same crappy tyre data’
reports Curtis. And we'ne

and we've all got the same '
Haowrever, the degres to
which information from tyre
tests js shaned differs with
each manufacturer, acoording
to Wells, We did the tyre test
for Texas because we worked
pretty good there be says of

The orginal intent of TRD was
to have all s teams nm e
aame softw are to facilitate
sharing, but Red Bul's
e PIOGTATTE WaS Loo
expensive, according to Wells,
and the arrival of the Gibbs
team in Thyota's second

Housh runs afl the Bords
explaing Wells. He gets all
the information from every
temt. The Chevys, I'm going to
guess, are the ones who share
the least. Becanss the CaT ran
everywhers last year though,
we all have a reasona by godod

cualifying outcomes bet wesn
Audi Sport and the Pens e
team’s Porsche Spyders were
regulany and aocurately
predicted using simulations.
Back in MASCAR, in
Atlanta this spring, Pensls's
team spanked the field when

| Septemibes 2009 + whl s S0e €|

credited the loyalty of his
team for the comparmy ‘s G3rd
career vidory in NASCAR's
premisr series. And as wsual,
nobody said much about

the simulation progr Amnnes
frantically going on

behind closed doors. &

armgeoavstoest LU
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INPFUT/OUTPUT
‘Violtage inpart ks 8-36v and the
oartpart is campa tible with amy
logger that takes 0-5v input

FULLY PROGRAMMABLE
This featuse allows teams to une the
cell to the exact range they desine

REFEREMCE MATERIAL
Howi itis possible to quantify and
record the results of sat up changes

SENSOR OF PURPOSE

After discovering a gap in the market, Raetech decided to develop a coil spring load
sensor. [t was a difficult job, but the result opens up endless possibilities

& are
l mntorsports
guys,’
esplaing
David Finch,
the president of Rastech. “We
were not instnimentation
manufacturers, but during our
20 ar 30 years of doing rasecar
development we had to create
sengons because we couldn't
fimd wiat we wantesd.”

This coment was mds
to Stockaar Engineering
during the PRI Show whilat
showing off his firm’s new
aprng-mount koad oell, simed
srquarely at the NASCAR
market. It is des goed to

allow teams to quantify the
results of set up cha nge and
identify spring cod binding.
Despite the fact the new load
el was designed for Stock
Cars, its development can

some advanced development
on & Dodge prosggranm me

and we won with that, too.
Eventually, we got invohned
with NASCAR, initially with
Trucks, then laterwith Cup”

dd a coil spring does not
load the unit uniformly DP

be traced back to the firm's
imnral vement in Sportscar
racing, as Finch reveals:
‘Whe atarted out in rodd
racing doing & progTa me
with Parsche, winning six
national championshinps,
then we moved on to do

m Pt L A -4 il i i L CE S e« S prbsribei 1 21009

However, it was when Finch's
tenm atamed modelling a

Cup car that they realised

not all the dats desined was
availahle. ‘We did complete
vehicle structural anslyes
and track performanoe
simulations. We could run

them round tracks and
understand the loads and
compliances but we nesded
sensors and things, only we
oouldn't fimd any we were
happy with, That's bow we
etarted. We first targeted
NASCAR because there were
budgets, well, at least thare
used tobel It was also the
ares whe hid most resently
been working in and so we
created a whole sefes of
load cells. We lstensd to the
gunrs who said they nesd this
of that and we respon ded

to them by maldng sprng
mount, e rod, panhard bar,
atearing torque and sway

bar drop link sensors. We are
alan cumrently develaping a
front hub axial whes] force
tranducer. For many other
types of racing, a cod over
shock sensor is sonet Jing
IThad wanted to do for 10 or
16 years and we have finslly
figured out how todo it.
Naobody has ever produseesd
one of these commernsially,
and we have spent a long
timme developing it. We know
now why they have not been
done bafore — becauge it's

50 difficult. With the cod
OVET BATEOT We can isolate
the spring load from the
shoseh lomde amd the mertal
loads of all the rest of the
suapenson. This is the only
reasonable way to get spring
loads or downibroe on a
MacPherson strutcar. It has
a B00h aperating ramnge and
a 10,0000 overload. That's a
lot for a sensor that weighs

just 160q." Tempera ture
compenss on is key to
ensuring quality data, as
Mike Growdon, the irm's
[T AT MEATAET fevea ls:
Al strain gage hased sensors
are affsrted by temperatne
indueed errors. This can
muamifest itself in the form

of zenm drift and changes in
sengithrty. Typical amoms can

bond it to our sensons. An
imtegrated tamperatiine senans
measures the load cell's
temperature near the strain
gages. Testing is conducted to
characterzs the tempearatvms
dependant behavior of each
load call and this data is weed
to program each amplifier to
conrpensste for ite hehavior.
The output is compatible with

dﬁ you can use these to
get into spring tuning Dp

ennily esteesed b—10 per cant.
Just consider that ahamimm ‘s
midnalieg of elasticit v o ges
by almost b per cent per
10DdeggaFl

We developed apo
programmable strain gage
amplifier to compensate for
thess phenomens. It is a Hme
package that would fit on your
fingernail and we themsally

amy logger that takes a 0-5v
inpat. Itis easy to power it
writh un regulated 8-36vde and
predsion bwde is provided
for biridge excitation . The
amplifier weighs 1.6g and
OPETAted GVET AT axlTenhs
temperature range. We tried
to break it by testing in

dry joe on the low end and
haking it in an owen, just

short of where the solder
mels, on the high end. It sven
survived testing in a vaoaum
for aerospace applicatione.
Another of the unique features
of the Rastech Joad cell is that
it i fully programmns hle for
the desired range, allowing
teams to tune the cell to the
range they expect to s with
the spring and get better
resshition (for a bumpy track
you simply tum the gain
down). Aero testing is also
aided as the eeolution can
be booated. ‘In ahout & year
and a half we have picked
up about T per cent of the
NASCAR grid from mot himmg.
W also have pans going to
najor Europent ramilaetrer
racing teams as well now,’
e fles Fineh.

And to think there are
atil] people out there who

think NASCAR only features
backwarnds technolesgy..

Sttt 200D = i e - o o 1 CORTU S btk m



STOCK CAR TECHNOLOGY ARsI\al={=RE:]

RAETECH LOAD CELL RANGE

Raetech’s Bump Stop Load Cells ane designed to

ac curately and reliably measure Bump Stop Loads an

vehides that in@rporate the bump stop on the shodk

abforber. Elastomer Bump Stop material prop erfies

are loading rate and temperature dep endant. Bump

Stop c haracteristics measured in the lab are likely

very different than experienced on the track.

The bump stop load cellis designed to allow you tac

= |dentify when the Bump Stop makes contact

= Quantify the Wheel Load reacted at the Bump Stop

= Meaasure the actual Bump Stop Rate during
operating condi fions

Raetedh’s Bump Stop Load Cells ane designed with
interchangeable and caps to accomma date differant
loading conditions. Dne cap is profiled for mmntact
wiith the rigid end of the shadk, whila anather is
optimized tointer face with the soft elastomer
element Adapters are available to damp the laad

cell on the shodk housing, kesping it attached to the
Sprung mass. Dur laad cells are engineerad to aperate
in the harsh temperature and vibration enviro nment
taund in motarsports applications.

Meanwhile the 2_25in Coil-0ver Spring Mount BUMP STOP LOAD CELL
Loz Cell is designed o accurately and consistenthy Allows you to ientify when the
measure Spring force, that is solated from shodk bumg stop makes contact
absarber loads. The load cell has been optimized for COIL OVER LOAD CELL
S puring2 forces up to 5,000 lbs under all condi tions. 2 25 Coil-Over Spring Mount Load

Rastec h conducted extensive FEA to engineer
a load cell that is compact and lightweight, yet
is capable of enduring the harsh motors port
envinnmeant. High strength 7075 aluminum alloy and
a hard anodized fintsh will provide a long senvice life

All Rastech load calls incor porate its 506 Amplifier
to provide a high level amplified output of L1-4.9V.
Thiis eliminates the nead for exte mal signal
conditioning and greatly reducas the chances of EMI
RFInaoise that can be picked up on low level stmin
gage signals. The S0 Amplifier continuo usly measunes
the load call temperature and compensates for
temperaturne induced drift of the zero and gain. This
feature ensuret stable and accurate o peration over a
wide operating range. The zero offset and @ ain/load
range may be custamer configured, with an optianal
50 Amp Programmer and PC.

Finally the firms stearing Torque Load Call provides
a quick and simple solution to a histarical ly difficult
task, measuring steering wheel effort. The load cell is
designed 1o provide 3 simphe bolt-in installati on with
no required modifications. The sensor Simply damps
over any existing ¥in (19mm) or 20mm s teering
shaft.

The sensor will fit NASCAR Cup, Trudk and
Nationwide vehides as well as any other application
with a %in (19mm) or 20mm steering shaft. The
sensor can be installed and removed with no
steearing oolumn

Cell measures spring Tomre

disassembly.
Stearing whesl STEERING TORQUE
e Ll ?ufth;sleufﬂnr NASCAR applicati

] i applications
:1551;1:5Lbr:;_e ea:;r and driver dewvelopment
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DYMNAMIC MEASURE

The ADI KO- rig allows all geometric
changes under dynamic conditions to
be acourately meas wed

A NEW RIG ORDER

imematics and

conplianee rige

where first developed

im thee noddl-1 900

tor Anouratehy
e e e el @ pension

. movement under rosd

eonditions . Tnsurprisingly,
thess machines mpidy bund
arceptanee in mot orEpon
circles, proving an imalushls
back up to ontmek teating.
Hatler than medifying read

| ear technology though,

Apcelarating Developments
International (ADI) of

| Concond, Morth Carolina

developed ite E-rigs
spedfcally for motorsport
use and NASCAR Cup te ans
hawe used them sxtenshmely
over the past few years.
However, thers wers atill
some limitations that nesded
to be addressed, as Jay
Diake, general manager at
ADI, explaine: ‘The old K rg
was much more of a bur-post

LAWRENCE BUTCHER

rig-type of machine with scals
pads. We had several teams
use the E dgs and over time
they ended up genersting &
humdred sxtra questions. So
whe approached this prohlem

How the new KD rig is proving to be an improvement over the older K rigs

of geometrcal changes under
loaded or dynamic conditiong
This led ADI to ksanke at
ways of constructing a dg that
wiould allowr all of the forces
and geometrical changes
within & car to be accurately
tracked and recorded. This

dd teams jumping from a
four-post programme to
a seven-past programme

still had large gaps in their
knowledge W

by saying, “okay, we have all
1t loed e & CaTIAT M6 missing and
that we don't understand.
e ko the car i deing x,
bt why ia it dedng #7" In
the and it humesd ot tlat
moat of the problems sould
bea traced hack to somes sort

T i sce e s rgine g econy st = Sepessiber 2009

wiould place the capabilities
of the system somewhers
heturesn the traditional four
post/pul-down dgs and the
latest seven-post rige. The
problem being that alibough
traditional ssven-poat Hgs
are very good at messurng

damping forees and tuning
dampers to ensure the tyres
stay in contact with the
ground, they are not capahls
of measirng all of the
different movements within
the suspension and chassis
This meant tearme jurnping
from a i r-post progTa mmne
Lo A Seven -Podt PO TaN e
atill haed lange gaps in their
Imowledge. The spatem that
AD] developed in response
tothis js the ED-Rig, capahle
of simulating on-track
suspension movemsnt whilst,
at the samme tinme, neasuring
everything from torsional
chassis stiffness through to
bump steer and tos changes.

MOUNTING METHOD

One of the key decisions taken
when designing the dg was
to mount vehicles by their
huhs without fitting whesls

or tyres, and Drake reveals
the reasoming hehind this:

We bub mount because very
fewr teame get amy tyres that
represent actual mee tyres.
When we do testing on the
E rigs or the pull-down rgs
the tyre has to be inflated to
areal high pressure and the
dynamics of that tyre don't
really mateh up to what you
run on track. Sowe tale

that unkmown out of the
edpiation ' The towers the
bhubs are mounted to on the
ED rigy Noat alofg tao ke,
allowing accurate tracking of
several key chassis variahles,
including bub movement and
TEAT Sheer angles.

Onee te ams started to
test on the new rig answers
begran to appear to the many
questions gensrated by
thedr E gy tests, with the g
alas bringing some frther
unforesesen prohlems to lght.

e have found an interest ing

aranaro here reeenthy”
explains Drake. Teams

L1
ON-TRACK MOVEMENT

KO- the: KD rig enables full simul ation of on-track
miwvement, allowing evenything from torsional
stif fress to toe changes to be measwed

THE OLD RIG ORDER
The previous K rig was a far
simpler affair - a fow-post rig
with scale pads

Septestties 2009 wsitsieen s ngnea g coavatosest [1IUN
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HUB MOUNTING
wihen rig testing with tyres that are

ADI TEST RIG

Invariably different to actual mce tyres

who were doing back-to-back
| testing from the KD rig to the
comentional K and C rigs,
which are very good at fime
measurements under differsnt
load seenarios, found that the
actual chassis deflections,
movements and bump

. numbers were higher on the
ED rig than they wers on the
E and C machine. We traced

T that totyre aheorption on

the Eand C machine. This is
intereating becauss the teams
- thought there was sonmet hing
else going on as when they
tested on the rig and then
tested on the track the
numbers weren't correlating.’

BETTER PREPARED
The sanctioned track-testing
han imposad by NASCAR has

FLOATING PILLARS
The suppar ting pillars float on two
axes, enabling the radking of hub
mvement and rear stear angles

also changed the way teams
utilige ADT's services. Initially,
the company envisaged the
new g as a pure RED tool,
where teams coukd assess
wesk to weel and month

dd teams are using the
data gained from the KD
rig... to prepare better
for other activities pp

to month sst-up changes in
order to formulate their car
gat-up ‘recdpes’. However,
ADI have found that mone
and more teams are using the
data gained from the ED rig as
an inpit fr their simulation

I e cor ¢ ngineari g comystekcar + September 2009

ADlisa big advocate of teams having the right tools to
succesciully setup acac One of those tools, it feels, is the
KD rig and another is a good simulation package. However,
the company identified a weak link in the simulation process
stemming from an inaccurate ¢ of @ calc ulation and set out to
remove the problem. Its solution was a totally new concept in
¢ of g measurement.

The VIMM machine (Vehide Inertia Meas urement Machineg)
is adevice that was developed at the university of Aachen
i Germany and has about six years of development work
behind it, mainly on the algorithm used for accuracy. |ay Drake
explains: We have been warking with CPM Schiller in Germany
1 develop this technology in the North American Automative
markat fior accurate three-dimensional ¢ of g measuremeant.
It's a completely different approach from the pendulu m-type
machines, which have some drawbacdks, induding the time they
take to set up and their accuracy being +/- about hatf an inch
The accuracy of this machine i +/- 1mm, which allows for very
accurate siminputs, with even things asinignificant as drinks
battle position affecting the set upl

THE C OF G MACHINE
The VIMM will s00n become the
new standard in vehicle inertial
measurament.

programmes and to allow
them to preparne batter for

other acthrities, such as

wind tunne] testing. ‘Bacauss
we have a very controlled
envimnment it is aceurate

car on track and tothe car's

if they are going to 9o asm
testing and need to know
where forces are going to
be acting at a particular car
attitude, giving them better

system from ADI is prowving
an invaluahle tool for Cup
teamms racing to gain an
understanding of the CoT

in terms of the plane and Haowrever, whilst it is able to

attitude on track. Particulardy

inprut for the nan in the tmnel
There's no doubt the new

position and how we fix the ANSWer MANY questions, as
caf in position. We are ahle with all such technologies it
to extract a lot of data that is simultanesus]y generating
influences aplitter heights, just as muA e more as the CoT
frame heights and other chassis slowly but steadily
factons that are crtical to the reveals its semrets. (5 ]




THE CAR OF

TOMORROW TODAY
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H Perhaps the greatest change in NASCAR history has been the introduction of the CoT.
We talk to engineers past and present to see how they are dealing with the change

he last decads has

sean a paradigm
shift in top-lewel
Stock Car racing
im the U5 Whilst
| the ‘good ale boy' erew
chief is by no means desad
and buried, without the
| back up of cutting-edge
enginearng ha's not going
towin anything these days.
- Areas that previously used
tobe the pressrve of the top
Cup teams, such as data
logyging and rig testing, ane
now essential and are sven
heginming to filter down to
the series balow NASCAR's
thres flagehip championships.
Regulatory changes over

LAWRENCE BUTCHER

the past twho years, notably
the Car of Thmaorrow [CoT)
and a han on testing at
MNASCAR-sanctioned tracks,

honer teams are coping with
this ghift and the challenges
it pressnts.

Larry MeReynolds is one
of MASCAR's moat successful
erew chiefs, with ever 22 Cup

dd Areas such as data
logging and rig testing are
now essential pp

have further accelerated the
technology race. Stockear
Enginssring spoke to a mange
of enginesrng pereonne] wiho
represent the face of Stock Car

racing past and present to see

Q0 oo sce e e g g cvenys s « Sertemier 2009

wins and 122 top-five finishes
to his name and, with this
experence behind him, is
well placed to pot the meant
changes into perspective: ‘In
the mid- to late ‘Sis we had

two deaths, Thoy Roper killed
in atruck in Texas, then Adam
Petty and Eenmy Irvine get
killed a year later. They wers
kind of the little knocks on the
danr, mayhe saying our sport
iz mot as safe as it should be.
Then, in 2001, we all got the
wake up call to say we really
nesd to im prowve the safety
because the jcon of our sport,
Dale Esrnhardt enr, got killed.
That kmoched the doors dean
off the hinges

The sscond concem
addressed was one of cost
containment fbr teams Whilst
it weas pafectly fasihle
for teams like Hendrdck
and Penske to bulld tens of

SPLITTING HEADACHE?
Front splitters were new temritary for
Cup teams. Gone are the days of il

ON A WING AND A PRAYER

with Stod: Car dishards

different chassis for individual
tracks it was becomdng
impossible for the little guy

to compete The CoT itealf

I hesn well domimented

in these pages bafore but to
summarise, its key design
concept was to improve driver
safety and to prevent teams
being able to smply spemnd
thedr way to the forefront of
the grid.

However, the end product
was not necessarily to
everyons's liking. The big
thing the MASCAR fan, and in
fact myself had a hard time
getting our bead around was
the fact that we wens ussd to
having a conventional spodler

Rear wings allow cars to nun doser than the
old spoilers bat struggled to find acceptance

on the car and now we have
this wing. I think we are

ot just been challenging
fane' opinions of NASCAR it

starting to embrace it abit hae alen presented engineers
mare than we onee did, but with a stesp leaming eurve.
that was probahly the biggest  Tiff Daniels, suppornt enginesr
thing that people stroggled with Earnhardt Ganassi

Iﬂﬁ we have never had a
wing and a splitter to play
with [before] w

wiith = the fact that we don't Racing with Felix Sahates,
like & car with a wing on it summariges the challenge
that is supposed to be called a  this produoced: “We have had
Stock Car’ to Jearn & whole new way of
The addition of thess new dealing with the ssmo becauss
aerdynamic elements has we have never had awing

R T N se21 |

BIOGRAPHY

MicReynolds
373 NASCAR Winston Cup
wins as crew chief

370 NASCAR Winston Cup
pole positions as crew chiet
WTwo Daytona 500 wins as
crew chief (1992, 1998)
WTwo consacutive wins

in MASCAR All Star mce

- The Winston 25 crew chief
(1991, 1992)

31998 UAW-0OM Teamwark
Award of Excellence winner
WN amed Copenhagen/Sknal
All Pra Crew Chief for five
consecutive years
{1991-1945)

SiFounding member of the
Crew Chief Club

BIODGRAPHY

Ganassi Racing with Felix
Sabates Also driving no 94
Dodge for Hamilton Rading
in the NASCAR Camping
‘wiorld East Series

WP007 gradusted
University of North Carolina
at Charotte, Batchalor

of Sdence in Mechanical
Engineering

WA002-2006 compated in
Limited Late Models and
National Legends.

2003 Womens National
Legends Champion

BIOGRAPHY
Pat Suhey

2003 -present, group
manager oual track racing,
GM Racing

1998-2003 design
engineer, Genaral Matars
1985-1990 Michigan
Technological Liniversity




| and a splitter to play with
[befors|. Onee we started to

- undemstand these thers wers

some considerahle gains
made. However, with the et
| of the car, because we waork
within such a tight box, amy

| gains have been very gradual,
which you can ses aver the
past year and a hall. . There

| has not bean one wesk where

whe e returned from an

| mero test and been Hke “ah,

wee've figumesd it out ™, it's just
| little tweaks '

1 Of these, ide height
control bas hedonms
increasingly important due
tothe constraints of the asro
package. McReynolds: ‘What
has hean a real challenge for
the teams is the splitter on the
front. MASCAR mandates not
| just & minimm height to the
ground but also a masdmum

T height_ S what that hae dene

i= limit the amount of travel
LEAME AN NIN, S0 YOU CATDOL

"1 rum the splitter hitting the

ground, you need an jdeal

- hedght and none of the tracks
we o o ane completely
amooth. One of the biggest

| challenges facing the teams is
having that splitter and a car

- that travels down but does

not bottom out.'

Zo how has this mpid
advance in enginesring
approaches meshed with
the more hands-on approach

| previously prevalent in
MASCAR? Daniels has

| been on both sides of the

fenos, having grown up in

. her father's Stock Car team

before gaining her degres

in mechanical enginesdng.

| 'They [the mechanics| ane
really adapting to it now.

| Sinee I have grown up around

it I have a lot of experence of
. the maditional way of daing

1| things, working from purehy

driver feadbhack and very

| simple set ups such &8 shock

travel. Combining that with
| what I learnt when Iwent
+ to college gives me a good
perspect ve on the different
| approaches. Ithink at first
when enginearing started
becoming bigger there was

- alot of distrust from the

meschanies, thinking ‘whens

are they coming up with
these numbers, why can't 1

STOCK CAR TECHNOLOGY ASNENSSINcluiz)

e v hat they are telling me?
S0 wee just had to bring them
along toshow them where we
were coming from. They [the
mechanies) are coming from
a point of 20-years worth of
experance, g0 we really had
to prove it to them They are
dafinitely more comfortahle
with it mow though, especially
now the testing ban has coms
in they have to accept it

Aug if dealing with an
entirely new car was not
enough for teams, starting
in 2008 the testing ban has
meant teams are rehing

have one that goss along
L0 SVETY ONS S0 W CAR
understand more about the

NGES IN NASLE

TECHNOLOGY DRIVEN
[ata enginesr ing has played a
vital nole in the rapid development
and understanding of the CoT

tyre. So with the increased
off-track testing the duty
cyele gets much higher on
our ssven-podt [rig) and all
the aenn bools too bedause
they are getting much mons
use than they used to. Now,
inatend of just going out to
a test, we are having to use
it resounses to achies the
same results and we have a
lot more enginesns working
behind the soenes and with
the teams on things lke asno

dd ride height control
has become increasingly
important w

on off-track testing mors
than ever bafore, with the
supporting manulacturers
also changing the way they
wark. Patrick Suhey, gensral
manager oval racing at GM
Racing: We have had to start
paying much more at tention
to our aff-track testing. We
were talking the other day
to someons ahout tyre tests,
saying it's made any track
timme you get much more

important than it was. Tyne

tests ane now a really big
deal We didn't send people
to tyme tests hefbre, now we

to achisve those reeults

It s this mamufacturer back
up that has helped the teams
keap up the pace of their
off-track develapment. Subsey
deseribed their support role
a8 being like the Tnte] insids’
for the teams, providing the
back up for their simulation
packages and resources to
allow them to rapidly progress
with development.

o has the raft of changes
introduced sinee 2007 meant
teams are still stroggling to
understand the CoT or have
they got it sussed?

| 62z [ i e

The gensral consensias
seams to be that by the start
of the 2009 season all e
teams were pretty closs to
hawving it woreed out. Larry
Mche ynolds: ‘Where the
teams ane at How companed to
where the y were at the stan
of 2008 is Nght years alwad.

I think we saw in 2007 that
Hendrick were the only team
to have this car Ggured out,
bast when we got to 2008 a lot
more teams had it fgured out.
The only thing I would really
like by see i for NASCAR

Lo open the performanees
window back up a little bit
more, s the teams have a hit
mare of 8 gap betwesn a good
driving car and a bad drving
car’ And Danjels echoes thess
thoughts: Tt's getting better,
bast writh everything changing
we are pot quite to the point
whe whene at with the ald car,
bast it hae conwe on a huge
amount fron whene we wers
a year and a hall ago. There

are still some things being

developed, such as bump
stops, whichwe never used to

rm on the old car, but I think
in & year or so, whilst still mot
completely understanding the
car, we will be in smilar place
to whers we were with

the oid ear’ S J
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DATA CAPTURE

We show you how easy it is to get started in Stock Car data analysis by testing two of
the most capable and affordable systems currently on the market

Fs : thers ane many different ones
WhETE
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them to some Late Models
which race in the Eumpean
Championship. Loggens are,
as a rule, banned in Stock

Speedway in England, the
other at the stesply hanled
WWameton Spesdway across
the Channe] in Belghim,

with a Fi Omega D2 GPS =its
latest dash logger conbined
with a GPS receiver. Like the
Race Technology package, the
Cosworth system was easy
to install. Ot of the bhax

Car races but the series Cosworth supplied us
bosses in Eunope gave us a

special dispensation to run

them at two mestings, one at EXHIBITA

the pleturesque Lydden Hill The Race Technology DL

RACE TECHNOLOGY DL1
Prioe: from $800
Dash: opt ional extra
Prooessor: MANHz RISC

Memory: compact flash
J2Mb=-2Gh

Anslogue inputs 8
Froquenoy inpste: 4

GPS logging rate: 5Hz
Power requirements: 12w
naninal input, minimum
of 10w, maxinum of 16w

a8 5 e s ek = Se e 2009

there is justthe dash, a CD
with the redquired sodtwans
and & wirirgg loom with rpom

EXHIBIT B
The Fi Omega D2

trigger, power lead and
GPS recedver.

Rading on a shont track
with a digital dash sesnmed
toostn mnich of & dist rection for
our drivers so the Omega
D2 dash was fitted bahind
the drivers’ seat. This is
something that even Cup.

PIOMEGA D2
Price: from $1500

Dash: yas

Prooassor: Freescale MPC
5553 d2hdt, 128MHz)

Memory: 128Kh

Anslogue inpute 14 {+2
thenmooou plesh

Digital inpute 4

C ommamicati o 2
x CAN, 2 x R332, 1 x
athier nast

Meax sample rate: X00H:
Operational t

range: 108600 T030gC.
Welght 440g

OPE Logging rate: 6Hz

Powmr requirements:
nammal + 12V ad +28V
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teammne report, with some
drivers wanting all the data in
the world on the dash, others
not wanting to ses it atall.
Getting the D2 up armd
running was as smple as the
apate m itaell — fit it, power it
up and off you go. Normally,
o et good lap dats the
driver would press a couple
aof bittons on his fret lap to

be added later naing the
analysis softwares.

Time spaent ensuring the
Epatem is commently sst up
is Hme saved at the track,
with a couple of issues being
entoimterad with the rpm
sensor and interirence from
other alectrical nodss takhing
up vahiahle time on race day,
a problem sohred by adjusting

set the beacon but, with the
dash -moambesd wnit ot of the
way, this was not possible,
though lap splite can still

the sensor sensitivity.

This logger was ftted to
the Profil + Ford Twimns driven
by lomer champion Jean

dﬂ | wizs stagpered at just how easy it was to call up usatul
data on both GPS loggers. After fwo very long days at the
track the Stockoar Engineering team sat down in the plush
surroundings of the Club Lounge on a PEO cross-channel ferry
and got 1o waork. We called up all the data on a Samsung NC10
Nethook and, within 30 seconds, weare looking at dear data
The Race Technology softwarne is ideal for novices as it's well
designed, incredibly i ntuitive and extremaly easy to usa You
can have alook at it yoursalf by downloading a version fram
Wi W08 Car-eng inee ring oom.

Cosworth's logger is 3 mare cap able device, as you waould
expect from its higher price tag, and is capable of logging rates
of up to 200Hz. Italso works with Pi Toalbox, a Formula 1-5pec
anahysis package Whilst this doasnot come as standard with
the D2 GPS it is well worth upgrading.

Personally, what | would like on my car is the Omega D2 GP5S
wi'th shock pots, along with a video camera, which is all very
peoes Sib b2 wiiith this system. Dear Santa.. pp

Vassuer at hoth tracke We
also ftted a Pi Omega D3 to
the 4 Roote VE Hacing Ford
Taurus, complete with ahock
pota, though we will dismiss
this in more detail in a hture

ingne of Stockar Enginssring.

Setting up and connecting
the Race techno logy DL1
data lofger was just as
easy It s supplied from the
factory with a 12V cigaret te
lighter conmection, bt this
can easily be adapted to
any fused 12V supply (14
fuse). The logger features 13
configurable impat s, allowing
one to log from & range of
sengon, inchiding shodk pots
and temperatures, which can
all be attached through the
supplied connector Another
useful function, althowugh ot
stretly relevant to uee ina
Steck Car, is the ability to
eonfent the lagger through
the seral port to any OBEDII-
eomplinnt disgrnostic port to
recond engine data directhy.

At Lydden the DL was
fitteed tothe Race CarDirect
Pontiac, a former ASCAH,
and at Warneton it ran on
Eslrin Hassall's Roots VB
Racing Chevrolet.

Duse to time constrains
the DL1 was only st up to
recond basic asceleration

The Race Technology sof twane
showing the full race at Wameton
Speedway in Belgium

and positions dats. This
invelved attaching a power
supply and meunting the GPS
recefver 80 it could clearly
e the alky Operation of the
loggger is equally simple, with
one hutton to start and stop
logrging and a clear visual
indicatorto show the unit

is operational. The logger
umit is supplied with both
heavry-duty hook and loop
fastensrs and ahyminum
ficing brackets, however

for out purposes good old
TRCAT LA e Wil used . It is
recommended that the lagger
be moumted with the front of
the unit fadng the rear of the
car, due to the orientation of
the onboard accelerometers,
bat the loggying software doss
allow the unit erientation to
be changed. Onoe the wunit

is mounted and powersd

wp all that was left todo

was position the GPS asrial
writh ite magnete moumtng.
Olwiously, this is not a
problem on & stes] -hadied car,
but on the Late Models, which
lare glass fibre bodies the old
Laithful racer tape once again
came into play.

K
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MATT EROWN

THE DEV]

EDGE

ELOPMENTAL

The difference between cheating and Cheating

jehard Petty once

said ‘There iz

no doubt about

precisaly when

folles started racing
each other in auto mobiles.
It was the day they built the
sesond sutomabils ' It could
also be said that there is no
doubt about precisaly when
folks started che ating in
automobile races - it was the

TT day e first rulehook was

releaged  Racecars may be
incremental in their evolition,

[ writh small advancements

e that make it sesm

as though development is
sometimes stagnant, but you
only have to look at the fines

| handed sut for rule vislations

after every event to ses that
teams are constantly looking
for that extra developmental
edge. An edge - we'll call

it cheating -that is always
a dependable sourees of
entertainment. As a result,
the eolumn ‘Caught’ ie the

| first thing T read when the
| new copy of AE shows up

in my maibox Thers showld

| being more of a clever

interpretation of the nules, but
I till use the word cheating
becanse the nules ane wsally

| written to make thess exploits

and plausible deniability
mutually exclushne. That is to

| say, onoe you start deverly

interpreting the rules you are
usually far enough into the

- grey area to know you'ne far

into the grey area.
Cheating is prevalent
enough, espedally in Stock

Car racing, where most

of the teams’ fines coms

from explodts that eould

be deseribed as laughably
shortsighted. Things 1ioe
suspension modifications that
result in on-track dde height

restrictor design that resulted
in a 12-month ban for Toyota.
Max Mosley called it ‘the most
ingenisus thing I have ssen in
30 years of motorsport.” From
the man himesll, the most
ingenious thing to come from

ﬂﬁ | want to win within
the rules, almost as
much as | want to win W

changes practically guaranbes
a fine in post-race inspection.
I'm hesitant towse the phrass
langhahly shorteighted, as
this is lkely just evidence
that everyons is daing it

and getting away with it
muat of the tme, malkding the
oocasional fine acceptahle.

I expect some of the batter
teams might have even talen
the tme to do a cost [/ benafit
analysis of the situation...

mator meing in all that tome
was acheat.

The grey aneas are fin
to work in hecauss soms of
them practicaly beg to be
exploited . Cortain engine
component sufaces must be
fat, but what i= fat? Nothing
can really be flat, there must
be a toleranes, a number.
You may not be ahble to have
mavreable aere, but everything
moves, and in ways hanging

Alsa on the Cheating sida
we get the oocasional very
clever cheat, like the 1965
Toyota World Rally Car air

CLEVER CHEATING
Aprime example of Cheating
wias the brillianthy
mstrictor on the 1995 Toyota 'hRE

» -

a weight off the rear wing
can't ascurately duplicste.
Sometines it's hard to kmow
whene the grey area ends
and the black area begins,
and sometimes thers's only
one way to find out... The
gimple et s that the riles do
not define the development
ares, but the policing and
enforcement of the nles do.

To be competithre, teams must =~ |

work within the enirosd
rules and up to the Imit that
they are e nforeed.

People talk about cheating
like it's detrimental to the
sport, but I don't think it js.
I'm not eaying it should be
accepted by the governing
bady (in which case it would
no longer be cheating) or
that the teams shouldn't be
handed appropriate fines
when caught, what I'm saying
is that it is entertaining and
interesting, and that it is
undeniably parnt of the sport.

Cheating and winning
in motor racing is not a
holow wetory ke it is in the
Olympics or basehall, it's
just the way things are done
here. I think most people,
mast fans, are okay with their
favourite team ‘bending the
rules’ or ‘explodting the grey
aress’ to gain an advant age,
considering the nature of the
spornt prechides sufficient
policing to prevent sveryonse
else fromy doing it. This faet,
coupled with the constant
pressure to win, I suspest
lesaves most professional
FACSCAT enginssrs sharing my
opinion: I want to win within
the rules, almost s much
as [ want to win.

Cari &8 Cr
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