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somet hing of an Aston Martin theme to this month's issue
- and deservedly so. After the evocative sight of that trio of Gulf-
liveried, petral-engined coupss camying the fight to the diessls at
Le Mans this year, the time seemed right to investigate how Aston
Martin Racing went about developing its mad going V12 into a
fud-effident, front+unning, Prototype power unit.

It's a fasdinating story, made all the more timely by the fact thatit has
recently been annownced that the factory LMP1 mupés will ompete in
thee final two rounds of this year's Le Mans Series, at the Mirbungring and
Silverstone, a5 well as at Petit Le Mans. Staying with Aston Martin, we also
take a dose look this month at the evolution of the Vantage-based GT2
version of the car.

In addition, we have our wsual informative amay of features this month,
including the lead s tory, detailing how Vol swagen Motorsport adapted a
high-tech approach to taking on - and winning - the famous Oakar Raid that
wipuld have done a top Formula 1 team prowd.

‘wle also look at Penske Racing Shodk s’ innowative egressive damiper and
provide an historical perspective on how Team
Liotus weent abowt developing active suspension
during one of the most exdi ting periods in
mdiern Fanmula 1. L

Add to that an in-depth interview with Alan
Gowr and Peter Riches on the New Generation
Touring Car regulations, plus a first-hand eport
on driving the University of Hertfordshire's
groundreaking, all-electric Foomula Student
car, and there should be something for
everyone with an interest in motorspart
engineering in this month's magazine.
EDITOR
Graham Jonas

For more technical news and content go to
www.racecar-engineering.com/news
by = i
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- NEWS NEW CONCORDE AGREEMENT SIGNED » EMW QUITS = INDY IMPROVEMENTS » ILMOR FIVE-STROKE » ASTON VIZ SEE P38

FORMULA 1 ODRIVETRAIM

Peace in our time In F1

Teams and governing body unite on a way forward for the next three years

A MEW UNIFIED Concorde

Agreement has been signed,
marking an end to amny plans for
a breakaway Formula 1 series, a
threat that has dogged the sport

for much of the season

year's championship The only
team not to sign was BMW-
Sauber, following the ompany's
withdrawal from the sport

(z2e below). FIA president Max
Mosley and rights hol der Bemie

the teams have committed to
mduce budgets, aiming for a
level of expenditure close to
that of the early 19905, while
the F1 megulations are now et
to remain the same for 2010

FlAlooks forwand to a period of
stability and prosperityin the FIA
Formula 1 Warld hampionship,
while a FOTA statement said:
FOTA's at tention will now tum
to other issues we believe to be

The new deal willl commit Ecdestone also signed, bringing as they ane this year. The one in the long-term interasts of F1:
the teams to F1 until 2012 and to an end an extended pariod of notable exception to this Eaban rading at the best radks, in front
was signed by all 12 squads political unrest within the sport. on efuelling during races. of the biggest audiences and
intending to be imvohved in next In signing the Agreement The goveming body said:- The expanding F1's mach’
BMW to quit Formula 1
FORMULA 1 HAS - chainman of the latter respans ible for
lostits s2cond major board at BMW AG, the drivetrain - while 3
manufacturer team in salid: Premi um will mive by Peter Sauber
nine months with the inoreaz ingly be defined to re-tury the team has
announcement that BMW in termes of sustainability fallen through. BMW-
is to pull ourt of the sport and environmental Sauber's position in the

at the end of this season.
The Munich fim's
ANNMUNCEMENT @mes
on the badk of poor
tmding figues and,
perhaps mare tellingly,
a disasinous season on
tmck ina year in which
its stated aim was to win
the Warld Championship.
B Minl-Sauber ks cumrenthy
(pre-Valencia) eighth
in the Constructors’
(Champions hip on eight
points, ahead of anly Toro

Its bye bye from the Banvarians in F1. but hello BiW in DTH

[Rosso and Force India,
a year after claiming its
first win and actually
leﬂi'gtl_ledm‘mimslip
at one point.

BMW's withdrawal
mimes just nine months

n e e - ot i e + D ety 2009

after Honda quit the
sport, and the firm

cited a new foous on
sustainability and the
environmeant as areason

for the pull-out
Dir Morbart Refthofar,

lg....

fior future viability and
sustainability. As such,
o F1 campaiign s less a
key promaoter forus!
Thes has beenno
word on redundancies
at the team’s Hinwil,
Switzerland and Mumich,
Germany bases - the

F1 champions hip is now
up for grabs and those
teams that failed to scoop
me of the thres extra
shots available from 2010
earlier this year hawe
been invited to mapply
fior the now vacant
position on the grid

BMw is to remain in
other forms of motorsport
and rumoars have
surfaced that it's to join
the OTM to take on axch
rials Audi and Mercedes.

Stroke of genius

FAMED MOTORS FORT
ENGINE builder Nmor
has unveiled an all-new,
five-stroke engine, which
could point the way

to the future for fuel
efficient engines on the
road and the track.

The engine prototype.
ourently in dyno testing,
aims to demonstrate the
benefits of the five-
stroke cycle, a5 invented
by Gerhard Schmitz, and
Ikmor zays the engine will
deliver the fusl emnomy
of adiesel, but without
the emissions problems

often azsocia ted with
such engines.

The five-stroke
cancept engine wses
twio high-pressure fired
cylinders operating ona
conwentional four-siroke
cycle that alternately
exhauwstinto a centml
low-essure expansion
cylinder, whersupan the
bt gases perform
further wark. The
lowi-ressure cylinder
demuples the expansion
and ommpression
processes and enables
the optimum expansion

Twio conventional high-pressure

oyfinders. which exhsust intos

single low-pressure cylinde, that's
the concept of the flve-stroke engine

. TECH SPEC

ILMOR 5-5TRO KE

cagacity: TOOue
{tubocharged)

@tio to be selected
independantly of the
HMpression ratio.

The upshot of all this
s that the engine nuns
an overall expansion
@tio close to that of a
diese] - about 14.5:1.
The engine in its cumant
mnfiguation, is also
mimpact - it's just 700cc,
vet it ghves 130bhp.

limeor is looking for
technical partners for
the prgject, specifically
an 0EM, and while it has
not been designed with
maotorsport in mind, Simon
‘Young, a design engineer
at limor, told Rocecor
Engineering ‘Originally
it wasn't designed for
acing bat, with the
way the auto industry
= going. then probably
acdng ks going to have to
eflect that | wouldn't be
o sad if fuel efficiency
formuilas do pop up in the
future, 50 even though
thits hasn't been des igned
with a racing application
in mind, there's no reason
wihy it couldn’t be used
fior racing in the future!

The AmericanLe Mans Saries (ALMS) is to simplify its
classstructure fornext season, witha single LMP
classand a single GT dass, plus an extra prototype
division far the one-make, ORECA-tuilt Formiula Le
Mans car 5, which will be known as LMP Challenge.
The championship will, however, revert back toLMP 1
PlusLMP2 for itsblue riband Sebring 1.2 Houwrs and
[Petit Le Mans events.

VATANEN NAMES TEAM

FlA presidential hopeful Ari Vatanen has announced
the kay cabinet members who will s upport his bid.
Spaniard Femnando Falco y Femandez de Cordova has
been put forward as his candidate for peesident of
the AA zenate, Bemard Tay, from Singapore, has
been nominated as deputy president for mobility,
wihile German Hermann Tonczyk has been proposed

as depurty president for motars port. The election will
take place on 23 October.

RACING GREEN

Thee Environmentally Sustainable Motorspar t
{Cowmami s5ion, 3 new FIA think tank, has written toall
FlA nule-making bodies toask them how theyintend
to addres senvironmental issues in motorsport.

It is unging that they move towands regulations that
place more emphasis on effidency rather than
outright perfonmance.

(> )WATCH THIS |

How McLaren tumed the MP4 /24 into a grand prix
winner -3 four part special dooumentary

Go 10: htp: Awww. racec ar-engineering. mm/vids

s MUOHE NEWS ONMLINE AT WWW., FAGCECAR-ENGINEERING.COM
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FORMULA FORD

Honda |azz up
ageing formula

Japanese manufacturer offers an alternative engine to
the US Formula Ford series

HONDA HOPES TO
re-invigorate the entry-
level US single seater
racing scense with an
all-new Formula Ford
1600 engine.

The engine, which is
actually a 1500cc L1 5AT
umit, wsually fouwnd in
the bay of a Honda Fit
(called the Jazz in Ewrope),
has been developad
by Honda Parfarmance
Development (HFD)
basad in Californda, and
and a modern ECU. K
will be supplied with a
kit to make ita bolt-in
replacement for the
ageing Kent engine
and a pototype version
has already made its
track debut in the back
of aSwiftDB1 at the
US Formula Ford 40th
annivers any meeting at
Elchart Lake.

Roger Griffiths,
wiho manages the
development division
at HP O, told Rececor
Engineering ‘We malised
that the Kent engine
that's been used for the
last 40 years s getting
a bit long in the tooth,

Shamiian of Quidksilver
RacEngines, and every
effiort has been made to
ensure its performance
does not exceed that
of the Kent, with an
HFD-developed intake
restrictar plate and
appropriately mapped
EOUL 1f wee overlay power
ourves, they are identical
says Griffiths. But he
added that if testing
revedls the need for
additional performance
adjustments, changes can
e made to the restrictar
plate and/or the E0U map.
Az for the matter of
the Ford name, Griffiths

says we have no
intention of changing
the name, because
we're not of fering it as
areplacement engine.
we're offering it as an
altermative engine. Of
marse, the assodation
wi th anot her car maker
s not great, but there’s
the history, and that's
extremely important’
The engine ks now
awaiting SCCA approval
fior racing in the US, and
is to be priced at $1.2,000
(ET300). well bring you
mere on the new Handa
Formula Ford engine in
nextmanth's isswe.

] NEWS  HONDA FORMULA FORD ENGINE « GOODYEAR WETS

Rick Ben, the crew chief for the no 33 car

driven by Ron Hornaday in the MASCAR
Camping World Truck Seres, has bean fined
and placed on probation until the end of the
year, after it was found that the moomting points
on the axle of the Kevin Handek Ine Chevmnlet
wers not svenly spaced. The infringement was
digcoversd at the apening day inspection at the
Esntucky S peedway svent in July.
|| FINE: S6000 (£35000/

The Banault F1 team was fined for
releasing Fernands Alonso from his pit
badore his right front whesl was attached at the

Hungaran Grand Prix. The team was initially
suspended from the bllowing race, the European
Grand Prix at Valencia in Spain, bat this penalty

was reduced to a fine after it appealed.
|| FINE: 560, 000 [£30, 600] |

Goodyear
saysit'sa
‘ves’ to wets

NASCAR'S TYRE that would be suitable, if
SUPPLIER has bet it be that's what they choosa’
Imowmn that it would Goodyear has been
be able to supplya developing new wet
wet-weather tyre should  rubber this year, part of
the onganization ever a process it started last
decide torunroad cowse  season, and it tested ane

races in the rain, the
anUnCement caming

version towards the end
of 2008. "We developed a

during the Watkins [tread] pattern, modified
Glen event, which was it for our use, then tested
pos tponed until the it at our proving ground
Monday becawse of the in San Angsla’ Stucker
wet conditions. said. "were able to run it
Goodyear achually wihere we can wet [the
took rain tyres to Watkins  t=dk] down and onfinm

s getting impos sible to (Glen for the Nationwide evenything we wanted to
find and s ridiculowsly =ce bt they were not see! Stucker added that
expensive. e looked used. The semnd-tier last years mce in Canada
at the mnge of Honda cars did mce in the =in Edve the company smme
engines and thought at last year's Montraal usaful data bo work with.
thiis would be parfect. event - and Greg Stucker, But, despite Goodyear's
It's a very simple engine, Goodyear's spokesman, upheat assessment,
it produces the right =aid he did not believe HASCAR pesident Mike
amount of performance, thee company would hawe Helton went on recosd at
it"s piaysically wery similar aproblem developing a ‘watkins Glen saying that
in size, s0 we felt it would ain tyre for the Cup cars, the organising body has
be an ideal eplacement” too: T hera's not that big no plans to change its
The engine has been adif ference between the stance on racing in the
developed by HPD, in Honda's st emnative tothe Kent Formuls Ford engine Is this  two cars. Wete confident  weton road courses in
cooperation with Sandy 1500 urit, developed by HPD and Q uicksil ver RacEngines  we could have a package the near futura.

Dt 2000 + sl f i -6 ginee fng Lom _



Racing Colours
Authors: David Venobies
(BluedGreen);

Kor Ludvigsen (5ifver/Red)
lan Alion Publishing
£24.99 soch

RACING COLOURS IS aset
of books charting the paths
taken by Ewrope’s four big
matorsport players: Great
Britain; Germany; France and
Italy. Based on the traditional
national competition colours
of British Radng Green,
German Rading Sitver, French
Racing Blue and ftalian Racing
Red the series provides a
great overview of European
matorsport, from the first
[Paris-Rouwen race in 1894
through to modem-day F1.

Lavishiy il ustrated and well
resaarched, the titles highlight
the cars, drivers, industrialists
and cinouiits that have fommed
racinglegend. Despite being in
the same series, the four books
take differing approaches to
eachnationality, with Rocing
Green, forexample, dedicating
achapter toeach manque,
whilst the other titles adopta
chronological approach,

The motorsport anms race
has sean the appeamnce of
smme true engineering manels,
including the 1927 Gand Prix
Delage (mmpetitive from its
inception right through tothe
1950s) the phenamenal pe-
wiar Auto Unions and Mercedes
and Porsche”s dominating
Sportscars of the 19705 and
805, all of which are mwered in
this series.

Giventhe vast readth of
subject matter, the booksdo
Justice to some of the most
impressive cars, drivers and
personalities in Eurgpean
mtor Bcing's aeourful history.

For more Information visit
www. lanallan pubishing com

SENSORE

B NEW PRODUETS  THE LATEST MOTORSPORT TECHNOLOGY

ACTIVE SENSORS LAUNCHES NEW
MINIATURE LVDT SENSOR

ACTIVE SENSORS HAS
launcheed a miniature,

high temperature, VDT
(Linear Variable Dif ferential
Transformer) sensor ina GBmm
diameter body for mounting
in the brake caliper and chutch
release systems used in Fommula
1 and enduran ce racing. The
LTD&D0, with a measwement
range up to 25mm (lin) is the
most compact and acowate
high temperature VDT sensor
ourrently available for
competition applications.
The design utilises

the latest

nduc tive wire

Tayered” winding techniques,
coupled with the comect coll
encapsulation compound, to

ensur e its survival in severs
vibration and tem perature
{+400degl (750degF)
environments. The sensor is akso
available with FIA homologated

PELICAN MOBILE TOOL CASE

The 0450 tool casewas
specifically designed for use by
themilitaryas a GMTK {General
Mechanics Tool Kit)bart isnow
being introduced for civilianuwse.
The 04 50 mobile tool case
comibvines the flexibility of zewen
remavakl e drawers, designed to
suit a multitude of configurations,
wiith themobility and benefits of
a nugged, watertight protector
case_Capable of holding up to

4 5kg of tools, the 0450 has been
tested tomeet and exceed 96
demanding military standands,

m ) e -4 e i 00 = (Db 20009

including impact resistance,
extreme temperatwesand
submersion. The tap compartment
featwesa removable wtility tray
anda lid that opens 180 degrees
to mreatea mabile work aea,
capable of holding up to 23kg.
The casealso featues two
automatic pressure equalisation
valves that prevent vaouwm lock
andmake the case easy to open
atexteme altitudes.

For more Informafion vislt

singhe, duplex or quad inine
signal conditioning electronics.

For more Information vislt
Wil acthve Sen Sors. com

BLIND
CONNECTOR

THELE MANS-BASED
connector spedialist has
releaszad a new blind mating
plug for quick and easy
installation in hard toreach
areas of the wiring loom, sudh
as dashboards, car bodywork
and adjustable front wings
on open wheelers The 85TA
connector has an alkuminium
alloy casing with a conductive
Zinc plating. The s coop-proof
component ks available in

a number of sizes and pin
configuations.

[For more information visit
il S0l 3w o m



B DEsIEN  AND INNOVATION

Trechsrec 4

Diesel does Dakar =

Suspersion: douhle
| dampasrs F!twhi,
28 years after winning the second ever uned thelastie [ Smonmceeam S ApRakion el
Paris-Dakar Rally Raid, VW's victory Dakar makesother  conditions the Dakar throws Hﬁfﬁt
. . f of endur; { Add to this mi MOUEAd,
in 2009 with the Race Touareg 2 was s s e twin stage hubocharged
i Tl cakewalk by comparison. There posed by the Andes mountains 280bhp, arer B0EIm
historic in more than one respect Pt ek ot o oz Samm A/ASO.
distance rallies, but there is to South America (following the e
surely no other regular event temrorism threats that caused its A e ——
that combines the distances, cancellation in Africa in 2008), mwmrwﬂm' I‘T
terrain and varied enwironmental  and it's not hard to see that gearbex, bydmaulic
triple plate ceramio
L
differentials with
selectable visoous looking
Bodywork: twa doda
aarbon fibre bady

Leangth fwidth /height:
41711996/ 1T mm

Track width: 1750mm
fromt and rear

Wheelbase 2320mm

Mlinimaim m
1787 5k

Detaber 2009 mnmmpﬂ;g_ﬁ 1



After direct

terroriet threat s
against competitors
led to the onganising
bady, the Amaury Spornt
Omganisation, cancelling
the African svent in

2006, & new route, and
anew continent, was
resquiresd for this year.

* The new route ran
from Busnos A ires,
Arngentina, as far south
a8 Puerto Madrin, bafore
going north to Mendoza
and then aoross the
Andes to Valparaiss

in Chile. From there,

it went as far nonth

s Copiapo and the
Arscama Desert bafore
re-crossing the Andes
to Fiambala and from
there southenst hack to
Busnos Alres.

* The race comprised
BEE21m (36 16mdles)

of s pecial stages over
14 competitive days.
Including lisison
sactions, the total event
mileage was 557 dlkm
(Go66miles).

* T put this inte
perspective, the

ocom petitive distance of
the Dakar excesds that
of an entire Formula 1
sea gon, but condensed
inte two weaks.

AND INNOVATION

The Teuareg's engine is & 2.5-litre, twin-stage turbocharged diessl, re-mapped to produce Z0bhp/G00NM of tarque

the engineering challenge in
simply amiving at the finish s
immense. 5o how did eventual
vic tors W prepare for this
year's challengs? To find out
Rocecor Engineering talked to
the engineers in charge.

ENVIRONMENTAL CHALLENGE
W retumned to the Dakar in
2003 with abuggy calked

Tarek, fitted with a TDi engine,
and then again in 2004 with

a programime bas ed on the
so-called Race Touareg [RT).
aimed squarely at developing

a dieseal] vehicle capable of not
just winning its T1 (Modified
Cross Country Cars) dlass bt

of winning overall It enjoyed
inmeased mmpetitivensess but
also what must have been a fair
degres of frustration year on year
as it got to grips with, but didn't
quite master, the demands of
the Narth African desert stages
(see sidebar on VW's history in
the event) The mve to South
America in 20089 beought with

it even greater challenges, with
altitude differences alang the
route of same 4700m (15416t}
temperatures Enging from

m ) e -4 e i 00 = Db 20009

freezing to 40degl {104degF)

the Atacama Desert (the world's

driest place) and the highest

dunes on earth to add to the

usual sandy and rocky temain one

wiould normally expect.
Sowhat information or

data did the teams have

to help their planning? W

Motorspart's technical director,

Andmas Lautner: There

was an agreement to do no

The biggest difference mmpared
to Africa was the high altitude,
bt also the temperatures were
a [itthe higher than in earlier
Dakar milies. Furthemmoe, we
expected mare water oossings
and rain. We anahlysed the
amount of rain in these areas

in the last 10 years and this
suggested an appreciable risk of
rain. Az to the temain and rack
surfaces themsshes, the biggest

developments aimed
at achieving performance
improvements were detail

senlutions

inves tigations for possible mutes
in order to zave money. The
final maute was published only
a few days before the start of
the mlly and exact infomation
was handed out each evening
[duwring the event]. The only
thing we had in adwance was
information frvm the organisers
with some pictures of the
diffesent murfaces and data on
the altitudes we had to ooss.

diif fesence was the ‘white sand’

- a spedial kind of mally soft sand
encountered in the Argentinean
summer. And another special
mather was the punchure risk
caused by cactuses|

PRE-EVENT PREPARATION
In anutshell then, the only data
wiith which any objective and
speacific peparation could be
camied out was the altitude and

liely temperatuse range, but at
least this gave the engine and
asrodynamics departments at
Wl Motors port something to

sink their teeth into in adwance.
of which more later. The overall
develogment objective though
wias very down to earth. Lawtner
again: "we primarily fooussed

on the durability of the Race
Touamg 2 and, in mllaboration
wiith the quality inspection and
mntrol department, we achieved
majo success. We produced a car
of the highest quality standards,
which is what we needed in omder
to win such a tough ooss-country
rally. For this reason, the other
developments aimed at achieving
parfamance improwements were
detail solutions, such as anew
wishbone for the rear suspension,
improved driver visibility and an
optimised hydraulics system for
the dampers”

Extensive testing was camied
ourt in August 2008 in Moroom,
Morth Africa, and although
perfarmance assessment and
develogment was apart of that,
the fiorus was again primarily on
endwance Bxtenshe componant
testing was performed ower

\With the Duksr route tsking in some of the mos1 nemote snd Dihospitsble
pleces onearth, subel e navgation and GPS technology i de riguer. A
brace of rally trip meters &nsune SOOrybe messunsment of stage times and
ol 51 ane

a number of weeks, and key
among these was an updated
alHerrain tyre from BF Goodrich,
which proved to offer better
perfomance on soft sand, as well
a5 improved ruggedness.

PROVEN POWERTRAIN

RT2's powertrain was almeady
weel | proven, having taken nine
victories and 29 podiums from

29 mizcellaneous oros s-muntry
event starts since 2004 Natusal
evolutionary development

had ocowmed along the way of
maurse tog the engine’s output
having risen to 280bhp with ower
BO0NmM (<440 ft) of torque. Head
of engine development at W
Miotorsport, Donatus Wichelhaus,
explained the advantages of the
2.5l iitre, twin turbo, diesal (TDi)

Dt 2005 + whnsn i OB -6 g fng . 0om m

January 1980
The semnd ever Ddear, Vi
emtars four Risvehicesand
seores first, fourth and
ninthplaes

2003

Wi retums o the Dakarwith
a Thi-powered pratatype
buggy Tarek, achieving first
and second places in the
2wl category.

2004

W enters the Race Touareg
for the first time, achieving
ane stage Wictory and sith
owverdl in the event

2005

W netums to the padium
aftera quarter of acentury
witth a third owerall it'sthe
first podium pasition inthe
ewents history fora desal-
powiered wehicie. Four stage
wictories and fourdays in
the overal lead indicated
Increazing competitivenass.

2006

Steadiy improwing the Race
Touareg 2 sores second
awardl, five stage winzand
fiwe days in the overall lead.

2007

Fourth owerall ks poar reward
for 10 stage wins and the
frstelghtdays in thebead
First n the diessl class.

Event cancelad due to
termarist threats and palitical
instabiity in Mauritania.

2009

Event switches toSouth
Ameri@. W achieves first,
zamnd and sixth positions
oweral with Rame Touareg 2.



DESIGN AND INNOVATION

| Juzeeies e g ——

Allwugh anytling

up to B0 per cent
of Dakar entrants ane
amateurs, often racing
on tiny budgets, when
the marmfacturens
go racing, it's a very
different matter. Hers's
hover it breaks down:

= VIV Motorsport sent
23 vehieles (incduding
four MAN service trucks
shipped the previous
November), 80 team
members and 50 tonnes
of spares, tools and
equi ponent to South
Amerca

* The laading list fbr
one MAN service trock
nms to 60 Ad pages.

* On every service truck
is & toolbox with 2T sets
of pliers, B8 spa nners
and 48 screwdrvers.
In addition, every
mechanie cardes the
tonls that are necessary
for his spesfic wark on
a Race Touaresg 2.

= Technical director

of VIN Motoms port,
Andress Lautner: The
Dakar iz the complate
opposite of disciplines
like Formuls 1. Instesd
of operating in clinically
clean conditions, the
mechanies kave to keap
the vehicles in perfest
shape even when the
CATE ATe axtremmely
dinty. This is an jdeal
discipline to prove

tech nical competence

:' 7 . i

Fromt suspension uses twin damper / spring units for sxfety and toshare the immenss fore s encountensd sros

awider area. A revised damper hydraulic system was developed in corjunction with technalogy partner ZF Sachs

a two-stage twrbochanger system
to give improved driveakility

and an extended torque range,
develops very good torque, which
has a positive effect, partioularly
on sandy ground. And due to

its lower fuel consumption a
diesel-powered vehice can start
a long leg with less fuel infits
tank The weight advantage from
this mmpared to a s park ignition
engined vehice can be as much
as 200kg"

But 50 seriosly was W
taking the challenge of the 2009
[Dakar that it imposed vpon itsalf
further extensive powertmin
testing. mmpleting long uns
under mlly conditions, as well
as different dymo programmees.
wichehaus "Gompared to
other events, the mnditions
we encounter differ alot - we
have changing temperature
and alititwde, dust, water and
=0 on. For this you need s pedial
solutions. For example, to
povwe the car's sealing we used
off-road testing. driving theough
lamge areas of soft sand or
oros sing rivers. To simulate the
etreme altitude we wsed special
emvironmental test chambers
to adjust the engine to the very
different bammetric pressures’

OXYGEN LEVELS

In this way the team was able
to simul ate the air pesswe
mnditions they wee going to

enmanter in the Andes and
evaluate and re-map the engines
under load ina "99 per cent
simula tion of the real-workd
mnditions. The effect of the
high altitude ks to place inoeased
demands on the twhodanger,
and to try to compens ate for the
deaeased miygen content the
twrbo needs to be spun faster to
ry to prevent | osing too mudh
power. But the same gutput as
at sea lewel cannot be achieved
because, to maintain refiability,
boost presswe cannot be too
high. As Wichelhaus commented:

paointed out, T you could use
miore wheel travel you would
need a ot more effort to geta car
reliable in terms of driveshafts,
wishbones and bearings’

Dusal spring ! damper umits
per wiheel are commonplace
in this game, for reasons that
seem obvious, but which wee
succinctly summari sad by
Laviner: "One reason is to have
a still functional system incase
of a beoken damper. But the
main reason is the huge forces
that go into the suspension
It's aneceszary way to avoid

ﬁﬁ environmental test
chambers [were used]
to adjust the engine to
the different barometric

pressures DD

1f you adjust the mapping in such
a wiay that the twbochanger does
not over revthen a loss of power
is to be expected. At the highest
altitudes on this event this loss
amounts 1o just over 20 per cent”
Exteme ruggedness and
mamipli ance might sum up the
main requirements of the
srspension on 3 Rally Raid
= slightly restricted by the
mitim wm 25 0mim (908 4in)
parmitted wheel t=wel altthough,
as Andreas Lautner reasmably

mverheating of the dampers and
overkading the ball bearings.
Certainly, you muld use just one
spring / damper per wheel but
you wouldnt redure friction or
achieve lower weight What you
woould do is reduce safety and
the possibili ty to employ two
diifferent spring settings to play
with the transfer point..”

A new development about
wrhich VW was being just a
little coy was desoibed as
‘a revi sed hydraulics system
for the dampers, which was

N
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ALTITUDE AD

B DESIGN  AND INNOVATION

STM

To counter the atmospheric
challenge of the high altitudes
bund on this year's Dakar rally,
Wolkew agen put the Race Toureg
2 thrmough a serdes of tests in its
altitude anvironmental test chamber

series of tests simulating the climatic
conditions found in Argentina and Chile.
The objective was to adapt the engine
control slestronies o the axtranmes
altitudes (up to 4T00m above mean sea

In the chamber a typical Andes day
was simulated in terms of temperatume,
bumidity and ambient pressure, along
with simultansous modeling of the
air flowr over the vehicle at varying
speeds on the integrated chassis moller

wias put on an innovative component
of the 2 B-litre TD{ powerplant. For the
action of the two-stage turboch anger

VWin's environmentsl chamber was vital in ensuring RTZ"s performance ddn"t suther ot high altitude

In addition to durahility, the tests also
fomused on optimising engine out put, to
take into account the anticipated power
loas of more than 20 per cent that was
expected by the Volkewagen enginsars
i the higheat altitudes conditions.

a program map for different altitudes

was worked out and refined to prevent the measriumn speed of the turhochangyer

possible over-revving in the thinner air system. During the test, conditions at

During the rally itsslf, a sensor altitudes abowe 4000m were simulated

contimially monitored the altitunde, and ECTI maps for even more sxtrens

while the engine's electronic contral conditions determined by means of

umit (among other things) controlled caloulations hased on the dats obtained.
developed in col laboration with Capricom Composi tes with bong-time supplier Xtrac,
technology partner 2F Sachs in Germany manufactured though the factory teams now
Race Engineering Amusingly, the  the body itself, as well as rum five-speed sequential units
press release stated this was to the ducts. The entire carban rather than the earlier six-speed
‘improve the jumping properties compasite bodyshell of the ones, 3 measure brought in
of the Race Touansg, and we 2008 car weighed in at just during preparations for the
can take it that this alluded to S0k, representing a saving of 2008 non-event to Timit speed
improved respans e and control apgroximately 30 per cent over to alimited extent and to lower
upon landing af ter jumps. the previous car. With a minimem  costs|, acoosding to Lawimer.

A furthver mingr devel gpment weight of 1787 5kg this may The FIA's T1 rules require that
involved the aforem entioned seem a small percentage, but a sequential changes may only be

new rear wishbane that altered
the kinematics to inorease roll
stiffniess and sharpen handling.

BODY DEVELOPMENT

The basic shape of RT2's body
goes back to 2005 and was
originally developed by the W
design studio at Brauns dweig.
Howrever, the shape has since
been refined with the aid of wind
tumnel and OFD peojects, the main
alim being to optimise the various
cooding requiements. indeed, the
body is festooned with moling
duct inlets, which feed the water
radiator, interconler, stesring

oil moler, fuel cooler, dampers,
brakes and the driver and

o-dr ver's compartmeant which,
naturally, are air onditioned.

tangible reduction in centme of

mechanically operated with no

[ﬁﬁr the carbon composite
body represents a [weight]
saving of approximately
30 per cent DD

gravity height was also achieved.
A further aspect of the body
shape development was making
the engine bonnet flatter,
providing the driver with a better
view of the track surface ahead.

TRANSMIS SI0OM

It goes without saying that the
tmnsmizsion has to be as rugged
and durable as the rest of the
vehicke and VW dhase to stay
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forms of assistance, al though
mechanically activated spark or
injection cut is permitted

s you might expect,
four-whes] drive is permanant,
with three mechanical Xtmac
dif fesentials of fering selectable
viscours bocking. Dif ferential
setup is inevitably an area of
compenimi se with such arange of
tmck mnditions, with the ability
to not become bogged down

in soft =and more oudal than
optimal handling. Newertheless,
Lautner remarked that through
general development of the diff
sattings "we have inoeased the
ramp angle under raking and the:
pre-load for a better tum in'

‘with reliability ever the
wia tohweard, was \Ww's choice
of a triple plate ceramic dlutch
made especially for the Dakar?
Lautner: We haven't changed the
chrtch espedially for Argentina
and Chile. When you choosa the
right ratios and the right tyres,
combined with a powerful engine,
you dan't use the dhutch 5o of ten.
‘wlie made 3 good choice befor
the mlly and we never had any
doults about that

5o, W Motorsport's appeach
to the 2009 Dakar was simple
- to hone the Race Touamg
2 into a thoroughly eliable,
well set up and competitive
machine. it wasn't easy, being
the culmination of the previous
five year's work, but history was
made, both with the switch toa
dif fesent mntinent and with the
first overall victory for a diesel-
Tuslled vehide.




AEROBY TES

Simon McBeath is an
aerodynamic consultant and
i fac turer of wings
under his own brand of

The Wing Shop - www.
wingshopcouk. In these
pages he usesdata fram
MIRA 1o discuss comman
aerodynamic issues faced by
FaCaCar engineers

[Produced in ass o ation with
MIRA Ltd

[MIRA |

Tak +44 (0) 24 76 355000
Emall: . . "
lelebes e wevew. mira mouk

Flow

visualisation

Smoke wands are a useful tool for studying aerodynamic
effects. Here's what we discovered with our Benetton B199

hanging
configurations, making
adjustments and
measuring data are the
bread and bart terof
wind tnnelwaork, bt flow
visualisation also contribates to
abetter unders tanding of the
aerpdynamics of aracecar. 5o
this month we're g oing to look in
detail at some images, here and
owverleaf, of the Mansell Motor
Sport EwroB0SS BenettonB 198
as the MIRA staff wawed their
smokewand over it

B Naxt month we begin anew
series of Aerabytes fooussing on
aracing Mini in the wind tunnel

Our thonk s ogain this month go to
Kevin Monsell af Monsell Motor
ASport forhis help with the current
senes of Aerobytes.

FRONTWING

With the smoke plume directed
incidant tothe front wing's
leading edge, hal f way out
fromthe centre of the span,
the downwash ahead of the
wingand upwash behind it am
clearly evident. Notealso how
the smaoke levels out towands
the topof the radiator inlet

END PLATE

\wiith the smoke applied just inboard of the end plate, the tendancy
fior the airflow tospill overthe tap of it s apparent. Some of this air
heads dowrwards towards the lower part of the tyre, but the flip-up
stears some wwwands, adding end-plate downforoe and reducing
wihesl lift

FRONT WHEELS

Twith the smoke injectedinfront of the lower part of the tyre, the
flow s dowavwiands and arowund the tyre’sshoulder and sidewall The
sminke behind shows the wheel's turbulent wake It seemslikely that
some of the downfor e losses that oooumed with the switch to
‘namow track’in 1998 were the result of this wake impinging onthe
oarter sections of the underfloor
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BARGEBOARD

The small bargeboard a top the aerodynamicall y shaped side impact
structure dlearly deflects the innerpart of the front whesl wake
ourthoard bart it is apparent that the smoke also then aligns with the
loweredge of the sidepod, but does not s=em to be drawm into the
lowi-press e undarbody region until just ahead of the ear tyre One
supposes that the side impact structuee, which is shaped for positive
lift, wooul d indwce an anti-clodiwis e rotating tip vortex along thisside
of the car, and this iscountering the dmw of the underbody, fonm ing
aninvisible "skirt"

ENGINE COVER 1

The angle of incidence to the mar wing fram the engine ovar's
centreline ks quite steep, making the wing's centre section work
egpecially hard Theraised centre section of the lower wing tier,
whichis doser to the upper tier than the outhoard sections, helps
keep the flow attached to the upper tier's lower surface hes

REAR WING

Lioaking from behind, the upwash is again apparent. The broadening
of the smoke plume behind the upper flap suggests some flow
separation is ocowring, so the wing isnot far from the angle at which
it would start tolose effidency

IIED] oo iracecar engine aring com « Octeber 2009

SIDEPOD

The flip-upat the end of the sidepod ks deflecting air over therear
tyme, generating aninoement of downforce. However, some aircan
also beseen to be entrained by the wing as i evident from the
upwash behind it

ENGINE COVER 2
With the smoke injected just a few centimetres higher, the extent of
the rearwing's upwash s dear

DIFFUSER

With the smoke showing the upwas h fram the centre diffuser
section, itis dearthat the lower wing tier is interacting with the
dif furser, as shown by the airtuming more steaply after it has
emerged from the dif fuser. This is another reason wiy the lower
wingtier is the shape it & It is also interesting tonote that the flow
appears to beattached inthe dif fuser and that the underbody flow
wii ll have beenadwersely affected by the boundary layer along the
stationary wind tunnel floor
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THIS MONTH:

[l Does a softer anti-
rodl bar reduce diagonal
welght transfer to the
rear emd?

No, but the increased

tyre wear and continued
understeer suggests
something else is at

play hera.

02 Are rubber springs
aviable suspenzion
system for a racecar?
Er, no—

HE CON S L LT A N T —

A scfter front antidoll bar ususlly helps front gip and tyre wear. S0 what happenedin the example below?

Chasing a push

hilgh fromt tyre wear. [twas never previously an lssue but, In preparation for a

E I Iwork with aroad-racing Mazda RY-8, and recently we have been expariencng

recent race, a sofber front antl-roll bar was fitted to the car and a bit of rale was
added. Our fromt tyre wear was me asurably poorer at thatevent. Itls my suspidon that the
softer front bar resulted in less dlagonal wielght transfer t the mar and, cons equently, more
front tyre wear. Do you have any thoughts on the subject?

Anti-nodl bars do not

tmnsfer wheel load

diagonally in the
sense of transferring it from one
whed of a diagonal pair to the
othes, and they do not ransfer it
front to rear. we might say they
transfier wheel load diagonally
in the sense that they transfer
it from one diagonal pair to the
other diagonal paic Putting it
another way, they change the
dynamic diagonal percentage, but
not the diagonal front, rear, right
or left percentage

A couple of questions back

oy the FX-8 has double
wishbone suspens ion in front,
marect? Oid you increase the rake
byraising the rear, or by lowering
the front? How do your static
camiber and toe settings compare,
before and after the change?
where do the front tyres wear - ie
what part of the tread?

Ovdinarily, 3 softer front bar,
or a stiffer rear, helps front grip
and frant tyre wear. Does the car
in fact have less under steer?

QUESTIOMER'S RESPOMSE
The chassls we ame running
does Indead have a double
wishbone front suspension.
When we increased the rake,
we added halght In the rear
(we try o run the front as low
as possible at all times). \se
made sure to set the camber
and toe to the same setting
as before our changes and the
tyre wear was sirlkingly even
across s full width.

As far as balance Is
concernead, we have bean
excp erlen cing mid-comer
understeer for the entire Ie
of the car, and that did not go
away with these changes. It
didn"t get any worse though.

The fact that the

understeer wasn't

affected by the anti-
rall bar change, together with the
fact that it is most evident mid-
um, suggests that something in
your frant end is nunning oart of
travel at full roll

The milover or shock could
be bottaming out, or it could be
something elsa. Other things
that can happen in lowered cars,
particularly when you've found
a bit more bump travel at the
shock, indude ball joints (usually
upper) unning out of travel
and control anms (wsually lower)
hitting something, like the frame.
Som etimes tie mds or anti-roll
bars hit things, too.

Do you have travel indicators
on your shocks? If so, and if they
don't indicate that the shock
= bottoming out, take out the
spiings, disconnect one end of

5
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the anti-mll bar, and move each
front suspension through its
indicated travel with a jack, then
3 bit beyond that. See if amything
binds or hits and dhedk to see if
the stearing still works freey.

I everything chedks out at full
comipession, ry the same thing
at full droop. In lovered cars. it ks
less mmmon for the inside wheel
to top out than for something to

bottom on the outside one, but
this can happen in cazes where a
shorter shock has been usedto
get more bump travel

There is one other possibility,
particularly if you are satisfied
that nothing is binding or
b ttoamiing oart.

In some cases, mid-tumn push
can be caused by the brakes
failing to releas e as they should,

and dagging for a time following
t=il raking. This can even be
driver induced, when a left-foot
braker unwit tingly fails to release
the padal completely If you

can rule out the driver-induced
situation, it can be a bit hard to
1l if the brakes are releasing
slowely. One quick testis to try
hard mmering. not immediately
preceded by baking. That is,

B T HE CONSLIL T AN T

either test on a skid pad, or drive
into 3 twmn fast enough to put
the car at the limit going through
the tum, but appradch the tum
atzuch a speed that you don't
have to brake If the car still
pushes, you can probably rule
out the brakes If the push does
not appear when you don't brake
immediately befos, sus pect
dragging rakes.

Rubber spring
suspension

Iwionder 1fyou are familllar with orslon rubber suspenslon systems, as
E 2 used on some trallers. For example, the Henschen dura torgue axle system
There really ks Justa single tralling ink with this system, butwhere ks the
roll centre? Is It at the centre of the axe tube? ks It essenflally ficed? Is the virtual swing arm

length Infinle?

Has anyone ever trled to use an axde |lke this on the rear ofa front-wheel drive vehlde?

This systam s a pure

trailling anm system

wiith no anti-roll bar.
The front view swing arm length
s infinite, or undefined, while the
side view instant centre satthe
phvat ais. This oreates 3 system
with no cam ber change in ride, no
camiber recovery in roll, very little
geometric anti-oll and a ot of
geometric anti-lift in braking.

The rodl centre is not at the
phvot axis, it's at ground level
in the unrolled mndition, and
slightly above ground level when
comering - ie with some rodl and
with more than 50 per cent of
the lateral force genemted by the
outside tyre
Thiis particul ar design of trailer

axie uses ubber in a canbination
of compres sion, shear and torsion
as the ride springing medium.
The assembly indudes a square
tube ossmember that mamts
it to the frame Each t=iling
arm has welded to it a piece of
square bar that is inserted into
the oossmember. The squae bar
s sized o0 thatits ooss-sectional
wikth amoss points is slightly
sma ller than the orossmember
tube’s inside width aooss its
flats. In other words, the square

bar is just small enough to fit
inside the square tube and tum.

B= assamibled, the squane bar
sits ata 45-degree rotational
angle inside the tube, its points
centred on the tube’s flats,
leaving four roughly triangular
cavities between the flats of the
bar and the interior surface of
the tube. These cavities are filled
with mubber.

(One might suppose this would
be done by bonding extnrsions
to the metal, and by adding

t@iling am with the square bar
wielded on are assembled into the
aossmember while the nubber is
frozen. When the nubber thaws
and tries to resume its former
shape, it becomes an interference
fitin its cavity, which is deemed
sufficient to retain the trailing
anm to the oos smember with no
addi tional hardwame.

It woould be possible to add a
torsion bar connecting the square
bars, to serve as an anti-noll bar,
bart this is not done it would

A0 One problem with using
rubber as a spring is that it
cold flaws under sustained

load ||/

some metal retention system
to keep the bar in the tube, but
that's not what Henschen does.
It barys round rubber bars (o
comds) that, as purchased, would
not go into the cavity. They then
squash them to the shape of the
cavities in a hydmaulic press and
freeze tham in that fom with
i quid ni trogen so they hald their
miadded shape until they thaw.
The rubber pieces and the

IIETY o isacecar engiearing com - Oeteber 2009

also be possible to add hydraulic
shocks, but thatis not done
either. Instead, the sys tem relies
on the intemal hysteresis of the
rubber for damping. The result
s a very simple and mmpact
SUSPEnsion system.

This exact design has not
been used at the rear of a WD
vehide, but certainly a trailing
anm suspension with rubber
springs has That's what the

The original Minls rubber e
Suspe nalon - no wonder the driving
experience hat otben been likened
to driving & trallerd

original Mini had.

However, one prablem
wiith using rubber as a spring
material is that it mid flows
under sustained load, causing
the suspension to sag. The best
application for ubber springing
therefore is a light trailer that
sits unloaded between trips, or a
light motorcycle or scooter that
sits on fits centre stand with the
suspension extended when not
being ridden.

Probably the biggest o to
wias the Tucker. F'm told that
owmners of the few surviving
Tuckers store their cars on
blocks with the suspension at,
or near, full droop to keep the
cars froim sagging. Sagging is
less of a problem when the carks
light compared to its cargo, the
suspension is stiff and longevity
is not a high design priosity.
That's how the Mini got away
wiith rubber srings.

Wwiith or without rubber
springs, 3 suspension far acar
still needs proper dampers.
Rubber does provide some
intemal damping bast, iin any
situation, 3 car suspension
needs real dampers.

@
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| Asset
management

Not only do tyre pressure monitoring systems produce
invaluable data, they can also help reduce expensive failures

To allow you to view the
Images at a larger size

they can now be found at
WAL, englnearing.
comfdatabytes

iththe driveto

reduce failures

and their

aszociated costs,

tyre pressure
monitoring systems (TPMS)ane
becoming ever more important in
the management of aracecar.
There aretwo primary benefits
to wsing the system:

1) Performance analysis - data
enabling the improvement of
Ty usa.

2Z) Safety - data gvinga waming
hefone catastmphic falure

HOW THE SYSTEM WORKS

ATPMS operates with the

fodlowing s et of sensors and units:

1) Temperature and pressure
sarsars with ntegrated
transmitter fwheelvakwes]

2) Muttiphs receiver amennas

3) Central EQU.

) Loom from recebvers to ECLL

5) Loam from ECU to chassis bgeer

[Bach whes rim is fitted witha
wahe azzembly that incorporates
a temperature and pres sue
sensar and thenbalanced. The
tempem tune and ressune
measwements {indegl and
absolute bar or psi)arethen
transmitted via a mdio frequency
ftypically dloze to433MHz)to a
eceiverantenna Inthe caseofan
open-wheelcar it s generally
sufficient tohave two meoeivers,
butina diosed cockpit car it may
e prudent tomnmn fowr eceivers to
achieve good reception
The receivers ransmit data
to 3 centsal BOU via a standard
wiring loom and the ECU handles
all the software configuration
fior the system. A compehensive
tyTe pressure monitoring system
wiill have the following featues
1) wheslpermit kst - hacking down
sarsorseralnumbers 1o a
partiodarcar and team.
2) wheslpostion kst - madngit
ey to define the position of
eachwheelsensaran the car.

3) CAM addresses for each chamel
witthin the data stream that
goes fram the TPME ECU to an
extarnal data ogger

4) Alarm thresholds - defining soft
and hard warmings for pre-zet
presaure and temp paAmeters.

The systams have developad so
farthat the actual trans mission of
data s farremoved from a typical
st up that is constanthy on. To
eEduce povwer mnsumption, the
systems anly transmit data when
the wheels are rotating [sensing a
centripetal accelemtion), sowhen
stationary, sensars tmnemit data
padeetsat a lowrate fusually every
30 seconds, but canbe changed).
‘when in operation during
anm, the system typically
transmits data at 1Hz, which is
sufficient for the mos t common
data analysis wsed in motorspart.
The temperatures are measured
at the camass, so the bulk of the
mubiber won't heat up at such a
high rate as the outside surface.

Pressure Tyre FL (bar) | Pressure Tyre FL [bar] Temperature Tyre FL [*C] Temperature Tynae FL (°C
L
Lap | Lap Time [sec) froax min miay min
29 54,0708 1.17} 1.11 B4.00 8200
30 532000 1.208 1.13 E3.00 B2.00)
a1 53.R50) in 1.15 E4.00) B3.00
33 59,8200 1.21 1.1 E0.00 A4 0
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Typical data acguined from a TPHS
over & number of race laps

The bask components of 3
TPHS and their typical
meim




ALARM SETTINGS

As pressure can derease very

rapidlyina tyre blow out, the

system hardware will handle
this by processing the dataat

a higher rate than the rate of

t=nsmission Hence the system

will lock out’ for a blow out at

LS0-100Hz to flag an alam.
‘when used comectly as a

safety system, a TPMS system

might have the following alarm
settings, to alert the enginesrs
and drivers of tyre poblems

+  Soft waming whenpressureis
below 1.7har - derts engnears
that the tyres are outside their
optimal gperating range.

+  Soft waming whenpressureis
aove 21bar -derts engnears
that the tyres need bieeding.

+ Had waming whenpresareis
below 15bar - indicating the
driver will be at risk if mdng at
fullpace

* Soft waming when presaure
ho=s gradient ks inferor to
001 bar per zacond - indicating
ashow punctre

*  Had waming whenpresaure
h== gradient ks inferor to
Q0 5har per second - indicating
rapid deflation ar tyre falure.

+ Soft waming when temperature
lzabowe 105degC - indcating
that tyres ae awerheating

+  Soft waming when temperature
l=below T dagC (optional)

DATA AMALYSIS

When looking at TPMS dataitis

important to makea key initial

asseszment of values duringan

outing Inother wards, a routine

systems check This enalbies you

to confinm that the data onsoeen

s refiableand can beused for

analysis T his will bewseful to:

* (Chedeal maximaand minima
(eucuding the start stop values)
- thisgives you an ndication of
the rangs the pressure and tamp
sen=0rs have maasured.

+ (ompare the max pressue
walue with the sansor default
falure walue - this points to

Bl AT ABY TES I —

A

A maxpresune nesding. & shown sbove, should be checked for validity. Here it s most lkely due to 5 low battery

an oocumence of low sensar
bt tary or a probkem with the
sen s (sensorswillread max
pressune when there s a faut).
+ [FAnd the lacation of maxand min
- thiswill tell you if the values
are megsuring areal situation
» (hedeamy gaps n the data
(diEcomtinuities) orvery rapd
changes - keep anaye for
omect aperation of the system.

Forexample, the someen shot
abowve shows a plot of data whes
maxpresaume is 4 63bar, whichis
the maximum walue the system
can ead. Thiscan most likely be
atiributed to al ow batteryinone
of the sensors, @ther thana
suddenchange of tywe pesswe.
Progessing on to the
performance analysis, some ideas
fior a methodical approach are
to pick meaningful points in the:
data fior some statistical analysis.
‘You can generate 3 AEMEMAry
table (automati cally generated in
Bxoced if you are using Fi Tookbae)
o, if you are noting down values
by hand, use your judgement to
extlude values that do not belong
to the ‘mal world” If automating
the proceduse, you can use 3
ma ths engine to generate maths

channels that will remove data
outside of set condi tions.

The data may initially look
a little bit dry but, aftera
few sessions, a data and race
enginesr will be able to relate to
it and wse it to ther advantage.
The dif ference betwesan the
miaximasm and mindmum valees
ghas an indication of the
consistency of the driver with
this tyre choice. A low variation
also allows us to assume the:
tyre iz oparating in its prefered
tem perature window.

RACE STRATEGIES

TPMS am a great mmbination
withreal time data (telemetry)on
the pit wall or inside the garage,
enabling the engineers to keep an
eye on driver safety and to
monitar how the tymes ane
behaving dring eachstint are
they a good sa1? ks the driver
leaning toohard on them? Are
they dropping of f too fast?

Mot every series is blessed
with open-minded rules aboart
real-time data, so the systemis
also wsaful in the more traditional

scenario of downloading a cac
A methodical approach to

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

Here you will find a monthly challenge set by Coswarth, together

with an explanation of the arswer by one of thelr data enginears.
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tm=cking tyre sets with outings
willl enable the data engineer to
wiite notes for the mce enginear
that link the set up with the
tyre performance For example,
‘dopping’ the pressures by 1psi
(0D Thar) will infiuence the
pressure and tamperature pattam
amaes s the nun for all fowr tyres.
‘whilst most drivers may not
find much meaning to lines of
data an a sceen, statistical
data o a sector-by-sector and
lap-by-lap basis will form relfiable
information to badk wp the
driver’s feedback on the car's
handling. balance and speed.

CONCLUSION
Armed with the inowledge of
howi @ TPMS warks, any serious
team can evaluateits bensfits to
the safety and performance of a
racecar. While it maybea lage
Investment, itk a systemthat can
bee used in different car swhere
theoriginal chas sis lnomallows.
As for the driver, the sensors
are some of the most oritical
parts of the racecar, since they
ewdluate the performance of the
rubber that keeps him or her
on the track.
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] CESIEN  AND INNOVATION

d-Vantage

When Aston Martin
decided to enter
GT2, ittook a
different approach
to its competitors
and the result is a
competitive, cost-
effective racecar

hen the Aston
Martin Vantage
VB GT2 car first
appeared in early
2008, the Le
Mans class-winning GT1 DBRS
was over half way through its
life. ‘W needed to look towands
the futwre,” zaid Aston Martin
Racing (AMR) team principal,
Georg e Howar d-Chappell
w2 put our toe in the water
to see if the VB Vantage would
make alT2 car! recalled AMR
race engineer David Wil ode
‘At that point in time we had
GT1, GT 3 and GT4 cars, the

Aston

first tweo based on the DES, the
GT4 on the VB We had also
peviowsly built a rally ver sion
of the Vantage called the Rally
GT, which was aimed at the
gentleman mlly driver

GT 2 has been up and coming
fior a lit the wihile and we had a
heode in that area, so we built a
mule car at the end of 2007 to
assess wher we could pitch
in. We took astandard engine
and inreased the performance
to where we thought a GT2 car
muld be. We also tried to wse as

many generic parts from the GT3
DBRSS as we muld, indluding
the gearbox that was already
proven. In terms of chassis, the
difference between the DBS
and the Vantage V8 is small, the
latter is justa bit shorter, zo it
wis asimple job to put the mule
car together”

The outmme of the work with
the mule car suggested to AMR
that it could do ‘a reasonable jobl
with a GT2, 50 3 business plan
was put together. The mule car
was then comverted into the first
GT2 test car, albelt with a new
wahetmin for the engine.

15,
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COMPETITION BASE
Itis to Aston Martin's advantage
to hawe the Vantage asits
‘competition base| added
Howrard-Chappell "we see the
social, econamic and political
climate pushing manufactuers
towards =cing more effidient,
lighter, less powerful cars. It may
no longer be reasonable to have
over 600bhp cars rading in 2013,
Things are changing and | think
the Bcing community needs to
wiake up to that, and a ot of the
car manufachurers already have
It's no good bunying your head in
the sand and thinking it is fine
to build mcecars based around
oument, high-end sports cars.

Therefore, we wanted to do
something basad around the V8
‘Vantage. The fact that the FIA
wias changing the GT2 category
to becmme a performance-
balanced formula meant we
decided to go that route and
build a car at an economic price.

Tt was slightly diff erent to
the way in which we have done
cars in the past because we
basically picked up the rule book
and asked, “how do we buld a
car thatcan be sold at a sensible
price and still be mmpetithe?™
rather than “hes is the nule book,
what ks the most you can do to
amive at a performance level™
‘wle were not armgant enough to
say we muld build an ecanomic
car that would be immediatehy
compet itive with the established
Porsches and Feraris

A madgoing Vantage V8
s mnsiderably cheaper than
a street Ferrari 430 and,
unsprisingly, at a performance

B DESIEGN  AND INNOVATION

Ta keep costs down, the engine i & bored-out version of the stock 4.3-Htre, sluminium VB, now dspladng 4.5ditres

disadwantage However, GT 2
rules allow it to compete.

The main problem with the
development of the GT was that
we were dlways up against time,
=aid Wilmdk. This is a handicap
formula so, frm the very early
phases, this was not going to
be an out and out thoroughbed
racecar. We wee looking to obey
the rulles, within the limits, and
make the most of performance
oppartunities whes possible
under ghven budget restraints”

COMMOM ENGINEERING

It wias possible to share mamy
CTETOn parts with other

AMR produc ts but, when the
homologation process took
place, the FIA expressed sunprise
atwhat AMR had nat taken
advantage of. “The main problem
wias bo respect GT2 design,
explained Wilcodk. The original
GT2 concept was to take a road
car, put ina safety cage, a satof
wider wheels, tune the engine a
little and go racing. Femrari and

Porsche hawe taben the formula
to such a point that the cars are
little shower than GT1 and, as
Wiloock pointed out, "to get that
kind of performance costs an
awful lot of money We wanted
to produce a mmpetitie car,
reasmably priced”

Az zuch, the Vantage of fers
a reasonable donor engine - a
compact, relatively modem VB,
and the alsminium chaxzsis is very
similar to 3 DBS, s0 the rollcage
can be a simplified and adapted

The Vantage GTZ bodyshell is simost entirely carbon fibre, with a OFD-designed GT1 rear wing. flst floor and a simplified version of the DBRY GT1 rolicage

D] veiircec e anigineesing.coen « Oteiber 2009

Suspensionuses standand double wishhones and mildy modfled uprights, Konl dampers and steel Brembo brakes

version of that used in the
DBRY. The rollcage-to-chassis
integration was nothing as
intricate as the DBRA, which was
dane from mmponent s, whenesas
witth the GT 2 we just take a

‘lantage bodyshell and mnvert
it he said

of the DBRSY had akeady been
medified slighthy fior its wider
body and camber adjustments,
so the GT2 car shares many of
its parts, but because the GT2
allowed a lower ride height the
geametry had to be comected
with same light machining of the

N_J:H' the social, economic and
political climate [is] pushing
manufacturers towards
racing more Efﬁl:ler'lt Ilghter-

less powerful cars

The suspensio is also
similar to the DB3, with double
wishibones and standard uprights
all round, although them iz a
=small change to the position
of the rear pick-up points and
a slightly modified production
subframe. The gearbox casing is
dlso standard, though "we hawe
changed the internals of the
gearboy” admit ted Wilmd

The front upper and lower
wishibones have anly been
changed for packaging reasons,
wihile the rears have remained
fairly standard. The sus pension

front uprights. Use s made of
‘triad and tested’ mil springs ower
Koni adjustable dampers, while
the standard wheel bearings
have been retained to keep the
msts down @ wheel bearing for
a GT1 Aston Martin costs abaout
25 times as much as that fora
GT2). The steel brakes feature
[Brembo six-piston calipers at the
front and fouwr-piston calipers at
the rear, and an endurance option
= awailable with a wider disc and
thicker pad.

Having used 0F whesls for
its GT1 programme, AMR is

maaking wse of less expensive,
forged aluminium, cente lock
BES wheels for the GT2. The BES
wihedls have aslightly stifferrim
for thelr spake pattemn.

TRIED AND TES TED
The original Vantage engine
had a displacement of 4 3-lites.
Thiis has now been replaced
bya 4. 7-litre unit, whichis
used by the newer GT4 mdng
wversion, the antage GT4 that
has eplaced the 4.3-lime N2 4.
Because the 4 7-lite engine was
not in use when the GTZ poject
wias started, this uses a 4.3 bored
ourt to 4 5-litres and fitted with
an uprated wahetrain. The fiing
oader puts smme nasty hammonics
through the valvetrain, which
caused some problems in the
early phases! recalled Wilcodk,
‘bt with budget and timing
restraints the standard cank was
still maintained

“wle have a tried and tested
gearbox from the DBRSS, which
s capable of handling another 20
per cant more power and toague;
he mntinued. 't made sense to
share this, using additional gear
ratios to tune it for the choice
of cinouits” Uise ks made of a
(Graziano gearba:, popular at

" [recHspec 4

ASTON MARTIN GT2

Configumation: font
nqil‘ misar-vwhsed dir e
Chasss: banded
almminiem chassis
fromthe V8 Vantage
mosud oar; Aston Martin
Raoing manufaotured,
aemos paoe specfication
stoe] rollcags buit to FLA
risgulations

Aerodynamio package:

aylinder block and heads,
four valres per oylinder,
dry sump hubrication and
raging exhaust system
ECTU/data system : Pactel
B06 e gine management;
Fi data system
Elsotricak Bespoke AME-
mumufactured loan

Transmieslon:
speed Kirao sequential
trm smiss jon transvensely
o nbed on the rear axle,
air and ail coolsd with
competition cutch
Suspans ion: douhls
wishbones front and

BES whaels, 1075 x 18in
fromt, 11 x 18 rear

Brakas: Brembo she-piston
calipers front and four-
pistom e

Wiedsghat :

FLA regulations - 1160kg
ACO regulations = 1175kg
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this level and also,
incidentallly, what i
installed iin the Fermrari
430. To this s fitted

a Holinger stmight out,
six speed gear cluster.
Likewise, the CTG (like
AMR, Banbury based)
progs haft is upgraded,
although the standard tonque
tube is still used.

BODYWORK
One only has to look at the bluff
body of the Vantage to realise
that itis quite 'daggy” Aware of
this, a OAD analysis was camied
out by TotalSim to evaluate the
wheelarch shape and the rear
wing shape and position. The
results were then mmelated in
the MIRA wind tumel

The biggest issue for the
carban-baodied (all apart from
the mof) Vantage was that it
wias quite small when mmpared
to the opposition, in particular
the overhangs. Because of
this, cooling has been an ssue,
=03 waher was required to
allow a moling package that
exited through the bonnet. The
small verhangs also mean the
effectiveness of the rear wing
is reduced, so AMR has been
allowed to use 3 low downforce
GT1 version in the GT1 positian
in aorder to generate competitive
forces. “This does mean that

- DESIGN AND INNOVATION

e lamons-s

ariEs.com

Due to its smaller ovenll sive and overhangs, & specisl maling packsge
wint albowied that exits through the carbon flbne baonnet

along the way. They hawe been
understanding with the problems
wie have enmuntered’ One of
these was the placement of the
exhaust. Being front-engined,
the exhaust would ideally exit
ourt the back, but when the rules
mandate a flat-bottomed car that
wiould make mokpit temperature
unbearable. After mnsultation
with the FIA'ACD, side-exiting
exhausts wese agreed upon,
which meant the modification of
a few panals.

The dhaszsis and powertrain

ﬂd this was not going to be
an out and out thoroughbred

racecar DD

people look at it and say, “that's
nota GT2 car’ said Wilmdk, bart
they are missing the paint!
Interestingly, the number of
wiahers in the series appears to
be growing. to help make moe
cars competitive, and Wiloodk
=mi les when he says “the
wialers seam to be bemming
a bigger dooument that the
homodogation paperst

UNDERSTAMDING....

‘what is of particular note s that
this is the first font-engined
Sportscar the AA has had to
homologate for some time.
They wanted to take their
time with this and understand
all the problems we have had

of the DES and the Vantage

are assambled independently,
with the engine built on the
subframe, the gearbox positioned
in its sulfmame. When all the
suspension and the uprights

are fitted, the last task is 1o
mate these two sub-assemblies
together, with the torque: tube
connecting the two. This meant
that ane area that was always
going to be a problem for the
racing versions was senvicaability
as, once the two halves ane
connected, it becomes diffioult
to service efther the gearbox

or engine individually. Again,
wahers are assisting AMR

in oweroming this problam,
including the ability to have some
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additional joints in the struchure.
Without thess it muld take
betwesn seven and eight hows
to eplace the engine. "We need
to get that down to two or theee,
observed Wiloodk. At the time

of wiri ting. this area of the car's

development was still in progess.

TAKING IT TO THE TRACK
Bringing the new GT2 ar to
market was extremaly difficult
within the time limits, so the plan
was to supply one car for the
Barwell Drayson team to rum in
the ALME using B85 bio-ethanol,
an FA GT championship car

fior Gigawave and a thind car to
James Watt Automotive (wi) for
the LM5. A geater volume was
promisad for the futwe. Although
it did not start the race due to an
oil leak, a|ames Watt-entered,
factory-owned car made its debut
in practice at Barcelona in early
April The project was under
some stress at the time so AMR

Lord e yson of Kersington, the
Minister fior Sclence and innovation

loaned WA its test car for the
event as its own was not ready.
Paul Drayson started of f
the ALMS zeazon with his GT3
DBRSS, his new GT2 appearing
for the first time at Long Beach,
bart saving its best performance:
of the year until the last round
of the ALMS at Laguna Seca,
wihere it finished saventh in
class [WA's own car finally
appeared at the last round
of the LMS at Siherstana,
wihile the Gigawawe GT2
never materialised Aworks
car also competedin the last
two mamds of the 2008 FIA GT
Championship. At Hogaro the
car was still some wayoff the
pace, though adjustments were
made for Zolder thatmade it a
lot mare competitive. The car had
the fastest time of all the GT2s
in the session before qualifying
and quelified fourth, before a
first-comeer accident in the race
ruined what could have beena
good race result. 1t showed us
wihere we needed to pitch in for
2008, aid Wilcock.

miore weight had to be camied
becas e the fuel flow rate is
higher. Therefore, the car starts
a race heavier with a larger (110
litre) fuel cell Howard-Chappell
ohsenes that the potential
in the fuel is probably geater
than for covwentioal petrol, bart
AMR does not specifically tune
the engine around bio, menely
changes the fud lines and fits
o-rings to suit the fuel The mave
wias led by Lord Drayson but,
=aid Howard-Chappell, ‘we totally
spport it

Tompared to the GT1 there
= a bot more that ks standard on
the GTZ, partly by regulation
and partly by choice, he summed
up- This is not just about mst,
being doser to the road car is
sumething we are interested
in. It's the principle and the
phillosophy of our approach to
the OT2 car.. it goes to show
Just how good the road car
COmpments are.

Inreallybasic terms, the
‘antage (T2 is half way betwesan
a Vlantage GT4 and a DBRAL
| think we have approached
it in a sensible way fora GT2
progmamime, thatis going to
produce 3 car that is ecnomical
to purchase and



- ENGINEERING SOLUTIONS

Directinjection is
not a new idea,
but making it

work reliably on

a racecar without
spending a fortune
is. Here's how
Aston Martin
approached the
challenge

he pinnade of
endurance racing, the
Le Mans 24 Howrs,
has been dominated
by diesels for the last
four years, but this year the
gap between the oil bumers
and the petrol-powered cars
wias drastically reduced. This
reduc tion was in part 3 result of
the ADD's revized equivalency
formulas, but oeditmustako
be given to the engine powering
that petrol car - an Aston Martin
directinjection V12
Aston Martin was the
first manufacturer to take
advantage of the 2008 ACD
regulations, making it feasible
to nun a production-based
engine competi thvely in the
LMP1 class. The GT1 -sowred
G.0-iitee V12 made its debutin
the Chanouz Racing System Lola
B0/ B0 chassis nun at the 2008
Barcelona LMS round Though the:
engine was successiul, put ting
the Lolas at the tap of the
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LAWRENCE BUTCHER

petrol pack, it was by no means
optimised for use in a pototype.
It was, in effect, the GT1 engine
from the DBERS with an aifbox
fabricated to zuft a pototype.
Howrever, with the emargence
of a Prodrive-developed Aston
Martin LMP1, the DEROOT fpazed
on a Loda BOBMGD tub) the
decision was taken to develop
the GT1 engine into a unit mane
suited toan LMP car.

‘whilst the regula tions limit
the stent of modifications
allowred on 3 production-based
unit in a prototype, Aston
Martin has been able to make
considemble gains through
the in-house development of a
direct fuel injection system for
the V1 2 Direct injection can
bring many benefits to arace
engine, espacially me destined
fior endurance racing, the major
factor being an inease in
effidency. This is gained in

sevaral ways firstly, you achieve
minimal wiall weet ting wiit hin
the oyfinders, making mibcture
control from cycle to cycle very
repeatable. Secondly, the fel
being injected directly into the
cylinder evapomtes, meating a
cooling effect, allowing for an
inmease in comgression @tio
without the risk of detonation
Finally, the fact that the fusl
dioses not have to pass through
the inlet port increases the gas
exchange effidency, as the port
flows is purely gaseous, with no
liquid present. This inmeased
effidency means the engine can
be tuned efther to prduce more
powier @ to produce the same
power outputas a part-injected
mivtor but with a reduction in
fusl mnsumption. Howewver, the
key to making such a system
wiork effec thraly ks an in-depth
understanding of the combaustion
chamber dynamics.

Jason Hill, Aston Martin
Racing's chief engineer, was

'TOP END DEVELOPMENT |
EmS

The main focus of the
LMP1 development

project was the P 7y % oy
cylinder head and GD1 ] i |
system, withanly | |

minor changes tothe . | '
bettamend [ |

immbved iin the project fram the
start ‘It was quite a challenge
fior s, and in fact we started
wimking on the system before
the project was achally signed
of f, beginni ng development
in July of last year. Obviowsly,
we have made some geneaml
improvement s, and have tuned
the engine to run maore efficiently
at the engine speeds ghen
to you by the restrictor sizes
fior 3 prototype. But the most
significant change has been the
GO system. That ks where we
have fooused our development
between this year and last year!
Direct injection is by no
means anew idea, having
appeared in W2 asro engines
and in the 1940 Alfa Romeo 6
2500 Howrever, making such a
system work on 3 modem race
engne equires a great deal of
imestment, with Porsche the
only manufactuser to field a
system on a cument petml
LM Given the relatiely

The direct injection Aston Marting were the highest placed petrol-fuslled finishers xt the 2009 Le Mans 24 Hours
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ENGINEERING SOLUTIONS

Optimizxtion: on the left the "08 inlet port flow, on the right the 00 design

limited respues amilable to
Aston Martin, development had
to be appmached in a measwread
fashion to enswe the system
wias feasible. Hilk ‘We hawe taken
our neowmnal pragmatic approadh to
the develgpment 5o, as opposed
to just going in all guns blazing
and trying all the different
possibilities, we have had to
concent= te on really winding
back from this race [Le Mans]
putting stakes in the ground and
setting dates so we knew exactly
where we were’

Perhaps unsurprisingly. a
large proportion of the engine’s
development was done through
simulation Utilising GT Power
software for general engine
simulation and TotalSim, in
conjunction with Soulptor from
Optimal Sohutions for the COFD
simulation, the team was able

to extensively develop the
engine without producing any
physical mmponents. Pretty
musch we are on our first iteration
of cylinder head geometry,
combarstion chamber shape in
the actual shape we have made
and we have done all of that

development wough simulation,”

The majority of development work
on the GII system was mmpleted
virtuslly, 20 very few prototype
partswene produded, reducing
batheest and time invested

Simulstion o wa e Wit S0 used to perfect flow and tumble in the ports

‘while the system was by
no means neshed into service,
Hill admits itis still in the sarly
stages of development “wWe
are early on in the curve of
development for GO, bt s0
far wie are reasonably pleasad
with what we have achieved

ﬂd We have taken our

normal pragmatic approach
to the development pp

continues Hill 'We are in fact on
only our second type of injector’
One of the key functions of the
(OFD analy=is was optimisation of
the airflow into the combaustion
chamiers, ensuring the comect
tumible of the air / fusl mitue

to create 3 homogenous cylinder
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and where we have amived at |
think we are nowhere near fully
optimised on the system yet, but
we am in a position where we are
comfortable to race it’ Although
the engine had been nmin
testing, both on rack and on the
dymo, Le Mans was its first true

reliability test. In fact, tweo of the
Chamuz cars didn't even receive
their direct injection engines
until af ter the qualifying session!
Despite this, the race was a
testament to Aston Martin's
development programme, with all
theee cars finishing without amy
major technical problems. The
dif fesential between the patrol
and diesel cars was reduced from
anound five seconds in 2008 to
nearer two semnds in 2009,
wiith nothing in it in tenms of top
speeds. Ghven this, one wonders
whether if the team had works
backing on the scale of Audiand
Peugect they could hawe been
competing on a level playing field
fior the overall win. One thing is
clear: Aston Martins W1 2has a
lot more to give, and the potential
to slash diesel’s dominance in
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Racecar Engineering takes a drive into the future behind the wheel of the winner of
the British Formula Student alternative propulsion class

verybody knows the
futwre of motor sport is
going to be different,
the only problem is that
nobody seems to know
the format it will take. Hybrids,
electric vehides (EV), bio fuels,
hydrogen and high efficiency
petrol and diesel engines are
all mooted. At some point, svery
series, every team and every
driver is going to hawve to face the
question and some are already
opening up the rules to allow
diifferent sohutions.

One area of motorsport that is
dhead of the amve though is the
[British version of Formula SAE,
Formula Student, having already

introduced a new class called

1A for all of the aforementionad
technologies. During this year's
event, held at a soaking wet
Silverstone cinouitin July, one car

petml opposition, not just in FSAE Blectric cars like this make

mumpetition, but in motorsport
as awhole. Because of this, we
were interested to find out mare
abourt the cac And when faculty
advisor Howard Ash and team
leader James Major invited us

Eﬁ probably gquicker than
any of the previous FSAE-
rules cars I've driven pg

delivered a shocking result, the
UH124 built by the University of
Hertforshire in England.
Itwas the best resultin the
medern era for an EV against

to ghve the car a try, we gladly
accepted, which is how | came to
find myself at some ungodly howr
of the moming at the Rye Houss
circuit in Hertfordshine.
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hardly any noise, so finding
venues for them to run atis far
easier than with a comventional
powerplant. Benefit number one
But are electric cars really
greent After all, the batteries
ane nasty things to manufacture
and they're near impossibie to
dispose of, right? Not acording
1o Major: That's not the case
the chemistry of these cells s
such that thems is only a trace
elemeant of iithivm in there and
the majority of the cell make up
s jurst copper and alumiinium.
They will do at least 3000 cycles
and are highly recyclable) he
says enthusi astically. With 240




Evenat just 70 per cent power
speed was not an Bsue. However,
thie slfmoat cmplete ik of nolie
and vibration made it essy o go
into: eonners too quickiy, but this
s something & good o ver would
quickly adapt to and master!

of these LifeBatt lithium-iron
phosphate cells supplying enagy
to the 144V powertrain, which
consists of twin direct cument
miztors, this should be quite 3
potent machine. That is, if | can
fatfvom out how to drive it
liget to drive a lot of
oomipet ition cars inmy job,
from lange American Stock
(Cars to light weight Sports
Prototypes, and you always get
a comgrehensive briefing first,
bart this one was disarmingly
simple How do you know whan
it's numning? | ask. The answer
comes with a smirk. The light is
flashing and you are moving!
The contmols ane inmedibly
spartan, just an on switch and a
starter button, and what looks
like a fire extinguisher pull, but
I'm informed is actually the off
switch. There is no gear shifter or
chutch, the steering wheel isan
off-the-shelf unit with no knobs
or fairy lights to speak of, and
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there are no dials. The footwell
= similarky basic - just a thottle’
and a rake.

t's really simple, just big
karts really, smiles Major, then he
simply says "of f you go! | drove
the car just a few days after it
finished the Enduance saction of
Formula Student at Siherstane,
with the power out badk to 70

of the pevious FSAE-Tules cars
I'we driven. So little nolse and
almost no vibration makes it all
too easy to amive at a comer way
too fast and end up with ammfuls
of understesr to sort ot - and
the set up of the car certainly
exacerbated this.

lakso startled a few seagulls
that were hanging out on the

-’f 'f
(0 With a little development
waork this car could have real

commercial success

per cent and the ramp altessd
to make it more driveabde in the
tomential weather onditions.
Even in this hamstrung fom,
the car was pretty quick but, at
the same time, inmedibly easy
to drive. With 30 per cent more
power it would be super fast, in
fact probably quicker than any
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racing line, even being forced to
swerve anound one of them, who
simply didn't hear me coming. |
think the lack of fumes and noise
make the cockpit a mos pleazant
place to be, meaning you can just
concentm=te on the fun element
- and it's impossible not to smile
a3 you are driving round

The slogan on the car below
pronounces it the 2000 Clas 1A
winner - that's the UK Formula
Student dass for slternative fuels
IH

Class 1A

Winners 2008

with a little development
wiork this car, or 3 lightweight
open-wheeler using its drivetrain,
could have mal commercial
success, and that makes itwery
good indeed by FSAE standands.
The only negative points | found
were the lack of arotany switch
on the dash to allow you to
adjust the power output, and |
thought the styling was alittle
dowedy, but that's maybe just
personal @mmment.

If the claims about recycling
the batteries and their lifespan
are aurect, then UH12A could
potentially be showing us the
furture of motor racing. That
might sound a bit far fetched, but
it really muld. With no emissions
and, mos importantly, no noise
podiution. mare and better racing
vemnues muld be found and
cars like this would go a long
way to helping alter the public
perception of motorspart asa
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Regression

equation

Penske Racing Shocks' latest
development offers a new way of
overcoming the age-old conundrum of
hydraulic damping, with benefits for
both lap time and tyre wear

e ask an awful lot

of the dampers

O @ ra0aCar, OF N

any Car oome o

that. We expect
them to weigh nothing. cost
less and yet perform a wholly
contradicbory set of oitical
functions that fundamentally
oot ol our racecars” handling
and grip. And we expect all of
this from a device based ona
piston with holes init, mounted
on 3 shaft sliding to and froin
a seadled tube of fluid, the basic
physical response of which s, in
one sense, the opposite of what
we really need.

Even the redoubtable Camoll

Smith said in Ture to kin
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Sometimes | think that | would
have enjoyed mding more in the
days of the friction shock Since
you couldn't do anyrthing mudh
to them or with them | would
have spent a lot less time being
mnfused’ And that was inthe
days when double adjustable
dampers were a5 soghisticated
as you could get. With top-of -
the-range dampers now of fering
fowr-way adjustability, as well as
a wide mnge of force vs piston
velodity (damping) cunes, the
potential for confusion would
seem to have ineased. But the:
impetues for mul tiple adjusta bility
and non-linear damping owrves




goes back to a basicand
somewhat unhelpful property
of the hydaulic damper - that
fundamentally it ks sensitive to
e veloc ity of the piston through
the fluid. And this is exactly
wihes Penske Racing Shodks
|PRS) latest development has
bean brought to bear

Before we get to that, let's
Just iriefly and simplistically re-
wisit wiy this welocity sensitivity
wirks againstus. When awheel
s over 3 sharp bump o akerb
the damper pis ton moves at
relatively high velodity (pbably
inexcess of 15insec (381 mm/
sec) and possibly up to 40indsec

(101 Emmizec). When the car
ralls or pitches it mowves at much

lower velodity (up to Sinisecs
12 Tmmi'sac might typically be
seen during chass s movements).
So when hitting a bump a very
simple damper with a linear
damping curve would exerta
high damping fosca, bat when
rolling or pitching it would exert
a much lower foece. If the damper
wiere then made to provide just
the right level of damping for
dealing wi th bumps, it would be
ignas sly under-damped for the
show velodity movements like roll
and pitch, and our racecar would
handle very slogpily indeed.
Conversely, if the dampers
were made to provide the
mimect mll and pitch damping,
which provides the driver with

a taut-feeling. respans e car
thatis generally much prefemed,
witven hitting bumps the dampers
wiould be far too stiff. This would
peovide not onty a very harsh,
chogpy ride but also a loss of tyre
mumipliance and grip, potential
symptoims being wheel patter,
lack of traction, premature
sliding and whed lock up as the
dampers are unable to even out
the ver tical ladings and keep
the tyres on the track surface.
Therefore, what we ideally
want iz a level of damping that
provides responsive, confidence-
inspiring handling, bart which akso
enables the wheels to maintain
ot imum contact with the track.
A= oar late and lamented friend

and colleague. Allan Staniforth,
put it in Competition Gor
Suspension, we are sesking the

unacceptable penalty’. Clearly,
this s not easy to achieve.

DIGRESS IWE DAMPING
[Burt it didn’t actually require
extenal adjustability to start to
find better ways of addressing
the problem. The first step was
to provide blow of fs" within
the damper, geneally in the
form of shims that, above a
certain pres suse, would open
up moe holes in the pistan
and reduce the damping force

THE CLURVES

Typical line.ar ang
digresive damping
curve shapes

A regresslve damping
Ve contrats

wil th the linear and
digressive cunes

DAMPING CURVE SHAPES

DAMPER PISTON VELDCITY

DAMPING CURVE SHAPES

ik

DAMPER PISTON VELOCITY
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athigher piston speeds. This
provided what became known
as a digressive damping curve in
wihich the slope of the force vs
velodity damping cune reduced
above a cartain piston speed {zee
figuee 1). hanging the shims
intemally enabled alterations
to the transition point at which
the damping rate went from the
lowi-speed to the high-speed
rate. This then enabled higher
damping rates to be nun in the
low-speed Eegion to povide
better chazsis mntrol without
the ability to deal with track
imperfections and kerbs, so
digressive damping was a very
useful step forwand.

So far, no dis tinction has
been made between ump
{com pression) damping and
retvumd (droap) damping. and the
foregoing applies mincipally to
comipess ion in order to ilustate
the general principle. We will take
a look at rebound later.

Of course, the advent of
independant adjustability of
bump and rebowund and then,
in around 1990, of high-=pead
bumg (then high-speed rebound)
from |low-speed damping brought
with it even greater potential for
confusion, but also the ability
to tumee thee car masch better to a
given track The basic problem
though still mmained - it wasn't
possitle to nun the high-speed
damping at low enough rates in
many instances.

A STEP FORWARD

In Rocecor Enginearing V1 7H2
Andy Thar by desoribed an
apgroach from Koni, who Andy
was working wi th during the
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2006 season an the Famula

3 Ewnzeries Dallaras at Manor
Motorspart. This was Kani's
‘Frequency Selective Damper’
(F50) valve, which was able to
diistinguizh between suspension
movement events acmrding to
the mte (frequency) at which

path to flow mnitrol shims, and
instead forced fiuid through
ports with a high damping level
Short duration inputs meant
that the pres sume incease did
not have time for this sequence

180 degrees from the Kani
FSD", adding provocatively that
‘it was purely based on what

a racecar needs! Penske’s Hill
Gartner explains the badgground
in fult "When only linear
damging oures were available,
inreasing the low-speed
portion of the ourve for good
driver feedback meant drastic
inreasas in mid to high-speed
cmpeess ion damping forces.
So it was a case of balandng
driver mnfidence against

loss of grip or harshness over
ourves wee |ikely developad to

ﬂﬁ we needed our valve
to be much more dynamic
inits operation ,DD

to imroke, and instead the flow
oontrol shimes were deflected,
leading to low damping forces.
It was stated that, once fine
tuned, F50 improved grip on most
tmcks, espadially where there
were bumps and kerbs in oritical
places. So this appeared to be
a wiay around the traditional
conundnam, and 3 wseful step
forward from conventional
digressive damping.

REGRESS TO PROGRESS

And s0 enter PRS latest
development, known as the
‘regressive valve' This uses a
rather different principle (on
which a patent i panding) to
achieve a similar end, which is to
provide lower damping rates at
higher damger piston speeds {se=
figue 2). Indaed, the mmpany
says its new approach is ‘about

allow more aggressive low-
speed mmgression damping to

damging levels could still only be
inreased to a point whes the
higher speed damping started

1o enode performance. For some
applications a very flat digressive
ourve wrked fine, but this didn't
g0 far enough for some.

The idea behind regessive
damging began in Formula 1,
whene kerb strikes caused
extremely high damper shaft
velocities. During a kerbing
event, the F1 teams want their

THE CURVES

Some actual

regressive test data

showiing some of the

wunilshle dholoe
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suspension to allow the wheel to
miowve quick by without upsstting
the chassis, and to allow the
driver to get back on the throt tie
immediately afber hitting

the mmer ape. Regressive
damping was meant to provide
the mquisite level of low and
mid-speed mmpression damping
fior good driver feel and small
banp abs aption, but then cause
drastic reductions in mmpression
damping levels at higher shaft
speeds when hitting kerbs’

It seems that some years
ago Penske’s engineers devised
some clever solutions to
achieve regres sive damping
using mmplicated bypass
tubes linked to the head walve
presure differential These
made fior some complex and quite
expensive dampers,” admitted
Gartner. Howeer, this was
the heyday of spending inF1,
wihen money was no object and
complexity was aimost revered?
e joked. And afthough regressive
damping was adream for more
general mcecar applications, the
cost at the time was prohibitive,
and kerb strike events not nearly
50 dramatic as in F1.

[Fast forwamd to mos recent
times, and Garmer picks up the
tale again: A ter yet another
request by one of the F1 teams
for regressive damping, our new
regres she vahe was devised It
uses yariable pressure areas, and
the oncept s mughly similar to
a latch vahve in hydraulics, which
locks itseif open after 3 certain
pressue is applied However,
wie neaded our valve to be much
more dynamic in its operation. So
wie carfully matched the flow
and pessure aneas to oeate an
extremely responsive valve that
could not only blow mmpletely
open during the accelemtion
phase of 3 bump, but muld also
chose during the deceleration
phase toward the peak of a bump.

‘Af ter some testing we quidky
redlised that the rapid, stable
response of the new valwe
could be useful for mudh more
than kerb strikes! We started to
test the vake with much lower
welocity blow-of f points, and
much greater low-spead damping
levels with good results. The
inreased low-speed damping
provided the driver with such
great feedback and chaszsis
support that ulira-stif f springs
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were no longer necessary to
controd the vehide. Softer rate
springs wene fitted, together with
reductions in ebound damping.
yielding instant gains in t=ction
and demreased tyre wear!
Gartmer goes on to emphasise
this latter point with a simple
example of how the Penske
regres shve vahe operates I
you can imagine a nicely shaped
“sine wave’ bump [encownt ered
in 3 comering situation], when
the tyre begins to dimb the first
part of the bump the low-speed
compeession damping helps
to plant’ the tyre, initially
maintaining grip and providing
the driver with good feedbacdk
At the middie of the mmp the
highest [damper shaft] velocity
ocours, and hee the regressive
vahre blowes off, dramatically
reducing lateml tearing of the
tyre surface. The accelerations
leading to that area [of the
curve], however, have alot to
dio wiith how the valve res ponds
theough its frequency sensitivity.
In the next phase, the
cmmpeess ion mxement begins
to decelerate towards the top of
the bump. While other regressivwe
amangements may remain lodked
open at this point, owr valve is
responshe enough to dose again
and regain low-speed damping
support 5o a good egressive
damper s=t up can fedl like a
very stiffly setwp car with great
support and responsivensss,
bart atso allows the car to feelas
though the tops of the mps
have been shaved off”

FREQUEMCY SENSITIVITY

%o has Penske achieved damping
nirvanat Well, further daims
are made that cartainly make

it sound like a significant step
forward, including the fact

that the regessive valve also
seems to edhibit frequency
response sensitivity, too. The
Penske engineers have induded
a small bleed jetin the valve
that mnirols how quidk ly the:
pressure amoss the wahe can
equalize. With velodity held
constant, 3 longer duration,
loweer frequency sine stroke will
allow the presaure to equalise
aooss the valwe, the vahe doas
not open, and the low-speed
[higher damping rate] support is
maintained. Howewer, a shorter
duration, higher frequency event

il
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such as a square-edged ump
sees pressure quickly build up on
the wahe - it opens very rapidly
and high damping fomes are
‘niever really felt by the driver.
This bleed jet is tuneable by
adjusting the jat orifice size - a
larger hole providing a shower
reaction, while 3 small hole gives
a fast-acting vahe.

And finally, Penske has also
fiound that the regressive setup
can menmme other downsides
of a tmditional digressive
amangement. Apparently, linear
damper pistons that hawe been

§

high-speed damping that they
don't want.

‘W hawe also developed a
reboumnd regressive wahe that
can allow the same low-spead
retunmnd conirol, along with
drastically reduced mid- to
high-speed damping. We find
that some Acing teams like
1o use bow-s peed rebound
damgping for chassis control in
certain rodl and heave sitwations.
rebound forces are never good
for tym grip. and the rebound
regres she option helps to ease

the regressive valve
seems to exhibit frequency
response sensitivity, too .'.'_3';,3

dished to provide |ow-speed
damping support, and which
are seam ingly prefemed by
drivers, can ance again be used
because it's the regressive valve
that now provides the blow of f
at the transition to the high
speed [lower] damping levels.
Previously, one of the potential
negaties of a digesshe
amangement has always been
howi sharply the kow-speed farce
builds (via orifice damping) and
then how quick ly the shims open
to flatten off the compession
damping oune.

Using the regress e valwe
teames can once again evart
to 3 dished linear piston and
then simply usa the regressive
bowi-of f point to chop out the

m P i -4 e iy 00 = Dbt 20009
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this comgromise Our regressive
damping options are also being
evaluated in Stock Car racing to
help with the safety vs speed
conumndnem, where extreme levels
of rebound damping are used
to tie cars down to their bump
rubbers at 200mph’
Finding the right damper sat
up is never easy, and Gartner
admowledges that "getting the
right set wp with regressive
damging can be a bit challenging.
finding the comect blow-of f
point and the comect level of
lowi-speed damping. However,
we are planning an externally
adjustable version to help
with development. We have
also successfully developad
Tegres she Ourves Using our

- iy
at Mid-0hio fitted with Penske’s regressive dampers

5
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active damper system o atest
rig. and plan to offer on tmdk

active services to help with
development for teams as well!

[But the claims are bold: n
test after test the mgressive
valve has allowed suspension
tumers to undock hidden
performance in 3 wide mange
of racing categories’ And in
caze you don't believe the
manufacturer’s own claims, the
fioll owiing testimonial might
just make you think: The FRS
regres she vahe opens up a new
dimension in tuning oppartunities
by enabling a falling rate
response. And PRS has provided
s wii th wrseful guidance on
the dymamic considemtions
invalved when implementing the
device The mgressive walve has
certainly found a place in our
damper tuning “tool chest” The
source of this guote? Target Chip
Ganaszsi Racings shock man,
Mike Cicciarelil

Time alone will tellif thizis
simply another step forward in
damper develgpment or a major
break through. Meantime, as well
as the mmpression and ebound
options already being worked an,
that inmrporate multiple
regresshve valves that provide
more than one ransition point
=0 that idealized damping levels
can be provided at mare than just
two or three damper shaft speed
ranges. Fanciful? Perhaps, but so
wiould regressive damping have
bean when hydraulic dampers
were first developed . @
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Go your
own way

The BTCC has unilaterally adopted its
New Generation regulations against
the backdrop of a wider debate on cost
cutting and Global Race Engines. Series
director, Alan Gow, explains

he Britich Touwring

Car Champi onship

hazsetthe

standard for modem

national zaloon car
championships since plain-
talking Australian, Alan Gow,
took over the helm. indeed, the
BT CCs Super Touwring regulations
were adopted by many other
countries and led to something
of a golden age for this form of
tin-top rading throug hout the
1980, In more recent times, the
series has adopted Super 2000-
based rules 3z used in the FIAS
Worl d Touring Car Champions hip)
and, al thoug h continuing to
draw large oowds to the dirouits
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and enjoying regular television
exposue, Gow felt it essential
to define, with dlarity and at the
ealiest feasible date, the future
technical direction of the BTCC
As head of the UK's Motor
Sport Association (MSA) he
wias also well aware that there
was mnsiderable debate taking
place within FIA dircles mgarding
the possible development of a
so-called Global Race Engine
see Rocecor Engineering
W1 9NE) that could be used, with
adaptation, aoross a number of
diifferent motorsport dis ciplines.
Current thinking suggests this



B

The New

Genaration
Touring Car (MGTC)
rules, which come into
force in 2011, display
the sort of pragmatic
approach and refusal
to “followr the herd’ that
Tl charaeterised the
BTCC in the maodern
era. The highlights are
as followrs:

* Front-whes] drive

* Engines to be
standard speciflcation,
production-hased,
2 (-Eitre, turhochanged,
four-oylinder patrol
units produding
appradmately A00bhp
with a TO00pm rev
limit, 0.8bar boost and

indet restricto

¢ A TOCA (unbranded)
HGTC engine will be
oo is moned and
availahle to thoss
toams not wishing
to undértake t heir
own individual
engine development
PrOg T e

* Btandard six-speed
sequential, se-
autanatic gearbox

+ Mininnam legth
of 44m

*  Btandardised width
of 1876mm

* Two, thres, four or
fve-door varimnts of
& particular model
may be used,
pooiding it shares the
same basic siloustte
and dimensions as
the four [/ frve-door
salodn i sHon

©  Btandard subframes
with fully adfustable
front and rear
Swgp s ion

* Larger whes {10
u 18n) and tyre
oombination

* Common ommponents
to be used, indluding
ECT, gearhex, brakes,
hubs, steering rack
and fuwel tank

ﬁﬂ we have
achieved a
massive cost
reduction

for teams to
compete in
the BTLCLC DD

could be 3 1.6-litre unit, capable
of produding up to 300bhp in
turhocharged fonm, with initial
applications likely to be in
Formula 3, WTCC and the World
Rally Championship, but so far
the manufactuers differ in their
views concerning whether the
GRE should be a production-
based o motors port-spedi fic unit.

THE (OS5T EQUATION
Anather major issue oumenithy
oooupying the FIA's collective
thoughts regarding
motorsport is cost o, more
specifically, reducing the
cost of mmpeting, and
this was also very mucdh
on Gow's mind when
considering the future
direction of the BTCC In
the 1990s, there was
a high leval of manufacturer /
importer participation, with Ford,
Vauxhall, BMW, Audi, Renault,
Nissan, Valvo and Alfa Romeo,
among others, all competing
at one time or another, with
the esult that momey powred
into the series. in mcent years,
however, professionally n
privatesr teams have provided
the majority of the entries, and
that trend lodk s 58t to @ntinue
for the fores eeable futwe, given
the major hit taken by the motor
industry in the oument recession.
A= Formula 1 has dearly
reminded us this year, wehide

m ] T e -4 i i g 00 + Dot 2009

- OPERATION AND REGULATION

manufachurers come and go
from motorsport according

to thelr own agendas, which
nearhy always tend to be
dictated by commercial and
marketing considem tions mther
than sporting mnsiderations.
Stategically then, Gow's aims
wiith the new regulations wes
to slash the cost of building /
barying and maintaining cars,

wihile inceasing performance and

safety, reducing (0, emissions
and ensuring greater equality of

performance While doing all this,
it also seems dear he wanted to
try and re-discover some of that
intangible ‘'magic’ from the Super
Towring esm.

In order to acomplish all
of this, in October 2008, he
instigated the setting up of two
technical working groups - me
fior engines and one for chassis
- to consider the basis for new
BTCC technical regulations. Undsar
the direction of TOCA technical
manager, Peter Riches, and
working closaly with existing
teams, the groups progres shvely
hammered out a set of nules that

meatall the requirements Gow had
laid diown. By june of this year,
the new regula tions had been
drafted, unanimously appowved
by the championship teams and
formally announced.

CLEAR DIRECTION
Summing up the new egulations,
Giow says, "Owr teams now have
clear direction on what the future
BTCC car will be, while - very
importantly - protecting the

dlﬁ car / engine build and
running costs some S0 per
cent below the present level DD

investment in the 52000 cars

they cumently nm up undil 2013

Of huge significance is the
fact we have now achieved a
massive cost reduction for teams
to mempete in the BTOC, with car
{ engine build and running costs
that will be some 50 per cent
below the present level The fact
that mast teams will be able to
undertake 3 very seriows BTOC
effort for around half the cost
they have today also makes the
dream of mmpeting in the BTCC
musch more of a real ity for many
new teams and drivers.

The BT great success



with a standandised
rellcage design

fiow @t lonst fve yoars,
with review in 2016

has always been through its
inmedibly dose and exciting
racing. These new regulations
willl absolutely guarantee that
those virtues solidly remain at
the verycore of the BTOC'

From a technical standpoint,
one of the more interesting
aspects of the NGTC regulation
s TOCA's deizion to go witha
2Hitre engine capacity rather
than 1.64ire, which cumently
appears to be the favoured
approach in FA dirdles for the
basis of the proposed new Global
Race Engine.

DIFFERENT APPROACH

‘We"ve achieved the same result
[as a 1 &iitre twrbo engine], but
in a different, mucdh more cost-
effective way, says Gow. They
want a 300 bhg, fow-cylinder,
turbochanged Touring Car engine.
‘whe wanted a 300bhp, four-
cyfinder, turbochanged engine,
burt owrs ks going to cost a thied of
the price. We've just gone about
it in 3 totally different way from
howe they're approaching it, and
amived at a solution that i going
to e much easier for the teams,

peogramimes, bt also to contain
maintenance and spares costs’
Speaking of the FIA working
group studying possible
approaches to the GRE, Peter
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Riches adds, They're talking of
what the cost of a block should
e and what an engine should
mst, but what theyre not
saying is what the development
mst ks behind it. We looked at
developgment msts and said we
think developing a 2.0-iitre with a
twrbo ks alot cheaper than trying
to do the other things.

There's astrong belief
from a lot of manufachmrers
that to do the global engine
successfully, you will hawe to
have amotorsport Hod: and
cylinder head, which mowes you

want for our new car in terms of
size, cost and how it should look,”
and the warking groups came
up with the details. In terms of
the engine formula, they came
up with this, which is one of the
most sensibl e ideas 1've heard for
years. it provides the cheapest,
most cost-effective engine
sofution for the next five years.

EQUAL PERFORMAMCE
‘we get acar that has at least

equal performance to the oument
cars - if not better - becawse

/if} the cheapest. cost-
effective engine solution for
the next five years JJE,_}]

away from the concept of taking
a production-based engine into
racing. To achieve 300bhp out of
a 1.6-itre turbo and make itlast
all season., there am fears at the
moment about heads and blocks
racking, butit's early days yet
The fact ks, we need to
change as quickly as [fthe WTCC]
s going to change, but we don't
have six manufachurers saying
they want to participate’
Summing up, Gow says, We
just went ahout it ina mudh mare
simplistic way We said, “These
are the broad outlines of what we

300bhyp is slightly above what
the engines are producing at the
maoment, and you can furture-
proof it by nmeasing the power
ourtpart, 0 youre getting a car
that is quicker than what we had
before, much dheaper and much
easiar for the teams to maintain
It's abit of a no-irainer realhy’
Aside from the decision to
g0 with a 2 0Hiitee turbochanged
engne the other pointin the
NGTC regulations to raise a few
eyebmws is the apparent writing
ourt of rear-wiweel drive cars.
Gow, however, is quick to darify

With wider whesls and & new aefo package, the Next Generation cars mulld look more like the 1990 Super Tourers
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this point "We haven't actually
ruled out mar-whedl drive, we
just hawen't written it inyet The
reasan we haven't is becawse
we haven't received any firm
commitment from manufacturers
of rear-wheel drive cars that they
would suppart a team or teams
in the championship Mow if for
example, BMwW came to ws and
said, "okay, we would like to help
anyteam that wants to race a
BMW [in the BTIC] by doing an
engine and all the necessary bits
fior them,” then we would look at
it All we're saying is that there's
o point in writing [rear-wheel
drive cars | into the regulations
and putting tenders out for
certain components - notably the
tmnemizsion - unless someone is
actually going to run them. That
wiould be unfaic’

NEW LOOK
Finally, the physical appearance
of the Mew Generation Touwring
(Cars will be dif ferent, with the
mandated 4 _4m minimum length
suggesting the cars will be

physically larnger than seveml of
the models cumently mmpeting

in the BTCL Did this indicate a

desire to get badk to cars that
look mose like the Super Tourers
of the 1990s7

‘wiell, when we say “bigger®
cars, what we've done is just
maove away from encouraging
people to use too small acar!
explains Gow. A Towring Car
s @ Towring Car - it's generally
thmught of as a fowr-door
sallpon | think that's pretty much
anyone’s definition of a Touwring

- OPERATION AND REGULATION

don't howe to go bigger than
that You wouldn't have to wse a
Vauxhall Insignia, for example,
unless you specifically wanted
to. An Astra would fit within the
mandated dimensions. It's also
wiorth bearing in mind that as
long as the profile of the caris
the same, then it doesn't matter
how mamy doors it has'

In terms of appearance,
then, it seems dear the BTIC

{‘/‘

[ Bigger, faster, cleaner,
safer, slicker-looking and
much cheaper DE}

Car All owr [newd] regulations do
is essentially imock out the little
cars, like the oument Honda Civic,
bart it doesn't mowe the [choice of
car] to the next segment wp!
Gow also points out that the
new mindmwm length simgply
reflects the fact that the cument
segment cars appopriate to the
BTCC am larger than they once
were. They all grow,” he observes,
“and, of murse, don't forget that
4Amis the minimum length - you

s heading back more to the
Super Towing look of the 1990
- a move that is kel y to mest
with approval from a numiber of
quarters. They probably won't
look that much dif fesent from the
old Super Touring cars,’ ohserves
Peter Riches. Theyllhawe a
deeper front spoiler, plus splitter,
similar whesls to the 5Ts, but
wider at 10 18in and, instead
of same of the fairly nasty wing
extensions that of ten cover

a

A WA R e

anly half the whesl and tyre at
prazent, the wings themeehes
will be widened and then drop
dowm to cover the entie wheel’

Gow adds with a smille, 1f you
look badk at the 5T cars, | now
the profile of the wings and some
of the bodywork was often the
subject of much dispute, but the
way itall blended in looked good
That's what we want to getback’

Bigger, faster, deaner, safer,
slicher-lodk ing and much cheaper
- that appears to be the basis for
the BT racecar of the future
It's a difficult concept to angue
wiith, bart will it be the formula
to camy the series popularity
back to the levels it enjoyed in
the heady days of Super Toaring,
and will TOCA's dearly framed
new technical negulations lead
to other national championships
adapting similar nules?

T hey weren't designed for
that, bt if other mamiries do,
they do/ replies Gow. "Our job
s to look after our own sariies
rather than concem oursehres
wiith what we think might
help the WTOL, or any other
series. The BTOC is the most
important thing for us” m

Packed grids and close racing are BTCC halimarks. With a 50 per cent reductlon in costs and & number of standardised parts, its future is looking bright
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HINDSIGHT ACTIVE SUSPENSION

Audacious
engmeermg

-

Active suspension was one of the most amlons’ offer a privleged insight into 3
. . experiments with radical venture.
exciting developments in F1. Dave ac tive suspension Team Lotus had called him
HTH . during the 1980s inas a consultant during 1976,

Williams was the man responsible and were prolbly e olkorrng werk et Crnfiekd

recalls how it came about most audacious take onracecar  University on fitting sensors to
srspension ever. For a few aerobatic aieraft The small, light

| CHARLES ARMSTRONGWILSON years, springs, dampers and data recording equipment he had

| I aniti-roll bars were consigned been wsing was equally suited to
to the sorap bin andreplaced a mcecar and the team wanted
wiith virtual versions existing 1o beet ter understand what was
only in computer software and happening to its grand prix cars
miimi cked by hydraulic actuators.  at speed.
It wias a radical approach but it That gawe us an insight into
wias no flight of fancy and was many things that were happening
a pragmatic attempt at tackling with the car that at the time we
reabworld problems. Engineering  hadn'tany idea about, recalls
consultant Dave Williams was in Wwilliams. For instance, with the
the thick of it and, a quarter of ooz sply Goodyear s they were

a century later, his recallections

using atthe time, going down
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- HINDSIGHT

the siraight, 80 per cant of the
torque wias taken by me tym’
Tolerance in their manufacture
meant that when spinning at
racing speeds, the centrifugal
force cawsed them to grow at
dif fesent mtes Inevitably, the
langer tyre was doing mostof the
work and the smaller ae was
not developing anything like the
tmction it was capable of.
Mainly we wee | ooking
at pressures associated with
downforce. | slowlhy became
sucked into the enginesring
probiem s they had, which
culminated in the Lotus 80 This
was Lotus ultimate ground-
effect car, bazed on what the
team had leamed from its
championship winning Type 79,1t
was 50 dedicated to the concept
of generating downfonce from
the airflow under the car that it
escthewed omentimal wings
altogether. However, once the car
started testing it quickly became
apgarent that all was not well
when the prototype sprouted
wings m its nose.

ANY CORMER... ANY SFEED

‘I did a bit of work to try and
understand what was happening
with that car, and essentiallyit
porpaised” ecalks Willians. Peter
[wibri ght] =aid it wias acar that
wiould go round any @mer at
any speed, which was probably
true, but it would also porpoise
atanything above B0mph. It was
an aerolastic problem. it was not
linzar in the sense that, as speed
increasad, the space beneath
the wenturis decreas ed until the
airflow stalled It would go ata
frequency at which they still go.
which is six to seven herte.

‘e dis cussed variows options.
‘whe tried put ting rigid links in
place of the suspension and
putting dynamic absorbers on the
uprights - functionally, the zame
thing that Renault put inside the:
tuh" However, this was in 1980,
bt they didn't pursue it because,
in Williams" view, they put them
in the wrong place. "wWe mounted
depleted uanium weights in the
uprights, which was the right
place to contral the car, but the
wiong place because it interfered
with the drivers perception of
what the car was doing’ He
foumd the drivers complaining
that they couldn't feel what
was going on at the wheel In

ACTIVE SUSPENSION

In 199, it transpires LGTLS Wit Struggling with serstion of the hydesulic fludin the open circult tystem

‘At ive suspension’ i one of those terms

that just sounde rght, and g0 has bean
loosely applied to avaristy of suspension
systems. In its simplest form, itis a slow self-
levelling system, as employed 8o succeasfully
by Citréen, and others. It basically lavels the
vehicle as payload is changed, but doss not
respond to inertial, asrmdynamic or road-
induced loads. Its response time is several
seponds. Speead up the spstem to respond
in around 0.2 seconds, and so it can react to
inerntial loads - acoeleration, hraking, and
cornering — and to changss in asrodynamic
lift, and it baconmes ussful in & racecar

of an active suspension (and the quality
forwhich it was banned in 19683) is to taks
control of the attitude of the car relative to
the ground , in doing 8o achisving a meas e
of control of the ground effs o -influsneed
part of the downforce. The additional, unioque
and relevantsto-road-car bensfit of the
Lotus system is that it takes control of the
tyre contact patch forces over roa d-induced
perturbations. In racing, this controls tyre
temperat ures, degradation and wear When
it raced, it was this featune that was the
key to its perfrmanee: when tyres were
overworked, the Lotus benefited by being

mw easiar
forms the AA on them.
e L [the]l benefitis to take o0
e control of the attitude dlthculs o gt
letmeyen. OF the car relative to the
E:h the Lotus gro IJI"II':l |f/ii§) . llJI'I:L 1093,
eyatem iz that Latuas wias

it rmeponds over five times faster, and &0 can
take control of road -indused loads s wedl.
While a passive suspension ahsorbs and
retums energy to the sprung and unsprmg
masses uaing the spring, and dissipates some
of it in the damper, an active suspension
reqquires an external energy input to allow
it to deviate away from the conventional
sprng [ damper laws by allowing it to extend
against an incressing load - as described in
the main article.
In racng, the first and foremast benefit

struggling with achisving full control and it
s mowr kmooown thet the problem was aeration
of the hydraulic fluid in the open-cirouit
syatem, putting an additional and umw anted
spring into the control system. In the first few
laps of the day, the car was sensational, but
deterorsted the mors it mn. Curnent F1 cars
all run aireraft-style, clossd-circuit hydraulic
eyatems, and this would have cured the
problem. The fascinating question i, whens
wiould we be now if active suspension had
not bean hanned?

Betear Wright
contrast, he noted that putting it imeversible suspension’ re-think. When that was bladk
in the sprung mass doesn't work He put it to Wright, but he flagged, Peter came and said,
quite as well but it does the job. felt it wiould be too complex and “what about active suspension’™

Williams wrestled with the the team was dlready working remembers Williams.
problem before his ewreka on its twin-chassis car, the type ‘with the basic concept in
moment. H ocoumed to me that 88, in an attempt to separate his head, did he have an idea of
really the ground-effect car the aerodymamic kads from the howi to o about it, we asked?

needed a suspension that would
react to road inputs, but not
react to changes in asrodynamic
dowmnfarce. The only way you
could achieve that was with an

JIE] ovosscecas engiearing com - Oeteber 2000

suspension within the letter of
the rules. Unfortunatel y, af ter
building and proving the mncept,
the B8 was thrown out by the
IFlA, forcing the team into a

agudy, yes, but notin detail
Codin Chapman wanted to do it
directly ona Formula 1 car. | zaid
n. It weent as far as Peter going
away, then he came bacdk afew
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Ayrton Senna took the Lotus sctive suspensiontechnology to its first win when he won the “87 Honst Grand Prix

days later and said, “Alright then,
wihat do you want to do?” S0, we
chose an Esprit out of the parking
lot to get things going. That
wias quite useful and also quite
difficult to wark with for warious
reasons. But over the murse of
thres months it went from being
a total nail to something that was
actually quicker than a standard
Esprit, much to my surprise and
everybody elsa’s’
Williams has dear memories
of what the biggest challenge
was 1t was developing the
mntrol algorithms! he notes.
There was no physical linking.
It was all done virtually via the

medel springs and dampers ona
i, it weould be better to model
modes of springs. That's what we
did and that's the way it stayed.
"Alzo it had the concegpt of
Imitating a heave spring and
damper, and a pitch spring and
damper inroll and eventually
wiarp, all of which we muld
mairol independeantly. So you
muld have a car that would
heave and pitch at the zame
natural frequency or you could
reverse it You muld do things
that you muldn't achieve with a
mnventional passive setup. it
ecame very easy to control, for
instance, the ride and at titwde of

A A

L) You could do things
that you couldn't achieve
with a conventional
passive set up 5,'5!

aljgori thims. The hardware was
petty straight forwamd. At the

time it was an analogue system
ik pit you could change the
loop gains with. We had four
load cells, one an each comer,
accelerometers attached to the:
NS Mass es, accelerpmet ers
attached to the sprung mass
- importanthy in longitudinal
and lateral directions - and road
speed and yaw rate. There wane
24 trans ducers anly, some of
which were directly imohed

I thought, since | had been
midelling vehide behaviow for a
while, it would be fun, mther than

the car. You could make it bank
into 3 comer and do strange
things like that”

Once the oncept had been
developed and proved on road
cars it was time to testitouwt an
the racecars. We threw it at our
race drivers first, [Nigel] Mans&ll
and [Elic] De Angelis. They were
bt quil te impressed by it Even
though by that time ground
effect had been limited with the
skir ts remioved. It first ran on the
moming Colin Chapman died. We
wient testing at several places.
It wearked and it mn the first two
races of the year!

Things in F1 and at the Lotus

base at Hethel then started
to change On the radk, tubo
engnes were starting to come
good in the wake of Renault's
initiative to try them in the
peviows decade. Team Lotus had
seomed a supply of the French
manufacturar's engines far the
1983 season and was evaluating
their potential We went to
the first test with one Renault
1.5-litre turbo and two Coswearth
DFV cars, one passive and one
active The Renault produced
amout 50 per cent more power
than the DFV and, at the end of
the stmight, was about 40mph
quicker. There was nothing you
mald dio with the sws pension
that could keepup with that
Anywiay, Renault refusad to allow
us to attadh a hydrawlic pump to
the camshaft, so thes was no
futwre for actiee at the time.
"But the two mces stimulated
the interest of GM who visited,
and =0 started 3 period of s eveml
years where we built research
cars for several manufacturars. |
suppose we buitt 30 or 40 cars
for different manufachuwers. That
wias quite instructive. We started
to understand the interaction
between the tyre and the vehide.
‘we received a bot of interest
from Michelin in parti cular, who
ordered a \oho road car with
active’ This was the era when
Loturs became an enginesring
mnsultancy to the mobor industry
following on from its ill-fated
immhvement with Delorean
Howeever, the team took
active suspension badk to
F1 again in 1987 once the

1981

54 imroduces a rule that
mears all cars must have
B ground ceaance. Lotus
respands with the 88, but it
I= barmed soon after.

1983

Lotus uEasthe first active
systemaon the 92 AtLong
Baach Mgel Manz2l gves
active suspersion its
competition debut.

1986
‘williams tests its first re-
active susparsion systam

1987

Lotus cmmits to unning
the system for the full
sEFIN

Sema ghves active
susparsion its first wotory at
Maonaco.

1993

Active suspersion banned
far the 1994 s=ason.

N
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turbochanged power battle had
stabilizad ance more. This time
Wright envisaged a full active
suspension progamme for the
cars and the timing was right
That was an extremaly
interesting year because we
had a good grasp of the system
and what its full potential was.
Alzo Lotws happensed to have an
for them! Williams cites Ayrton
Senna as 3 big help when trying
to squesze the adwantage out of
what was a very oomplex systam.
1t did make a car thathad
quite a few problems into a
raceable cac” But, for a while,
the adwantages didn't appear
to e materialising and nobody
seemed to know why. We didnt
progress as fast as other people
and it wasn"t until Mexio when
we did a cold tyme start, because
tyre heaters wese prohibited
there, that we discovered why It
was because we had reduced the
loads ranemitted throwgh the
tyres so much that | think it toak
armnd 12 laps to get them up to
temperature Evenybody was up
to temperature after two laps.
He [Senna] went from semnd to
1 4th before he started to gt to
grips. And thatwas what we had
done almaost without realising it”
Knowing what the problem
was, a sofution should have been
stmightforward, but the team
was wary of transgres sing the
rules. "we did it the honest way,
wrhich kiind of took away the
advantages of active suspension
and effectively made it badk
into 3 comventional suspension’
But Williams wanted to do it a
dif fesent way. When the car is
on the siraight and not tuming,
| wianted to vilrate the twes to
purt vertical load variation into
tham and twm it of f whenser
the car was comering. But there
was, and still ks, 3 rule thatsays
aemdynamic surfaces cannot be
mioved, and it might have bean
angued that we were doing it to
control aero. If somebody attains
a significant adwantage, there'sa
tendency to ban it and work out
how to [enforce it] later”
By nows, 'Williams" career
was taking him in a dif ferent
direction. 71 had to move away
after 1987788, and Lotus by that
time wee up and fhying with it’
Lotus Enginedaring was now 3
fully fledged mnsultancy helping

- HINDSIGHT ACTIVE SUSPENSION
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Whn the twin chasisLotus 08 was hanned, Peter Wright suggested the use of active sspension

ma jor mator manufachwers
evaluate active suspension

fior road cars. Also Team Lotus
had changed its approach to
active and was going in a similar
direction to the other teams. it
wias basad on thelr interpretation
of what everybody else was
doing. There was a big difference
betwesn the system Lotus was
using and the ride height contel

control consumed a lot of enargy”
However, this was not the
last of fully active suspension at
Team Lotus. In 1992, with Oris
Murply heading the design team,
it had mcovered some masistent
performance In the face of

ﬁﬁ its promise of
performance was
compromised by the
challenges of running Dp

everybody else was using’

The systems other teams
were nunning didn't offer very
sophisticated sus pansion and
to achieve ride height mntml
didn’t require much enangy input.
However, the Lotus system

constrained budgets, Wright
decided to re-visit the active
Suspension Cconcept in pursuit
of a competitive edge So, for
1993, Team Lotus fielded a fully
active car and it did indeed ghe
them mose performance. johnmy

(WWATCH THIS

J

Demonstration of theactive suspensionsystem on aF1 Lotus 99T

Go tohtipa/lwww. racecar-engineeringivids

ane
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Herbert sooned three fourth
places but could only manage
ninth in the championship and
the team finished equal sixth in
the Constructors’ Championship.
l.hfu'ttl'ﬂtel:,[_ltsprunmenf

very, vary oomplex car. In tuth,
there were only a few people in
the RED department who really
knew how to nun it" Time that
should have been spent refining
the mmentimal parts for the
car was often consumed by the
suspension and making it work
It wasnt a bad car bart it was
dif fioult becawse reliability was
difficult, he says.

Once mastered, though,
the system definitaly gave
advantages and the trials and
tribulations of the 1993 seazon
were st 1o pay dividends. in the
foll owing years, the team would
be able to operate a fully active
car, putting them ahead of the
oomipet ition wio would be forced
to follow. Sadly, that was the last
year of acthe systemsinFl a
the AA sought to ban all sudch
technologies in an effort to hand
maore contrl back to the drivers.
At a stroke, all the time and
money inested in developing the
race version of the system had
been dedlared fruitless.

By novw, \whilliam =" association
with the project had finished and
the end of what he regands az

had owme to an end. Active

suspension on F1 cars is still
ourtl awed today, while 3 motor
manufacturer has yet to putinto
sefies poduction a car with
fully active suspension.




I FIRST FRINCIPLES

The anti
controversy
response
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In our final instalment - at least for the moment - on anti effects, Danny Nowlan
clarifies his views on taking a force-based approach to suspension geometry

y article in Rocecar
Engineering W9N3
aboart force-based
anti-dive and anti-
squat has certainky
sparked some lvely debate.
In miy original article linvited
readers to prove me wrong and
Ihave no regrats that | made
that invitation. | hawe long been
of the view that a good, robust
technical discussion will always
getto the bottom of an issue,
regardiess of whether you were
right or wrong. It also forces you
not to take anything for granted.
I should also add that just
becawse | authar technical
artidles doesn't necessarily mean
M akways get itright. One of the
biggest taps | see in motorsport
s someone establishing
themselves as a successful
enginesr, getting a few results
then everyone automatically
assuming they are God and
immame from ariticism. This is
wihy | alwiays present my thinking
on an issue and then pesent a

thorough proof so readers can
d=w their own ondusions.
Howeever, as aresult of my
article in W1 9M3, them have
besn a number of issues that
need daification. Furthenmore,
a5 resultof the dehate thathas
ensued, | achusally balieve it's an
ideal time to get some things out
in the air 50 we can move forward
on this izsue. just so that we
are aystal dear on what we ae

discussing, let me return to the
thiust of my original article.

= Structurally, the forces do go
through the asde ina

*  However, in tarms of apphing
forees and maments about the
cof gin acceleration and braking
the applied longtudinal forces
rcanhe vsual=d as acting on
the gound

* My hbig problem was that alot of
the tradtional terature didn't
supply a clear pmaf of where

theirnumbers came fram and
what the mechaniam disving it

wids. Inpartiodar, in acceleratian,

Itwas acasadf hereamthe
numbers and off wou go’

= [t was fromthis basis that the
concept af the pitch centre was
famed. The pitch centre was
defined &= the moment am
fromthe cof g to the applied
longitudinal forces We went to
great kengths to calouate itand
a oot of where it came from.

Indeed, | would actually angue
that anti-dive and anti-squat

s one of the most poorly
dooumented and waor st explained
mncepts I've ever come amoss.
It's wiwy |'ve written an articke
abourt it because, quite frankty, it
shouldn't be this hard.

Befare | address this, ket me
again state the motivation for
the force-based anti-dive and
anti-squat artidles. Thatartide
wias years in the making because
=0 many of my customers have
mime to me and asked “what

Octiibeier 20 + e i et -1 et g com m

do we do about anti-dive and
anti-squat? Mamy of them have
read the traditional theories and
approaches, and when doing their
own calulations ould never
quite mamy up what they saw in
data to what they had caloulated
by hand. This oeated mudh head
soratching on both sides of the
fence and was the trigger for me
and anti-squat.

The biggest objection
ratsad to my article concems
my assumption that all vehicle
mation ks as a direct esult of all
forces and moments about the ¢
of g and the free body diagrams
thatcame as a esult of this. The
basic of thiz objection is that
becawse the car is connected to
the ground, our supposed physics
texthooks don't apply. Mice idea,
bart there is one small poblem.
This is in direct violation of
Hewton's semnd law of motion:

Bt = EF'

m
i=l



‘What this law states is that the
mass times the acceleration
of a body is the sum of all the
forces acting it The extension
of this to angular motion s
that the sum of the moments
about a particular ais ghes the
by the relevant inertia. Thes are
no exceptions to this. Nane.
Rather, what is going on here
is the forces and moments being
acted onat the c of griseas a
direct result of the fores being
applied by the springs and the
suspension linkages as aresult of
that said car intemcting with the
ground To illustrate this, let me
present to you the bicyde modal
of a racecar. An SAE paper by
Floyd and Law™ presented this
is shown below in figure 1. |ust
50 the reader knows, | am taking
the lirerty of reversing the sign
cmwentions. That's okay, though,
as the esults work out to be
exactly the same S0 we are
orystal clear, the variables here
are as follows

7 =movement of the chassis

dovwan ()

=pitch anghe of the tassis

fradars)

xtf = frant tyre dsplacemant (m)

®ir = rear tyre displacemert {m)

kf = front spring rate (N

cf = fromt damper rate Nmi's)

ktf= fromt tyre springrate (Wim)

kr = rearspringrate (W)

o = reardamperrate (MNénis)

ktr = reartye spring rate (Mim)

m = spung weight mass (ke)

Iy = spungweght nertia dang
the y axs fogms)

mitf = fromt fyre mass jag)

mir =reartye mass (gl

a = distance fram frant axke to
cofgim)

b = distance fram the rearaxde to
thec of g{m)

B FIRST FRINCIPLES
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Cirles represent te groursd

Half car modiel
for bumps

Vi sualisati an of

how the suspension
geometry forces are
applied to the dhassis

By taking free body diagrams of the sprung mass and front and rear tyres it can be shown that,

meimmog=k(z=aB-x)=-ci-aB=i)-kiz+bB-x)=c(z+b O-k,)

I -E'I'-.::r-{kI{z_-n-B-1¥}+rI(§_-n-Ei-if}}-b-{k,{ad-b-ﬂ-_xth e e+ b-é-x,)}

My Sy =k(z-a B-x)4ct-aB-g)4meg—k (x,-2,)

My %, =k(z-a-B-x)4ec(t-ab-k)+meg-k(x, -z,)

Floyd and Law™ provide a

very good explanation of the
derivation of this and | would
refer the reader to that paper. |
have delibemtely left the mass
and inertia terms in to s how
you whene everything is coming
from. As you can see when we
hit 3 bum p this provides a farce
to the front or rear tyre. This,
in tumn, genemtes a change in
the tyre displacement, which
in turn changes the relevant
spring movement. It is this key
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interaction that ks how the
SpIUNE mass intemcts with
thee ground.

Bz can be seen, we don't have
1o put inany fancy exceptions
because by using some basic
analysis we have desoribed
very well what is going on with
the tyres and sprung mass.
Furthemmaore, the fomulatian
lstrated s the bedrock of every
wehide simulation program |
know. This is both for mad and
racecar applications. i Fm wrong.

@
fair enough. However, fry telling
that one to the engineers at
‘ol swagen, Peugeot and the
ke You'd be hecky if you made it
past the front doar!

So ghen that we have
lstrated how vehice motion
abut the sprung mass and
tyes can be quantified, how
do we go about quantifying
this for sus pension geometry
and the forces this acts on the
c of gt Mitchells* approach
to fore-basedroll centres

Bigyd e visualisstionof the pitchcentres
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Bicyd e visualisation of the pitch centres
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showed a very powerful way of the lever arm fram the applied
visualising this, and to darify my latem| force to the cof g This,
approach fraom my first article miatham atically, is the essence
let me illestrate how suspension of force application points. This
geametry farces are applied to s wihy e termed it frcl to frod,
the sprung mass and the tyes. which is an acrorym for fose-
Al the forces being reacted by based roll centre. Similarly, in
the suspension gemmetry can be pitch we can state,
visualized as acting through the
force-based roll centre {laterally) A -
and the foree bazed pitch cantre M, =F, (k- fpe,)
fongitudinally) First though et A = F__ - (= fpc, )
me clarify this mathematically In *
rall we have, M;! =F, '{'&'fpca} #

M, =F,(h-fc)
M, =F,(h- fic,)
My = F,-(h- fic,)
M, =F, - fc,) .

‘what the farce-based roll cante
represents is the length of

M‘,.q. .qu.'{'&-fpcq.)

That is the pitching moment

of each indhddual longitudinal
force that can be viewed asa
force acting under the cof g
wiithia moment amm that is the
difference between the cof g
height and the force-based pitch
centre This incorpomtes all

mament influences due to both
applied forces and torgues. This
is the definition of force-based
pitch centre. This s why e
refemed to them as the fpcl
through to fpcd. just so there is
o manfusion my tye numbering
mnvention is 1 is the front left
tyre, 2 is the front right tye, 3
s the mar left tyre and 4 s the
rear right tyme. This is shown
graphically in figure 2

Forghe me if figue 2 is abit
messy, but | wanted to show how
all the forces act to pitch and rall
the chaszsiz. Effectively, whatl'm
showing is the location of all the
force-based roll and pitch centres.
The only thing | haven't shown
s Fx4d, and only because it was
slightly ochsoured by the rest of
the pictue. To further clarify, et
me show you this in bicydle form,
as shown in figure 3.

Just 50 we are dear, for eaze
of illustration Mve assumed
symmetry, so pcf =fpcl = fpc2
and par = fpc3 = fpod. The

to mry anti-dive numibeers as a
parcentage of the ¢ of g height
because it gives me an instant
picture of what the maments
atmourt the ¢ of g are doing. For
clarity, let me define this as the
anti-dive anti-squat factor.

ads _ fact, = 100 * ;'E'-

g E

It has been alleged by same
that this is avery odd way of
measuring anti-squat and dive.
bart | am not the only one to
vizuslize suspension geometry
forces wsing a force-based
approach. Blundell and Harty's™
visualisation of suspension
geametry is identical to what
has just been presented to the
reader. indeed, their definitian
of anti-dive and anti-squat is
identical to equation (5). | should
also add, we constructed this
approach entirely independently.
Ouwr job nowr is to caloulate
these lines and then show

ﬁﬂ lam not the aonly one
to visualise suspension
geometry forces using a
force-based approach pp

astute reader will quickly ses
this is easily extended for an
asymimetric casa.

In each case | have shown the
force-based roll and pitch centre
paints directly undemeath the ¢
of g with a line connecting it to
the contact patch. | have done
this because it is the shope of this
line that achually dictates the
anti forces. These anti forces are
dictated by the tan value of that
angle mul tiplied by the applied
force Others refer to this line
as dw'dy for the lateml case and
dow'dz for the longitudinal case

This is the power of the force-
based approach: in one fell s woop
we can characterise how the
forces pitch and roll the chazsis
and how these individual forces
supply loads direct to the tyres
for, in oldspeak, jacking forces).
[For comenience, | sometimes
express the pitch centre as a
fraction of the c of g height. Eren
though some define per cent
anti-dive and anti-squat as boad
on the suspensiondtotal weight
transfer, | actually pefer to efer
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howi this can come to pass. The
situation in rall | will leave for
another time as it's almost an
article within itself. However,
let's review the sination in pitch
Refreshing the madar’s mamory,
the pitch centre can be found by
the apgroach shown in figure 4.
S the pitch centre is found
by esolving the instant centre
location and finding its gradient
to the contact patch We will refer
to this angle as ic. Then the pitch
centre location is ghven by,

pcf =(distance of contact patch
o cof g tan(ic)
1]
The force transmitted straight
through the tywesis

L = Fu* pcfif [ distance of contact

patch to ¢ of g)

m

There is an addenduwm F'm going
to add to this, but first letme
disouss 3 case study where
wie shall compare the fonce-
based pitch cante to the more
tradi tional methods.
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CASE STUDY - VB SUPERCAR

The case study f'm going
to present is tht ofa
VB Supercar. in this particular
case all parties are agreed
that the instant centre lines
can be taken fram the ground
ffor those unfamiliar with a
VB Supercar, it has a live rear
end). Consequently, it forms an
excellent basis for mmparing the
traditional method to the force-
based approach. To review the
traditional approach to anti-dive
and anti-squat, if the moment

The force ransmitted straight
through the tyres is,
L =Fx* tan(ic) =]

Reviewing figure 4 and equation
{8) it can be readil y be shown
using the traditional approach
that equation @) i identical to
equation (7). 5o here we have

a mmmdnum: the: forces being
applied theough the suspension
geametry are identical However,
mmparing equation §6) to (8).
the tmditional appmach will ghe

V8 Supercar data The first
simulation was done using the
force-based method, the second
method was done using the
tradi tional approach outlined
in equations (7) to (8). The
mamparison of the pitch centres
s showm in table 1 below, the
results in figure 5

To outline the traces to the
reader, the actual data is inred,
the force-based apgroach s in
black and the raditional method

s in peen. For the purposes of
duoing a bacdk-to-back comparison,
the pitch centres had to be fixed,
and this is why the data wasn't
going to be an exact match That
said, what iz abundantly dear

s that the force-based method
is doing a much better job of
miat ching the actual data than
the tmditi onal method. This

Is clear in watching the peak
damper movements in braking
and acoeleration

due to acceleration | braking a pi tch centre nearly doubde the TA.ELEI
torque isplaced atthe hub finan  force-based approach (based on Comparison of pitch cantres for the force-based and
outhoard braking and live axle a SO/50 weight distribution). As traditional approach
case) then the equialent pitch can be seen, that pesents us
R with a little it of a problem. S Forostased  Tradhlonal
to compare the two approaches, Front nitcl 5 IEI
Pc = wheelbase*tanfl) @ =t'slockatsome simulated Bear pltch centrs S0 180mm
data compared with some actual
e ———— | srgues |
e | —
158 —_""““'-h-_____ . | Comparison of actual
1008 Tt i e e | datato piich centres
!.I:!i 1 | modelled by the foroe-
[ | based sppronch and
| Fr z A TR the traditional method
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So the question is, if both the
force-bazed method and the
traditional method retum the
same loads, what in the world is
going on with the pitch centres?
‘well, the devil is in the detail
Taking the anti-dive definition
from Milliken™ we amive at
equation (10). To get to equation
@) | muttiplied the top and
bt tom of equation (10) by
the wheelbase.
Focusing our anal ysis on the
front, upon reflection what | then
did was mmpare the ratio of the
mments. 5o, the moment by the
force acting at the front due to
baking is given by equation {11}
If wee subtmct this from the total
moment being supplied by the
longitudinal force Fx acting ower
the c of g it can be shown that
the moment being applied to the

anti —dive — front = ™! B0 fromt_braking )*tanf, )

m(a, | g)* (hiwh) .
F -h
M =anti _dive _ front -——-a
&0 — — - m
F.-h
Mo =F h-anti _dive_ front-——-a
«© _dive_Ji wh
=F, -(h=wdr-wb-tan(p,.)) -
spaunyg mass is as in equation (12} you'll need to do this is
The astute reader will quickhy a = vadriwh
recognise this is the same
mment arm as the foroe-based ‘what ks dlear fram this analysis
centre. | invite the interested s that the traditional method
reader to derive equations (11) of anti-squat dossn't actually

to{12)on thell own. The identity

retuim a pitch centre at all, it's

D et 20N * o e - s g 0T E

simply measuring the ratio of
load change. Yet it is the biggest
mitstake | see in 50 many papers
and theses pesented to me
by s tudents and professionals.
They take this anti-dive measue
and then apply it to work out
mments about the ¢ of g This to
me is the biggest downfall of the
tradi tional method. Yes, it retums
a load change, but it misses vital
information about the forces and
mements being applied about
the c of g The beauty of the
force-based approach is thatit is
mmumne from this mis mnception.
| stated earlier that| had an
addendum to add for deduwding
the force-based pitch centme. This
was the case whem the torgue
reaction to the applied torgue
s applied at the chassis, as

opposed to the uight. This was
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something | overlooked in my
first article. lin this case, the FED
is shown in figure 6, right.
Applying foece exquili brivm and
taking moments about the

ground it can be shown that,

poLA

F, =F, - Feaif)
Eu’,-n
R

0=F.-£-5 (- Foag))- £ -8

1
- el k= o,
1
~h=gf )
Let's now consider the sprung
mazs. The fres body diagram of
this is illustrated in figue 7.
Taking maments about the ¢
of g and resolving this it can be
shown as in equation [ 14), right.
Substituting the tenms in
from (6)and working through the
algebma it can be eadily shown,

S (a5 o

5o, in this case the foce-based
pitch centre s given by,

g

a-tanfp)
.@C'T

To determine this graphically, we
followe the same proceduse as
per figure 4, but simply drop the
instant centre by the tyre rolling
radius and take its shope fram
the geound.

As far as lam concemed, the
above formulation is absohrely
obvios for inboard brakes
and the Delion axle and on
paper should be obvious for an
independent double wishbone
or 3 MacPhersan strut mar
suspension system under
accelemtion. But what about
the last case? (onsider this data
t@ce that shows a ChassisSim
simulation of a high downforce
open whedler mmpared with
the mal data trace. So the eader
s aware, the car in question
produces over 40 0bhp at
the fiywhesl. Due to onfidence
reasans | hawe to be very tight
lipped abouwt whes this data
came from, which is why Ne
removed scalings from the traces.
Whatl can tell you though i the
top trace is speed, the middle

- [~ B, 1=
ErmT A
Free body dlagam of
the wheel with the L
torque belng applied
ot the chassis a
N {_*w
oy i Y
2 FxR .'lj}‘l Rz
a T |2/
e i
\.FL - g
P o F i i,

Free body dlagram of the sprung mass with torque appiled st the chasis

Taking Moments about the centre of gravity and resolving this it can be
showm that,

S, - r,(ﬁ -%)*r, nm-[a- [% e---ﬁ})]- Fsin@)- @ -e)+ F, :-:

Actual resr damper travel ve simulsted damper travel with the pitch
oeirtne modelled ot the nst ant o ntee oot on

e —

#E-wﬁ.—ﬁr

il e
oud | Eies
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tmce ks ear damper travel and
the bottom frace is throttle.
However, | would draw the
reader’s attention to the fact
that the slope of the data fraces
when the speeds are equivalent
s very similar. This ks partioularly
apparent coming out of the tum.

This is a very strong indication
that we have comectly modelled
where the pitch cente is. | will
be the first to admit that what
is going on mechanica lly with
the car could be overshadowed
by the aera T hat being =aid,
my experiences would indicate
othenwize. However, an this one
I'm happy to be proved wiong.
This really forces the question
that for a doubde wishbone and
MacPherson strut amangement,
wihere exactly are these torques
being reacted?

In diosing then, | trust this
article has darified what | said in
my previcus articke. In particular,
the major positive | see from this
s that we have delved more into
the nature of the force-based
pitch centre, and de-bunked a few
myths and misunderstandings
along the way The advantage
of the fonce-basad pitch centre
s that it ghves a much mos
intuitive feel for what is going on
and howe the forces get reacted
theough the suspension inkages
and the sprung mass. If thisis
the anly thing to come as a result
ofall this, then | have succeedad
in my origingl intentions. )
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Bespoke solutions

Pit lane equipment specialist expands product line up to cater for racers’ needs

ES {Europe) Ltd will

be a new name to

Aurtozport Engineering

next January It's not
that the operation will be
unfamiliar, Capital Equipment
Services has already exhibited
three times at the show bart,
at the beginning of August
this year, it became a limited
company and changed its name.
The move reflects the grow th
- both of the company and of
its workdwide dient base - that
have taken place since Tony
Giles first set up in business in
19492 selling extraction systems
for compaosi te, solwent, fume
and vehicle exhaust, as wellas
welding products.

The change of name has been
acmmpanied by 3 mowve to new
1500sqft premises in Baniury,
Ontfonds hins, a UK agency for Paoki
wheel gunsand a promise of new
product forthenear future.
Haturally, the mmpamy’s website
has alsobeenre-deployed to
reflect this, with more t=ffic
repar ted since the name change.

(0ES s now involved in three
main aneas, wi th pit equipment

OSPOR

CES' innovstive product line up includes this nest double bottle pit trolley

now havingbesn added to the
company’s portfolio. The original
extraction and welding products
gave Giles access torace teams,
which led tohimnoticinga ladk of

m P A i - e i g0 = Dichabeier 2009

bespokeitems in the pit lane_ As a
result, Capital Equipment
Services, as itwas then, started
manufacturing pit lane cylinder
trolleys and ancillary items. Since

then, pit lane equipment has
become its main area of business.
(CES ks partioular]y proad of the
interchangeable and hand-tight
natureof its products. As the
name suggests, the company’s
hand-tight stems have been
designed for tightening by hand
only to any size or type of cylinder
up to 300bar, without the need
for spanners and the danger of
ower tightening.

Mare trolley designs ar now
on thelr way, while high flow
wheel gunregulators, which are
oumently being tested by two
Formula 1 teams, have recenthy
Jjoined the CES product linewp. To
theseis shortly to beadded the
[Fitrumnineer, wehich is beling
intmduced tomeet next year's
changes ina number of racing
series. This will take out of the
equationall the lines and booms
that are cumently used for air
Jacks and wheel guns in adng.
Details of the Pitrunner’s self-
contained air jack and whesl gun
system have yet to be released
bart, asthis was being written,
product wias being repared to
send ot forinitial testing.

choice

Making the right

AUTOSPORT

INTERMATIOMNAL

Engineering Show

14-15 Jmuanr 2010 nec Bimilulnm. UK

With the increasing number of motorsport industry shows, Tony Tobias advises on
how to decide which are the most effective for you

onsider the following:

in the pesent dimate

there is slow emnomic

growith; many companies
are electing to out their
marketing budgets a5 aresult;
trade exhibition mmpanies are
trying to establish new events
that will compete for part of that
reduced marketing spend; this
expansion means both potential
exhibiting companies and visitors
will find it impossible to attend
every avent, leading to confusion
and concem; the likelihood is
thata certain number of key
exhibitars and visi tors will be
missing from every event, so
that none is comprehensive and
representative of the industry
as awhole.

Given all that, selecting the
right event from a plethom of
exhibitions can make or break
your business. Itis therefore
essential you select from the
mimect sector of exhibitions,
analyse the options open to you
and then decide on the most
relevant for your needs.

PEDIGREE

The oedentials of any show
can be established by chedking
howt long it has been going and
its relevance to the products or
senices you offer. Also consider
the exhibition's ability to attract
the market leaders to esxhibitand
the decizion makers to visit, as
wiedl as the level of advertising
and promiation for the event.

Talk to other people in your

sactor and ask if they have RESEARCH

at tended the event at which you Undertaking research about
Select the country that has to book s essential Many

the bayers to whom you need to mmpanies fail to do this, have

pRmOte your products . poot results, and are then out
‘when you recefve an of pocket and put off exhibiting

imitation to attend an exhibition,  at futwe shows Simple ways

before you agree, it's important of researching a show indude

that you understand whether it's requesting last year's axhibi tors”

a sdles presentation or a trade list and attendance ecords from

show - some of the conceptsmay  the onganisers and speaking

e similar, but their purposes are to exhibi tors regarding their

entirely different. experiences and etum on

imestment RO

ﬂd Undertaking research...
before deciding to book is

essantial DD

WELL, YO BIRLS HAVE CONYINCED ME THAT
¥OUR LINGERIE EXHIBITION I3 THE REENT PLACE
FOR MY ENEINE COMEANY TO EXHIRIT!

Oictalker 2009 » whatal i 08 &6 N ing .oom m

As the market gets tougher,
inreasing numbers of people are
tuming to altematie ways of
generating new business
- mid calling, marketing and, in
particular, attending exhibitions.

[For most businesses, their
experience of exhibitions,
mnferences and road shows is
falirly limited. They hawe perhaps
attended a few, maybe even
exhibited at ane or two in the
past, yet are still unsure as to
howi to get the best mtum an
imestment from them

The facts, exhibitions should
e an important part of amy
mmpamy's business promotion
activities, so my best plece of
advice would be to make certain
to choose the tried and tes ted
product as this is the most lkely
1o reward you in terms of sales.

If your company has the
resmurces to exhibit at an
ungroven event, that's fine, but
do 50 in the knowledge that
there s a risk it may not deliver
avenything you require in tenms
of attaining your mar keting

AUTOSPORT

Engmeerlng Show
TALKTOTT

[For more information about
exhibiting at the show contact
Rocecor's Tony Tabias via email

at expo@tonytobias o or call
direct on 07768 244 880
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MICK HYDE

Amy thing new at Radlcal?

There's always something new, as
the cars have evolved considerably owver
the years. For instance, the SR 3, which
s our most papular car, has anew Suzuki
engine this year, tuned by Powertec and
wiith titanium vahes. We are actually the
only mmpany that has a

mntract with the factony Mick Hyde, co-

chassis. | was talked out of that, though
| wish | hadn't been becawse we've since
proved that the only downside is maybe
five kilos in weight, but you then have
something that's a fraction of the cost
In fact, we sort of hawe one Le Mans
spaceframe car with the SRE LM Dkay, it
doesn't complywith the Le Mans Series
regulations, but it goes nearly as quick!

\shat about your Le Mans car,
the SRY, what ks 115 future?
‘wle don't plan to build anymare at
the mament. Our futwre is really with
our othver five modets and expanding
globally. We've spent the majority of ouwr
effort expanding ouwr distributor base.

S0 Radical has gone global?

80 per cent of the cars we make
wie export. Ouwr best markets am China,
Medim, the Bmimtes, Australia... that's
both racing and track day cars. Id say
aooss the world the majority of the cars
end up being raced, but fm
not sure of the exact split

fior the supply of new founder and between the two.
Hayabusa engines: managing director,

The SR 3 also now has Radical Sports Cars How many cars
all new asro bodywork U1986: 56t up has Radical
and chazsiz. The SRE PRadical Sports Cars producedin the 13
underwent a major in part narship with years since the company
aerpdynamic development Phil Abbekt aftes & wias founded?
last year, and the SR3 has catee it marheting. It's abvoart 900 now, | think.
benefited from much of Company specialises Bt it may be diozer to
that work. Mudh ofitis in LMP-styled, 1000, We: basild aboart 150
based on the experience motaroyels en gined a year, but of course we
we have gained with the T, wieren't building that mamy
Le Mans car [the SRA] inls {though right from the start.

As with the SRE, this :‘;:;:::h
year we've also passed the Hoads Wheo oar What are the plans
full AA o=sh test with the engine) md also Tor the futume?

SR3 poth with spaceframe produces the SRI

WweTe heading off for

chassis) and we'e the only | 130D car The cument an attempt to lower our

people to do that. They range indudes the lap eecord around the:
have passed a test that SHE LM, which uses Hirbusgring soon. Michael
whiich our carbon chassis by Radioal's engine the attemptinan SRE LM,
Le Mans car has to pass. dEvimion, Powcbie, powiered by the 2.8-itre,
46 Dbhp Powertec engine
You must be we miake oursehves.
pleased with that, as Radical More kong term, we're looking to do
has always bean a champlon of an amund-the-workd race in an electric
spaceframe racecars? Radical We're in partner ship with
‘fes, we've always been of the Imperial College London, and it's going to

understanding that they are as safe, yet
olwiously 3 lot cheaper to manufacture,
than carbon In fact, when we wes
ahout to produce our Le Mans car,

the plan was to do it as a spaceframe

be an electrically powered SR3. The race
s in the sring of next year and there
are ahout six or eight cars from dif ferent
oontinents taking part. We are the only
representative from the UK

Andrew Shoviin

Brawn GF mce
enginsers, Andrew

Bonnington, joined
driver Jenson Button
i the London
Trathlon recently.
Meammerhile, Bautton
revealed that part of
his preparation for the
running, seimmdng
and oycling event
invelved a spel of
e work — sitting on
hig bike in the team's
wiind tunne]l

Peter Bannington

Miks Mnesholder iz
the new vice president
of gales and marketing
at the Las Vegas Motor
Speadway It's he fimst
position in motorsport
after working in horse
racing and American
Foothall in the past.

Glan Seton, atwo-
time Anstralian
Towring Car champion,
hoae Jaft his post

8 P enginser

for the Battle. O
racing Australian

V& Supercars team.
The team driver,
Tony I¥ Alberto, is
now looking for a
replarenent enginessr.

Ferrar's head of
aerodynamics, John
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Nikolas Tombazis

Ty, i= to leave the
team at the end of this
season. He joined the
Seudaria in 2003 after
spells with Jordan
and Renault. Nikolas
Tombazie, clief
designer at Ferrari,
will take on more of
the asmdynamics
work at the team from
2010 omsrards.

Martyn Dobson, a
former Britieh Formula
3 Championship

race enginessr and
the hoss of UE dub

GP2 squad Sport has
taken on reigning
AIGP and hrmer GP2
ace Adam Carrol

as a drver conch .
Mearmahile, Oriol
Servia has taken on a
similar role with Indy
Car soquad Andrett
Green Racing.

A team from Melarss
F1 won the 2009

ATL F1 Earting
Challenge, with
Pescamlo Sport and
Braun GF completing
the podium. There
were 26 entries in
all, with moulti-drver
tesans: from most F1
outfits and many
other motorsport
organisations,
including a team from
Raresar Enginearing,
which finished in a
dismal 20th place.




chief oparating officer
at the Indianapalis
Motor Spesdway.

Intemational
Speedway Corporation
vice chairperson and
CED Leza France
Esnnedy is to be the
keynote speaber at
the insugural Motor
Sports Business
Forum, Morth Amercs.
Thee Forum takes place
on §-8 December,

in the mun up to the
Parforman ce Hacing
Industry trade show in
Orlande, Florida on 10
December.

Richard Petty

MASCAR legand
Hichard Petty has
mvired to quash
rumers that he's to
cut the number of
cars he runs in the
Sprint Cup under

the Richand Petty
Motorsports banner
Howrever, be said
there will probably be
some personnel swaps
betwesn the cars,
after the onganisation
laid off nine amployess

im the smammer.

|cile Chitwood NI

B Moving to a great new job in motorsport
and want the world to know about it? Or has
yOUur motorsport company recently taken

on an axciting new prospect? Then send an
email with all the relevant infor mation to

Mike Breslin at bresmedia@hotrmail com
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YOUNG ENGINEERS

In the groove

SCALE XTRICA5 CHOOLS CHALLENGE
UK FIMALS, SHEFFIELD, 10 JULY 2009

eams from 10 schools, with
children aged between 11 and
17, pitted the slot cars they
had designed, manufac wed
and developed themselves against each
other anound a facsimile of Silver stone
for the top spot on the podium at
the recent ScalextricdSchools final.
Scores from race times and fastest laps
combined with assessments by the
judges of the design presentations and
portfolios dedded the UK champions.

The most imgressive thing we've
sean is that some of these 11 and
1 2-year olds are performing some quite
complex design tasks,” said Roger Frendh,
md of Root Solutions, the FTC re-seller
responsible for Homby, the parent
company of Scalextric. it's awhole
process, not just a design exercise,
he continued. it encompasses all the
aspects you would find in concept, design
and manufacture anywhes in industry”

In the end Wootton Lipper Schood,
Bedf osdshire, was the overall winner,
the team having completely e-designed
their car, induding making their cwn
gearing and working on minute cof g
and ride height adjustments.

"we didnlt have amilling machine, so
we outsourced the final body moulding”
explained Mark Herd of the Wootton
team. “we zent the final design for the
body to be made into 3 pohyurethane
miould for vacwum forming in a very thin
polycarbonate material for maximum
weight saving’

Runners-up were 5t Augustine’s High
School, Scarborough and Queen Eliz abath
(Grammar School, Linminshire, while the

Handmade
thasais, ane off
polycarhonste
bodies and
rae-developed
gearing were
just some of the
tricks employed
by thete beight
young engineers

The winners: Wootton Upper School, Beds

[Best Engineered Car award went to an
all-girl team, aged 14, from Sandbach
School in Cheshire.

Scalextricd Schools s a partnership
between Homby and PTC, with help
and sponsorship coming frm Boxford
Ltd, the leading manufactuer and
supplier of CADVCAM systems and CHC
equipment to education, and CR Oarke, a
mampany which specialises in the design
and manufacture of equipment for the
themmaoforming. fabrication and eoyding
of thermoplastic materials.

Homby and PTC announced at the
finals that they would be nunning the:
event again in 2010 with a sister series
in Morth America. Discussions are also
taking place with teacher networks in
Farstmllia and the Far East, with a view to
launching the challenge in those regions
soon. ScalextricdSchoots has been a
great success this year and we hope it
wiill grows and expand into other regions
of the workd so that children from other
cuthures will be able to experience the
same sort of buzz that the finalists
experiencad hera) concheded Tim
Brotherhood, education market manager
for FTC

Information, downloads and links to
puschase parts and track are available
onwww scalextricdschooks oy 69




Emall the Editor: acecan@ipanedia.com or write
tec The Editor, Racecar Engineesing, IPC Media,
Leon House, 23 3 High Steeet, Croydon, (RS 1HZ,

Twiood you believe HP Splinter, the one-off wooden supercar

WOODEMN
PERFOR MANCE
Iwias muost intereated
o remed the recent
antice by Forbes Adrd
(Rasecar Engineanng
V19HE) conceming
wiood a8 a structural
material. I have long
had great regard for
the wonden Mosquite
aireraft and am also
aware of Marcos'
exploits with wonden
cars. As such, the
concept of a wooden
chassis racecar is one
I ponder ooca sionally
Omue thimg that
bothers me ahout the
e of wood, however,
is erashworthiness.
have heard anumber
of tales of Mareos cars
reducing themsehes
to matehwood in
severs impacts.
Couple this to the
Imown dangers of
Mying splinters, as
estahlished back in
the days of wooden
warships, and a
definite safty jsme
begine to emenge.
This aspect of the
e of o] wias not
tackled in Mr Aird's
otherwise sxcellant
articde. I have
conaidered ane or two
basic solutions tothe

problem bt would
be muoat interested

if thee matter could
be addressed in the
pages of Racear
Enginssring at some
Dustares ¢,

David Tuckes
via ernadl

FORBES AIRD
RESPONDS:

Thanks for your
query regarding the
crashwarthiness

of woodean vehick
structuras You raise
an intensating point. [
think there are three

sspects b this

1) The wotal amount
off anangy absarbad
per foot (say) of
structure damage.
In principle, thisis
ama tter of the araa
under the stross
[/ strain curve. On
that basis, wood
abould soak up
Just about as much
ananyy per pound
off Structune a8
any other materis
(i Prooest Pt ala),
having roughly the
sama ratis of EfD
and gimilsr par cent
strain to fracturs.

2) The rate at which

the enangy geta
absarbed This |
willl dedermine

B X ALCE PELOR L E | —

STRAIGHT TALK

Carry on
privateers

Should single engine / chassis
combinations be banned in LMPZ2?

he streng th of Sportscar rading
s often measwred by the
manufac turer inrolvement and
participation. The continuity
of the sport, howewver, is ensured by
the private entrants and drivers, who
tendto stick around a lot longer than
the big marques with thelr multi-milion
programmes that often only last three
years Soitks in everybody's best

they either nead to spend well over §1
milllion for a winning car or settle for
rumner-ug posi tions in cars that cost but a
fractionof the Porsche.

A drastic but simple change to the
regulations of the P2 dlass muld get the
desired result. Banone-manufacturer
cars. If P2 cars have to feature achassis
from one manufactuwer and an engine
from anothes, it will not be as interesting

interests that the privateers canfind a for mainstream manufactwers.
spot on the grid and, _ Furthemmone,
miore importantly, 1 supgpiers should be
a dass where they Il Ban one- forced tooffer their
can fight for the manufacturer dessoengns
victory. - to all teams an the
To cater to the cars L grid, perhaps even
privateers’ needs the atacapped price.

Aartomibile Ot de MOuest (ACD) created
the LMP2 dlass Unfortunately, that class
hasbeen hijacked by manufachuers like
Porsche and Aoura, who discovered P2 to
bea relatively cheaproute to dlass and
even outright glony. Thes e semi-works
F2s, piloted by some of themost
talented drivers, make it ut terky
impossible for smaller teams tochallenge.
The ACD has tried toaddress the
situation by rejectingall-pro linewps in
the Eurogpeanevents, but the complete
dominationof the Porsche RS Spyder in
the Le Mans Series and at LeMans
showed that to have had very little effect.
It can only be amatter of time before
gentlemanracerslike Miguel Amaral, Mike
Hewton and jacques Micolet realise that

5

Companies like Lol a, Oreca and Pescamio
arecapable of supplying the chassis,
wihile judd, AER and Zytek allhawve a
choice of engines available. Manufactwers
like Fermari, Aoura or Porsche could still
serve as engine suppliers, should they
insist on a F2 presenca.

It is imperative that the sport’s
goveming bodiesrealiss that, atthough
having manufacthurer presence s good for
attactingmedia attention, itis the loyal
privateers that have enabled Sportscar
racing to thrive unintermupted forsolong.
These privateers need to be cherished
and the best way to do this is to provide
themwith an affordable and exciting
entry-level class. With alittle thought, a
revised LMPZ class muld bejust that. {5

Carslike the Porsdhe RS Spyder have taken the funout of LMPZ, fondng prilustesrs into LMP1

Dictiodeir 209 » wpmpnd i 80 -1 ol g C0m m
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The wioode n-chassis Hanms, safeatany speed?

3) ‘Flying splinters.
Whodan warships
whara muade from
larges, manalithic
chunks of weood,
ot plywood. Yas,
when you break
plywood (murahe
you have dons
this at same padnt)
the hits wind up
with jagged adges
(ditto for carban
fibre or glsas),
But you dan’t
escactly gt fiying
splinters, do you?
The eross-plying
of the fibres pratty
much assunss
this Restraining
any fageed bity
from petean tislh
impaling the driver
mdghi be achisved
with a layer af
Esvlar over the
Interivr surfaoes

As o Marcos cans
‘revdluningy th e salves
o matchwood,
Ortenburger aites
thres e of Costin's

woodan chassis
invahed in crashes

= twho in racing (a
Ciowtin Sports Farer
that did four eomplete
end-overs at arer
100mph and a Protos
that "was cut off in

that no wioodsn
chasais could meat the
FI&s crashwart hiness
erteria for an F1 ar
= at lan st ot without
an horrendous wegght
penalty — [weouldn T
mind batting that
& wooden rosd
vehicle structure
ol be aonstruched
chat would meat
Eon lemparary safely
ragulations for
passenger velicls
and, as the above
ax amples suggrest, a
satisfactary level of
protectisn for many
rae applica tons

I hope this goes
some way ward
answering your quary

D] voisacecas engirearing com - Oetever 200

GRAVEL TRAPRF

Shut up and

drive

Know your car, but know your driver as well

rivers are just people, they

have dif ferent ways of

doing things and dif ferent

personalities. It sounds bloody
obvious when you say it like that but
thare are s0 many engineers out there
whe fail to unders tand that the driver,
like the rest of 3 @cecar, ks an impartant
and tmeable mmponent. They all too
often fail to malise that treating them
comectly is often the dif ference between
victary and mediocrity.

There are thase that need to be
constantly encowraged, others that
need to be oiticised and then those
who just need to be wound up before
they work, but all need very different
appoaches. | speak from experience as
a driver and know what makes me drive
well It's simple - make me angry and
make sure | mspect your enginesring
ability. f something on track or over the

it
o
B

| alllevels of the sport. Those who now
what theyre doing ae always oen
minded and never afraid of saying 1 don't
imow’, while those who are more limited
in their abilities get defensive when
challengad and spend a lot of time trying
to prove gthers wiong.

Anather enginesr, an ex-driver, gave

a very good pesentation at SAE MEC last
wear in Concord, MC, saying all too often
the last thing engineers and team bosses
tell drivers before a session is 'don't
orash’, leaving the driver thinking about
nothing but crashing. At Mallory Park,
England, an enginesr was heard telling
a Formula Vee driver that the car was
Tunning super fast and handing well, so
wou'll really smash it up good and proper
this time’, fol kewing it up wi th ‘remsam ber,
you pay for repairs” The esult was the
driver, who nommally qualified 20th or
wirs e put it third with a wild lap. though

radio winds me up admittedly oashed
| go faster. f Im dd in the race itself.
cmte_n'tlgosluml:,r_ the driver .Htﬂu_!lulumm
11 think you are i i Grand Prixa
justa jumped-up s an r'|1|:ll:|r'tEr'|t few years back,
mechanic 11 find and tuneahble Femando Alonso
problems with the Wa's Coming up to
car, and go showly EI':II"I"IFII':II"IEI"It ED lap Renault team
wrhilst thinking mate Giancarle
about them, mther than gettingon it Fisichella when the |atter's engineer got
Think back to listening to Felipe on the radic Tome on mate, Femando’s
Maz=sa's mdio ransmissions earlier this gonna lap you, you can't be this slow.” As
season when he got agitated about if by magic, the lalian came alhe and

samething on track, and engineer Rab
Smedley’s msponse: Felipe by, stay
cool’ It worked. Massa shut up and drove.
| know a driver contracted to drive in
a high-profile series. He was about to
Join a new team, and the money men had
chosen the technical staff. First, they
tried to find a dif ferent driver, then they
todd the moneymen that “all drivers are
like children - nane of them have a diue
and they have tantrums’ Perhaps not the
best thing to say in earshot of the driver,
wiha already doulted the team's ability.
It wias clear there was never going to be
harmony between driver and engineer
and, a5 such, never a competitive team.
Inmiy jotr | get to meet engineers from

starbed overtaking and improving his
speed. | suspect Fisichella was suffering
from what | call bain fade - when you
are driving and you get into a rinthm
and your mind drifts. Your |ap times get
wiars e and you have no idea why, then
something wakes you up and you pid up
the pace.
There is no right or wrong way to deal

wiith drivers, but you do have to setup
a driver for a race like you set wpa car.
‘You need to get o know the driver, Enow
wihat his likes and dislikes ar and lnow
wihat motivates him i doesn't matter
wihat it is, what really counts is the
chemistry and understanding betwesn

| team and driver. ‘B
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Common sense

prevails

he election campai gns of Mesers Todt and
‘iatanen for the FIA Presidency are well under
wiay, and regamdless of which man wins, itis
1o be fervently hoped that one of his first
maves once in office will be to sort out, once and for
all, the stewarding system, particularly with regard to
[Formula 1. Aprime angument for this s the penalty
slapped on the Renault team for 3 botched pit stop at
tive Hungarian Grand Prix
The badkground is that Femando Alonso had
claimed pole position for Renault on what tumed out
1o be avery light fusl lad Predictably, he powered

of the wheel retaining devices securely in position.
Furthermare, the stewards claimed that being awae
of this, Renault had failed to take action to prevent
its car from leaving the pit lane and failed to infarm
the driver of the problem or to advise him to take
appopriate action.

The French national motorsport autharity, the
FFSA, an behalf of Renault F1, lodged an appeal
against the severity of the penalty. This was heard by
the Intemnational Cowrt of Appeal, on 17 Avgust 2009,
After listening to the submissions of the FlAand
Renault F1 legal teams, the ICA - quite corecthy, in

into the race kead, my view - allowed the

[t then dowve iinto -

the pits on lap 11 for dﬁ it had no motive the stewards’ sanction,

f““"’"“_‘!"::'"_‘ ~ for...allowing its car to ::i_uargprh?rﬂﬁ
[Im posIng 3 Tine

hemporied thathe  IEEVE the pit lane with, in 50000 nis pace

wzomnghadte @pffact, three wheels pp Infact, the

the pits with what felt ihconss

like a deflating tyne. justification by the

Shorthy thereaftes, the right front whes! retaining
device came of f the car at tum 5, with the wheel and
tyre doing likewise at tumn 9. Alonso managed to drive
badk to the pits, but that was effectively the end of

stewands’ for the original penalty was summed up in a
wonderfully dry obsenation in the Renauft F1 team’
subimizsion to the murt: The Appellant [Renault F1]
oontends that the fact that it had no motive for o

et i g e i g, IPC M b Ll
mml;ﬁ" Hi “9&""'-“ hits Hungarian Grand Prio. interest in allowing its car to leave the pit lane with,
Fr:ﬁ Eﬁ% After reviewing the incident, the FIA stewards in effact, thee
Emall oo e o m imposed what can only be desoibed as a draconian whesls, constitutes
mw‘:gnmmm penalty. They suspended the Renault F1 team additional evidence
FIZ Paamanigh FE2 0 LK from the next race - the Eurgpean Grand Priz: in of the fact that
hﬂhm&wg ‘alencia - for breaching Artidle 23,1 of the Sporting the infringement
s Tada Regulations, which involves releasing a car afterapit | was committed
mll‘fﬂl T:musﬂ" stop when uns afe to do so. On this point, thes can be ﬂwy’_
mﬂmilﬁl—gﬂa‘! no agument that the team was guilty as charged. Uktimatedy, it
———— suascryaes Itis pertinent to mention here that all of thistook | wasa victory for
“"ﬁ'ag;"“::f;w_;'* place against the backdrop of the Saturday indident at | commen sense, bat
i 1 S, REHT € 3F 5, LK the Hungaroring, in which Fenari driver, Felipe Massa, this appeal should
£ ] CTT Lad - o 2 -
.Tml wsu::n‘numu wias hitby a thind spring from Rubens Barrichello’s never have had to
Primied n Englard [Brawm, and a week earlier a Formula 2 accident at g0 before the ICA In
B B e [Brands Hatch, in which Henry Surtees died after being  the first place.
hit by a wheel from another mmpetitor's car.
Summarised, the stewards' justification for the
penalty was that Renault had knowingly released EDITOR
r the Mo 7 car fram the pit stop position wi thout one Graham Jones
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