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ust in case you hadr't noticed, this month's issue of Rocecar
Engineering s all about engines. Byway of explaration, what
originally prompted thiswas our curiosity regarding the so-called
Global Race Engine. We had heard of AudiSporfs Ulrich Baretzky
proposing the concept at a motorsport conference in Ox ford [astyear.
We alsoknew the FIA had been sufficiently interested to commission
an initial feasibility report on the subject from highly respected
automotive engineering firm, Ricardo. The more we dug into the subject,
the moreinteresting it became and the mone we became corvirced that the
concept of a multi-discipline motorsport engine made sense.

We spoke with a number of senior peoplein the motorsport world to
solicit theirviews on the Global Race Engine, but itwas one man in
particularwho crystallised our thoughts on the subject Dave Mountain,
founder of Mountune Racing has awealth of experience designing and
building engines for motarsport. He also enjoys close relbtionshipswitha
number of major motor manu facturers,

The point he makesis that the ongoing push to improwve fuel
consumption as well as the overall efficiency of
roadgoing engines means they will increasingly l-E
be optimised to achieve those goals. At the *‘i"
same time, theywill become ever less ( .
appropriate for the rigours of motorsport. 1t i
would therefore seem to make good sense to ‘I8
develop a cost-effective engine capable -with
adaptation - of beingusad in a number of
different racing andrallying categories. Inamy
event, read on - we think you may become
comvinced aswell.

EDITOR
Grakarm Jonas

For more technical news and content goto
www.racecar-engineering.com/news
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TOURINEG CARS

Max Mosley declares ‘we
now have peace’ s S

Thirteen teams for 2010 Grand Prix season and FIA president agrees not to stand for re-electlon

FORMLLA I's NEW TEAMS

G .'i |
¥ . »

Already codourful, the Formula 1 gridin 2070 will feature an additional sk cars

ON 24 JUNE, after a day
ofhigh drama in Paris,
the controversy raging
in Formula 1 finally
appeared to hawve been
resohved, An 11th-hour
dealwas struck between
motorsport’s governing
body. the FIA, and the
Formula One Teams'
Association (FOTA),
which heads off a
threatened breakaway
series. As part of the
deal, which was brokered
in crisis talks held before
the WMSL meeting
between FOTA chairman,
Luca di Montezemola,
F1 commercial rights
holder, Bernie Ecclestone
and FIA president, Max
Mosley, the latter agreed
not to run for re-election
in October, while FOTA
teams agreedto sign
up to a new Concorde
Agreement that will last
until 2012,

As a result, the
entry list for the
2070 Formula 1 World
Champicnship hasbeen
confirmed & oomprising
the 10 current teams
plus the three new

squads, listed earlier in
June - Manor Grand Prix,
Team U5 F1 and Campos
Meta (s=e 5debar] all of
wihich will use Coswarth
powrer. Formula 1 fans can
therefore look foreard
to the prospect of 26-
car grids in 2010, and
beyond.

Speaking following the
WHMSC meeting. Mosley

new entries for 2010,

by providing technical
assistance, and further
agreed to the permanent
and continuing role of
the FIA as the sport's
govemning body. They
also committed to the
commercial arrangements
in place for the FIA
Formula Ore World
Championship until 2012,

ﬁé teams agreed to si;!n
up to a new Concorde {EJD

said, T will not be up for
re-election. We now have
peace, There will be no
split We have a reduction
in costs. There will be
one F1 championship in
2010, but the objective
is still to et back to the
spending levels of the
early nineties within two
years.

The rules for 2010
omwards will be the
2009 regulations as well
as further regulations
agreed prior to 29 April
2008, In addition, the
manufacturer teams
have agreed to assist the
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and have agreed to
renegotiate and extend
this contract before the
end of that period.
Rather svershadowed
by the apparent
resolution of the
Formula 1 situation,
the WMSL also agreed
a number of changes
to other branches of
motarsport, most notably
to the format of World
Rally Championship
events, which will be
freed up from their
current rigid structure in
a bid to re-establish their
individual characters.

B Campos Grand Prix

LAT

This multi-champianship
winning Spanish team was set
up in 1948 by former F1 driver
Adrian Campos. The team’s
headquarters will be in Madrid
with a technical centre in
Valencia, As well as the engine
dealwith Cosworth, Campos
has a technical partnership with
Dallara to produce its chassis.

The inclusion of this team
surprised mary, but there's
plenty of pedigree in the form
of Manor boss John Booth -a
No-Nonserse, single-seater man
who's been winning races for
years - and technical director,
Nick Wirth, once boss of the
Simtek F1 team and now head
of Wirth Research Ltd (WRLL an
engineering company founded
by him in 2003, and which has
had success in both the IRL
and ALMS. Wirth is tobe Manor
GFs technical directar, a role

he filled at Benetton between
1996 and 1994,

The least surprising of the new
entries, this American-tased
ope@tion made its intentions
tocompete in F1 clear well in
advance of the recent budget
capping controversy, and

is thought to have already
attracted plenty of imvestors,
U5 F1 is tobe basedin
Charlotte, Morth Carolina and
run by Ken Anderson and

Peter Windsor. Anderson has
previcusly been a technical
directar in F1 and is the man
behind the Windshear facility,
while journalist Windsor was
once team manager at Williams

Fhatox LAT

BTCC unveils NGTC
regulations

THE BRITISH TOURING
Car Chamipionship has
revealed a new set
of regulations aimed
at reducing cost and
increasing the spectade
of the UK's premier
tin-top series. Stand out
features of the "Mext
Generation Touring Car
[NGTCY regulations
include the adoption of
turbecharged 2.0-litre
engines, but also the
banning of rear~whesl
drive and diesels. Itis
hoped the regulations,
due to come into force in
2011, will slash budgets
by around 50 per cent.
The budget cut will
be achieved through

Mex i generatian Touring Cars will all be based on saloen
bodles, rather than the hatchback style of the S2000 cars

equal in performance to
the non-TOCA provided
engines. The BTCC
believes engines should
last an entire s=ason
without a rebuild

MWGTC cars will also
be based on arger
muodels, with an increased

(_'Ifﬁ running costs will be
some 50 per cent below
the present level pg

the standardisation of
major components,

such as subframes
gearboes, suspension
and brakes, coupled with
the durability of the new
300bhp turbo engire and
further standard isation of
parts within this engine.

PERFORMAMNCE PARITY
The NGTC engines

will be fittedwith a
wonfrolled-specification
turbo (probably a low
pressure unit) wastegate,
imtercooler and ECU to
reduce both development
wosts and opportunities
for technical
infringements. Teams

niot wishing toundertake
their own engine
development programme
will have the option of
using a TOCA-developed
NGTC engine that will be

minimum length of 4.4m

and a standardised width
of 187 5mm. There wil | be
a new front aero package,
while all cars will be wind
tunnel tested in an effort
toensure aero equality.

From 2011 orwards,
the current 52000
cars will still be able to
compete on an egual
basis with the NGTC cars,
with both types having
their performances
equalised until 2013,
when those running to
MNGTC specification will be
Eiven more engine power.

BTCC director Alan
Gow s3id: "Our teams
niow have clear direction
enwhat the future BTCC
car will be, whilst (very
importanthy) protecting
their imestment in the
52000 cars they currenthy
run right up until 2013.
Of huge significance is
the fact that we have
now achiewed a massive
cost reduction, with car /
engine build and rurning
costs that will be some
50 per cent below the
present lewel”

Most BTCC team
bosses hawe welcomed
thie news regulations, but
Motorbase principal David
Bartrum is unhappy that
the new rules mean an
end for RWD cars. It's
believed the reasoning
for the change is down
to safety considerations,
principally driver
positioning in the car.

WS5eeintendew with Dave
Bortrum on page 91

" ASTON'S ALMS

Prodrive boss Darid Richards has said thathe is
hoping to compete in the American Le Mans Series
with the Aston Martin Racing LMP1 s later this year.
The progamme is expected to take in two ALMS
rounds: the prestigious Petit Le Mans race at Road
Atlanta and the season-ending Laguna Seca event.

BMW BACKS NEW ENGINES

BMW has said itwould welcome a move to a single
spac engine intheWTCC for 2011, althoughit has
still to commit to the series. Meamwhile, SEAT has
alsoweloomed the new 1 &-litre turbochanged
engines- expected to be rubber stamped by the
‘wiord Motor sport Council soon - and has made a
commitment to staying in the WTCL even though it
will now have to drop its successful diesels.

LOLA WITHDRAWS

Following its omission from the FI&'s entry list far
the 2010 Formula Ore World Champiorship, the Lola
F1 Team politely thanked motorsport's gorerning
body for giving “serious consideration’ to itsentry
and announced it was withdewing its application.
The company is believed to have been well advanced
with the design of its new F1 car.

BOGIEMAN

Former Rocecar Engineering editor Charles
Armstrong-Wilson took best time of the day in the
MIRA-built Lindley Special at the inaugural Border
Bogie gravity race at Denhaolm in the Scottish borders,
According to the onboard Race Technology data
Iogger, the powerless ‘bogie” exceaded 42mph on the
fastest part of the course - coincidentally, about the
same speed Charles managed uphill at the Gurston
Dowen hillclimb some years ago (only joking. Charles]).

(WWATCH THIS

Renault F1's 24-litreWVB running at 20,000rpm
Go to Wttpel fwwW.raceca Fengineering.comivids
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- NEWS LE MANS APPEAL = NEW PROIOOO SERIES » CAUGHT =

Peugeot wins
but protests

French manufacturer takes [ts

concerns to the FIA

Z00Y was Peugestsyear at Le Mans, yet stil It saw it ta lodge a complaintwith the ACO

AUD WAS THE subject of a protest
from arch rival Peugeot in the runup
to this year's Le Mans 24 Hours. The
French manufacturer called for the ACO
to darify the regulations, claiming that
the flaps and appendages on the R15s
front wings were in place to generate
downfaorce and therefore not within the
regulations, But the ACO, the Le Mans
organising body, dismissed the protest
Peugeot now intends to take its appeal
to the FIA

Audi arived at Le Manswith a spedial,

SPORTSCARS

lowe-dowenforce version of its R15,
featuring a reduction in the nose vent,
mowves toclean up the airflow around the
wheelarches, a re-profiled tail section
and smal ler rear wing end plates.

The German manufacturer eventually
finished third, all three R15s suffering
problems at various stages, while
Peugeot caimed first and second, its
908 coupés bringing the French compary
its first victory at Le Mans in 16 years

W Ful Le Mans technical report an p371

JTR's Mick Tandy was sxcluded

from the reeulte of race ons of
the British Formula 3 Championship'a
Hockemheim svent after irmegularitiss
wers found with the airhox of his Mygals-
Memedes’. The team later explainsd that
the problem was caussd by a lump of
mubber from the track that had flicked up

M BAC

Eirk Almaquist, crew chisf for the

no 7 NASCAR Sprint Cup car driven
by Robby Gordon, has been fined haawvily
and placed on probation until the end of
the year for rules violations at the Lowea
Motor Spesdway event, whare the rear
axle housing of Gordon's Toyota was
found to excesd the allowable tos of phas
or mirme ons degres. The axle, when
inspected, was canted too far to the rght,
which can help with comesr entry and
mid-comer stability:
| | FINE: TSh0 000 {30,000 |
| |PENALTY: LUSS bl DEIVER AN

CWHNEE POINTS

Andrew Crmkovie, a crew membser

for the BE-Green Light Racing no 07
team in the Camping Wodd Trck Seriss,
has besn suspendad indefinitely from
MNASCAR for violating its strict substance
abuss policy
| | PENALTY PENL

INDEFINITELY

Racer for the road to hit the track

THE STRIKING CAPARD T1
supercar, described asa Formula
1 car for the road, is to have a
high-profile race series of its
wery own from 2010,
The Prol000 series, which
is the brainchild of Nigal Rees
- managing director of promoter
Global Sports Ltd and 3 former
racer - will make use of a
mod ified version of the supercar.
A similar plan to run a series
in 2009 with chassis from Delta

Z010 will see the Inaugural race serles Tor Capare™s striking T1 road car

fell through, but earlier this year
GPL was able to hook up with
Caparo, which was also looking at
starting its own series and now
plans are well advanced to have
two series- one for professionaks
and one for amateurs - in
operation by 2010,

Stuart Scarbrough, sales
director at Caparo, says: We have
built the successful and iconic
Caparo T1 supercar and were
keen tointroduce a T race series
for talented amateur drivers. We
met with G50, we liked what they
were doing and concluded that

we could use the same fleet of
cars to operate a 10+ace pro’
series and a six-race amateur
series. We have designed the
T1000 asawvariantof the T1,
with modifications to suit the
reeds of the series, particularly
tosts and ease of opemtion.”

The racecar features a
two-seater, carbon composite
monccogque with a detuned
MCT W& delivering 47 0bhp
with a 10,000km rebuild life.
The trarsmission is a si-speed
Hewland sequential unit

For erg, the T1 will not use
its full dowerforce package, but
shallower diffusers and aerofoils
to help promote avertaking.

The series is to be run
centrlly - similar to F2 and FPA
-wyith full spares and technical
support at each meeting As
yet no organisation has been
chosan to run Pro’1000, although
Sportscar team Damax is
currently immhed in developing
the car and running the ongoing
test programme.

August 2009 » warw acecar engineesing.com LN




- NEW PRODUCTS THE LATEST MOTORSPORT TECHNOLOGY

ROUSH YATES RACE PARTS

HAVE YOU EVER won dered
where all the surplus Ford
engine and chassis parts go
from the various NASCAR racing
series? In high-end Sprint Cup,
Natiorwide, Camping World

reconditioned race parts
available through its

website. Parts available range
from complete engines
towrist pins and even
transmission parts

Truck and ARCA divisions, all Sen WWW.

racing parts have a set lifespan. ~ Troushyatesparts.
but Roush Yates Engineering Cofmn Tor morg

is nowr making inspec ted and Imfo rmat bon.

AP RACING BRAKE PADS

LEADING BRAKE AMD cutch manufacturer AP Racing has

imtroduced its own range of brake pads, featuring five different

compounds to suit applications from fast road to full competition

use, The compoun ds available are as follows:

APF401 - a competition pad suitable for bath drcuit and mElly use

APF402 - strictly a competition pad, but for circwit and rally use onky.
Mot suitable for road applications

APF403 - 5 gerersl competition pad, not suitsble far mad 1w=e

APF404 - en eccelent high-perfomance read and trace pad

APF405 - suitable for high-performance road, trede and ightweight
circuit car applications:

For more InTormation S e Wik, 3 pracing.co m
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EWERY WEEK THE Racecar
Enginesring team sends
out fts own e-newsletter,
featuring the latest
motorsport industry news,
product spotlights and more
than a little opinion.

To sign up Tor the frea
newsletter, VIS Wil
nm—ngmwm
and enter your detalls in the
newslatier box.

ON THE WEB

NEW WEBSITES FOR
MOTORSPORT SUPPLIERS

CRP TECHNOLOGY HAS
released a new website full
of general informat ion about
the company, including news,
events and details of the
firm's capabilities. However,
as far aswe are concerned,

well as the top engine builders
installing its compon ents.
Ferreatv.com will soon

feature new streaming videos
spotlighting new components,
tips on how to install parts and
answers to questions posted by

the best things on the site customers.

are the detailed case studies Visit the new onfine TV

on everything from Sportscar chamnel 3t wWiww. FerreaTV.com
racing to MotoGP. ‘!F_-Eﬁ

VISt W, ==rrea

aptehnology. S

com_ P

MEANWHILE,

FERREA

RACING

Components

has launched

its own online

TV channel

broadcasting

arange of

videos, from a complete tour To Tind out

of the Ferrea Racing facility to about the test nay websites
videos of Ferrea's customers’ In the Industry VISIt wWww.
achievements at the track, as FICRCa F Mg in eed ing.com




Universal soldier

The future of motorsport may be the Global Race Engine. We discuss the concept
with Audi Sport’s Ulrich Baretzky and the FIA's Tony Purnell

one-size-fits-all
engine providing -
the motive i
power for alarge
number of global £
motorsport disciplines? i E
Even a few years ago, sucha %
suggestion would have been |
quickly submerged under the
weight of vested interests and
corporate egos. But times, and
economic circumstances, have ‘

£ Strumento di cattura

changed, and it seems the
suggestion of such a concept
has now sparked interest ina f
number of quarters, some of !_ ”
them unexpected. ¥ -

It was Ulrich Baretzky of g E
Audi Sport who first proposed 5
the concept of the so-called b
Global Race Engine (GRE) at 4 | |
a motorsport conferance in i
Cecford lastyear. "One of the ' & |
biggest expenses of going | .. !
racing is the cost of engine -
development and also the ]
fact that for all different
categories of motorsport, you i
have to develop a different
type of engine, which is very
expensive. | therefore came to
the conclusion that to make it
efficient you need to have one -
type of engine- not one make, F
but one type - in answer to
the issues of emvironmentally-
sustainable motorsport and
customer demand.

This pointed to an in-line, e
four-cylinder, turbacharged - ;
engine with direct injection
being an appropriate basis for
all championships, starting at
about E00bhp for Formula 1
and going down to something i
like 200-250bhp for Formula !

3. They would all be based on
the same dimensions, however,
so for areas like rally and F3,

Y
.'I
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ENGINEERING SOLUTIONS

GRE could Incorporate canted block, to assist aero and welght distribution, plus Integral dry sumpimaln bearing housing. aswith Mountune MT1 engine

the engine would be [over-
engineered] but this could also
mean you might be able torun
one engine for the whole season
in these categories. This was

the basic idea behind it, and we
then s=at down with molleagues at
Volkswagen and came up with a
proposal that we sent to the

FIA in March

A SET OF DIMENSIONS
‘I have to emphasise that this
isnot a one-make enging, but a
set of dimensions within which
you canwork to make your own
engine. Then it is homologated
and you cannot make any other
changes You must also make
all of the major parts - block,
head and 5o on - available part
machined so smaller tuners can
stillwork with ther own branded
and homologated engine

There is freedom with certain
aspects of the engine, but there
would be minimum weights for
specific components, such as
connecting rods, for example, to
avoid extreme experse Once
thi engine is homologated,
development is frozen, except
within the areas specified for
development. If such an area was
the injection system, for instarce,
then this could be developed
without restriction and, after

three years we could sit down
anddecide on the nextarea to be
developed - =3y, internal friction!
Pweare of Baretzky's concept
and interested by it, the FIA
decided to dehve a little deeper.

about the shift of public opinion
in America with the new Obama
administration, 50 we actually
included considaration of
NASCAR in our study, just to see
howe global the concept could be.

! you must also make all
of the major parts available

part-machined

We quite liked the idea and

felt it was interesting thirking’'
explains FIA consultant, Tomy
Purnell. We locoked at Baretzky's
ideas and, at about the =ame
time, Alex Hitzinger, who had
previously been imolred with
thie WRC and Formula 1 engine
programmes at Cosworth, came
on board. Suddenly, we had
within the FIA some real engine
design knowledge, sowe thought
we would take the opportunity
to explore the idea further. We
joined forces with Ricardo and,
at the AA's instigation, they
produced a fairly detailed report
on the subject in February-March
this year.

‘Abiout that time, we got a
hint - namore than a hint - that
even NASCAR might consider
changing its powertrain as some
of the teams were concerned

m e P ECA-EN EINES2 NG COM » ALgust 2008

As | remember, the main thirking
of that first report was that

the requirements of the most
poweerful formula should probably
have the greatest effect on the
engine architecture!

SPREAD OF OPINION

The report weas duly published
as something of a "straw man,
as Purnell puts it - "you hold it
up in order for it to be blown
apart -whereupon itwas read
by a nurmber of people and,
predictzbly enough, generated
a spread of opinion. "Some
manufacturers thought it

was very important for their
marketing touse a production-
bamed engine for categaries like
World Touring Cars and that to
have a special power unit that
would be part of some Global
Race Engine initiative was rather

off-target for their marketing
aims, so that was a bit negative,”
observes Purnell. Then others
felt that 1o hawe " one size fits
all was too amb itious and that
having =3y, a S00kKW NASCAR
engine and scaling itdown toa
300kW Formula 3 engine was a
bridge too far.

It seems to have evohed
now into an idea where a lot of
people think that a downsized
engine, probably four oylinder
and probably turbocharged, with
direct injection, quite possibly
with a hybrid element, is in all our
futures. As a result, there really
hasn't been much argument
about the configuration, as |
understand it, but | think they're
looking now at a 1.6-litre version
far the smaller formulae and a
2.0-litre version for the bigger
ones, but still based on the =me
block, head and bore centres,

It is fair to say that Baretdoy's
idea has triggered a lot of
interestand comment. A number
of the manufacturars met in Paris
recently to discuss the idea and
the IRL is interested, the rally
people are interested, World
Touring Car is interested and
Formula 3 is interested so, as an
idea, it's dear this has caught
on a bit more rapidly than had
been anticipated.”

Considerabie thought has been gven to minimising external plpework on MT1 with fluld reuting malnly within the engne casting and an integral oll cooler

While Purnell wouldn't be drawm
on any specific timetable for

the introduction of the Global
Race Engine, he did provide a
hint as to where the FIA thinks it
might first appear. 'l think there
are some formulae that really
want to get onwith their next
powierplant, he says, “sowhile
Formula 1 is currently looking

at 2013, | think IRL is looking at
doing something sooner. But it's
Formula 3 and World Touring Cars
that want to get on, so | think
the 1.6-litre might be the earliest
wersion of this'

Baretzky himself is of the
views that the concept should be
imtroduced sooner rather than
later. We are in an economic
situation where everybody is
struggling” he says. "Motarsport
is an essential part of marketing
and a useful tool for [technical]
development if you do it inthe
right way, 50 the sooner [the GRE
woncept] is applied the better. If
you imagine that | go to my board
of directors and ask for 52 million
to develop a rally engine and
they say, "Well what else can it
b used for?”, and | say, “nothing.
that's it” they would say, “You are
madF® But if | can go and say to
them | need S8 million to develop
an engine that can be used in
r=llying Formula 3 and Touring

Cars then it is much easier to get
agreement on that”

PRODUCTION COSTS

On the cost aspect, the two

men appear to be very much in
agreement. "l have to say that
unless something cheap comes
out of this, then there's no point
in doing it’ says Pumnell. One
thing that is apparent is the

cost of corverting a production
engine to a @Acing engine is
pretty significant so if there was
a common kit of parts where a
manufacturer could say with ease
and without facing a massive
price tag “oh, let's goWorld
Touring Car” or"let’s goWorld
Rally Car;” then that's got to be
attractive. If we lose sight of

the fact the real incentive is to
allows significantly lower costs

towards a sea led concept for
the GRE whereby engines ane
provided by a single supplier and
ro blueprinting or ‘optimisation’
is permitted 1 don't think
that's what the manufacturers
want responds Pumnell. We
played around with the idea of
a standard engine in terms of
Farmula 1, but the manufacturers
feel they need to sprinkle their
own pixie dust, otherwise it's not
theirs, and you can under stand
that. | think it will be a bit more
like, "There's a kit of bits, perhaps
some bits you have to use and
some others you machine your
owen way.” |'m sure therewillbe a
significant list of restrictions.
“You can’t have hollow,
‘unobtainium’ vahres and such
like. While the camshaft, for
example, might be on a fixed

the manufacturers feel
they need to spri_nkIE their

own pixie dust

for any manufacturer wishing to
enter two or three motorsport
categaries, then we've lost sight
of the whaole idea!

To be clear then, there
currently seems to be no
question of the AA leaning

ais, | can imagine that people
would be allowed to play around
with valve angles, combustion
chamber shapes and piston
design - that sort of thing. Again,
you could erwisage a standard
piston provided as a casting.
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wrhich could then be machined
as manufacturers wished. | think
that's the right sort of balance,
especially today, when complex
machining ism't so expensive
compared with a few years ago!
Taking things a step further,
might Baretdey and his
wolleagues have actually started
developing an engine along GRE
lines, we wondered?

"No, because until the rules
are agreed, there isnopoint in
us beginning work, but we have
done some simple desigrs and
sketches he admits. While we
want it to be a good engine,
we alsowant it tobe a simple
engne, because simple engines
tend to be good engines, but
it would not be a production
engine, because if you look at
categories like Touring Cars
and rallying manufacturers
can be handicapped by not
hawing a suitable engine in
their ramge, and those that do
always have an advantage
That is why there is apparently
unanimous understanding fram
all manufacturers that, “no, we
do not want a production-based
road engine because we ae
fed up with all of this balancing
performance nonsense’

‘A good example of this is of
a manufacturer that wants to be

L)
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What the motorsport world thinks of the Global Racs
Endine ittt

DAVE RICHARDS [CHAIRMAN AND CED), PRODRIVE
T think for us as Prodrive sapacially, it =
iz & very intereeting poasibility. H we
could produca a 1.8-litre base engine
and uss it for a rally programms, a
Touring Car programme, §portecars
and F1, we would be langhing.
Ragarding the ismea of whether a four-
cylindar engine would be compatibls
with tha Aston Martin brand imags, I
think you have to be pragmatic about
motoreport, and what is required in
motorsport is not always what you
can nn in your road cars. We have been very lncky to have
a pruction engins that we can mn [at Le Mans| but, in the
futurs, we might hawe a 2.0-litre turbo engine in our car or a
different typs of engine, and you also have to look at hybrids.
Nothing is written in stone at the moment, and we have to
look to the future with both our racecars and our road cars,

HENRI PESCAROLO [OWNER), PESCAROLD SPORT
I don't lmow that it ie mally clever [for endurance racing,
becauss it is a very different requirsment for an engine
o racs for 24 hours instead of one hour They canmot be
techmically gimilar, I think the beet
thing is for thers to be equivalsnos in
sach category. I you look at Formula 1,
bstwesn the first and the last car yon
have about the same power, the Test
of the baitls iz about asmdynamica,
It is not necessary for sach engine to
b= the same, but simply [to hawve] the
potential to ba aqual in performanca.
But you can't have an engine that
nesds to be reluilc every 3000km - that
wold be atupid. [ don't think you
could have the same typs of engine in 24-hour racing.

As for the adoption of a 2.0-litre furbo engins, [ don't think:
it would change anything, becauss everybody is saying
wa must do something for ecology, but I think the 260,000
p=ople who are coming to watch the mcs are not coming to
g alectric cars [mn| in perfect gilsncs, they coms to have a
really good spectating experiencs, | think the aciual enginss
are now very good, and it is not liks a lictls bit leas fisl
consumption will chenge anything. The most important thing
ia to hawve a mlishls engine, a powerfil engine and somesthing
attractive for the spectators.

BRUNO FAMIN (TECHMICAL DIRECTOR),
PEUGEDT SPORT

TIp until now we have not been very
involwed in this issus, we have been
g0 concenirated on our Le Mane effort.
The most important thing is to wait for
the FIA WMSC [mesting] at the end
of June, Everything can change befors
then and we ges no point in wasting
time on the discussion until they hawe
made a definite decision.

JASOMN HILL [CHIEF ENGINEER), ASTON MARTIN RACING

I think the sitnation is changing as the days go by, The idea
that an engine could do everything from Formmla 1 to rallying
iz a bit flawed. If you take a 2.0-litre turbo producing BO0KW
and bolt it into a World Touring Car withoat & turbo on it,

5 producing about 230W, it's not going to ba the beet engine

in Touring Car racing having to
produce 2500 cars to homalogate
a design because its standard
[engine] is not &b le to rev above
B500rpm. As a result, they have
to design a new cylinder head,
valve systemn and soon, all just to
be able to run in a championship.”
This begs the question as to
whether a purpose-designed race
engine forming the basis for the
GRE would actually end up being
more costhy than homologating a
production-based engine with the
recessany components. Baretzky
is clearly of the view that the
former approach is the way to go.
‘While the initial cost for the first
year may be a bit higher, the cost
inyears two and three would be
much lower because the design
wiould be such that components
like: crankes, blocks and heads can
be used fior @ sacond or even
third year. Whereas the dream of
Formula 3, say, might be toget
the cost of its engine package

interests of exhaust emissions,
fuel efficiency and relevance to
future road car engine design,
the GREwould incorporate
direct injection, but surely such
technology is & costly option?
"Some people say that direct
injection is far too expensie’
responds Baretzky, “but itwould
b= up to the FIA to nominate a
supplier for the injectors, the
whok high-pressure system
and electronics so there is
i room for excessive pricing
- the components would then
b= supplied at one price for
averybody. The same would
apply for tubochangers, but
obwiously there could be different
suppliers, such as IHI or Garrett,
for different categories. After
the three or four-year period,
you can open the market back
wp and benefit from other
companies that might have
arrived in the meantime and can
make a specific component more

dowin to 'y, efficiently and
50,000 euras "--l (4 A { ar cheaper.
[(%62,000)a L -EII"I"IPIE Itwould also
year, under BENnginEes tend allow smaller
[the GRE] idea companies to
the cost could to h_E gnn_q_ mairtain their
b= as low as BEnginEgs '1,-/_)'_3,-' presance
30,000-50,000 . a particular
euros (%41,000-5950,000) a year area of the market where at the
by using the =ame parts. moment development costs are

"That is why the homaologation
process is so important. It
means that over the [specified]
period, the engine is not
devalued because development
cannat owertake it. Even if a
manufacturer joined the process
with an engine in the middle of a
homalogation period, they would
not gain an unfair advantage. The
rules would be such that all the
engines would be the same, with
areas like bore centres possibhy
fixed, with maybe margins of
+i- 1rmm so engineers can play a
bit, and no definitions on things
like valve angles etc. But once
homaologated, then it is fied
and you cannaot change anything
beyond the allowed areas of
development kt i therefore not
like Formula 1, wehere everything
is defined. It is important to have
a development path, but one
where the cost is controlled by
the areas that can be developed
andwhere spending crazy money
is not benefical”

There appears to be
ronsensus then that, in the

starting to become prohbitive’

COMPRES SION IGNITION
Andwhat of diesels? Baretzky's
own compary, Audi, has been at
the forefront of introducing diesel
engines in top-level matorsport,
and it has been joined by others,
such as Peugeot and SEAT. But
does compression ignition have a
place in the GRE concept?

"We are taking at the moment
about @ petrol engine, but | would
like wery much in the future to
talk about a diesel engine as
well, because | would notrule
out diesel in motorsport; replies
Baretzky. In Europe, 50 per cent
of the cars now sold ane powered
by diesel engines and we have
a kot of customers running very
sporty diesels by comviction.

The diesel engine itse f is not as
developed as the petrol engine,
so my feeling is we should use
the potential of motorsport to
really push this development
more quickly in terms of
efficiency and power outputs’

Interestinghy, Cosworth's

s
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" in the world, with a pretry missrahls

mid-range. I think you nesd soms
adaptation of that. ¥ou can have

a basic formmla, however, and [
think the latest ideas for a 1.6-litre
turbocharged engine for WRC and
Touring Cam has a good chancs,

As a conospt, | ses no problem
tachnically, but whether it will bs of
interest to the mamifactirers remains
to be sean.

DAVE MOUNTAIN [CEO)L. HOUNTUNE RAONG

I think we have to accept that production engines of the
futare will not be motoreport suitabls, The mors sophisticated
we gat with finite analysis, weight eduction snd cost
mduction, the mors production engines are going to be really
homed just to do the job they're desigmad to do - thers won't
be any lesway at all The idea of
having a motorsport-based engine
themfors makes a lot of senes and,

in the long mn, it may be more cost
sffective ust to make a cylindsr block
and head that's deaigned to do the
job. There is clearly a lot of detsil
gtill to be worked out but, aa long

as essantially any interesved parcy
iz able to get the parie, and they'=
at a sangible cost, then I think the
conospt is & good ons,

ULRICH BARETZKY, (HEAD OF ENGINE TECHNOLOGY) AUDI
The rucet important thing to leok at will be fusl efficienoy
That iz why I have suggested allowing the injection and
induction to be very fres, to creats a lot of development work
thers, but without doing silly things
like maling tiny journal sizes that will
affect the meliable life of the engine.
But we also do not want to hawe
eNOtiC materiale, surface treatments
or coatings that are not really relevant
o prochuction. We should sncourage
and allow [technologies| that may
lock exotic today but conld be
melevant in the fiture. This shonld not
ba a sat of rulas for uat a coupls of
years, but for a decads or more, and
then, at a cartain point, if we nesd o downeize the engines
more, to thres-cylinder 1.6-litrs, or even 1.2litre, then you
could transfer over a lot of the parte withowut hawing to starc
fmom ecratch and spend all of that money again.

BRUCE WOOD [TECHNICAL DIRECTOR). COSWORTH RACING
The IRL engins rulss wers vary good, in that they fixed a
mmber of the parametsrs designers often agonise over that
eally make no differencs to the show, but on which a vast
amoumt of time and monsy can be spent. I would definitely
suggest fixing eome of thoss paramesters. In addition, as the
desire will be to usa the engine m a
whole range of different applications,
you nead o think hard up front about
the seriea for which it is likely to be
mequired, otherwiss you coukd snd
up changing a lot down the line. It
wiould also be nice if peopls wers
able to develop a new variant of the
engins in, gay, #ix months rather than
the usual 10 or 11 months it takes to
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technical director Bruce Wood
echoes Baretzky's view on
diesels. "For my money, there's

no doubt diesel is going to play

a significant role with road cars
in the future,” he says. As such,
petrol and diesel are also going to
be the main fueks for motorsport,
50 that would need to be taken
into account, in mmy view,

NOISE SUPPRESSION

While the primary focus with
the GRE concept is on costand
efficiency, both in terms of
fuel consumption and exhaust
emissions, Baretzky raises
another significant point for
consideration.

‘Another thing motorsport has
to consider is noise regulations’
he says 1 you lock at something
like a Formula 3 car now, we
have seen problems with the
140dB threshold with an engine
that does not really seem to be
aggressively loud, and atalot of
tracks in England now, you have a
sound level of 108dB, You cannot
do that without a turbocharged
enging, in my opinion, As far as
| am awrare, there is also a new
European law that says the
maximum noise leve| allowable in
the grandstands will be 11048,

can see where it's all going.
Will Ferraris be legal to sell
in the compamy's best market
- California - in a few yearsT Even
mare radical is the thought that
perhaps one day, the whole idea
of performance cars on the road
will eveporate. [t's well known
that we could get rid of all the
speed signs in Burope and ust
have cars thatyou can't drive
faster than the set limit That
technology isout there and |
thirk it's in our future,
T'm thinking ne«t decade [for
GRE] and that's when you say
to yourself “Ferrari making a
four-cylinder turbo? Out of the
questionl” Well, maybe not | hawve
a strong feeling that everybody is
Eoing tohave to produce engines
that are just fabulous on fuel
mileage compared with today's
- and today's are pretty good”
Baretzky is even stronger in
his viewss on the subject. "You
have to look at what the world
requires, not what Aston Martin
or Ferrari requires,” he says. Who
ane they? In terms of [producing]
40 million cars per year, they
ane nothing You have to look to
the mass production market, so
people can relate [motorsport] to
what they are driving. We are a

and | have bit in danger
heard thatat ,-'f“/"?l ki of losing our
a Formulba 1 Ul itis way. In the
race in 2008, 3 irﬁpnrltant good - or bad,
level of 134dB depending on
was measured, to I"IE"H" Ea i you regard
If this is nat developpment it-oddys
addressed, motarsport
there will b= no path' but was ahead of
racing at all! one where technology
Finally, thE cost is development.
wewondered e Nowi rmy
about the controlled IfI;D feeling is that
oft-quoted itis lagging

objection to a concept such as
the GRE that companies like
Ferrari or Aston Martin would not
be interested in competing with
four-cylinder engines, as they do
not fit in with the performance
image of either margues
roadgoing products.

'l think pecple always imagine
this happening next week,’
responds Purnell, "and what were
thirking about really is the nesxt
decade. It carnot have escaped
people’s notice that President
Obama has recently passed into
lawe new legislation on emissions
and fuel corsumption @rgets
for cars sold inthe US, and you

somewhat behind.

‘Wea need 1o educate
people that dowmsizing is not
necessaily boring and guide
them to reasoning. Ultimatehy,
wiewant to keep our mobility at
a reasanable cost and minimise
emvironmental impact and we
in motorspart cannot just close
our eyes and pretend we are
on an island so nothing around
can touch us. If we do this, we
are lost. The worst thing that
can happen is if someone from
outside mposes on motorsport
the rules and we then hawve to
react to them That is not the
way to do it
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Maximum gain

Working the details on a formula car’s aero
in search of -CL max

The 19909-spec Mansell Motor Sport EurcB0OSS Bepetion B199, as tested In the MIRA wind tunmpel

hewheels ona single-

seater racecar have a

profound influence on

its aerodynamics.

They arelarge
contributors to drag (responsible
far & much as a third of the total
dragon anF 1 car of this period)
and they are also generators of
positivelift, effectively
reversing a few per cent of the
car's hard-won downforce,
Howeever, the effect of the
wheels onthe horizontal and
vertical forces cannot be isolated
in a full-scal ewind tunnel like
MIRA's because total forces are
measured at the wheel contacts,
and so include the aerody namic
contributions of the wheels.
Furthermore, in this case the
wheels cannot berotated at
road speed, whichis influential
onthe measured forces, though
we an do something about this
latter point.

Following the initial baseline
rurs at different speeds on the
Manisell Motor Sport EuroB0OSS
series Benetton B199 that were
reported in last month's
Aerobytes, the car was then fitted
with "trip strips;, fir st on the front
wheels, then onall fourwheels,
Asillustrated above, a trip strip is
a length of right-angle stuck onto

ATl
direction
——

the tyreswhose aim is to trigger
flows separation on the whesl at
about the same place itwould
occur if the wheel were rotating.
The reason being the flow stays
attached around much more of
the circumference of a non-
rotatingwheel, and this tends to

ErTE
Appraximate
locatleon [20-25
degreas fram
TOC) and
properticn of the
devices used

Nevertheless, their effect on the
Benetton was quite pronounced,
as showen in table 1 overleaf.

The trends are quite clear,
with the trip strips producing
smallreductionsin drag but
significant increases in
downforce, via reductions in

dd the separation point on
a rotating wheel varies with
varying factors Dp

exaggerate wheel lift and drag
readings (see Aerobytes V1 BNS).
Note that the separation point on
a rotating wheel varieswith
various factors, including speed
and awheels width-to-diameter
rEtig sotrip strip positioning is
somewhat empirical.
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werll wheel lift and liftateach
axle. The aeredynamic balance
remained similar to the baseline
setting after both front and rear
trips strips had been fitted, the
proportionate effect fromt and
rear being fairly similar.

5o, assuming that fitting trip
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| TABLEI 4

changes to aerodynamic coafficients by fitting "trip

strips’ to the tyres
Ch -CL
Without 1.014 1.678
With fromt
trip strips 1004 2.072
With fromt
and rear 1.000 2.208

Total chenge 0.014 0.227

_TABLEZ 4

-CLt -CLr % fromt -L/D
0788 1.1 3085 1062
0.a71 1202 4201 2084
0873 133 3068 2208
0.086 0,142 027 0264

The effects on the coeffickents of dropping the fromt

wing height

Ch -CL
Before 1000 2,208
After 1002 2.208
Difference  0.002 -0.002

__TtABLES 4

-CLt  -CLr % fromt  -L/D

0873 13}m 3068 2208
0838 1314 4036 2200
0018 -0.018 0.77 -D.008

Changes to coefficients following fitting 3 rear Gurney

CDh -CL -CLr -CLr % fromt -L/D
Before 1002 2203 0839 1314 4036 2.200
After 1041 2242 0834 1384 3031 236D
Difference 0,039 0.04F -0.006 0.0B0 -Lod 00041

__TABLE& 4

Changes to coefficients after shortening the rear

Gurney

Ch -CL -CLf -CLr % fromt -L/D
Before 1041 2248 0834 13684 3031 2.1ED
After 1033 2244 08868 1.3m9 3048 2172
Ditference 0008 -0.004 0002 -0.00&8 019 0013
strips meant the whes| forces look for more downforce was
wene more realistic, we now hada irmesistible. Following the tearm's
-CL of appraximately 2.2, Last experience with the B1 99

maonth we surmised that the
initial baseline -CLvalue of about
2.0 was probably underestimating
by around 25 per cent, given that
a ‘maving ground -CLvalue of
about 2.65 was typicalofa
medium-high dow nfarce F1
configuration in 1999.With the
fitting of the trip strips, the
underestimate now looks to ba
about 17- 18 per cent. The
remainder of the urderestimate
willbe arising from thewind
tunnels fixed floor boundary
layer interacting with the car's
frontwing and underbody.

MORE DOWMNFORCE!
Asdelivered to the wind tunnel
the Benetton wingswene set to
their maximum angles front and
rear. Although the half day
session was barely enough to
map some of the basic
parameters, the temptation to

predecessar, a B1 97, one of the
first things tried was to drop the
frantwing height. This was found
to “sharpen up the frontend on
the older car and was obviously
on the tearms list of ideas to try
on the B199, 5o a pair of 17mm
machined spacers were inserted
between the wing and its support

REAR WING

Adding a truncated Gumey
[40mm less each end) slightly
improved overall efficiency

Other spacer dimensions would

probably be worth trying as

alternative balancing options.
Attention was then switched

to the rearwing. Awailable
adjustment on this consisted of

just two options - steep and not

5o steepl With the steep (26
degree]) option already salected,
the obvious thing to trywas to

add a Gurney. Soa full span 12mm

aluminium angle strip was taped

ﬁﬁ The Gurney added a
useful increment of rear

downforce DD

pillars 1o reduce the wing's height
by that amount. The results are
shiwen in table 2.

This change on its owen could
be a useful fine adjuster of
balance, but the smallgain in
front down force was almost
exactly matched by the small loss
gt therear, so the change to
overall dowerforcewas negligible.
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ta the trailing edge of the upper
flap, and the change in
coefficients is shown in table 3.
The Gurney added a useful
additional ncrement of rear
dowmforce, and @ised the -CLto
the matimum value attained in
this session, roughly 2.25
Howeewer, in this nstance the
Gurney, which was a tad on the

FRONTWING

Dropping the frontwing
heightwith spacers made a
negligble difference

large side, didnot produce avery
efficient benefit, drag increasing
by almost the =ame amournt &=
total dowinforce, hence the -L/D
value dropped The small loss of
front-end downforcewas down to
additionalmechanical levemge
from the rearwing butstill
balance shifted to the rear.

Finally, the rear Gurneywas
shortened by 40mmateach end
to fry to recover some efficiency
by reducing the wing's potency
near its tips and the associated
vortex drag. This time the results
are shown in table 4. This small
muodification had abigger effect
on the drag than an the total
downforce, resulting in a gain in
efficiency of 13 tounts’ (0.013
gain in-L/D for just four counts
reduction in total downfonce,

More insights into the
Benetton B199°s aencdynamics
next month,

Many thanks to Kevin Manssll ot
Mansell Motor 5part.
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[l What are the
advantages of pull-rod
suzpansion?
Packaglng, malnly

2 What do tha
numbers stamped on a
torsion bar mean?

Rate, or In other waords,
the effective diameter for
the actlve part of the bar

HTHE CONSULTANT I

The main reason Red Bull has used pull-rod suspension this year Is due 1o changes In the 2009 F1 aem regulatons

Push or pull?

O

In terms of suspansion

dyramics, no Both

layouts can be made
to have the same wheel rate, the
same motion Ato/ displacement
curve and so on. Both also affect
dynamic load trarsfer in the

53IME MAnner.
The differences come

dowen to packaging with small

effects on overall c of g height,

aerodynamics and component

accessbility. Pull-rod suspension

generally places the shocks,

Mygale uses pull rod rear suspension on Its Farmula 3 design

1am hearing all sorts of outrageous daims about the pull-rod suspension used on
he rear of the highly successTul Red Bull F1 Gr, but does pull-rod suspension
actually offer any clear advantage over pushrod?

springs and rockers low in the

car. Depending onwhether
something else has to be moved
to make room, this generally
loweers the overall c of g of the
car, which i good. Since these
omponents are 3 farly small part
of the total mass, however, the
benefit is correspordingly small,
but it is there,

PERFORMAMCE ADVANTAGE
On the downside, accessibility of
the shocks, springs and rockers
generally suffers It is easier to
get at these parts when they are
on top of the tAnsaxle or foot
bize than when they are down
under other comporents, but
when millions of dollars are on
the line, it can make sense to put
up with some extra hassle to gain
a small performance advantage.
The shocks, springs and
rockers take up space and
create awider package near
the ground. i they get inthe

L

August 2009 = www . @CeCAF ENgINEering.oom m



Bl T HE CONSULTANT

At x GUN DRILLED
— ny The central hole goes all the way
net WEight through this .B25 in bar. In this case
- the .B25 refers to the 0D of a salid QUTSIDE DIAMETER
reduction :
bar of equal stiffness. The actual The hele inthe end of Schroeder's
I:IEI:IEI‘II:IE 0D ofa gundrilled bar will measure 425 solid bar is simply a centre drilling
ormew hiat larger to accommodate lathe turning. .425in
on the i E
ti I is the actual 0D of this solid bar
paricuiars
of the
individual
design ||

way of under-car airflow, it is
often a better cholce to use
pushrods This last consideration
wras crucial in making pull rods a
rational choice for the rear of the
car under the new 2009 rules.
As part of the effort to reduce
and narrows the upwash behind
the car, diffuser s were required
to start further back than before,
and the flat portion of the
underside had to extend further
aft to suit That creates an
opportunity to put components
lowe down alongside the
transanxle, without aerodynamic
penalty. The Red Bull team just
saw this opportun ity and used it.

WEIGHT SAVINGT

Some have suggested that

there is a reduction n overll
weight with pull rods, but | am
sceptical, It is true that a pull rod
can be made more slender than

a pushrod, and perhaps lighter
too, because it does not have

to withstand lange compression
loads so does not need to
incorporate as much buckling
resistance. Howev er, compressive
loadings on the upper control
arms increase, and the weight
can easily come back there, Any
net weight reduction therefore
depends on the particulars of the
individual design.

The important thing to bear
in mird, though, is that the Red
Bull car's ovemll success should
not be attributed to this one
feature. Rather, it stems from
a langer willingness to consider
new possibilities, combined with
the engineering understanding
to property evaluate, salect and
apply such possibilities, and then
to integrate them and optimisea
the total package.

Thanks to: Schroeder Torsion Bars weew. schroedertorsionbars.com

Email: schroedersteering@yahoo.com Tel: 007 818 5651133

Number
crunching

What do the numbers stamped on the ends of torsion bars meant |
u 2 understand one i the length and the other is the rate but, while the one

for the length makies some sense (It appears to Just be the overalllength n

Inches), I can't seawhat the one for rate relates te. Canyou explain?

The number people

. sometimes call ‘=te’ is

“.actually the effective
diameter for the active part
of the bar, in thousandths of
an inch. The active portion is
the turned-dowen portion in
the middle, where most of the
twisting occurs. if the bar i solid,
the effective diameter is the
actual diameter, whereas if it's
hollow, it is the diameter of an
equivalent rate solid bar.

From these numbers, you
can cakulate a rate at the end
of a known length lever arm
that equates to the mte of 3 coil
spring acting at a similar point.

In most cases, however, you
don't need to do that becauss
tarsion bar manufacturers offer
charts in their catalogues and
on their websites for exacthy
this purpose,

But for those who are
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interested, here's the equation all
the same:

5 = (<Gdd4) / (32R2L) =
(.09BGA4) / (R2L) m

where:

5= rate at lever arm end, in Ib/in

G = shear modulus of material
{11,500.000/in® for most
steels, 11,800,000I/in? for
spring steel)

d= diameter of the active
portion of the bar, in inches

R = effective length {moment
arm length) of lever arm, in
inches

L= length of active portion of
the bar, in inches

For d, you use the rate’ number
stamped on the bar, with a
decimal point three places from
the right For L, you use either
your own measured kength

Pica: ovwrs x hrareder ko anban.carn

forthe active portion or, as a
rule of thumb, the stamped or
catalogued length minus four
inches. R is the distance from
bar axis to lever am end - nat
along the arm if it's cunved or
angled - but perpendicular to
the bar axis

If you hawve a bar with no
stamped numbers, orwith the
nurmbers worm off, and it's hollow,
you can calculate the rate using
measured inside and outside
diameters of the bar, with the
following formula:

5= («Gldod - di4)) F (32R2L) =
(.098Gdod - did)) [ (REL) @

where:
do = outside diameter, in inches
di= irside diameter, in inches

All other variables are the same
as in equation (1), ﬂ




DATABY TES

Thermal

manasgement

Non-contact brake disc and tyre temperature management
integrated with data acquisition systems

B FirsT PRINCIPLES

To allow you to view tha
images at a larger sire

thay can now be found at
W .racecar-engineering.
com/databytos

eatmanagement of
certain components
of arace car Ea
crucial areaof
performance and
reliability engineering. Two of
the most important parts, brakes
and tyres, are among the most
difficult to measure due to the
fact they are fastmovingand, in
the case of brakes, reach
extreme temperatures out of the
measurementrange of many
devices. Mon-contact infrared
temperature sensors are
available, which can helpwith
this problem. All materials emit
heat as infrared radiation. An
infrared temperature sensor
detects the quantity of this

radiation from a material and,
with knowledge of the materials
emissivity properties, comerts
thisinto a calibratedvalue for
surface temperature, Different
materials hawe different
emissivity, which determines
how much radiation is emitted so
for examplerubber tyres, steel
brakediscs and carbon brake

wiav elengths of infrared
radiation as the wavelength of
peak radiation varies with
temperaturein accordance with
Planck's law.

BRAKE TEMPERATURE
Brakes hawe an optimum
operating temperaturewhere
they give maximum retardation

Different materials have
different emissivity

discs all need different
calibrations, Depending on the
working temperature range, the
sensorwould be more or less
sensitive todifferent

for a given pedal force. Outside of
this range, the driver may suffera
“long pedal” where the brakes
must ke pressed harder to attain
mx imurm retardation. At

"o [ ]
L] [ ]

Screen grab of a lap by a car equipped with four brake temperature sansors. It can be seen that althaugh the left-right balance Is gecd at around 51 per
cent, the fromtrear balance shows that the rear brakes are too het.
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extremes of termperature, the
brake discs and pads may suffer
increased wear, meaning ower a
race distance performance will be
affected. Inendurance racing this
willresult in more pit time to
change the components. Brake
disc temperature sensors can be
used tomonitor the effectiveness
of the brake cooling. Sensorswith
amaximum measwrement
temperature of 1000°C are
suitable for measuring both steel
and carbon brake discs. For the
best data, itisnecessary to
sample disc temparature at up to
10Hz. Mounting the sensors can
be quite tricky, as itis necessany
to have themwithin around
T0mm of the disc, but the
electronics inside the sensor itself
hawe a maximum operating
temperature typically less than
100°C. Thebest place for them is
to mount them on a low surface
with low thermal conductivity . A
bracketinside the bmke ductis
good camping it to the upright is
niot sogood. It is possible touse
sprung thermocouples in contact
with the disc to measure their
temperature but these sensors
are damaged easily.

A nice way of looking at brake
temperatures and ensuring the
duct blanking is oormect is to
create maths channelswhich
calculate brake temperature
balance. This is a similar channel
to brake balance itszIf ie, Brake
Termp Balance = Brake Termp
Fi{Brake TempF + Brake Temp R).
If you are using four temperature
sensors, leftright as well as front-
rear balance can also be
calculated. Once the mostloaded
wheel is oorredt, you canwaork on
making the balance as closs ta 50
percent front-rear and left-right
as possible 1t iEbest to gate this
channel soitis calculated only
during brakingitself; when there
is some brake line pressure, for
example. This will mean that,
atthough you have uneven
amounts of blanking, the bakes
willbe used more evenly and give
maore similar amounts of
retardation to one another.

Different blanking can be tried
to try and keep the brakesin their
optimum range while keeping
drag ata minimum. An engineer
can get aw ay with just two

Monitering your brake temperatures Is oruclal, as 15 sensor mounting

sensors on the car; front and rear
on the mest heavily worked side
[lefton a clockwise circuit and
righton an anti-clockwse drouit)
Find what blanking works for this
side and simply match it on the
other. The use of four sensors,
one perwhesl, allows fine
grained control of brake blanking
meaning it can be tailored left-
right as well as fromt-rear.
Something elsa which can be
calculated is brake cooling rate.
Take the derivative of brake
temperature and gating this
chamnel when the driver is not
braking to calculate the cooling

the core, as opposed tosurface,
temperaturesare. Thisapproach
isunable to tell you how the tyre
works during a run and how
quickly it gets up to temperature.
Infrared sensors can be used, one
perwheel, to determine how the
tyre surface temperature changes
during rurning. Sensors with a
sensing maximum of 150°C ane
suitable for tyreusage. Tyre
temperatures change relatively
slowrhy so only need to belogged
at around 5Hz. I is possible to
use justone sensor per wheel,
Even better is to mount three per
wheelpointing at the inside,

“ Tyre temperatures

change slowly so only need

to be logged at SHz |

ratein "U's. Zoomingin on a chart
over 3 stmight and taking a mean
of this channel gives an indication
of howe the cooling is working on
eachwheel,

Screen grab of alap by acar
equipped with four bake temp
sensors. |t can be seen that
although the left-right balance is
goodat around 51per cent, the
frant-rear balance shows that the
rear brakes are too hot.

TYRE TEMPERATURE

Every engineer is familiarwith
the process of taking tyre
temperatureswith a probe on the
inside, middle and cutside of each
tyre aftera run. By noting the
temperature after a run itis
possible to tell how the tyre was
workedin thatrun. An advantage
of taking the temperatures this
way is that it also tellsyouwhat
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middle and outside of each tyne.
This requires twele sensorsper
carand a data logging system
which has enough inputs.
Mounting the sensors ks quite
simple on the rear of the car, as
the wheels donot yaw. There is
plenty of badywork close to the
tyre on anopen of closed wheel
car. The front is slightly maore
complicated, &s it is difficult to
keep the sensors pointing at the
correct saction of the tyre while
the wheel ismoving. This issue
canbe ignored and the sensors
pointedat the tyre statically. The
temperature data will be skewed
when the car is steered and
should be ignored. An alternative
i tomount a stiff L bracket from
the top upright balts extending
across the rear of the tyre upon
which the three sansors can be
maourted. In this way theywill

miove with the steered wheel and
aim at the comect strip of tyre.

The speedatwhich the tyres
Eet up to their optimum
temperature at the start of a run
isinteresting and also whether
thiey are gong above their
recommended maximum
operating temperature at any
paint. By correlating the readings
from the tyre probewith the
sensor readings some knowledge
about how core tempeature
affects surface temperature can
be learned. A further important
aspact is whether the
temperature is even across the
tyre. If they are always more or
less the same, especially after
correring, itcan be seen that the
tyre’s surface is being used
evenly. If one edge is warmer
than the other across a tyre it may
be an indication of uneven use,
which can be corrected by
adjusting the camber or other
settings. If the cross-tyre
temperatures start even enough
but diverge during a longrun this
showes that the tyre iswearing
unevenly, again something that
canbe cormected with car setup.

Itmightbe possible to export
thie tyre temperatures to Excel
and plot them against their
distance across the tyre inan X-Y
plot. The gradient of the linear
regression (trendline) will show
howe even the tyre temperature is
across the tyre; the flatter the
line, the mone even the
temperatures. Sufficient data of
good quality was not available to
test this theary.

CONCLUSION

Brake and tyre termperature
management are an important
part of engineering a race car.
Infrared sansaors can provide
never-seen-before dataand
augment existing information to
allow better decisions to be
made on car setup.

Produced in association with
Pi Research
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Slippery
characters

New aero and
engine regulations
meant it was all
change at the 2009
24Hrs of Le Mans

he winning Peugeot

908 HOI FAP

averaged 134.63

(2 ;

24 Hours of Le Mans.
This is a race run on a unigue
circuit made up of both public
road and purpose-built race
circuit. It is defined by high

 SAM COLLINS
speed sections like the i
Mulsanne straight, which means
competitors do all they can to
get the best straight line speed
possible, without giving away
too much of 5 COMEring
ability. This year, all the

-

prototypes had to be fitted with
revised flc and rear wings,
wrhile all do cars had to be
fitted with air ditioning to
prevent the cockpit temperature
from exceedin deg L. The
diesel runners alsohad to

contend with a late rule change,
which saw the oil burners
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fitted with smaller restrictors,
dowen from 39.9mm to 38.3mm,
and a 30kg weight penalty. A
reduction in boost pressure of
6.5 per cent was also enforced
for the diesels at the start of
the year

"Because the technical rules
hawe changed we have less
downforce and less power”
explains Peugeot Sports
Technical Director Bruno Famin,
“Sowe have had to deal with
less downforce and less drag
meaning we have had to adjust
almost everything on the car,
even if you can't dearly see it.
The new frontend design is
to allow ws to balance the car
aerodynamically whilst at the
same time reducing drag The
drag reduction & necessary due
to the equivalency changes and
the consequent loss of power.
Also the requirement for closad
cars to have air conditioning to
prevent the cockpit temperature
from exceeding 32deg C has
called for the incorporation of a
power take-off at the end of the
gearbom to drive the compressor”

Anumber of teams struggled
with the sstup for the track as
the usual test day a fortnight
before the mcewas cancelled,
something one senior team
member said was ‘dangerous

Panulla

Peugeot fiited the works S08 HDI A4 Ps with a new front section to reduce drag. (Sebring spec left, Le Mans right).
Hatches en the fremt of the bodywerk allowed mechanlcs te acoess the bodywerk Tastners.

and irresponsible’

Bruno Famin was less
extreme, adding “the main
difficulty with Le Mans is that
you cannot come to test here
But the onlyway to understand
the track is to come and race. [t is
even harder this year because we
have no test day. | think that this
wear it is different becausa the
wear on the tyres is not much,

50 the key point this year will be
whoewer can get the longer use
of the tyres will definitely get an
advantage.” This was especially
relevant with the introduction

of another new ACO regulation
limiting the number of tyre
changers allowed in the pitlane.
Only two mechanics and
one whesl gun are allowed to
cross the line (the European
equivalent of going aver the
wall) compared with four crew
and two guns in previous years.
The time necessary to change all
four wheels thus increasad from
around 15 to 35 seconds and a
full pit stop, with tire and driver
changes plus refuelling. now lasts
nearly a minute. As a result of the
neww regu lation, tearms needed to

complete several stints on the
same set of tires,

“We estimate an additioral
time loss over the entire race of
eight minutes, the equivalent of
maore than o laps” explained
Matthieu Bonarde |, Miche lin Four
Wheel Competitions Manager
before the mce. "0ur goal is to
do quadruple stints in the LMP1
category, friple stints in LMP2
anddouble stints in 0T-safely
and without significantly
undermining tyre performance.”

Four stints at Le Mars represents
around 700km at an average

SPEED TRAPS

Lows drag means high top speeds and at Le Mans the highest speeds are achieved on the approach to the first chicane Rocecor Engineering and
Speed TWwent to that location during qualifying to see justwhat those top speeds were. We found that, as was the case last year, the ADT s
official timingwas around 30kph lower than it should be.

N =

Le Mans top speeds 2009

Chassis

Peugeot 908 HDI FAP
Aston Martin Lola BO#/60*
Aston Martin Lola B08/60
Audi R16

Courage LCT0

Oreca 01

Pegcaraolo 01

Audi B10
Ginetta-Zytek GZ00
Porsche RS Spyder

Lola BOS/80

Pescaraolo 01

Corvette CBLR

Zytek 0TS

Porsche 011 GT3 RSR
Ferrari F430 GT
LolaB00/B6

Radical SR9

*Prodrive variant

Engine Class Speed

Beugeot B.EL twin marbo W12 LMP1 211.8mph [ 340.86kph
Agton Martin 6, 285%0c V12 LMP1 208.0mph f 338.36kph
Aston Martin 6, #95%c V12 LMP 206.3mph / 330.4kph
Andi W10 TDT B48%0c Twin Turbo LMP1 206.0mph f 329.93kph
Judd Bd%Eos V10 HA LMP1 202 Emph S 326.80kph
Aim V10 B496cc Ny A LME1 202.0mph J 326.090ph
Judd W10 BA%8ce /A LMP1 202.0mph f 326.00kph
W12 TDI B4%0cr twin turko LMP1 198.Tmph f 318.Eekph
Zytak 4498cc VB NA LMP1 196.8mph [ 3168.4kph
Borzche 34000c VB H/A LMP2 101.9mph S 308.83kph
Judd 338dcc VA NA LMP2 1868.0mph / 302.66kph
AFR 1996cc 14 Turbo LMP2 180.7mph f 290.81kph
GM 8803 VA NA GT1 180.7mph f 290.81kph
Zytak 3398cc VE NA LMP2 179.7mph [ 289.2kph
Borzche 370600 Nat 8 M/A GT2 178.0mph f 288.4ekph
Ferrari V& 3993860 MA GT2 176 Omph f 283.08kph
MazdafAER 19960c I4 Turbo LMP2 174.6mph [ 280.99kph
AER 1996ce 14 Turho LMP2 171.7mph f 276.36kph
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Mot every asrodynamic modification that appearsd at La

Mans was congidered lagal by all, When Peugeot saw the
nsw Andi R16 TDI asrodynamic astup they wers stunned, the
revigions to the car'e noss were considersd by the Fench team
o ba well outside the mgulations, snd subesquently a protest
was lodged. The French team fel that the R1E breached articls
3.8.2 of the cument techmical mqulations which states:

362 Mo asmdynamic element can be added on the bodywiork
gpart from

- Twim aemdynamic elements maximum at the frontand
within the frontal plan af the frant fendarsf

The follawing are considered semdynamic elements:

- Ay bodywrark elemenit the function of which is only to
generate down fonce and i not pamitted by the
regulation {at ACD discretion)

Peugeot conteated the fap which links the two front wings
and the sppendages on the inner surfacs of the front wing. It
argues that thees appendages snd this flap affectively form
part of the bodywork and their sole purposs is to generate
dowmnfores, *Thess bodywork parts are considered to be
serodynamic eleaments™ explained a Peugect Sport presa
raleass “Bince they do not appear on the list of asrodynamic
alsments authorissd by Articls 3.6.2, they are conssquently not
permittad. Cartain agpects of the car's non-complisnos wers
pointed oat to the ACC last Manch at the 12 Hours of Bebring,
a mund of the ALMB. Our protest dosaier was already ready at
the tme, but the Automobils Chab de I'Cuest mads assurances
that it would take the neceesary stepe ahead of the Le Mans
24 Houre,"

The ACO rejected Peugeot's protest but the French Arm
hag dacided to appeal the decision at the FIA coart in Paris, &
resohition had not besn meached as Racecar closed for press.

Anothar dispute wae lass acrimonious; Poreche raised
a queation about the legality of the Ferrari FA30 GT rear
sarodynamics. As a reeul, the kalisn cars weare forced to fic
hastily made shadow plates bahind the rear whesls,

The revislans to the front end of the Audl R15 TDI caused much contreversy at Le Mans. Im s Sebring specification {above left) the nose ducts were
Tiled with a mesh; for Le Mans (above right twe “herns” had been added (yellow armow] and the Tront wing stay had been reworked. Peugeot contes ted

the leagiity of these parts

Teams using the Ferrarl FAI0GT at Le Mans were
ferced to make a last minute badywork change after
Porsche queried the cars” legallty. Small extenslons
were added behind the rear wheels (seen here In
unpainted carbon) to ensure compllance. The [tallan
Carswere deminant In the race, Mling the podiam.
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ORECA O1- NEW PROTOTYPE LE MANS
CHASSIS COMPLYING Pescarclo has been worling with partner Sora Composites to develop a new, low budget, ENDURANCE, DOUBLE
WITH THE ACO/FIA 2009 lightweight racing achool car for the ACO. Arnounced as part of the new AC0 Endurence SEATER RACING SCHOOL
REGULATIONS racing school, it can accommod ate two psople up to 196cm in height snd mests FIA chasais CAR

gtandarde. Different engine choices give performencs levels to suit drivers of varying abilities. y
Chassle: Carbomy ini (2 optlons):
ahminium honsyoomb The first track tests will take placs in Novembsr this year Engina 2 !
mmocoque, Arakdiie -
adhes]
symmstrical doubils roll
Iar
Engine: ATM 80-dagres

, ORECAS D1 Is the ultmate

Bodywark: LMP1
SETOOynAmIC IeguIstons; evoluticn af the Courage LETO LMP
carbon/Eeviar honaycomb chassls.
with
CoMperiats and Araldiie
RSSO AT speed of over 130mph (21 0kph),
Transmisslon: XIrac maore than twices as longas a
e B;% Formula 1 Grand Prix race at
stearing-whesl mounted about the =ame average speed
el ChAngs But the tyres lasted well, and
Suspension: Double stasal lap times were relatively similar.
wishbonss with i i
e muc?&?;:m A full technical data review
SpTring/dampsr unit :an.befl:-.md atm.l?l:er_ar-

T Engl.neerlng.n:lrn studying the
CcAITiers; PEM/ORECS implications of the rule changes

BDEDETE in far more detail,

Wheels; O Racing 18- One manufacturer with -
Inch rims something new to test was q
SREBCRNSS R Pt fARCEN. The ropiiy groming ﬂ'lﬂq With the new rules and
G-plston Brembo callpers French concern purchasad s A X
Tyres: Michaln Cowage last year and has FEH“IEtll:“‘IE, EI:Ilu‘I:II:Ir'IE tl"lat
Steering: Rack & piniory =M Lben de Mg e were applicable in 2008 are
Eayabea slactric power LC70 LM P chassis, but for - = e which produces around 650bhp.
AsalaTEncs thisyear's race it introduced its nolo nger valid this yaar h}g A number of other mechanical
Dry welght: S00kg ultimate evolution, the ORECA changes have been incorporated
Elertrical system: 01, which retains the tub of Floury. "I arder to achieve this, Manager. "We are not subject to to, as Floury explairs: “We have
Milliary specification thie LC70 but is atherwise all we camied out our biggest wind any stylerelated constraints, developed guite a lot since the
wirng harress niesw, “The design office’s major tunnal programme to data, With sowe reviewed numerous beginning of the year; we'va

Fuel system: 80-1is fusl
tanlk, Boech sl purmps

objective was to compensate

far the downforce loss due to
thie smal ler flap wehile increasing
performance” explains David

= ||'.-;|'|:
t

the new rules and regulations,
solutions that were applicable
in 2008 are no longer valid this
year, explained the Technical

—
Felaring

configurations, including some
that were undoubtedly unique.
We could have had a mare
aggressive carwith a more
spectacular look, but in the

end our need for parformance
influenced our decisions. Global ly,
the car is more streamlined

made no compromizes and we've
redesigned evenything. A big
breakthough was made with
dampers specific to the LCT0E,
wrhich is the direct result of our
moperation with PKM. We've
also changed the spindles,

hub carriers and rims with firm

Biear TyTes: 27/68-18 (o

wiith a loweer nose™ David Floury chjectives in mind: reliability, 18-inch rims)
1 continues. “We have worked on performance, particularly in the L T
| airflow quality, with more flowing tight comers, weight reduction Dry welght: 820 kgs
farms, including even the side and the reduction of time during e )
pods. Asrodynamics might have pit stops” Wedght diswibuton: (FYR)
an impact on performance, but Floury's team spent time f'_E PE“E”‘_"EEW"“I
it alse enhances reliability and revising the brakes and electronic Lengrl 4360mm
improves cooling. Finally, we systems in a quest to save Width: 180 0mrmn
carried out specific research weight. The package seems to Helght: 1080mm
about operating the car with the wiork, as at Le Mans the ORECA
neww wing. This research has led chassis set a fastest lap of LMP1. Parsche had previously net been allewed skmilar Hems ek i
us to take different decisions 3m33.514s with atop spead Front track: 1653mm
= to our competitors but mamy of of 202.0mph (325.08kph) 202.5mph (325.88kph) These the ACO called a meeting of the Rear wack: 1603mm
i the nowe lties are not necessarily compared with the clder Courage rule changes have left many manufacturers to discuss future Fuel tank capactty: 1001
visible to the naked eye” LCFDErun by the Signature teams disgruntled and the future technical regulations; the result
Prodrive madified the frant of 1ts Lola BOS/60s In an attempt to reduce drag. the mncave panel where [t usally has The new design is fitted team with a fastest lap of direction of the race has been will be revealed in October, LIRS SIRRIE
dive planes meunted (above left) being replaced with a smeoth, comvex part with the [apanesa AIMV10, 3m39.326s and a top speed of called into question. As a result, Racecarwill of course report.
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Born slippy

Mark Boghe, Product Market Manager Automotive/Racing at Bekaert explains the
developments of DLC coatings for endurance racing over recent years

t has been 15 yearssince
the first engine components
within the racing indus try
were treated with Diamond-
Like Carbon [DLC) coatings.

These Diamond-Like Carbon
coatings are characterised by two
highly different properties that
make them extremely interesting
for applications where individual
components are subjected to
extreme wear and friction. The
two main characteristics of the
DLL coatings are in fact ther
resistance to high wear and their
very low coefficient of friction.

DLC coatings are
manufactured in vacuum
furnaces, The components that
needto be ooated are mounted
in the furnace and during the
coating process a carbon layer is
deposited on the surface through
a plasma-assisted chemical
process,

In order to improve adhesion,
application specific adhesion
and transition layers are used.
Since these layers donot change
or improve surface roughness,
it is very important to specify
the correct initial roughness

prior to coating. A roughness Rz
of < 0,8 pm is vital in order to
achieve successful results

In the past 15 years, DLC

coatings have been successfully
integrated into engines of
F1-Teams and also eamed

a solid reputation in other
championships. Here is an
overview of engine components
that can be DLC coated:

Finger Folowers
Tappets
Camshafts
Intake Vahes
Fistons
Gudgean pirs
Fiston rings

Animportant goal of the engine
builder is not only to increase
engine performance but to make
components lighter and more
reliable In endurance racng
conditions, these characteristics
lead to the following results:

Performance = fastar lap times
Less weight = the possiblity to
improve theweight distrbution
+ fasterlap times + less

fuel carsumption at equal
perfarmance

« Relishility = cantiruous high
perfarmance throughout the
whole 24-Hour Race

*  Reduced consumption = less pit
staps

In today's endurance races,

mast of the components in the
valve train ane coated The DLC
coating will protect these engine
components against amy wear,
The application of DLC coatings
guarantees that the performance
remains equal during the entire
race and at the same time friction
losses are reduced,

Research indicates that by
coating the finger followers and
the camshafts, the friction losses
can be lowered by up to 45 par
cent compared with an uncoated
system (Figure 1).

The valre train has always
been the main area for applying
DLE coatings. The application
allowed an increase in rpm
without generating additional
wear. More recently, new
potential applications have been
explored. The piston assemblhy

isa clear example of another

area in which DLC coatings are
successfully applied. For instance,
gudgeon pins are often coated
with DL since the DLC layer
protects the part against wear.
As a result, the upper bushing
can be remaoved from the conrod,
allowing a smaller, and thus
lighter, design.

A new development is the
DLE coating of the piston itself,
Coated pistons can increase the
poweer cutput of an engine by
up ta 2 per cent [diagramme 2)
and simultaneously increase the
lifetime, thanks to decreased
friction losses, These resulis
wene confirmed by several
extensive tests, always showing
reduced wear of the piston skirt.
[Figure 2)

OLC coatings hawve showed
thieir benefits in multiple racing
championships, especially in
endurance races where reliable
performance and wear resistance
play avital role. Thanks to the
high wear resistance added by
thie OLC coating. teams can rely
on a high performance engine
throughout an entire race.

OMPONENT FBERFORMANLCE INCREASES

Comparison of frictional pewer losses between coated and uncoated
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Blueprint for
ture

The story behind the Mountune MT1, a power unit that could easily be a prototype
for the Global Race Engine

the

e couldn't let this
issue of Racecar
Enginesring pass
without providing
some background
on the subject of this month's
cover photo, As should be
clear by nowy, it is not a shot
of the first-ever Global Race
Engine cylinder block - primarily

because one doesn't exist yet
- but significantly, it very easily
could be.

The posver unit in question
is the MT1, developed in-house
by Essex-based Mountune
Racing for use in the Reynard
LMP 675 Sportscar project that
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was under way in 2001. Itis a
2.0-litre, TE~vahre, in-line four

of alloy construction, which is
designed to be turbocharged. The
dry weight, including manifolds,
flywheel, wrbo, il cooler and
alternator, is under 100kg with
the bare block weighing in at
just under 25kg. Power cutput

in turbocharged form is in eccess

of 500bhp, peaking at 67 S0rpm,
matched by a flat torque curve
with appraimately S50Nm
from 3B00rpm to E500rpm. In
the Reynand application, itwas
plarned to use a Pectel engine
management system
Significanthy, the engine blodk
is inclined at 30 degrees,
producing a low engine height,

Both Werld Rally Cars and Sports
prefotypes could utilise a Global
Race Engine. The Mountune MT1

was originably developed for LMP

and incorporates an integral dry
sump { main bearing housing
for strength and durability. Fluid
routing is primari by within the
engine castings, to minimise
external pipework, and there
is an integral water-cooled
oil radiator to ensure stable
temperatures. The block will
accept a Ford Duratec cylinder
head, although Mountune plans
ultimately called for a purpose-
designed head The engine was
imtended to be installed as a
semi-stressed member via two
chassis A-frames

Rebuild chjectives were
E500km for the engine in
endurance specification and
25100km in sprint specification,
with running costs said to be
ompetitive, and possibly less
than currently available engines.
In shaort, the MT1 specification
sounds almost like a checklist
for the Global Race Engine as it
is currently being mooted, yet

frustratingly, the project was
shehed before ever having a
chance to prove its worth.
Wewere very keen on getting
irmohred with an LMPZ engine’
explains Mourtune boss, Dave
Mountain, ‘We saw what Lola had
done with MG and we thought
it wias a great project - a small,

supply engines free to Reynard.
At the same time, they had
found a team that wanted to

run their new car and it was all
looking great They were well
under way with the chassis, we
were well under way with the
engne - | guess we had about
90 per cent of it done - and then,

ﬁﬁ power output in
turbocharged form is in
excess of SO0bhp DD

light car with a four-cylinder
turbo- and ftwas relevant to us
because of our rally experience.
We started to talk to Reynard
about it and clearhy they had
similar thoughts. We had found
an oil company prepared to come
in and sponsor the engine, and
the idea was we would actually

wnfortunately, our oil sponsar
pulled cut. A few weeks later,
Reynard closed its doors and that
was the end of that.”

It didr’t all stop at that point,
the Reynard 025-P&7 5 project
eventually evoheed into the Zytek
and Creation LMP1 chassis, but
sadly the engine itself never
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went much further,

‘It was a good car) obsarves
Mountain, “but that was our
opportunity gone really. We
wonceived our engine in the
Reynard chassis battling it out
with the [AER) MG-powered Lola.
The Lola had an upright engine
position, while we were going
to use a heavily angled power
unit sowe could run a lower
engine cover. A lot of thought
went into the aerodynamics and
we thoughtwe had a better car
moming along as a package, but
it never saw the light of day - at
least, not as originally conceived

"We fried a couple of times to
get the project up and running
again, but we just couldn't find
the imestment to do it. Minety
per cent of the engine exists, but
wou can't underestimate the cost
of building an engine. finishing
it and developing it That costs
money, and without a customer
or aven interest from someone,
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itwasn't possible, We justhad
to take a reality tablet and say,
“what a shame”

‘Intotal, there are about
half a dozen MT1 engine s=ts
in existence - certainly half a
dozen blocks were cast and fully
machined and thare were a few
cranks made, as the plan was to
run three prototype engines early
on but that never happened’

GRE RELEVANCE
In 2007, when the Mourtune
project was conce ived, the Global
Race Engine concept hadn't ewen
been thought of, but could Dave
Mountain now see the MT1 as
the basis for such a power unit?
es, | could! he replies
‘It wiould work perfectly as a
current LMPZ engine, as that's
what it was designed for, and
itwould be absolutely great
as @ World Rally Championship
engine because itwould be very
solid. As for Formula 3, itwould
be over-engineered but more
than capable of doing the job 1t
would possibly be heavier than
the lightest current B3 engines,
but | think itwould be avery
good basis for a GRE. It was built
to be fully stressed, it's a neat
package in the way we made the
intercooler and oil coolers part of
the engine with no external pipes
- all those sorts of things - so
yes, it would be a good basis for a

multi-purpose engine, Obwioushy,
a fewr years have gone by since
the MT1 was originally designed,
and we could possibly get a bit
of weight off it now, but again

if everyone has to use the same
thing, then why take chances? |
thirk you want something that's
solid and durable, and if it's 2kg
too heawy, it's not really an issue!

BORES AND STROKES

One of the thorniest of issues
when developing a new race
engine is deciding on the

the B89mm we chose, then you
end up with detonation problems
unless youe going to run some
very tricky fuel, and | think those
days hawe gone, 50 B8mm to
B9mm is absolute ly ideal. You
get quite 3 combustion chamber,
a good flame path and good
thermal efficiency.

This is wity | was a bit
concemedwhen | heard the
original concept for the Global
Race Engine (GRE) might include
Formula 1. Some of the bore sizes
that have been spoken about

G(j you want something
that's solid and durable. and
if it's 2kg too heavy. it's not
really an issue g';

bore and stroke. As Mountune
originally developed the MT1
engine with the aim of running
it in turbochanged form, how
would the B8mm bore eventually
chosen sit with the requirements
of other possible motorsport
series we wonderad?

‘Tnthat respect, it's also
absoltely ideal for LMP2,
World Rally Car and Touring Car,
responds Mauntain. ‘It would be
too big for an F3 engine, but then
you'd probably put some liners in
it and reduce the bore. If you go
wiith a bore size much larger than
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there are pretty huge, and that
would start to compromise the
whuole idea of a multi-purpose
maotorsport engine, because if
you hawve to reduce the bore
size quite dmmatically [for other
applications], then you have a
very long engine for evenything
else and start to lose all your
thermal efficiency. As it appears,
the GRE concept now seems to
be moving away from the idea of
including Farmula 1 and | think
that's sensible.

On a final point, Mountain also
believes the GRE should be rev

The MT1 biock was cast by Zeus,
nw part of Capano. Mote the
Inclined layout

A the MT1
specification
sounds like

a checklist
far the
Global Race

Engine 9@

limited in the interests of cost
and reliabil ity. ou'd have an ar
restrictor on the turbo,” he says,
"and | think you ought to have

a boost lim it, which we don't
hawe currently, and a rev limit.

If you control all these factors,
then it keeps good parity across
the formula and removes some
of the pressure spikes, which is
what breaks engines. If evenyone
has the same performance and
it's weithin target then we want
the engine to be stressedto

the minimum level possible so

it weill run and run. You want an
engine that lasts all season in my
opinion, and that's quite possible.
"Formula Palmer Audi, for
example, has demonstrated that
it is possible to go 10,000 miles
between rebuilds, which is great,
and what people want. This
business of 1000-mile engines is
just too expensive!

5o therne we hawe it- an
engine concejved the best part
of a decade ago, yet looks
mare relevant than ever to
the circurrstance s inwhich
motorsport, and the world,
currently finds itself

As Mountain says,. The FIA, or
indeed amyone who is interested,
iz welcome to come and have a
look at the MT1. It' s just sitting
here and, speaking personalhy, |
think it would be avery good
starting point for a GRE! @




State
of the
nation

EXCLUSIVE

Significant change is on the way at all

levels of motorsport. FIA consultant Tony

Purnell provides an update on some of

the key issues

ost containment,
Kinetic Energy
Recovery Systems
(KERS) and the Global
Race Engine (GRE)
- these are the hot topics in
motarsport at the moment.
While conducting our research
on the latter subject for this
month's issue, we spoke
once again to FIA technical
consultant, Tormy Purnell (see

1 A

there resides a concept more akin

to that of the original Formula
Ford Kent engine - closely
specified, with a number of

standard components, but able to

be handed over to manufacturer
engine departments and
specialist tuners for assembly
and refinement within a set of
defined guidelines.

UL maybe we need to

consider freer rules 9

W1BN11) and, in doing so, gained
further insight into current
federation thinking not only on
future motorsport power units,
but alsoon KERS and the trials
and tribulations of cost capping.

GLOBAL RACE ENGIME

As far as the GRE is concerned, it
is clear from Purnell's comments
that the idea remains very much
a work in progress, with the
possibilities spanning a technical
spectrum. At ore end, there is
an engine defined by a clearly
specified cost cap and fuel flow
rate, and little else. At the ather,

“You look at that spectrum,”
explains Purnell, "and then you
ask, “What dowe want from
motorsport?™ Do we want to go
back to an erawhen people came
up with wonderfully different
imentive approaches, or dowe
want to go the MASCAR route of
pure entertainment and forget
the engineering? That is one of

the great debates of the moment.

‘I believe it has evolved
now into an ideawhere there
appears to be a lot of comman
thinking. A nurmber of people
think that a downsized engine,
probably four cylinder and
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possibly turbocharged, with
direct injection, quite possibly
wiith a hybrid element, is in all our
futures. As a result, there really
hasn’tbeen much argument
about the configuration as far as|
understand, but | think they
are looking now at a 1.6-litre
wersion for the smaller farmulae
and a 2.0-litre fior the bigger
ones, still based on the =ame
block and head!

Interestingly though, as
Purnell exphins, there seems
to have been a conceptual shift
woncerning Formula 1 and the
GRE When we first started, we
thought that Formula 1 might
take the lead and be the driver
for all this, but | think that might
hewe changed Formula 1 has

hitherto been on a dif ferent
planet from amything else - the
casting technology teams use,
the way they approach weight
-none of it fits wellwith the
idea of a cost effective set of
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“What do we want from
moterspart?, asks the FIA
technical consuttant

parts. Then there's increasingly a
feeling that for 2013 jwhen new
Formula 1 engine regulations are
due for introduction), it would
b= nice to introduce this concept
that, if we got the technical
challenge right, then at leastwe
would increase the probability of
[the new engine] being usaful
to RED departments for their
production cars. That makes
us feel that maybe we need to
wonsider freer rules mther than
almost designing the engine
through regulation.

‘It's just a debate that's gong
on at the moment. There are no

‘ the initial rush of
interest [in the GRE]
surprised us a bit q ¥

decisions or sure ways to go In
some ways, | think the initial rush
of interest [in the GRE] surprised
us a bit. | don't think we're ready
at the moment to state the
framewark for this in anyway
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because we are still exploring it.
It is certainly fair to =3y that [the
concept] has triggered a lot of
comment and interest though!

RACING WITH KERS
Turning to other matters, we
asked Purnell for his thoughts on
KERS in Formmula 1 this season,
Did he subscribe to the view
of some of the sport’s pundits,
we wondered, who appear to
hawe written off the technology
berause some teams have been
struggling with their systems.

‘It goes back to this question
of technical competition] he
responds. There isaview
that because all cars don't
hare [KERS]- that is, same
teams have failed to bring
their systems to the race tack
- it's a bad thing. The commennt
would be something like, "0h,
it's mnfusing Some cars have
KERS and some don't” The
opposing view is that fyou seta
technical challenge, then it's not
a challenge if everybody makes
it to the grid simultaneoushy
withwonderfully sophisticated
equipment, allwithin a gnat's hair
of each other.

‘It has become apparent
that racing, if you hawe KERS,
iz different from racing withiout
it. Orivers of non-KERS cars, for
example, find it very difficult
to getby a KERS car and the
KERS cars rocket off the grid, so
| think its an extra element |
suspectby the end of the year,
there may be more KERS cars
on the grid and they'll be better
sorted. Going into next year, |
can see some of the issues that
have prevented tearms fielding
KERS competitively, espacially
regarding weight distribution,
being addressed, with the rules
tweaked to avoid that pitfall.

For 2010, | think it's likely
that, in order to be competitive,
you will have to have KERS - |
thirk thafs the way it will end
up. Whether it will be quite the
strategic element that pecple
imagined it to be, F'm not sure. |
thirk if everybody has one, then
Formula 1 being Formula 1, itwill
evohve the best algorithms for
any given situation. Theywill all
use the same one, 5o the idea
of it being strategic | suspect will
fall by the wayside. Personalhy,
though, | think it's all worked
out rather well!

MotoThomes may be exempt. but running am F1 team to the £40 million cost cap will st be hugely challenging

COST CAPPING

Finally, discussion turned to
anguably the thormniest issue

of the moment - cost capping

in Formula 1. Pumell: Wl it's
been a big jouney this one’ he
says with 3 smile Trtellectually,
| think a lot of people like the
idea of budget capping. as it

that it would cost fractions of

a billicn daollars and, with the
CUMent B0oNomics, no one is
Eoing toask a board of directors
far a quarter of a billion dollars
to do & new powertrain. As a
result, we falt we essentially had
our hands tied - if we thought

it was the right direction far

ﬁﬁ we don't seEem

to be delivering...
extreme comfort for
the participants pp

actually creates a level playing
fie . The initial drive was really
about the engine - we wanted
to allow a technical competition,
but realised that without some
financial constraints, we'd never
Eet a news powertrain becausa
the sophistication level is such

Formula 1 todo an electro-petrol
powertrain, we were urable to
imoke it because noone could
afford to do it

That was really the catalyst
for budget capping. Now,
howeever, we've got to the stage
where it has multiple attractions.

MASCAR offers the pure emtertalnment end of the motersport spectrum
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and one of them is that if people
knowr what they're getting into
with spend. then they can make
imvestment decisions. That said,
to manage a team under the
[£40 million (565 million)] budget
iza huge challenge. You will
hawre to have a really tight, really
efficient operation, and for many
managers in Formula 1, that
takes them into a different world!

In terms of whether the £40
million cap figure for Formula
1 weill stand for 2010, allowing
far the fact that certain major
budgetary corsiderations are
excluded (for example, marketing.
maotorhomes, engines and driver
salaries), Purnell is clearly of the
view that itwill

“es, | think 50" he s=ys. As
far as attracting new teams
goes, it is very clear to us that
it is going to be a successful
initiative. As far as preserving
technical competition, | think it
iz apparent that we can make a
much mare challenging technical
competition with the capand, n
changing liabilities into assets
on the balance sheets of these
big companies, we can deliver
there. What we don't seem to be
delivering is extreme comfort for
the participants, and | think
that's the bottom line. The
situation is split down the middle
at the moment

‘Pragmatically, though, you
hawe to say that history suggests
it wiill resolve itself. In F1 you
Can NEVET Say never because
things are always possible” @
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Indy Car: the
years ahead

Ironically, the global economic downturn is offering the IRL a
chance to re-shape the future of IndyCar for the better

nce a hot bed of

their nextcar, as NASCAR has to get away from spec cars and
inn owation, but done; attempts are still being let teams do their own thing. If
now vilified in as the 21st century enters made to square the circle, the sport could afford this we
some quarters as a its second decade, they also As an engineer, the Indy would do it! However, he has
psaudo-spec series, realise that costs and spectacle Raring League's senior technical to be realistic, in more ways
Indy Car is at an arguably do not necessarily equate to director, Les Mactaggart, would than one, and the economic
make or break point, There's engineering challenge. Howewer,  like tosee the formula offer a downturn has brought a new
no doubt its custodians thatdoes not mean they will just  technical challenge as much as aspect to deliberations W hen
understand the problems but, settle for enter@inment with any one People say we need the Indy Car 2011 project was

AUgUst 2000 = whahw! . ACECAFENGINEENING COM
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Forsome time the IRL has etfectively been a spec seTies for the current Dallara thassls, and although a few attempts have been made te quallly for the
Indy 500 using a Riley chassls, these have not been a success. The serles organisers stil feel that the single chassis formula Is the best optien financlally

Tomy George announces
formation of the IRL

1997
First IRL Indy 500 wsing
G-Fance and Dallars chassis

1998

Improved headrest and seat
Car weight reduced Riley &
5ot joins chassis suppliers:
1999

Introduction of SWAMS
wheel retantion system RFM
reduced to 10,300

2000

Reductian of engine size
fram 4.0Hitres ta 1 5-litres
weight further reduced

2003

Harda and Toyota jain
Chevnolet as engine supplers
2004

Further reduction of engine
sze to 3.0-litres

2006

10 per cent ethanal used
Harda now sole engine
supplier

2007

Engine size badk 1o 3.5-ites,
but now fuslled by ethanal

2008

All qualifiers raw use Dallara
chassis Mew side intrusian
penels intraduced

20Mm

Date originally scheduled for
intreduction of new farmula,
rows postponed ta 2012,

first announced, there was no
indication of whatwas about to
happen to the global economy.
But now, the existing engine
supplier, Horda, has suggested
that the rule changes be delayed
to 2012, and even that may

be extended. Volkswagen,
mearmwhile, which seems to be
the most interes ted potential
new party. has said itwould like
them to remmain at 2011, but that
it will not be a deal braaker were
it to be awear later.

TREHENDOUS OPPORTUNITY
But in these trying times there
are those who believe the IRL
iz faced with a fremendous
opportunity. Former Lola chief
designer, now with Target Chip
Ganassi Racing Ben Bowlby,
points out the rules have been
about “forcing inefficiency on
cars’ since the early 1980s The
cars would go too fast fwe
didn’t have numenous air brakes
bolted on, such as owersized
rain lights and wickers on the
rear wing end plates. We are
burning a load of fuel we don't
need to, Nobody is looking at us
and saying “here is a forward
thirking series™

Indianapolis Motor Speedway
wias initially built in 1909 as
a proving ground and Bow by
reckons it should still reflect
this taday. The IRL has already
intimated that it may change
from ethanol to a more road-
relevant fuel, but Bowlby says
perhaps it should go further
and not mandate amy one fuel
in particular. The amount of
fuel should be given to the
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teams by its calorific value,

then we should get on with it.
We should certainly see some
interesting stuff then. He alsa
points cut that there are "some
wider concepts that should be
taken into account’ and that
Indianapalis should be poised to
capitalise on these, Formula 1
has too much inertig, but the IRL
could do something newsworthy
that would make engineers like
me stick around.

As Bowlby's colleague at
Ganassi, Julian Robertson, says,
"Ben and | are just itching todo a
"kick-ass’ Indy car. We both have
a pretty good idea of what you
need to doto make cars race
well | keep telling Les we ought
to design the car for himlWhat |

racecar ever s2en before,

1 weould like tosee everything
=wing back to a point where
there were a lot mone areas on
the car that you could change to
gain an advantage. Every thing is
currenthy clamped dowen, partly
far reasons of cost, partly to keep
the smal ler teams competitive
Indy Car needs to be back driven
by technology. It needs multiple
engine suppliers. As an engineer |
wouldwant any chassis, but that
isn't going to happen. [tisa pity
mator racing has gone like it has’

THE ENGIMNE CHALLEMGE
The engine seems to be
uppermost in the IRL's mind as
a means of introducing both
competition and, uttimately,

fnll/{ Indy Car needs to be back
driven by technology | )})

would like to see is a lightweight
engine and a lightweight car

- you could do something
awesome that is unlike army

A

Les Mactaggart, IRL's senior
technical director

challenges for the engineers. At
the time of writing. negotiations
wene still under way with

Audi / Porsche / Volkswagen,

the FAat Group and existing
supplier, Honda, The Vokswagen
brand is a strong candidate as

it is opening a new plant in
Tennessee during 2011, so it will
be strategically important for it to
hawe a high profile in the US The
Fiat Group’s interest suggests a
possible return to Indianapolis

of the Alfa Romeo name, which
the halian company wishes to
re-launch in North America,

A number of detailed
technical negotiations hawve
already taken place between
the IRL and the above. We are

Toyota [above), Henda [abeve right) and Chevrelet (below) have all supplied engines to the IRL In the past, but since 2006 the [apanese marque has been
the sole suppher. Now, however, Volkswagen Is keen to sapply Tour-ofinder engines io the IRL and Its Formula 3 engine biock [below) could be the basls

ommitted tohaving a smaller
engine,’ says Mactaggart, 'a more
efficient one that generates

its maximum horsepower at

high boost - obwvicushy on road
woursas, Adjustable hor sepower
will be very importantto us in
the future, but by reducing the
amount of horsepower we run on
owals we can open up our wing
regulations and give the teams
more to do in terms of car set

up. This is better than rmy using
the aerodynamics of the caras a
speed control. The strategy is to
hawe a truly adjustable engine in
terms of power”

GLOBAL RACE ENGINE
Mactaggart is interested in the
fact that Audi's Ulrich Baretzky
is predicting that mcing engines
of the future will be small and
highly efficient Audf s philosophy
is that there should be a global
racing engine, effectively the
same configuration but in

dif ferent states of tune and
power to suit a farmula or series
As such, itcould be a low-power
wersion running in Formula 3 or

a higher power, forced-induction
variant to run in higher formulae
This has tobe cost effective

for the engine manufacturers.
They could come and go in
various series, the opportunity
for entry being all the easier as
the architecture of the engine is
more of |ess defined.

‘It makes a lot of sense
ommercially, Mactaggart
ob=erves, "and it makes a lot of
sense for us from a competition
point of view, too, Wewant to
become more road-car relevant

f

A
(10}

under discussion but Mactaggart
insists it will be relevant to
what the consumer buys: We
hope tobecome the technical
development area for improving
fuel efficiency vs power’

Mamy of the teams would
also like to see the use of
turbocharging. Oreyer and
Reinbold team owner, Dennis
Reinbold, feel that this can be
brought in to control the different
speeds on the ovals and on the
road courses, '0n an oval you can
get up to speed within a couple

U The strategy is to have
a truly adjustable engine in

terms of power ||

in terms of technology, giving us
a greater fan base. There will be
a greater level of identification
in the series, not necessarily in
the shape of the car but in the
type of technology - low dag
fuel efficient, the type of fuel
used” The latter may be still

of laps with almost any engine,
but on a read course you hawve to
heawe competitiveness,” he sys
Ttwould be a nice challenge for
manufacturers to come up with
an engine for both!” Howewer,

he underlines that ‘it is going to
be critical to containwhat the
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manufacturers coming into the
sport do. To me, competitiveness
and cost efficiency are the two
main things. Reinbold has been
on the wrong end of engine
choice before and that, he says,
pointing ta the number that have
gone by the way side, ‘can kill
teams. Panther Racing engineer,
David Cripps echoes thess
thoughts about how many teams
hawe gone out of existence since
the start of the IRL.

CONSUMER RELEVANCE

HWM owener, Keith Wiggins,
agrees with Mactaggart that
amything chosen should be
more relevant to the everyday
onsumer. As an engineer, you
want to be faster and come up
with as different a concept as
possible, butwe all realise that
st control is the only way we
can go forward One chassis
makes sense, but | do think

we should have competition

b= tween engine manufacturers,
It lasbeen proved in Grand-Am
that you can have competition
at the same time asregulating

Ly



the performance, but details
have to be left so the engineers
can flourish, We do not want to
become an A'1GP where we bring
the cars out st for the weekend'

Sowhat type of engine does
Wiggins envisage? ‘A diesel
would be a great challenge but
to most Americans who pour gas
[patrol) into their cars, it doas
not have a great caché. What
the future of motor racing really
needs is an electric engire, but
we do need to position ourselves
in the best possible light.

“The key will be to find the
engine configuration that works.
At the moment, we have varying
mentalities - the European vs
the American outloak - four
cylinders vs eight or sk is quite
a fundamental challenge! It is
felt that Handa favowrs a move
to a Vb, while Volkswagen would
prefer an in-line four. As Wiggins
says, Finding common ground
wiill be difficult. A compromise &
probably a st cylinder because
of @ number of areas, not the
least of which is structural, as
the engine is bolted into the car
as & stressed member, We would
also like to get 2000 miles out of
an engine, anather aspect that
would be a challenge to a small
engine’ Wiggins is another to
point out that a turbo could be
used to help control speeds on
the owal tracks.

Meamwhile, Robertson points
out that ‘part of the problem is
that the cars have outstripped
the ovals, although it & hard to
outstrip a road course, Going
back to the 900bhp Champ Cars,
laps of over 230mph were being
achieved. Then, with the Hanford
wings speeds of 240-250mph
were being seen. A sensible
speed at Indianapolis is up
around the high 220s, anything
in tothe 230s is starting to get
dangerous. Every thing is now
being dore to try and get us into
the safe ball park! Echoing many
of those involved, he also feels
‘we need an engine where the
power can be changed according
to the kind of track being used’
For him, a turbocharger should
be usedwith a four cylinder
powrerplant. This will allow more
freedom for engineers.

Anaother of Robertson's
colleagues at Ganass, Andy
Browen, warrs TART pot itself
into trouble as its horsepower

With the Handford wing fitted CART racers of the past were seelng speeds of 240-250mph on the ovals. Acoarding
te Robertson, this was toe high. He belleves a sensible speed for Indy Cars Is semething In the high Z2Z0mph range

1 hope the next formula has
a better balance of horsapower,
drag and dowmnforce. The current
cars haren't changed much since
the mid-1990s. When they get
too fast, the IRL just throws a
bunch of drag at them to sk
them down again. They have
a superb opportunity now, so
we no longer have to have all
these artificial crutches - these
wickers |eft, right and centre.
Thatwould be good for mcing.
Wickers are not good for the car
behind because of the turbulence
they create. The bigger aero
wake created by all the current
appendages cbviously creates a
bigger tow for the car following
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lewels were way too high for
the ovals. If you had a suitable
horsepowver figure to create a

ﬁ@ Any modern
powerplant can certainly
provide good racing Dp

sensible aero package for the on behind, but that's no good
ovals, you would be terribly if this same turbulent wake
underpowrerad for the road is robbing the car behind of

courses, The advantage of
the turbo - as long as the
manufacturers play ball - is you
can have one for road courses
andone for waks, effectively
Eiving you two different
horsepoerer leve ks, That would be
away outof the quandary.
‘Howrever, Fm not looking
forwrard to dealing with the
complexity and the problems
of heat that come with a turbo
installation. Neither have | missed
all the arguments about, "Heyl
His pop-of f valve is better than
mine..” that used to go on in the
CART turbo day=

dowmforce to the point where the
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driver can longer keep racing at
full throttle”

Andretti Green Racing race
engineer Eddie Jores agrees with
Browen about future powerplants
The automobile industry has
to maove towards smaller, more
efficient engines. With global
warming there isa long-term
inevitability about this that
cannot be avoided. | think Honda,
which supplies us with wonderful
Vs &very mindful of how it
approaches the future. | expect
the vision of the other engine
manufacturers is the same [t
would not surprise me if we
went from aVi to less oylinders,
perhaps turbocharged. Amy
modern poawerplant can certainly
provide good mcing”

Mactaggart sees this initiative
as ultimate ly not just imvolving
the car manufacturers, Specialist
engine suppliers were pressntat
the initial IRL and manufacturers’
round table last year but the
talks have continued with onby
the car makers. However, says
Mactaggart, ‘once we actually
define the formula, we may open
it up to manufacturers other than
the major suppliers - Coswaorth,
Iimer, Zytek or AER (which
currenthy has a four oylinder for
endurance racing). This gives Indy
Car an element of protection if
the economic downturm continues
and the major marufacturers no
longer see motor sport as viable,
It gives us an alternative platform
ta continue! Robertson likes this
idea We could swing back, not
perhaps to the little local engine
shops, but at least to the quality
engine guys, such as Cosworth!
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rich Baretzly,

head of engine
development Audi
Bport, has confirmed
to Racecar Engineering
that his company still
hopes to becoms a
power unit supplisr io
tha Indy Racing Leagua.

T last apoks to them

at the end of last year,

iz to be held shortly:
[The IRL] kmowe that
time is minming out.
Malding rules is ons
thing, making an engine
iz another. The timing is
theirs, not oums.’
‘Tthink it has besn
decided that the IRL
will uae a turbocharged,
2.0-litre, direct injection
petrol engine. They
hawe thought about
inchiding both V& and
four cylinders, but
this is no way for us.
Honda belisves that
dovwnsizing to a Vi ia
eno1gh, at the majority
of road enginee ams
four cylinders. I don't
beliewve we should
makes a compromiss.

in hi= talks with Honda
in Japan: ‘They agres
with tha four The
pmblem ie with Acura
inthe Bratas. [ hops
that [President] Ohama
will help convines thess
fuys that even & aix
cylindsr, whatewer the
ize, is too hig.'

PLATFORM OF ADJUSTABILITY
Mactaggart is adamant that

Indy Car should not have an
equivalency formula. That
would be very difficult to

control We need to provide a
platform of adjustability between
manufacturers ard cars so that
teams can limit any deficiencies
in their chosen engine to a
minimum The one thing that
team owners really do not want
is to find themsehes penalised
for choosing the wrong engine,
as happened in the pre-Honda
exclusivity days”

The IRLs ather question
concerns the chassis. "A one-
make chassis series is still
seen & being the commercially
efficient model for the tearms!
says Mactaggart. "However,
alternatives are still being
examined. It could be that
the governing body takes a
greater control over the design
and control of certain key
aefodynamic areas. [t might be
that other manufacturers could
come in. But the playing field
would still remain even’

Taken to the ultimate, this
could mean that the IRL wiould
draw the car, but that would
probably mean the traditional
chassis manufacturers, such as
Lola and Dallara, would nat be
interested. ‘| think itwould be
impartant to still have slight
wisual differences. If you are not
EDing to allow that, you might
as well have one single chassis
manufacturer, but we haven't
thiought of a clever way of
doing this yet’

SAFETY CONSIDERATIONS
Whatever happens, safety
will b= a major aspect in the
specification of the next car.
"We are loaking at bringing the
bodywork cut so it is flushwith
the wheels’ explains Mactaggart
"but the problem with this is
that it reduces drag dramatically,
as b0 per cent of it is created
by the wheels. However, if we
narmow the track and rarmow the
bodywork, the aesthetics of the
carwill remain the same. if not,
there's a risk the car could look
like a beached turtle.

The clever part - and we are
working on some ideas - will
be how to prevent front-to-rear
wheel contact. [t may be nothing
more complex than a flexible
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blade that comes off the rear
enengy structure, something
about six inches wide that sits
behind the rear wheel, As another
car's front tyres push into the
blade, so this i pushed against
the rearwheel, preventing
physical contact between the
twa and the resultant doubling
in acceleration, We need to look
at ways of preventing the two
wheels from touching”

On this subject, AGR owner,
Kim Green, who has praised the
work that Tony Geonge and his
team have carried out tomake
the racing s=fer, says, We must
continue with this There are
ways to make the cars even safer
and hopefully they will work hard
on this for the next car!

Dennis Reinbold is another
who thinks the chassis should
be spec. This kind of racingruns
wellin our formula. This way we
can run closer on the mile-and-
a-half racks.. we have guys
racing at 220mph, side-by-side,
two or three abreast When
that happens everybody in the

T

our series. Relying on a chassis
manufacturer from another
country has always been an
iz=ue, For the health of the
series the chassis and engine
costs need to be lower than they
currenthy are, W hen we make
the change over to new chassis
andengnes it would be nice to
address both of these areas!

Although it is not a done deal
- other Eurcpean manufacturers
have recently approached
Mactaggart - Dallara still seems
mast likely to continue as the
sole chassis supplier. Reinbold
points out that, whoewer supplies
the car, The chassis has to be
something that comes complete
as @ package in its maximum
dowmforce trim, then for the
ovals we can remove or onganise
specific parts. It should be street
course led’

Green is another with a
radical suggestion for the
future, Because of his team’s
experience in the multi-class
American Le Mans Series, he sees
an opportunity not really open

UL "The clever part will be
how to prevent front-to-

rear wheel contact’ ly

place stands up and takes a

deep breath! He goes further by
stating 1would like to see the
car manufactured at Indianapolis,
perhaps in the area being
developed around the Speedw ay.
That does not mean that he rules
out Dallar ar any other of the
other European manufacturers,
suggesting ‘perhaps they could
design it in Italy and build it here.
The main reason for saying this
is that | think it & very important
to work on cost containment for

“ul:'}
to the current breed of cars:*|
wonder if on the road courses we
could not run the Indy Cars and
Indy Lights cars at the same time.
Obwioushy, the Lights cars cannot
run as long because of the size
of their fuel tanks, but perhaps
somewhene inthe future this is
an opportunity. We used to get
30-odd cars at St Petersburg
in the ALMS in four different
classes, but they did have
fenders (wings)

Howwever, perhaps the
next Indy car will, although
open wheel, have some way
of preventing wheektowheel
contact, which is cbwiously pretty
dangerous;

Whatever happens, the IRL
certainly has the opportunity
to change for the better,
even perhaps lead the way in
open-wheel racing. Mactaggart
concludes ‘we used to se2e a five
to 10 per cent improvemeant in
thee cars year on year. Now itis
difficult to find a half to one per
cent. We now need a major
change to re-sat everything! @
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EXI:LIJSIVE

Mind

We investigate

the challenge of
framing motorsport
regulations with

a look at the

VVolvo Touring Car
cylinder head of
the 1990s

The Velve Touring Car programme was a classic exampie of Ingenious engineers thinking thelrway around what
Initially appeared to be tightly framed regulations, and cylinder head development was at the heart of s success
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twas an unlikely basis for

aracecar. Despite that, the

Wolvo B50 estates fielded

by TomWalkinshaw Racing

on behalf of the Swedish
manufacturer during the
1990s remain among the most
memorable wehicles to have
graced modermn Touring Car grids.
They may not have been regular
winners on track, but the racing
estate cars were outright victors
in the publicity stakes, aswell as
firm favourites with race crowds
up and dowen the LK.

Beating out a distinctively
unewven five-cylinder thrum
from beneath its bonnet was
a TWR-developed engine that,
later in the decade (1998) and
fitted to the smaller 540 saloon,
would bring Volvo the Touring
Car glory it had been sesking.
That engine was in many ways
like the original B50 estate carit
poweered - not an obvious choice
far the track, but one which, with
careful reading of the regulations
and some clever thirking was
turned intoa winner,

Now all this may have
taken place over a decade agg
but there are some salutary
lessans to ba derived for
cost-conscious motorsport rule
makers everywhere, incuding
those who will eventually frame
thie regulations for the Global
Race Engine, should the current
delibermations start moving fram
discussion stage to reality. [t is
also an example of how the law
of unintended consequences can
be unleashed from the wording
of an apparently clearly written
technical document.

One of the more ingenious
aspects of the Voho Super
Towring engine was the cylinder
head, and to understand how
it came about, we spoke with
Charlie Bamber, currenty
managing director of UK-based
Menard Competition Technologies
[MCT). Barrber & avetaran
of TWR's [aguar Sportscar
programme and Missan's Infin iti
programme in North America.

He was also chief engineer

of the compamy's race engine
department throughout the Voo
programme and responsible for
the conception and development
of the Touring Car engine

Bamber's point in discussing
the details of this project with
Rocecar Engineering - the first

time this information has ever
appeared in the public domain
- i5, @5 he says "bo show how
making regulations to drive down
wost can actually drive it the
other way. What we've got [with
the Wolvo cylinder head] probably
compares wery well with the
dif fuser situation that Formula 1
found it=self in this year!
Understandably enough, a
roadgoing engine is just that,
50 its design parameters and
specification are unlikely to be
optimised for maotorsport.

VALVE ANGLES
In the case of the Volvo cylinder
head, one of the most significant
ompromises im/ohed the
included angle of the vales

‘It's set at 58 degrees”

steep spread in the vahlee angle.
It's not for good combustion, it's
driven by a desire to manufacture
the head more cost effectively.

"This gives you some problems
straight away because what it
does is put & huge volume in [the
combustion chamber] and i, for
etample, you'te competing in a
series where the compression
m@tio is free, then the only way
of raising the compression mtio
is by pushing the piston into that
void. And when you do that, you
ompromise the gas exchange.
Between Ricardo and Wolvo, they
built a prototype and came up
with a 260bhp engine. | think at
that time in the BTCC most teams
were probably on about 285bhp,
or thereabouts"

In short, itwas clear some

!ﬁﬁ some salutary lessons
for cost-conscious
motorsport rule makers 99

explains Bamber. This is not

for a good reason in terms of
engineering. Rather it immohees
the equipment used on the Volvo
engine production line A single
cutting machine could incorporate
two machining heads i the
vahres were angled further apart,
thereby allowing you to cut two
sets of valve openings at the
same time. If Volro engineers had
gone for a race-style alignment

- say, where you had maybe

12 degrees on an inlet and 13
degrees on an exhaust, for a total
angle of 25 degrees - then the
machine took would clash. Asa
resu i, you couldn't manufacture
such a layout as efficiently and
[the head] ended up with a very

radical thinking would be required
to turn this very competent road
engine into a competitive race
engine, and that was exacthy
what TwWR brought to the
table when itwas awarded the
contract in late 1993 to build and
run the racing Vohos

"One of the first things we
chose to dowas look very
carefully at the regulations’
recounts Bamber. They said you
must run a standard cylinder
head, you must retain the
standard included vale angle
and you must keep the inlet port
in the position it is as sandard.
You can fettle the port to make it
bigger, you can add material fbut
you're not allowed toweld) and

Valve angles and Inlet port positlons had to remaln as standard measured
Trem specific reference points, opening the doorwide to Interpretation

you can fit big valves, but you
have to use the standard head
The intention of that quite tighthy
framed regulation was to drive
costs dowm.

The fact a certain well-
travelled road is paved with
pood intentions was clearly
demonstrated as Bamber and
his team started to “drill into the
regulations, as he puts it

After the 850 estate Touring Cars, Volve switched to the 850 saloons. All cars were run by Tom Walkinshaw Racing

CAMS AND CARRIERS

The first area they looked at was
camshafts, and it immediately
b=came obwvious that for the sort
of profile required to achiewe
the desired performance, the
limiting factor would be the
inability of the standard cylinder
head to accommodate cams
with the necessary base circle
diameter. At the =ame time, the
more radical cam profile required
tappets larger than the standard
engine’s 32mm offerings; 36mm
was the preferred diameter,

as it would allow the team to
run cams with sufficient lift for
the largest valves that could

b= fitted to the combustion
chambers. A standard production
camshaft, for example, would
have appradimately 300thou

of lift, while the ultimate cam
TWR was looking to run in the

Woho engine had B25thou of lift.

The challenge was to make the
chosen cams and tappets fit and
still complywith the rulebook

R
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Going back to the regulation
that said you could remave as
much material as you like from
the standard head casting. the
decision was taken to cut of f
the sactions where the cams
are fitted and fabricate new,
purpose-designed carriers that
bolt to the central core of the
Vohro head, thereby allowing the
optimum specification of cam and
tappet to be fitted,

PORTS AND VALVES

Hawing awercome that obstacle,
the foous then shifted to
optimising the design of the
inlet port. As Bamber puts it,
Why have an 825thou lift cam
when the maximum flow of the
standard port probably pedks at
the 400thou mark? The standard
head has a decent-sized opening.
but it's limited. If we wanta port
that flowes at awery high lift, then
it's actually going to haveto be a
lot steeper [than standard]’

The homologation papers
specify that the distance
betwean the cylinder head face
anda centre line through the
ports may not be altered from
standard. To deal with that
requirement, Bamber and his
team decided to cut back the
vertical head face containing
the ports, thereby producing a
steep run directly onto the back
of the valve, In order to retain the
critical measuremeant between
head face and port centre line,
material was added to the port
openings, which was permissible
under the regulations.

With that achieved, they
turned to the combustion
chamber shape and vahe chioice.
Valve size was free’ says
Bamber, “so you work out your
smallest possible stem diameter
and then rig test it to make sure
it survives. In this case, we used
8 3.51to0 4.0mm stem. Turning
to the combustion chamber, you
need to maximise the flow of the
new vahlre That was achieved
by chopping the chamber out,
to make sure you have the best
possible gas exchange, and
putting & much volme back
in the chamber as you can.
Effectively, what you've done is
dropped evenything further in
andback in the castng’

THE WEDGE EFFECT
The piéce derésistance. however,

The Super Touring rules said nothing about the angle the head had to st on the blogk - 3 laophole TWR o plolted
to great effect. The standard Volvo head Is.on the right In this phate, the fully compliant TWR version on the left

relates to the fact the Towring Car
regulations of the time did not
stipulate how the cylinder head
wias to sit on the engine blodk.
Significantly, the measurement
of the included angle for the inlet
and exhaust valves related to

the production head, which had a
unifarm height across its width.
By machining the head face to
a"wedge” and cutting back the
face of the portwhere the inlet
manifold mounts Bamber and
his team were able to achieve a

mary occasions with a body that
had a frontal area greater than
the other cars, The regulations

wene designed toreduce

costs, but because of the way
engineers read those regulations,
you ended up with something

very different from what the
organisers imtended.

COST CONTROL?

That head, in the 1290s, in
the small volumes produced
cost in the region of £13,000

ﬁ[/j a £15.000 version
of a £E200 head gp

significantly steeper inlet port
angle, a more optimum inlet valve
angle and a shallower exhaust
valve angle, all of which still
complied with the homologated
dimensions. The final steps
imrolved machining the piston
crowms to produce the desired
compression ratio [13.5:1) and
some additional skimming of
metal from what remained of the
original head casting.

"You're now left with that
section of the original head that
says “Vohed' on ity smiles Bamber,
"so it's a standard head with a
standard water jacket, standard
valve angle andwith the inlet
ports at the height specified by
the regulations. Butyou've gone
from an engine thatwas stuck
at 2&0bhp to one that ended up
with 325bhp, and the fastest
car at the end of the straight on
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to £15,000 per head to make.

In short, you've produced a
£15,000 wersion of a £200

head. The argument then has to
be, “Why not just let somebody

havre the head they want™ i the
regulatiors had permitted it, we
could have spent £15.000 on
tooling and £200 per casting.
machined up some heads, topped
and tailed them, and we would
have had the five-cylinder head
wewanted. After the initial
imrestment in tooling we could
probably have been making
heads at £450 each. Instead, we
hadheads coming out at betwean
£13.000 and £15,000 apiece as
a result of regulations formulated
to keep costs down!

Given the “free-thinking”
approach taken by TWR, ifs
seems a fair assumption the
Vohro head would have besn
guestioned, and Barmber confirms
this: "It was queried at every race,
and time and again, proved to
bewithin the regulations. It is a
preduction head - there is no
wiay itwas anything else!

In 1994, fitted Imto the smaller 540 saloon, the TWR-developed engine
brought Valvo the Touring Car glory 1t 5o richly deserved
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Heart of iron

BMW confounded
the sceptics

by tuming a
production, four-
cylinder, iron-
blocked engine
into a title winner
during the 1980s

o enter Formula 1
with a stock block-
based engine, even
almost 30 years ago,
was an extraordinary
maove, A production-based unit
had not seen success in F1
since Ferrari inthe 19505, For
that matter, nor had one based
on an iron block, yet the BMW
M12/13 had both and went an
to deliver a world championship.
But, without the benefit of
hindsight, how did a technology-
driven compary like BMW end
up entering the sport in such
an apparently disadvantaged
positionT The view from
inside the company was more
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 CHARLES ARMSTRONG-WILSON
optimistic. either side of the head it offered
Jochen Neerspach had been good combustion chamber

competitions manager at BFW
since 197 2 and founded the
famous M Team that spawned
the compamy's sporting brand.
One of the engines in its
armowry was the legendary M10
four-cylinder engine. This had
been introduced in 1967, in the
compary's range of 1500cc Neus
Classe saloons. Howewver, far its
time, the canted, overhead-cam
unit was very advanced and was
quickly adopted as the engine

to have in motorsport With a
central camshaft operating vahnes

shape and excellent breathing.
Thie unit powered the 1800

T5A [Tourismo International
Sonderausfdhrung] version of the
saloon in 1964, possibly the first
homologation special, and won
the German Touring Car title for
BMW that year.

ENGINE DEVELOPMENTS

The M10 quickly found homes
in Sportscars and single seaters
as competitors exploited its
advantages over the pushrod
fare common ly available at

Based on the humble production M10, the BMW molorspert engine was developed Into a sucoesstul naturally
asplrated FZ engine (abeve) and uitimately Into the phenomenally pewertal turbocharged F1 engine (above left)

the time. BMW responded
with developments to make
the engine more powerful,
rotably the Ludwig Apfelbeck-
designed radial vahe head.
This four-vaes-per-cylinder
engine had each pair of vahres,
inlets and exhausts sat
diametrically opposite each
other. Plus the stems wene at
angles to the longitudinal and
transverse planes to create a
truly hemispherical four-valve
combustion chamber, 1t did,
howiever, require a port for each
valve, necessitating eight inlet
trumpets and a pair of four-
into-one exhaust manifolds.
But, despite its complexity, it
del wered 3 10bhp from a normally
aspirated 2.0-litre when run on
methanal and nitro,

A greater success was BMw s
more cormventional tein-cam

head, which delivered closs to
300bhp and, from the late 1970s,
re-asserted BMW's success in
European F2, producing three
champions in five seasons

wias this engine, the M12/7, that
Neerspach’s department supplied
to a number of Touring Car outfits
both sides of the Atlantic, and a

of stress,

Schnitzer, tog ditched its
rormally aspirated 2.0-litre
saloons in favour of turbocharged
1.4-litre versions to meet
the national saloon series”
equivalency formula. With 1.2Bar
boost from a KKK tubg they
were enjoying more than 400bhp

for its time, the canted,
overhead-cam unit was very

advanced o

parallel programme, with McLaren
North America, produced even
more impressive results. Once
turbocharged, this unit delivered
B00bhp for qualifying and taught
the company an enarmaus
amount about the implications

of putting the engine under a lot

and won the 1978 title against
the might of Porsche and Ford
Through all this the company was
banking a wealth of knowledge
and developing a workable
package that could be easily
scaled to F1 proportions. Renault
had already made the break from
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TECH SPEC

BEMW M12/3 ENGINE
Head: ahminium

Stroke: &lrom

Plston welght: 3867

Incladed valve angle: 40
degraas

Inlet valve diameter:
26, B

Exhanst valve diameter:
20, Zrom

Turbo: EXE, then Garrsit

Maxmm reve:
11, BOOTpm.

\'J'Elqg[. ine Turbo
and Intercoolar:

ine m ement:
Eng =it

Fuel: synthetic
Wintershall i

Intercooler: Behr

L,
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the normally aspired, 3.0-litre
riorm with its V6 turbo that year
and it didn't take a huge leap

of imagination to spot the BMW
engne’s potential,

Howeever, on being presented
with the proposal, the board
banned amy work for F1 under
threat of dismissal of the entire
motorsport department Ifs
chief engineer, Paul Rosche,
wias undeterred and continued
development of a 1.5-litre unit
in secret with F1 aspirations For
Meerspach, the F1 banwas too
much and he left to join Talbot
and opened taks with BMW
to take the F1 engine project
there to be mced as a Peugeot
Talbot project. However, Dieter
Stappert, Meerspach's assistant
at B and now his successor,
appealed to the board. They were
not against F1 per se; they just
didn't like the way Neerspach had
steered them into a comer on the
matter, or 5o it seemed to them.
With him gone, 5tappert was
able to comvince the board of the
value that an F1 engine racing
under the BMW brand would
bring to the company.

THE F1 ENGINE

A deal was struck with the
Brabham F1 team and the engine
wasumveiled in the back of a
BTS0. The team also fielded a
rormally aspirated, Cosworth
DFV-powered BT490 to cover
their options. Having struggled
for several seasons with the
Alfa Romeno V12, itwas fully
acquainted with the pitfalls

of stepping away from the
welthoned Cosworth package.
BMW was not overly impressed
with this approach, though,

and felt the team was not fully
committing to the project -a
situation that would be reversed
a few years later.

To create the M12/13, BMW
started with the production iron
block ard machined it to remowve
all unrecessary weight. By
dispensing with stiffening ribs
and some water charmnels on the
inlet side, Skg could be lost. A
steel crankshaft, combined with

The M12/13 engine In the Brabham BTS2 of 1884 produced B2O0BhD In race trim but much more In qualitying

from a Bosch, high-pressure,
electric pump during start up
beefiore a Lucas unit driven directhy
off the inlet cam on the right
took over. In this configuration
the M12/13 delivered 557 thp

at 9500rpm. What pleased

then Brabham designer, Gordon

fj{’j the qualifying power
figures became the stuff

of legend ;5;'

titanium oon rods, brought the
stroke down from the road car's
T1mmto 60mm, and with Mahle
pistons of the standard unifs
B9.2mm bore gave a bore-to-
stroke ratio of almost 3:2 and a
capacity of 1493¢cc,

Initially, the oylinders ran a
6.7:1 compression ratio, based
on experience with the Touring
Car engines, and were fed by
Germar-made KKK [Kulne,
Kopp and Kausch] turbos via
imterooolers. Fuelwas supplied

_jtaLer 4

Power development
Year
1083 Race:
Omalifying
1084 Rare:
Cualitying
19485 Race:
Oualifying
1088 Rape:
Oualitying [M12/13]
1087 Race:
Oualitying

Boost Power
3.0Bar TA0Lhp
3.2Bar S00bhp
3.EBar B80bhp
4.EBar 10e0Lhp
3.EBar 850bhp
B.4Bar 1200Lhp
3.EBar 850bhp
B.EBar 1200Lhp
3.EBar Q00bhp
A.0Bar nfa

Murray, most was its weight
Hawing spent years with the
large, heavy Alfa 12, the BMW,
complete with turbo, intercooler
and rad iators was onby 30kg
heavier than a bare DR

The car made its public
debut in @ practice session for
the 1981 British Grand Prix
at Siverstone and recarded a
straight-line speed of more than
190mph It was not without
problems, though - pick-up out
of cormners was poor and its fuel
onsumption was vomcious. For
a typical race distance the BTS0
wiould have tocarry 47 gallons of
fuel while the Cosworth-engined
BT 49 needed nine gallons less.
Every time it was weighed up
against the BT44, it made sense
to run the normally aspirated car.

The BMW engine remained
unraced all year and finally made
its debut at the first race of the
1982 s=ason, the South African
GP. Unfortunately, both cars
retired and didn't see combat
again until the fifth mce of the
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seasan, at Zolder in Belgium,
where Nelson Piquet scraped a
fifth place. But tensions were
growing between the teams in
Munich and Chessington. Piguet's
failure to qualify the car at
Detroit two races later was a low
point. His racecar expired after
just sb¢ laps and the spare had
such poor pick-up out of corners,
aven the future World Champion
couldr’t get it arto the grid
Brabham sent owver another
Comworth-powerad BT48 for the
Canadian GP with the result that
Stappert feared the relationship
was coming to an end and BMW
wiould hawve to pull out. But
Murray held faith with BMW,
although hearts then sank when
Piquet's main car developed a
misfire. The spare ran faultlessly,
howiever, scoring the first
Foarmula 1 wiin for the BMW
engine. The crucial development,
it turned out, was a simple but
vital change to the fuel metering
that transformed the car from
a lag-ridden nightmare into
something as drivable as a DR

POWER (LIMB

From this moment on, progress
was continuous with power
climbing to 740bhp in 1383,

and 880bhp in 1984, helped by

a switch to Garrett turbos and

a 7.5:1 compression ratio. But it
was the qualifying power figures
that became the stuff of legend,
with figures from 1000 to
1400bhp often quoted. The Tuth
is, nobody know's what they were
for certain, as BMW's dynos were
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Cmes of the

enduring storisa
regarding the M12/13
iz that they wers il
around high mileage
road car engines. The
tale goes that the
enginesrs discoversd
that blocks that had
spent a long life racking
up miles in road cars
ware wondearfully stress
relisved, This gave a
longer racing life under
the extems pressures of

ing. Peports

claimed BMW's M
Bpott enginesre were

he recalle, ‘and it wasn't
true. But Paul Roechs
became curious, 8o we
tried it." They built up
an engine around an
old mad car block and

happen. To didn't ewen
get warm befors it blsw
up," recalla Baretzky
‘Whers the story
cams from, then, is
obacumed in the mista
of time, but it was
probably the work
of an ovamzealous PR
TepTeesniative or a
1MAagmatlon Iin awWay
with a snippst of
information picked up
It was definitaly not
from spying on BEMW
Mumnich scrapyards.

unable to measure such cutputs.
But it did become a powerful and
reliable un it despite its humble
origins. Brabham got round the
enging’s thirst by re-introducing
race re-fuelling for the first time
in many seasons, helping to give
Piquet the drivers' title in 1383,
The follwing yea, engines were
also supplied to Arrows and ATS
and, in 1986, Benetton.

PACKAGING IS5UES

Despite its success nobody
could deny that the engine’s
configuration did create some
packaging issues. While it was
tall and slim compared with a
W8 and easily shrouded by the
monocoque, the plenum was
large and stuck out the side,
requiring bodyseork that blocked
flow tothe rear wing. Around
this ime, an old acquaintance

of Murray’s, LIS trarsmission
designer, Pete Weismann, got

in touch. Years earlier, they had
worked together on a concept
for a mid-engined, Offenhauser-
powered Indy car. it suffered the
same packaging problems and
they considered laying down the
engine to put the plenum behind
thie driver. This put the drive in
thie wrong place, but Weismann
proposed getting round this with
a fransverse gearbox that had
thie input at one side and the
output in the middle.

On hearing of Brabham's
experience with BMW, Weismann
flew tothe UK and turned up at
Chessington with a Tamiya model
of the Brabham doctored to
showe hiow it could work. Murray
was sold, and within half an
hour, sowas team owner, Bermie

Ecclestone. BMW, however, was
less enthusiastic - an attitude
that Murray feels compromised
the project There was justno
effort from BMiW to make it work,
he recalls, echoing suspicions of
a lack of commitment by Brabham
years earlier. Munich did go
ahead, however, and produced

an installation with the unit
canted over at 72 degrees to the
vertical, the M12/13/1, and it
was installed in what became the
Brabham BTSE.

This car's innovation extendad
far beyond the engine layout
andembraced 3 whole low-line,
long-weheelbase philosophy that

causing a restriction, but even
with this bypassed, the engine
struggled to achieve the same
boest as the Benettons running
the upright engine

Eventually, Murray suspected
itwas an oil-scavenge problem
with lubricant accurmulating
in the cylinder head on right-
handers and believes he
confirmed it in a control led test at
Mallory Park. Rosche disagreed,
saying We made mary tests to
see if there was a scavenging
problem and never found one!

Eventually, the situation
descended into 3 battle of paolitics
over engineering. Muray became

ﬁ[ﬁ the engine’'s
configuration did present
some packaging issues | J|)

yieldeda 30 per cent reduction in
frontal area and would eventually
set the pattern for the entire grid
But in this embryonic incamation
it brought 3 succession of
problems, including traction,
mainhy due toweight distribution.
In fact, the new engine proved
to be a major source of issues
initially manifested by its much
higher operting temperatures
compared with the upright
version and an inability to pull
out of some cormers. Brabham
revised the cooling system,
increasing dag and compromising
weight distribution in the
process, but the car still struggled
to getboostup out of the turns.
There was a pressure pipe that
hadbeen incorporated into the
engine cradle that may have been

frustrated and left Brabham,
wrhile BMW attempted to pull out
of F1 but Ecclestone held them
to their contract for 19687, An
atternpt by Brabham to return
to the old upright engines was
thwarted when the entire stock
was s0ld to Megatron, which then
continued supplying customers
unitil turbo engines wene banned
at the end of the 1980 season.
The BMW engine may never
have won the constructors title,
but nor did Renault, with its much
mare sophisticated turbo VB, But
the M12/13 did deliver the first
turbo-poweered drivers’ champion
andput BMW on the map for
the first time as a serious F1
competitor. It also produced some
of the most exciting numbers
in F1 history.

In Eurapean FZ In the late “7'0s and early "80s, the BMW power unit was a proven winnel seen here In a March 782

D] vevrcecar-enginesiing com « August 2009

=



- ENGINEERING SOLUTIONS

On the money

ot

ChurkesArm shrcap i il e

A collaboration
between Magneti
Marelli and
Flybrid Systems
has produced a
flywheel-based
KERS solution
that doesn't cost
the earth

Above: Flybrid's mechanlcal KERS,
showing the wound fibre flywhesl
and the Torotrak continuously
varlable transmission

uring a panel
discussion on the
subject of kinetic
ENETEY MECOVEry
systems (KERS) at
the Professional Motorsport
World Expo, Magneti Marelli's
head of motorsport, Roberto
Dalla, met |on Hilton. The result
was an innovative energy
storage device aimed squarely at
motorsport dubbed the flywheel
capacitor.'It became clear we
had some interests in common
during the discussion,’ revealed
Hilton. “In particular, on their
KERS they make the motor and
all the electronic contrals, but
they do not make the battery.
In atherwaords, they are not in
a position to supply a complete
system. From our side, there
has been a lot of talk about the
packaging issues of trying to

P -

. SAM (OLLINS.

Pt

put all of the components in one
place. Also, we have had one or
two people expressing concern
about OF T [continually variable
transmission] development,
although ithas worked really
well for us to date. We are also

A

r i

1

to call it the fhywheel capacitor
because it behaves very like an
electrical capacitor, where the
terminal voltage drops as the
fhywheel speed goes down, just
like a capacitor does. It also has
a sa f-discharge rate that is not
zerg, but pretty low.
Thie new systern retains most

] aself-discharge rate

that is not zerno, but

pretty low |,

keen on better integrating
fhywheek into all-electric
wehicles for road use, sothis is
directly relevant to that, too.
Consequenthy, Hilton and
Dalla agreed to collaborate on
the development of the new
stomge medium. We decided

of the comventional Marelli F1
hardware in its usual locations,
with the MGU mounted at the
end of the crankshaft and the
KCU mounted as teams see fit
Howeever, instead of storing

energy in its chemical form using
batteries it stores its energy in

Augst 2009+ ware cecar engineestng.com [N
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kinetic form with a fiywheel. We
take the electricity and, where
wewould nomally takee it and
put it into 3 battery or electrical
capacitor, we instead put it onto
the terminals of the motor and
use it to spin up the flywheel’
Hilton elabarates. When you
switch the power off, the
flyweheel keeps spinning so. when
you want the energy back, you
turn the motor into a generator
and the power comes back!

The fiywheel assembly itsalf
iz near identical to the current
Flybrid design (the full article
onwhich can be found at weew.
racecar-engineering.com) but,
where its driveshaft would mate
with the VT on the new systemn,
it drives an electric motor that
runs at full fiywheel speed. This
is one of the key areas of the
syster's current development, 2=
Hilton explains: "As we normally
run at 60, 000rpm and the Marelli
mator does not currenthy run
as fast, we are looking at that
Also the controller needs the
frequency to be able to cope
with that speed, though from the
point of view of monitoring the
state of charge it is easy. All you
needto dois fit 3 shgle sersor’

The Magmet! Marelll motor/ generator wnit

WITHIN BUDGET

The 2010 Formula 1 technical
regulations released in early May
allow for an increase n KERS
performance for teams operating
within the £40 million costcap.
‘et in 2009, some teams spent
upwiards of £20 million alone

On ENENEY MeCov ery systems

and integr@ting their complex
cooling demands into the tight
ervirons of a grand prix car. [t
wiould seem then that within a
cost-regulated formuls KERS is
really a step too far, but it could
be that the fywhee| capacitor
does make it financially viable.

D] oo cecar-enginesiing com + August 2009

Not requiring batteries also
keeps the cost of the system
loweer than many athers, and
reduces moling demand, too
Whilst even the latest lithium ion
battery cells and capacitors have

The fiywheel capacitor system
mates the existing Flybrid storage
medium with the Magneti Marelll
motar generater unit (see detall
shot below) and ather Formala
1-5pe componentry

Ijﬂ the

flywheel
capacitar
does make
it financially

viable DD

looking at the F1 experience,
they realise it's prohibitvely
expensive’ adds Hiltan. "With
battery electric KERS the users
are throwing the batteries away
after perhaps just two @ce
distances, but they cost tens of
thousands of pounds per unit. It's
not very emvironmental by friendhy
and it's just so expensive. In a
sub-F1 class it's just not possible
on cost to go that route. Our
system is not a lot different

on initial purchase cost, but

the storage will last the whole
season and that should make

it wery cost effective, There is
currently atender to supply the
wihole DTH series with KERS
and the spec is that the system
must last a full season, fol lowed
by a low-cost rebuild and then
another full s2ason. | think that's

Iﬁlﬁ the storage will last the
whaole season DD

significant cooling requirements
a fywheel does not, which also
aids packaging We both see a lot
of other series interested in KERS
whowould like todo it but, after

impossible with battery electric
systems it could also be a good
F1 solution for a budget-capped
or cost-regulated team, where

you hawe to oount every penmy’
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When we featured the Flybrid

EERS systam previously in Racecar
Engineering, thers wers soms key ameas
the company was unwilling to talk
about until they wers patent protecied,
A year later, with them =afaly covered
by patents, John Hilon is willing
to speak about the mnowations that
allowad them to tackls the biggest
problems in the systam.

Tha challengees stem from the

84,000rpm the fywhesl needs w
Epin &t o creats sufficisnt power
density in a small, ight unit. At that
gpead, heat generation ie the big
issus, but one that Flybod awoidad by
nmning ita fiywhesl in a vaomm. But
this then threw up the problem of how to
lubricate bearings in a vacuum without

sk TR

Raceca

engimneering
Mark Ortiz on anti-effects

Wooden chassis: the first composite’
The designers: Bruce Ashmore

FLUS:

MNew products; Techndlogy news;

People news

Next month in

the hibricant svaporating. Secondly, how
do you get the power in and oui whils
maintaining that vammm?

The latter izsus was deal with by a
particularly clever esal deaign that has
twin lips ninning on the shaft with the

O how do you get
the power in and out
while maintaining

that vacuum?

gap between the lips filled with cdl &t
astmoapherc preasure, Becase thare
ia no preesue difference batwesn the
cil and the stmosphers, no air is drawm

The twin lip shaft seal capable
ﬂm.ﬂﬂiwmmm
Elybrid KERS unlt

s |

in. However, thers is a lnge pressume
difference acroes the inner ip betwesn
the gil and the near total vacuum in
the Aywhesl chamber, ut becauss the
oil molscules are muich bigger than
air molacules it makss it much harder
for them to ks drawn past the lip than
m=ault is wery low leakage — just 2.0cc
in sight months of testing. Any oil that
does pasa through imto the chamber is
a special grade for use in vacoums that
does not evaporats and can bs cleansd
out when the unit is ssrwiced.

And the bearings themssalves? Thay
are gimply moumted outzids the ssals
of the vacuum chamber in atmospheric
prEasumE and 8o pressnt no problems
with evaporating lubricants, (2]

www.racecar-engineering.com
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Sta

eva

Danny Nowlan
explores methods
of manipulation
using simulation
software to
improve on-track
performance

number of issues

ago [RE W19NZ),

| presented

a preliminary

evaluation of the
stability index from race data.
While | commented then that|
thought the technigue had merit
Iwas nonetheless concerned
we hadn't quite broken down
the compon ents of the stability
index. That's to say | hadm't
Quite sorted out inputs from
outputs. Thisarticle will set out
to address this.

The focus of this article
will be to show you how a few
basic techniques can be used
to show conclusively if the car
is stable or not. Along the way
Fll be giving you a differential
equations primer, and some very
useful metrics will be shown,
In particular, a way to evaluate
steering ef factiveness.
Before we start our analysis

though, let's take a review of
dif ferential equations of several
variables. For those of you with
a strong maths background
wou can skip the next couple of
paragraphs, For those of you who
don't, read on. Let's say that we
have a function of two varizb ks
We'll express it as the following:

ility index
uation 2

z= fulx,y) m

The most cbvious example of

a function of two dimensions

is a downforce map, which is a
function of front and rear ride
height. This is illustrated overleaf
in figure 1.

As can be seen, as front and
rear ride height changes, the
function values change, and
behave in the way we would
arpect. Sowhen we saywe
have a function of two varizbles,
before you head for the hills, just
think of an aeromap.

Mow let's consider a slice of
this function along, say, the front
ride height of, say, 4mm. Let's
plot this against rear ride height.
We're also going to consider a
point at, say, a rear ride height of
16.4mm This is showen in figure 2.

‘You will natice that at the
16.4mm mark | have illustrated
the fangent to this slope. The
tangent represents that point,
wihich the function will do at that
instamtaneous point As you can
see, the slope is increasing so, if
we increase the rear ride height,
the CLAwill go up and vice versa

when rear ride height decreases
Think of it this way - you're
turning a car and you let the
steering wheel go. The tangent
is the path you take. This tangent
is also refermed 1o as a derivative
of zwith respect torear ride
height or dy/de. S0, consequenthy,
derivatives are tangents. It's that
simple. This is the beating heart
of calculus and, as you can now
appreciate, is something your
maths teacher didn"t devise asa
form of inte llectual torture, This
dlso has realworld applications.
The treatment we gave to the
rear ride height slice is exacthy
the same as if we were to apply
it to the front This is the basis
of the idea of partial derivatives.
All it measures is the change
in z owver, say, x while keeping
y constant, and vice versa. The
notation we adopt for this is
as follows:

0z oz :
E’E@h Xp.¥ =Y, @
The astute reader will recognise
that for this tobe valid it must

be evaluated at the coordinates
described in equation (2), Befare
leaving the discussion, | just want

to close the subject by mmming
home what the derivative
physicalty means. When the
derivative is positive, whenever
¥ changes z accelerates away
andwice versa, This is why
derivatives are used to describe
stability. becausa it tells you
whathappens when a variable
changes. Remember a car is
stable when we turn the steering
wheel and the car understeers
[the car or derivative is opposing
the change) and it is unstable
when we turn the steering whesl
and the car swap ends (the
derivative or car is propelling the
change).

The last bit on cur maths
primer is the chain rule in several
varigbles. [fwe have, say z =
frixy) and x = fmit)and y = fn(t)
thenwe may write:

2_kx ky
dat dx ot dy of

You are about to see how we can

use this to devastating effect.
5olet's turn owr attention

to the racecar itself. From my

stability index evaluation article

youwill recall at a particular point
that the racecar's yaw mte could

AUgUst 2009 = wehsl . [ACECAF ENGINEETING.COM _
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THE EVIDENLCE

ChassisSin 30 Map Viewer & x|

A graph of twio
variables

Salwclad Veluss

ChassisSim Map e “""“'-—m,,___‘ mar ricie haighi: 6.0
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10 slice of our two-
dimenslonal function
Slope at 16.4mm
O = ._. =
__,--"' i ——
Rer ride height (mm)
be spproxirated by: yaw rate term into the Bteral thien as the following function: And before we go any further
acceleration term. | realise that recall that,
strictly speaking this isn't quite r= ﬁl@,,ﬂ'?} =
accurate, but bearwith me ar
because the results will sort Using equation (3) it can be I, —=dN
themselves out Also, before shown that, ot
some of you stop reading this
M artide j._lst remember a lot of ar ar 9, ar da That is, the rJ1_Er|ge in moment
discoveries in science were —=———tsr— - g jsthechange inyaw rate
Here | am going to take a leap originated by leaps of faith. g &b, 4t da, ot multiplied by the yaw inertia.

of faith. fm going to merge the Let's approccimate yaw rate Asyou can see, therewill be a
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| Plot of yaw rate vs
steer angle
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Pilot of stabiiity
= | predustvs time fora
Iowi-speed commar In an
F3 car

- i

strong cormelation between this
and equation (&) Manipulating sthi=——
equation [B) we can see,

dr @4, ar ar 3,
da, & ar b, ar

Nowi recall the definition of the
stability ndex as:

aN 1 P
da, m,g-wh

The astute reader will recognise
T e |  straight away that equation ()
has the stability index wrapped
wp in it Let me refer to equation
[B) as the stability index product
or sthi_prod. Obviously, strict 5
units hawe tobe cbsenved here,

¥

That is, yaw @te and steer in
radiars and time in seconds.

Thee reader might ask the
obwious question why | am using
the stability product as cpposed
to the index? Yes, using equation
[} and (B) we can get to the
stability index, but dividing by

aa’

ot
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turns this intoa limit problem as
the lateral acceleration goes to
zero. Most data analysis packages
will struggle with this as
rumerically evaluating limits can
bee quite tricky, which in turn can
lead to misleading resufts. This

is not saying amy thing bad about
these packages, but evaluating

limits push this into Matlab
- Maple territory. This is whywe
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are sticking with the product,
because of itsease of evaluation.

Before we go any further
though, lefs talk about the
actual data |will b2 using to
illustrate this concept. What | will
be presenting is a Chassissim
simulation of an F3 car over a
bumpy circuit. I'm illus rating this
using ChassisSim for two reasons

Firstly, ChassisSim will
consistenty drive the car
at 100 per cent of its limits
[urfortunately, we can't
guarantee the =ame of a human
driver). The reason for this will
become apparent when we look
at the data. Ao, because it is
a transient lap time simulation,
it's the equivalent of locking at
actually logged data.

Secondly, yaw mte is one
of the variables logged by
Chassis5im, so for the purposes
of this illustration it makes our
task quite simple.

The reason we are using an
F3 caris because | want to see
the effects of both high-speed
and low-speed cormers

Let's now look at the stability
product (sthi_prod) in further
detail. Evaluating the derivative
of yaw @1te r, and steer angle is
pretty straightforeard. Howewver,
wrhat sbiout this balow?

ar

a8,

At first glance, you might be
thirking where dowe go from
here? | know that's what |
thought Howewer, remember
what we talked about in our
introduction when we were
looking at slices of the aaromap.
Well, let's do an xy plot of yaw
rate vs steer. The results are

presented in figure 3.

The results are quite striking
It is absalutely clear from fig
3 that a curve fit can easily be
fitted to this data. What this
means is that we can readily
evaluate the gradient of:
ar

38,

Theway we would implement
this in the sraluation of the
stability product is we would
simply curve fit yaw rate vs steer
angle, with all units being in rad/s
andrad. Wewould then have a
polmomial function that we can
readily differentiate and this is
what the

ar

dé

T

term is in the stability product. |
leave the implementation of this
to the reader. If you need to do it
in a rush you can even do a rough
eyeball linear curve fit

Much more sign ficant than
this, however, the yaw rate vs
steer curve is a very strong
indicator of how effective the
steering wheel k& at tumning the
car. The gadient of this graph
represents the control author ity
of the car. Control authority
represents how sensitive
yaw rate is to steering input.
Corsequently, you now have
awery powerful tool to cross
reference driver feedback. This
isabsolutely crucial in race
engineering the car and | think is
one of the best ideas | have come
across in data engineering.

Let’s now see the stability
product in action. Consider our F3
car going through an extremely
bumpy low-speed comer, as
ilustrated i figure 4.
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Towalk the reader through
the traces, the top trace is speed,
the sacond trace is steer and
neutral steer, the third trace is
throttle and the bottom trace is
stability product

Let's have a look at the
comparison between the neutral
steer and steering and the
stability product Some readers
may recall my articke on using
the neutral steer line to evaluate
racecar behaviour. Remembsr,
when steering goes below
this line we have oversteer,
when it goes over the lire we
have understesr. Locking at
the steering trace it is obvious
the car is alternating betwean

straightforeward to implement.
Wwhile it may not give us the
elegance of the stability inde:,
because the stability product
isdirectly proportional to

the stability index it gives us
something that can be readily
implemented in data analysis
sof tware. That is to say, it can be
readily used at the track.

The stability product also
reinforces the need to have a
yaw rate sensor fitted tothe car
| have stated before in a number
of my previous articles that there
isnow too much money even in
the junior formulae to simply rely
on driver feedback alone. If you
don't believe me, simply pick up

I’jﬁ the power of the stability
product is it is extremely
straightforward to

implement E;ID

understeer and ov ersteer. This is
not surprising ghven ChassisSim is
driving this car flat out

Howrever, of more significance
is the relatiorship between the
stability product and the steer
line. When the steer line is abwve
the neutral steer line the stability
product is negative and when
the steering trace is below the
neutral steer line the stability
product is greater than zero This
may seam like a trivial example
but, because we know the car is
being driven flat out, it gives us
a great deal of confidence that
the stability product is working
as advertised. Again, this forms
an excellent cross check against
what the driver is telling you.

The power of the stability
product is that it is extremely

the ‘phone and ring up a Formula
Ford team or abowe, and ask them
for a quote for the season. And
remember, when threatened,
people always move into salf-
preservation mode Consequenthy,
arace team needs to have all the
toals at its disposal to doa good
job and, if necessary, show they
are doing a good job. Put anaother
wiay, what would you rather do,
spend 51000 on a senser to
protect 3 budget of 140,000+
per year, or not have the sensor
andbe at the mercy of people
with other agendas?

CONCLUSION

In closing then, it is apparent
that the stability product and
the yaw rate vs steer plots are
imvaluable tools for rmcecar
stability analysis The power

of the yaw rate vs steer graph
is it gives an instant picture

of the control authority of the
car Alsg because a curve can
be fitted o the data, it makes
the evaluation of the stbility
product that much easier, The
power of the stability product is
that it gives us a straightforward
wiay of evaluating the stability
indes. While it may nat have the
elegance of the stability inde:,
it is easily implemented in data
analysis sof tware, making it an
ideal companion at the tradk and
an imvaluab ke tool to sort out
what a mcecar is really doing



=V

Brawn GP does

lightweight

UK harness manufacturer continues to
lead the field from the front

hen Jenson Button
crossed the finish
line in this year's
Turkish GP, he joined
a select band of drivers - Alberto
Ascari, Juan Manuel Fangio,
Jim Clark, Ayrton Senna and
Michael Schumacher - to hawve
wion six out of the first seven
races in a Formula 1 season.
Hewas belted in to his car
with a Lightweight Silverstone
single Seater harness, one of a
ran ge of products that Willans
will be exhibiting at the 2070
Autosport Engineering Show.

Willars, the world's leading
brands of racing hamesses, has
supplied 19 F1 champions and
achieved aver 250 grand prix
wins. It also recently signed a
technical partnership with the
championship-leading Brawn GP
team Although many F1 drivers
specify bespoke harnesses, the
Lightweight Sikverstone Single
Seater is also available tobuy of f
the shelf.

"Driver safety is paramount in
F1, and the sport is continual by
taking steps to improve its safety
record, says Brawn GP team
principal, Ross Brawn.

Jackle Stewart, F1 World thamplon
In 1968, used aWillans harness

Erawn GFFs |enson Butten beneflts
from latest Willans harness In 09

At just 1.09kg the
Lightweight Silverstone Single
Seater is claimed to be the
lightest of its specification in F1.
It uses military-spec polyester
rather than mylon webbing for
superior stretch resistance and,
while most Willans harnesses
are assembled with computer-
wontrolled sewing machines, the
F1 iterms are still finessed on
manual machines. The adjusters
and release biox casings are made
from aircraft-grade aluminium,
while the tongues and releasa
bt components are titanium.

Willars hamessas have been
manufactured in the UK by
Stockbridge Racing since 1967,
and the company supported
its first F1 Warld Champion in
19649 - |ackie Stewart, whose
determined campaign for
improwed safety has saved many
drivers from serious injury.

"We ook forward to working
closely with the Brawn GF team
im our continual quest for lighter
and safer driver equipment,” says
Stockbridge Racing's managing
director, Simon Perkins.

A
TONY TOBIAS

Pole position
starts here

Tony Tobias on why the UK is the place
to stage a motorsport engineering show

he race is on. Mo
entry, no chance to
win anything The UK
is at the farefront of
motarsport engineering and is
therefore in pole pesition when
it comes to kick starting the
2010 motorsport season.

The Autosport Engineering
Show, which takes places at the
MNEC in January, is the premier
showcase for leading-edge
omponents, technologies and
sanvices - in fad, it's the perfect
business forum.

The woarld's leading

of powertmin products,
chassis, brake and suspension
components, telemetry and
datalogging equipment, &s well
as materials, services, facilities
and technologies

The UK motorsport industry
has an annual turnover of £6
billion, of which £3.5 billion is
exported. [t is therefore the
perfect location for a motorsport
trade exhibition.

German steel supplier
Tennant Metall, for example,
found the show the perfect
place to meet international

L the premier showcase
'Fl:lr' leading-edge

components, technologies
and services

motarsport manufacturers and
=suppliers are located in the UK
and, as a result, many overseas
tompanies have established
lirks and technical partnerships
with the UK to help them find
that ‘tompetitive edget
The UK is recognised as
possessing a unique blend
ctive knowkedge and
=t companies that help
keep the warld's leading Rdng
teams at the front of the
grid. Those teams visit the
shows to source suppliers

customers from as far away as
Austrlia, Thailand, South Africa
and Japan Barry Tennant now
regards the show as his main
platform to exhibit and feel the
pulse of the industry.

A total of 25,000
international buyers will visit
the 2010 show to meet ower
400 exh ibitors from the world's
leading suppliers. Simply
put, if you're immohed in the
motorsport industry, you cannot
afford not to be at the NEC
Birmingham in January.
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DAVID BARTRUM

7 What team changes have you

made Tor your second year
rmunning the BMW 7
For this year | wanted to add a few
people to the team. We have got avery
good team here, with good morale. In
thie warkshop full time we have only
got nine, but when we get o the race
weekend, with the catering. the grid girls
ard everything else, we grow to a team
of 28 across the two tearms [BTOC and
Carrera Cup].

Iwanted to shore up the engineering
side though, so | brought Richard
Towrnsend in, whowas one of the guys
from Team Dynamics. He is a crucial part
of the team The other person | brought

7 How did you come 1o decide on
L= «BMWSs Tor the BTCC last year?
Well. 2007 wasavery tough year in
Touring Cars for us because, to be

in this year is a guy called Toby Phillips.
who is good with dampers.

honest, the SEAT Toledowe had was not
a very good car and we had an awful lot
of bad luck with damage. We got to the
end of '07 and we thought

that the SEATs hadn't
really done us justice so
| decided that | wanted
to buy the best Touring
Car machinery | could get
hold of for '08. So | got in
touch with Charly Lamm
[manager of Schnitzer] at
the WTCL round at Brands
Hatch and started to get
the ball rolling getting the
BMW's from Schnitzer.
That was important |
wanted Schnitzer, | didr't
wantany other BMWs
Iwranted Schnitzer's
cars because M've had
experience of Charly from
b fare. If you buy Charly's
cars you don't just get
BMW's you get Schnitzer
on the other end of the
‘phone, and that's become
U ite important for us.
Also, one of the joys
of running the BMW
isyou get a massive
infrastructure of teams
around the world, and
you've gat the works

teams testing parts constantly, so they

How important are the
L2 wdampers on a Touring Car?
Absoltely crucial. Most of the
development work this year has been on

the dampers. One of the

things | did mid-season
David Barinum, 18am  |acryear was to phone
principal Motorbase Charly Larmm and sy,
BTCC team *Charly, we'e struggling”
W1GEE-0E: driver And he said, "where do
In warkous ciub and you thinkyouTe struggling
natlonal saloon ssrles most? | replied, "Dampers.
W2001-2002; driver I need ta understand the
In soms TVER Tuscan dampers” He then asked
Taces what | was doing the
2003 brlsf parlod following weekend and
UL PriVATSEr wihen | replied nothing he
EIW In ETCC told me, get the dampers,
2004 TUNE CATE I put them in a suitcase, and
Parache CarTera Cup to come out to Schnitzer
UE with one of our engineers.
2005 Britlsh GT/ We then spent awhole day
SEAT Cupras/Carera on their dyno just going
Cup up and down through the
H2006: Carrera Cup/ damper settings and we
BTCC with Honda came awaywith a mass of
Irtegra,/Britlsh GT valuzble information.
W200T: Carmera Cup
end BTOC in EEATS 7 Do you enjoy
A200E ETCC with L COMpETING I
BRI the British Toaring Car
WUEN0G: BTOC with Champlonship?
R S ALERIE I love the BTCC The
Cug format's fantastic and

it's run very well by Alan
Gowi. | lowe the cut and thrust of the

go and hammer out thousands of kms
testing and then they say: Thisisa
pood part, it's for sale, do youwant itF

50 it =aves us a lot of development time and shoving.

competition, but sometimes | do despair
of the physical side of it - because you
do get a bit of utnnecessary pushing

Vivian Candy, one
of the legends of
Irish motoreport, has
died at the age of &0,
The ‘Candy Man',

as ha was kmown,
was pobahly bast
Imowm fior using his
connections with
Marlbom to halp fund
Eddie Jomlan's early
carssr He also raced
himaalf, compsting n
British F'1 smd then
twics &t La Mans,

b

Glorghs Ascanell

Former Homda F1
technician Hewin
Poole is to rmun the
Galf tarbo disssl ha
bl in 2002 in the
TUE's Volkewagen
Bacing Cup this year.
The car in question
made history when i
became the firet dissal
-angined carto win a
motor race in Britain

I BEVEN VEATB Ago.

Mark Deans, Ford's
director of moboreport,
has retired. He has
been replaced by
Irishman Gerard
Ouinm, who has had
Previons eXperisTss
‘working with Ford's
rally taam M-Sport.

- TR
Gerand Quinn

It seeme likely that
David Lapworth will
head up the all-new
Prodrive F1 taam,
ghould the team

make the grid in 2010
{zae News, page 4).
Lapworth formerly ran
the company's Subam
WRC effort from 2000
o 2008,

Former Super Aguri
technical dirsctor
Mark Preston has
been mentioned in

.
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DAVID BARTRUM

i expected to spend
lass tims working on
track businese and 1"—_;'. How do you think the they're looking &t the cost of Touring
‘will conceniTate more = ithdrawal o Vame hall will Cars. Unfortunately, | wasn't on the
on the Indy Car Beres affect the BTCC? working group and | dor't feel that
in the future. Ary manufacturer going is disappointing.  rear-wheel drive was particularly well

But when you really look at it, it's represented, because at the minute it
GP2 enginsar Stuart actually a good thing because it levels looks like they're trying to get rid of it,
Robinson has been the playing field. We're not on the same and Fm not personally happy about that..
showing well on the playing field they are, they've gota £3m Otherwise though, if you look at what
other gide of the pit budget, | believe. | think the cars will still they're proposing, then a lot of it i very
wall, finishing a fine be around though, and fm hoping BBE8 good from both an enginesring and a
eacond in A recent [the team that runs the Vawhalls] will cost perspective,
Scottish Formula Ford too, because Vawxchall going is one thing.
1600 race at Enochkhill BER going is quite another. { 7 What's your Idea of the

L= perfect racecar?

Brawmn GPis o keap ™7 The BTCC has recently Well, it needs to be rear-wheel drive for
Will Stevens on the ?ﬁinlﬂllﬂd a new sat of a startl For me, personally, watching an
driver development regulations (see Hews this month) R5500 [Ford Sierra Cosworth] in the late
programme he started What's your opialon on them? 19805 go through Paddock at Brands,
when the team was What they're doing and the reason with the noise it was making and with
etill imowmn as Honda, they're doing it, is very good. They're the flames coming out of the side
Brevens is currently looking at the future of Touring Cars and - now that was a racecar..

JTR boas Joa disd in a
road accident. Ik was
the firet win in F3 for
the JTR equad.

Wrenchman award

TOOL HANUFACTURER CRAFTSMAN is to sponsor a new end-of-season award

to recogn ise an outstan ding team member from each of NASCAR's three major
championships. The MASCAR Craftsman W renchman Award, which is said to be
worth up to $170,000 (£100,000) in cash and tools, is open toall team members and
winners will be those deemed to have best showcased "core Craftsman attributes

of trust, quality, knowledge and innovation when performing their job with the

race team.” Teams are being invited tonominate one team member and a selection
committee will pick the finalists.

Tony George s The NASCAR Craftsman Wrenchman Awiard will celebrate and reward the evenyday
heroes of MASCAR who exemplify the attributes of the Craftsman brand, both in the
garage and at home’ said Matt McDornel |, manager of brand development Craftsman,

The Indianapolis of the new award. ‘It's also the perfect opportunity to establish a personal connection
Muotor Speedway for the fans with important crew members who typically don't get to step into the
hag denied mports spotlight” Nominations will be invited this summer, with selections in August and the
that Tony George is winners announced at Ford Championship Weekend at Homestead-Miami Speedway.
no longer ita CEQ.

That =aid, it has also

confirmed that George

NASCAR Diversity
Internship

THIRTEEN STUDENTS FROM across the United States have been selected to take
partin the 2009 NASCAR Diversity Imternship Programme - a scheme that ghves
college students from ethnic minorities the chance to complete a 10-week paid
internship within the NASCAR industry.

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

on &n exciting new prospect? Then send an
email with all the relevant information to
Mike Breslin at bresmedia@hotmail.com
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Land of opportunity

<A LCE PEOPLE

Racecar’s Lawrence Butcher speaks with some of the delegates who took the
opportunity to get to the heart of the US racing industry on the MIA trade mission

une 2009 saw the Sth annual MIA

business development trip to the

U5A, the aim of which, as ever, was 1o

deve lop business relationships between

UK-based companies and the USracing
market. Starting off in Charlotte, Morth
Carolina, delegates visited a number of top
MASCAR Sprint Cup teams, including Michael
Waltrip Racing, Penske and Richard Childress
Racing. These visits were key in developing
an understanding of both the engineering
and business approaches in top-level Stock
Car racing and, more importanth;, how
practices differ from team to team.

The L approach to racing was definitehy
an eye-opener for those more used to the
European way of doing things, especially
thie scale of operations and the openness
displayed by teams The combination of these
wisits and an audience with Mike Fisher from
MNASCAR RED brought home to people that
while Stock Car racing is an area that needs
real on-the-ground knowledge to successfully
sellinto, it is by no means a cdosed shop faor
international business,

INCREASE SALES

The message from MASCAR was clear: if your
product can improve safety or reduce mosts
while not unfairly advantaging one team or
another, we @re open 1o discussion 5andra
Cunliffe from UK-based motorsport electronics
specialist, OC Electronics, s3id, We decided

to take part in the MIA trade mission to the
LISA aswe are trying to increase our sales
within North America During this trip, the

Photon: Lew muce Batch o

[jd if you have a
good product.
then the LIS is
definitely open
for business | )|}

Fam—bmmﬂmuimmmsrnﬂpelnﬂlﬂuue-leﬂ the key elements of the MIA tip

European visitors had

thelr eyes opened
to the sheer scale

of operatlons at the
heart of US motor
racing. This Is the
Michael Waltrip Racing
preparation area

VIP access passes gave delegates achance to
e perience the thrill ot the MA SCAR spectacls
rom the pit lane at Lowes Mator Speedway

MIA provided us with the opportunity to hold
face-to-face meetings with key people in

the industry - people who otherwise would
b= very hard to contact directly. We certainby
came awaywith a better understanding of
the US market, as well as potential leads for
future sales. Personally, | don't think that
amybody should attempt to break into the US
motorsport market without taking part in this

type of rip;

UNPRECEDENTED RESPONSE
The teams’ approach was equally
encouragng especially at MWk, where the
attitude was, if we can gain performance
from it and NASCAR will approve it, then there
are grounds to do business. One company
that gained unprecedented response to its
product was next generation simulation
company, Real Time Race. s video-based
simulation software genemted interast from
areas & varied as test rig companies and
MNASCAR s media operation. CEQ Chris Leigh
was more than happy with the results: The
trade mission introduced cur company to a
plethora of the very best motorsport contacts
in the North American market. [twas hard
wiork trying to keep up with the enquiries and
ontacts generated during the trip!
Delegates were also able to get a real
feel forwhy NASCAR & such a successful
business at the All Stars Race at Lowes Motar
Speedway, with VIP pit access giving a taste
of the intense @ce atmosphere. Overall, the
trip provided an imvaluable insight into the
trade opportunities available and underlined
the fact that, if you have a good product,
the U5 is definitely open for business. .E"
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ROGER ESTRADA

™7 What Is your motorsport

you operated as an engineer?
Noquestion. The experience made me
locks &t my engineering services in a
totally dif ferent way. [t made me hawe
awider vision in not just locking at

the timy detail but also looking at the
broader picture. Locking at a product and
thinking. "What is this going to give us
value wise, the cost, does it add value to
the product and for the customer?™

[] What areas of motorsport
L -business do you spedalise In?

| have the capabilities to doeverything
from design through to race support. and

also to distribute products with an added

value to the customer, such as dampers

and paddle shift systems. On top of that

Lﬁna:ugmmn

| went straight to SEAT Sport from

university and for three years was a

designer on the W RC

project. | wanted to

go further, so said to Roger Estrada,

my self “where is the director R53

best place in the world Engmeering Lid
for motarsport’ and W1997: graduatsd
decided on England. | left Imiversity of

the sunshine and came Barcelona, deqres
here towork as a junior in Machanical
engineer for Mitsubishi Enginesring

Ralliart during the era :mmr—m dealgn
of Tormmi Makkinan. | enginess for the BEAT
worked up through b=ing Corloba WRC

a rally enginear, tast and m
development engineer anslstant o the chiel
and chief rally engineer, g

uritil | was the chief WF0Z-Z004:
engineer. development tees
mm mada you Btep 2 car

L2l dedide to start WI004-ZO05: TRCE
YOUr oWn business? Engmeer for Giles
When Mitsubishi hit Panizzl {'0d) and Harrl
problems, we tried to find Fovenpera (06)
someone else to carry on WZ005-2007: chisd
the programme but, in mw
the end, decided to close. MotoTeparts (WEZ)
501 had to leave and HZOOT-present
decided to start my own director RE3 _
company. At the same Enghesing Led

time | decided to do an
MBA. | am an engineer

but thought | was missing some business
approaches to motor racing so thought |
would gain some new skills so signed up
gt the London Business Schoal.

7 Did gaining an understanding
[ o1 business change the way

| do business development with products
that come from outside motorsport.

For example, we have
recently introduced a
new composite material
from a military supplier.
My key role is finding out
what the market is far

a product, how it needs
tobe promoted, what
pricing structure to use
and whether value can ba
added to the product This
i= a vital senvice to of fer,
especially in the current
climate, as it can it help
customers reduce their
osts

7 Doyou think

L= tnat engimeenng
companies cam miss
out on optimising
helr profl tablity
through not Thoroughly
understanding the
marketplace?
| believe that a lot of
companies have great
engineering capabilities
but can quite often miss
the business side of a
solution. They need to
take a step back and

Ik &t wehio the product is actually
for, and if it matches the clients’
neeads beyond simply the performance

requirements. They need to focus more
on the customer, and ask, "Who is the

m P e P EXCA-EN RN BN COM = ALUst 2009

customer?” Then look at their preducts
from a business perspective.

GOING

OFFLINE

AL E PELF L E

LAWREMCE
BUTCHER

Conversion
factors

Grasping NASCAR's appeal

usedto sneer at

NASCAR when Deputy

Editor 5am touted its
8 merits, reeling out the
usual ripostes like "they
only turn left’ and Tve
seen mone complex horse
and carts’. But you will
hear nomare nay saying
on my part - having been
privileged to attend the
All Stars race at Lowes
and toured several race
shops in the tharlotte
area, | am comvertad!

It was the shear
spectacle of the show
that blews me away. These
guys really care about

the very cutting edge of
technology on a car, if it
doesn't improve the show
in NASCAR, itis irrelevant
Mowe don®t think
for one minute this
means that Cup teams
don't know how touse
technology: they do.
But there is a catch - by
ruling with an iron fist
NASCAR can simphy say
a car is illegal if they feel
it has too much of an
advantage, regardless
of whether it actually
infringes amy rules. Now
while | am sure the FIA
would love to be able to

-1'

Ad it was the sheer
spectacle that blew
me away DF/J

the fans a somewhat
alien concept to someone
raized on Buropean dircuit
racing and does it make
a difference. Whereas in
Formula One it can seem
like the sport’s followers
e an incorvenient
necessity, they truly are
seen as the life-blood of
stockcar racng

Only once | had
realised this did MASCAR's
gpparenthy medieval
gpproach to regulation
start to make serse It
ahways has, and will be,
gbout the show, sowhile
it may be nice to have

do this, they can'tl Gan
you imagine the uproar
if the Brawm BGPOOT
was declared illegal just
because it was too quick?
5o while stockear
racing is never likely
to push the limits of
technology in the way
sports prototype or
single seater mcing
does, it is definitely not
bereft of innovation.
Maore importanthy, the TV
ratings and crowds tell
the real story. NASCAR's
way works and European

motorsport would do
well to take notice.
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Drilling for gold

pecial thanks this month go to Charlie
Bamber of Menard Competition Technologies,
withoutwhose assistance we could not
have prepared such an in-depth story on the
subject of regulation-busting’.
The five-cylinder BTCC Volvo engine of the
19905 is also a perfect ecample of how motorsport
provides an ongoing battleground for teams’ technical
persannel to pit their wits against those whose job
it is to frame the regulations. The aim, as Charlie
explains it, is to 'drill deep into the regulations’ in an
effort to discover all possible avenues to maximise the
performance potential

from the current 52000 technical regulations,
mary of the interpretations permitted by the Super
Touring rules are now prohibited. In fact, the 52000
regulation dafters have tried to cover themsehes
agairst possible unperceived loopholkes with the
inclusion of a‘catch-all sentence, which reads: "Ewven
if not explicitly prohibited, amy modification that is not
in keeping with the spirit of the regulatiors and/or
that may increase the price of the car shall ke banned
without notice by the AAS

After marmy years on the front line of devisng.
enforcing and advising on motorsport regulations,

Peter understandably

of your car - while has some well
SR s () the bottom line is e
Tenisyon  that regulators learned  segistosnesd
the development of H to be clear and
the Voo oylinder fr'l:l b EUPEF Tﬂ uring 99 simple without
head begins on page roam for d ifferent

E4 iof this issue of Rocecar Enginesening but in order
to get a balanced view, we thought it would be
interasting to hear the views of somecone resporsible
for formulating motorsport regulations. Who better
than aveteran of the scrutineering bays and technical
boss of the BTCC, Peter Riches?

“In Super Touring. there was one extra word in the
cylinder head regulations which allowwed the addition
of material, whereas normally Group A, and now
52000 rules, only permit the removal of material’ he
explairs, This led tothe Volo and Ford [Mondeo]
solutions, which were the most radical and expensive
at the time, but it was an era when cost appeared
niot to matter, Some teams, for example, developed
separate port castings that were inserted into a head
after the original port area was machined out.

"In the same vein, Vawhall developed its urmed
or “reverse” head, which was also allowed by the FIA
at the beginning of the Super Touring era when the
clause *if it doesn't say you can, you can't” was not
arourd. Mor was the phrase that *freedom in one
area of the regulations does not permit additional
functions to be created”’

Interestinghy, as Peter points out using extracts

interpretations’ he observes. The simple word
“addition” in the Super Touring rules ked to massive
changes [to the engines] and, to use awell-known
phrase, “massive unintentional consequences’,

"One of the issues surounding regulations is also
the firmness of the interpretation. If it is lax, then

[/ A

the regulations
receive a far wider
interpretation then
was the original
intention You
therefore need a
strong scrutineer,

The bottom line,
though - regulators
learned from Super
Touring”

5othere you
have it - from a man
who knows
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