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"Fostering better acquaintance and social spirit between the various
owners of thoroughbred sports cars in Australia".

"To help and advance thoroughbred sports car owners and ownership".

"To establish and maintain i;y example a high standard of conduct
and a respect of the laws of the road".

G ENERAL MEETINGS OF THE CLUB

The General Meetings of the club are held on the seoond Wednesday of each month,
commencing at 8.00 p.m. at the Sydney Rowing Club, Great North Rd., Abbotsford.

PUBLISHED BY: The Thoroughbred Sports Car Club,
P.O. Box 195, Croydon Park, N.S.W.2133.

SEND ALL COPY FOR "TOP GEAR" TO: Geoff Sara,
8 Trevellyan St., Cronulla,2230.

DISCLAIMER: Any opinions published in this journal should not be regarded as being
the opinion oJ the club or the committee which also cannot accept responsibility for the
accuracy of any information in the journal which is published in good faith as supplied
to the editor. Articles and or photographs are invited and should be forwarded to the
editor for publication bearing the name and address of the writer.

ADVERTISING POLICY AND COST

Advertisements are accepted subject at all times to the discretion of the committee.
Display and Advertising: Full page $30 per issue, half page $20 per issue, % page $11 per

issue, 1/8 paS€ $5 per issue. Advertisments are on a monthly continuing basis unless the
advertiser notifies the Editor.

Classified Advertising:- Financial members of the club receive the first four lines

at no charge. Rates are $1 per line of ten words with a minimum charge of five lines
($5.OOl. Non members should rend payment when lodging their advertisement.
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. presidents prose

trielcome to the July edition of your club magazine
rrlhich should be a burnper addition if al-l- our
sel-ected scribes have done the right thing by our
ed itor.

After the past tr:io months of rather hactic activities
on the club scene July appears to be the month of
recuperation of body and repair of car, both items
required in our household. There have been some

very good atten dances at our recent events of tuhich
you are about to read an.d occasions eannot 9o past

uithout some vote of thanks to the various members

inv ofved.

Taken in date order firstly to David & Barbara lYluir
for the lend of their house for the annuaf tGames

Nightr. Although not a raging financial successt
sociatly it certainly uras, thanks once again to our
Social Committee led by Jim Peters.

Our secqnd lot of thanks goes to Jim Petersr then
to Vic Andrerrls ulho completerd the organisation ofl
our driver training day at 0ran Park.

Also uielL attended uJas ou last club meet,ing where
our guest speaker tlas Peter Findlay from Nationuide
Driving SchooI rr:ho conducted our last driver training
day. Peter spoke of his previous racing experiencet
both here and overseas, and educated us as to the
hazards of correct braking. The vote of thanks ulas

proposed by Grant LiddeIl rrrho presented Peter uith
a bottle of our infamous port, another victimi
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JUNI TVIINUTIS:

A,pol-ogies:

ILJe.Lcome to

Treasurer :

Dreghorn, Adrian llalkerr Gary Brucet
Gary lvlcDonald, Lynda Du Cros.

nerrl member BilI Long and guest speaker Peter
F inlay.

Correspondence : Invitation from CAfvlS to attend State
council meetingr Vic Andrerr.rs rrri11 attend on
our behalf.
Eank balance $1r965-00.

t-cl-itor Seeking authors for various articles covering
recent club events - Ray Ross duly volunteered
some authors.
Jim Peters recently attended twlurder at InnI
and tlad a great night. Club has booked for
the 25th July and it is important ior all
goi.ng to promptly font,ard their deposits.

Driver training day uas a great successr very
informativa t',ibh 1OA% aLtendance and perfect
cond it ions.
Plotorkhana - 13 drivers competed, Dorr taking
out short rrlheelbase class, Ray the long. Tuo
neul members came along and everyone enjoyed
thems eIves.

5ocial:

Sport.inq :

Canberrg lLeekend 3 [rJe nou hold 3
Don McDonald and Vic
trophy uinners, John
3 secondsr RaY Rosst
A ndreqlos.

( TOP 0EAn

records; John Burtont
Andreus. 0n the day 2
Burton and Don lvlcDonaldt
Pietb Fast and Vic

Some b
utith s
Gough
Ualker
the As

Ray on behalf of th
efforts in making t
example of club spi
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badges and clo
details to comr

There foli-or,led an i
Peter Finlay.
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sporting rcp.ort

fvtitT L.lR Kt-lAN{

5 U i,illA Y 24 th I',iA Y

0n the 24Lh of l"lay some of our club members and f riends
attensed a lviotorkhans hel-d at the Fiat CIub Grounds.
It rrlas a fine sunny clay for the events, although the night
before uras very cold, so there uas still deu on the grass
uhich made the first half ol the morning, ue1l... fun.
The f irst couple of laps uere in the high 40 ts and lorrl
50 ts but as the morning r:.rent on and the grass got cher:red
up a bit, the times improved greatly. lvlicheal Lynch got
the fastes time in my car uith a time of 41.24 seconds,
that is until {Jon lvlcDona]-d turned up in his Cooper S and
knocl<ed off 3.5 seconCs uith a time of 37.74 seconds,
uihile Judy Andrerr-rs clocked up the lastest time in the
L.u.8. c]ass uith a t.ime of /r2.BO secondds in her Volvo
164 and althouqh I didnrt envt the .lob that Grahami Thour
and Brendon rJal-ker each had on their hancls, both in
their 351 ltalcons, it uas great lo r,latch these cars being
throuln aroung in the cJirt.
tJuring the second parl of the course Don l'lcDonald gol
the best time in tlre 5.1r.3. class urith a time of 48.O4
seconds, although Ian lJreghanr (and dog ) Oicl quite rrrel-J.

uith a tinre of 43.60 seconds ulhich I thought uias quite lunny
because the dog uas calmer tle n I uas ulhen I went around
urith him (tne Ooq must be used to the way he drives),
uhile flay lioss got the best time in the L.lJ.U.'class in
his Commodore r,lith a time of 43.62 seconds.

Don lvlcDonald chall<ed up the best total result uith a time
of 77.78 secnnds, r,rhile Ray ;loss took the honours . in the
L.rri .8. class u.rith a time ol ?3./-t9 seconds

The day ended a great slrccess rrlith r-ro casualt ies f or the
day, rrre11, except one, my accelerator cable snapped a

couple of !<ilornel-res irom hor;re.
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ADVANC[D DRIVING Ct]URSt
%

. subtitted
BACK TO SCHOOL :J

0n a f ine but brisk morning on the 16th fvlay, 20 members
arrived at Oran Parl< uith an assortment of cars, ranging
from slicked uheeled sports sedans to the family shopping
uJagon.

lr]e ulere met there by Peter Finlay anc his team of instruc-
tors from Nationrrlide Defensive Driving School, r,lho uere
going to give us lessons in advanced driving, and if ue
trlished, to be observed f or our CAfvls license, 

.:,
After the cars u,ere scrutineered ue u/ere given a brief
rundotrln on l-he days schedu.l-e. Then rrle rrlalked the track
ulhere the apex of each corner and the unseen hazards
rL.i'ere pointed out.
Follor,ring this ue divided into small groups under each
instructor, r,lho drove our cars around the track in the
correct manner and then sent us out to emulate them, uith
varying degrees ol success.

Later ure uere instructed in braking techniques, that is,
braking in a straight line and on a bend at various speeds
uithout locking up the brakes, not so easy.
'uJe ulere then demonstrated hou to pick the apex of each
corner at speed, and copy by example. This is rrlhere the
fun began and the track becarne easier to handLe, the
driving more smooth.

Toulaids the end of a very full day ure uere timed in a
J.ap dash and assembled on the grid according to our
times for a si.mulated race. This is urhere the adreneline
started really pumping and finished ofl a most enjoyable
and instructive day lj
The clay ulent off fairly smoothly, rrrith only a fer,r minor
mishaps such as Dave lluir f s rather erratic Anglia, Chris
Jacksonts unl'ortunate bloun head gasket, and not the leeet
Len fvladarts not one but tuo rear rrrheels. Len ulas not
driving at the time, our illustrious chief instructor blas
al t,he uheel. I, and I think it uas Chris r,lere follouing
him dor,ln the straight at the t ime rrlhen the Triumph gave
a feu unusual side steps as it entered the corner as to

confuse us to ulhicl
surprise, ulheels er

the car rrlas driven
anc,l out of harms uri

I8m sure that everr
enioyed the day, I
to sleep that ni_ghl

If its music or music
family or friends req

RAY & MAI

We have two conveni
Liverpool and Carling
tapes, accessories and
guitar picks to grand
to most brands and u
on genuine deals and
we will put you on t(
After sale service Syd
you let my tyres dow

t.

I
"Vallaby Lohe? r
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CANBERRA UEEI(END - 6/7/8 JUNE

Considerable ongarlising (tl,arr}.: s to Lester.Gough arr d Vic AndrerJs) had

gorre into the prepar'ations {or'a Euccessful "Thorougl''bned" a:sault on

canberra, arrd in p.r.iiirr"., the ,,car.a,' Hil l climb. The lllub, l^'ad past

succeEges, uith nrenbers holding sever'aj class records and alI uere

iirlea up to nePeat the 1986 r'esult"'

Needless to Eay, the ueather uas lousy as ue set off earlv Satur'dav

morrring. To our'trt:p.ise, at the citv lin'its' the inclernent ueather
.i.".aa and a Pleasarrt tr'iF' errsued'

Tl-' e triP dourr uas uneventf''i| I for nrogt' except Lisnel. Llal ker"'
heautiful 086 AEtoi ff"itin. Liorrel, uithout a geco'd thousl^'t cl tl"'e

danger. invslved, ieaped to the r'e9cue of a fel lou: lrunrarr beirrg caugl-'t

up in a Iife tL.e"{"nir,s,ituation. His reuard uas an out of ccjntnol

tr-ailer Elanrmins ini;-l;.-uack of the Aston. Tc add insult to iniuri'
il'" govt in Blue uere not interested'

Tl'e cir'cular streets of Canberr'a took their
dri'vers to have uords uitl"' their navigatons
n"ai .ri, hacDonal ds, Ua l ker's, 

- 
Fast s ' Lorrgg '

Nui.t,6urtons and other singies rnet up at

Sever'al members took the oPPorturritv Satur day aft
t;;;t;iveE uith the cara circuit ' David lluir uas
iii.-Aii i-t-ong, 0on llacDonald and John Bunton arr
.i..ri"ting for some conEiderable time'

Satur.dayevenlngsauthenaS5egassembledfor.dinneratiheKjngstor'
Hotel. The ser^vi.!-""9-rousv but the conrpany great. The nra jor'itv
tunned ih earlv uui i.ittat mernbens uho shalI r^enrain naneless (I

uasn't there to s;i ii"i.-n"*"s actuallv) pantied on until sometirne

paet nidnight.
gundaynorningdauned,ueatherfineandSUnny,butalittlecoo.l!11t.st
uer,e to cir^cult uvl"ilsoi.r.. rl," .rr.nt ,"r under' uav. bv 10.30a.nr. ur ith
a variety of vehicf"t-II*l"tlns' (Porsche' Lancia' llorgan' Torana tc'

nanre a f eu). Aboui ig iotptt itons a'l 1 uP' Results irrvolting out^'

nrembers fol lou this article'

DonllacDona.lddroveuithski]l.anddeterminatiorrPostlnscneditab.le
tinres in the ttagnu;.-Aitu"11v {he "r,r,orn,er 

ca'l 'l ed Dsn'e car a "tank"'
Don had his hands'iuri-ai-tn. time and couldn't nesPond. To add

further insult, t'e'iaitea Uv Nissan "uglv"' Piotn.Fast in'Proved bv

over a secBnd on iii-isi;;;t;ii ana ptoLablv uished I had r'emained in

PNG. Piotr r,era iie iodi-boOo.c lap necord until a certain Nissan

;;;". eiiipsea hin bv a nere '?1 of a second'

ArrgusllacDonaldpushedhisLancentothelimitrecondinsabesttime
;;"4;.tg. ltot bad fnotn onlv t'6 litres'

tol i , caueirrg ser;er': i

. Eventuail,y, t.he Ross',
GouEhs., lladars, Liddel ls'

the llorrano llotel.

ernoo.n to {an,it i".ir.
a little dizzY bY the
ived. havi ng been

Grant LiddelI had a "hair raising" exPerience uhich left hin, quite
flat. Pun intended, uith apology. He is actually a good bloke. You
can get your oun back Gr'ant bv penning the next Club adventure.
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Ray Ross had four olher
unabl e to achieve the ca
uitrressed the "Blue and
A secpnd place in.this GI

Len lladar regretted not
and had to be content ui
Vee.

Bill Lons is lmproving I
enjoys his motor gport br
prepared GTR Torana. By 1

uat ch.

Chrls Jackson uas a diffr
conservative run on the ,

and perhaps opened up a
had been praising the sat
Chris must have taken hit
rol l uith pike (degree ol
displayed on the last cor
little hurt but body in 1

onuatcherg. Sadly, it uai
uould I ike ne to thank Lr
Torana mobile again, to r

Oave lluir had the little
last run. Unlorturrately,

Vi c Andr^euE l-,ad the Viper
bar n i er' . He uas j ust oul
Clubnrarr, driven by John F

u,ent al I but or' his last
the cor'ner uhich tr ippei
all ended uell uith Vic :

A brief presentation uas
ui t h 0on llacDonal d and yo
to 3 litr.e classes regpec

To nound ofl an excel
barrquet folloued by a
Even the ! ids behaved

Llntil rrext year'.

JOHN BURTOiI

lent
dri
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J N Randle
JaguarCarsLimited

Themotorindustrysurvivesthroughresponset.o.changing

The state of the art

displiyed during the pasttwo to thr:g Igars

Tne apptication ol electronics to
vehicle systems is on an accelerating
trend. ln 1982 Ford predicted that by
1985 the average carwould contain
some $550 worth ol electronics. That
target had been exceeded by 1 984' The
Universityol Delpht has estimated that
by 1992 around $1350 worth ol
electronics will be common -an
increase of around 2.5times in only six
years.

The present semiconductor content of
theaveragevehicle is around $Al. This
is predictedto rise to$150 bytheyear
2000. The primarydriving force behind
this rapid assimilation of solid state
technology is the growing conflict
between the increased comPlexitY
demanded by both environmental
conditions and customer requirement'
coupled with the drive towards grealer
reliability and qualitY..

Thefirst impacthas been inthe area
ol fuelling and emission controls where
environmental Pressures have
demanded greater and more accurate
control on all areas aflecting engine
perfOrmance and emissions. The
greater and greater accuracy required to
meet the stringenl markel pressures are
leading the industry towards.ahrnass

measu remenl, programme(

systems, knocksensing anc

luel injection. Additionally, tl
introduction of electronics h

apparent in the widespread
olABS, but elsewhere it has

relatively minor, being limite
alone systems such as seru
predictors, suspension heig
controllers and cruise contr<

However, lhe develoPmet
electronics is moving veryq
reductions in size and costtl
imminentwill bring aboutaf
revolution in the application
electronics to the automobil

The feaiure size ola semi
the key lactor in determining
of transistors thatcan be faL

a lixed area ol silicon. The s
that is taking place is such th
estimated that sub-micron d
be in volume production by I
't 990.

Areas of particular interes
lollows:

Complementarymetalox
s e m i cond u ctor CMOS systr
rapidly replacing NMOS sys
having the advantages ol hi1

operation, reduced heat dist
reduced supply current and
immunity, bringing in their tri
reliability and lower quiescer
systems requiring a conslan
function.

M i c ro p roce s so rs.' The cos

microprocessors is reducing
The latest systems prolide :
comprehensive range olchil
peripherals. Their greater lle
greatly simplifying interfacin
and acluators. The move lor
integration of all systems int(

central microprocessors will
connections and hence incn
reliability. The grgatly increa
that is now available has allc
introduction ol watchdoggiq
home facilities, such that lhe
systems are extrernely tolen
rangeolfailure modes.

circumstances. The highly competitive nature of the

industryhasensuredthatdespitethegreatcomplexityof
i'n" pr"or"t, it" ability to respond is exceptional. That

ability to respond hai nevpr been.so evident than has been

I

I

I

I

I ndustrv in Europe has suflered three

I maior 6nocrs in recent years: the oil

I criiis, Japanese influence and

environmental concerns. Those shocks

havecatalysed activity in the areasof
fu el economY and imProvement in

quality and reliability. More recently the

discovery of new oil resources has

widened manufacturers' vision, so thal
perlormance and features have
assumed a priority unexpected live
years ago.- 

Hiohoerformancederivativesol
mod6b'in allsectors olthe market now

orolilerate whereas a lew years ago

ihese would have been regarded as

sociallv unacceptable. ABS, 4WD and

turbocirarging are typical ot the feature

levets available throughout the markel'
This paper seeks to examine the state

olthe art in automotive engineering' to

analvse, where appropriate, the value of

various ieatures presently available and

to suggest where these developments
may i-e'aO in ttre future. The areas ol
oreitest interesl are seen as: eleclrical
ind electronic developments, materials

development, engine developments'
transmissions develoPment'
aetodynamics, and susPensions
systems.

'2 
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M u ltiplexi ng :The rising cost of
conventional eleclrics with the
increasing complexity of modern motor
cars, coupled with the fieed to irnprove
reliability, is driving the cost of electric
devices upwards, and the gap between
an electric and a complete electronic

:Isle1 is ngyctosing. tn facr, with very
complex vehicles it is probablynow
cost-effective to inlroduce muitiptexing.
One can expect lo see the inlroduction"
of selected multiplexed areas such as
ooorsystems by 1 997 in Europe.

. Meanwhile, hybrid systemi are being
developed involving signal wire
switching which will appearduring 1 9g6.
The introduction of multiplexing wIil bad
to a revolution with regard to on-board
diagnostics and dealer servicing.

The servicing and diagnostici of
gleclricaland electronic systems will be
loo complex to be handled
conventionally and will require the
development of computer-based testing
anddiagnosticsystems. Within avery -
short period itwillbe necessary to
design bbth the system and the

servicing software at the same time,
leading to greater reliability and
customer satislaction.

ln thewakeof this development new
driver information systems will appear
with amove towards flexible displays
capable of delivering enormous
amounts of information to the driver.
Navigalion systems and voice control
systemsare also being rapidly
developed. During 1986 vehicles will
appearwhich willbe almost totally
microprocessor-controlled, leading to
fullmultiplexing within the next five
years.

Tn" *ouurnent away from traditional
materialshas been slowdue tothe
relatively high costof the new materials
and the inadequacyof the new materials
to fully satisfythe performance
parameters satisfied by traditional
materials.

The need to replace traditional
materials has been initially driven by the
need to improve economy. However,

. weight reduction is a relatively.
means of improving economY,
generalrule being thata 10 Pel

reduction in weight will only-brir
a 3 percent reduction in econo

Cost-effective gains can be
demonstrated with the adoptio
aluminium in placeolcast iron
engine blocks and so on, but th
more exotic materials is extren
ditficult to justify on straight ecc

grounds. lmprovements in veh
economyare much more readi
obtained by attention to improv
in efficiency. However,lhere is
movemenl towards more exotir

materialswhich is being driven
number ol pressures, namely:

Gains in overall manufacturir
efficiency brought about bythe
produce in one item what had b

assembly of many when using
conventional materials. This gi
improvements in quality and re

damage resistance, improved
performance, corrosion resista
ease of manulacturing complet

Traditionally plastic material
been used in interiortrimconsl
at present around 75 percent c

inside materials are plastic.
Exterior use of plastic is limit

around 1 4 percent byweighttt
mechanically there is only arot
cent plastic used. However, wi
improved materials there is nor

movement towards the useof 1

cosmetically critical areas whe
previouslythe use ol plasliclot
panels had been limited tocost
uncritical ilems such as spoiler
bumpers. lt cAn now be expect
larger panels such as doors, bt
and boots will be constructed n

plastic materials by the end ol I

decade.
Presently, arounb 8to 9 per,

totalvehicle weighl is plastic, d
75 p€r cent interior, 14 percenl
1 1 percentmechanicalandek
components. When examining

20 000 40 000 60 000

Ftgure t. Materhls crlst effectiveness.
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Rephosphorised steel will probably
remain the first choice where minimum
body panelstrength is critical, such as in
the main floorand so on, but bake
hardening steels can be used to
advantage where form fidelity is
required.

High-strength low-alloy steels will
continuetofind wide use in structural
components. Development of steel
bonding can be expected to improve the
torsional rigidity of the structure thus
allowing thinnergauges lo be used, but
much work is yet to be done to clarify
fatigue and impact properties of thinner
struclures.

As the thickness ol steels is
progressively reduced, the need for
additional protection is greater. Coated
steels are likely to be widely adopted lor
underbonneI applications and other
problem areas such as door clinches.
The types of protection currently
available include: electrozinc coating,
modified electrogalvanising, hot dip
galvanising and zinc primer coatings.
The presenttrend in the USAistowards
two-sided electrogalvanising.

Aluminium is generally unlikelyto be
used in place ol steel pressed panels,
since although it halves the weight, the
cost is doubled. lt has a number of
problems in terms of damage resistance
andbecomes much more attraclive as a
main structural material rather than for
skins.

Plastics, whether reinforced or not,
are showing increasing worldwide use,
perhaps the most successful example of
which is the GM pontiac Fiero sports car
introduced in 1984, the success of which
has led them to declare theirintention to
produce their F-series cars in 1 9gg to
the same format. Other US
manufaclurers are likely to followsuit
now.that the viability of this technology
has been established.

RIM polyurethanes not only meetthe
requirements of body panels but also
ofleradvantages such as resilience and
conosion resistance. polyurethanes
exhibit excetlent green strength and
allowbroad latitudes in process
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conditions, such as mould temperature
and injection rate. They have excellent
fuel resistance and dimensional stability
when exposed lo humid conditions. lt
has nowbeen established that Class A
sudacescan be obtained and the low
specific gravity will reduce the
component $/eight to approximately half
that of a metal component.

These manufacturing processes
employ low temperatures and pressures
resulting in significant changes in capital
investmenl and energy costs, coupled to
which significant styling freedoms are
possible.

Developments are currenfly taking
place in Detroit for 1986 vehicles in
which it is expected that fully oven-
compatible thermoplastics will be
available to enable the manufacture of
large horizontal exterior panels coupled
with new, high performance RIM
systems. These include a range of
malerials called polyureas which have
been developed from polyurethane/
urea material incorporating an aromalic
amines chain extruder. Their
advantages over currently available
RIM materials include faster cycle times
and the elimination ol post-curing. ln-
line paint temperatures of 1 63oC are
possible.

GM, having introduced such systems
on the Fiero, are claiming up to 30 per
cent reduction in manufacturing cosls.

Structu ral materials : Al presenl the
useof exoticmaterials in such
components as engines has been very
limited, due to the veryhigh costof such
materials. However, this may not always
be aconstraint and some very
interesting developments are taking
place.

Materials of considerable interest are
continuous fibre reinforced aluminium
andcarbon fibre reinforced plastics. the
former exhibits physical properties
similar to steel at normal engine
operating lemperatures except that its
density is about 60 percent lower.
Carbon reinlorced plastics have
properties which are an orderof
magnitude betterthan those of

conventional plastics and.hr
used successlully lor major
in experimental engines.

Another material of consi,
interest is defect-free cemer
great potentialforuse in en1
particularly for cylinder bloc,
rocker covers, the main adv
which would be reducedwd
and noise emission. There s

instances of someof these r
materials being used in race
for instance bythe Polymotc
Corporation, on a project unr

with Lola.
The material used in this c

high-strength, high-tempera
polymer capable of producin
strengths greater than 29001
and withstanding temperatut
excess of 260"C.

By carefully using metals ir

above 260'C and plastics be
they created a power unit wit
reduction ol approximately 5
while producing 330hp at 95(
a 2.3litre engine.

It is unlikely that the use of
materials will be cost-effeciiv
near future, but in the longerl
may well see their introductio

I he aerodynamic behaviou
vehicle aflects its perlormanc
acceptability in many ways, a
varying degrees. The paramr
has captured thegreatest attt
recent years has been the dn
coefficient and itseflect upon
economy. lt is conventionally
that for the average car usag(
the percentage improvement
economy achieved as the res
reduced aerodynamic drag is
0.1 ol the percentage reducti<
This conventiondl wisdom, hc
neglects the effects lhatcross
conditions have on luelconsu

Gino Sovran analysed the e

wind andlound that overapet
the energy expended, and the



It avtg doJ

pBojq€ uo asue^pe ol tuBssaeau aq
lllA llsualqoldeseql apcel olJapJo ul

'Jpc eqlolu!aspu alappJ og pdlpxe
pu ale sesselO pue qaued Ipoq leq os
'a;qssod se qcnu sB pecnpal ag ol spLl
Jec aql punoJB 

^ 
oll JtB orlt u! asualnqjnl

fo la^al prauab aq1 1eq1 saunbat
aslou clueulpoJae lo uollcnpal sql

'y; pue 6e:p uodn slcagaluec4ru6;s
seq up6e qcrqar,u61sap ualsIs

6u11ooc o1 uo11ua11e led o1 [ressocau
aq osle lllr ll 'spaads q6rq 1e Apelncrped
'sapnIBB rlclld pue gq6req epp alilqa^lo
;o:1uoc a:1nba:11rm sadeqs Ipoq Ilpqels
-qOrq' 6e:p-aro1 1o uorlelo;dxa rcdo.r6

'uo os pue suOrsap
qcJB laaq^'sJadtunq .solpuett Joop

'sJoJJlru'q1e1ap 6uze;6 .ssauqloorus

Ipoq.rapun ol uoluaue ss^lo^u!
snll'sacup:aqnlold Ounnpo.rd 6e.rp

lo uo[cnpal oqt ol uolluape jelea.j6 snld
puno:6 eql og{rurlxo:d asop ut satpoq
;o soueufpo.rae eq1 3o Ourpuplsrapun

reap e alrnbat sluauldo;anap alnln3
'ospc leulJou a:oul aqgsluesaldat
srql acuts 'luolqgaoc 6e.rp par,netr

aql qsllqelsa ol r(lssecau aql sauruapun ,
gnq '1se66ns p;norrl suorlupald
:1e lgus ueqlltlouoce;en; uodn

page laleatb e seq 6elp crlueulpolae
oql leql stlcslia llPro^o aql

'aleA 6useetcur qlyvr
p3 Oulsealcut oql ol anp luauoduroc

puh/rssolc e lo acuase:d aql u!
osee:cul lp^ Jles1 ecto;6elp aql.puocas

pue '{rcolan puur^ lo }uauodruo3
eql lopallo ^ 

el aJsnbs ol.ll lo asnPcaq
J!B lllls u! ecuelsrpautes otll 6ur:aaoc

ueql A6raua elour saurnsuoc purl urulop
Ipcaup uaql pue pupndn aprqane

-twnurp pei;e€urGeiar\e aql lerll os Jpc
aql olaruleloJ fircoganeqllo a.renbs aqg

uodn spuadep 6elpcrureulpolae aql
'lsjlJ 'ploto^ l oJE slqlJol suoseaj oql .gpuP

! uaa^ laq p 'Jsc aql lo sellsualceJeqc
crueulpotae eqg pue epfc .

eq1 uodn luapuadep &an.ropel e {q
passarcui se^ suoll3oJlp pup stlFualF

6urAren go spul^ pln1eu lo acuasald
erfl ur apqaaelo 6erp qu:eu{po:ee

eql Oulruoc.ralou! 'poulnsuoc pnl

eql aJolalaql pue,papuadxa I6.raua aq1
auplo popad eJo^o lBtll puno, pue pulrr^

lo gl3oIp grll posileue uenog ourg
'uo4dunsuoo pnl uo oABq suolltpuoo

putrtrrssoj9lsql qcoila aql spqoau

^ 
'JgAorriOtl 'ulops!,r lBuolluaAuoo s!rl1

'6elp_ug uolcnpar a6eiuec.raO aqr lo i.O
{q6nol sr 6erpqueufpo.rae pecnpal

lo ilnsal oql se peaagce {urouoca
;en, ut luauJalordulaDelueclad aq1

u.n11ed e6esnreceOerene eqlJot let.ll
paldecce illeuollua^uoc s! 1;'Ituouoce

lan; uodn pa;;asl! puetuatcgJaoo
6erp aq ueeq seq s:eeIluaca.t

u! uonuolle lsalea:6 eq1 petnldec seq
leql Jalouleled eq1 .seet6ep 6urfu en

u; pue 'sleallueu ur ilrlgeldacce
puB acueuiloped s11 spalp aprqan

rotoru B lornolneqaq cluJeuIOorae eU1

' uotlcnpollut Jreql aas 11eal Ier.r.r
arra ulal:a6uol stll ut nq 

,aJnlnlJBau

sql ut erupaIa-lsoc aq lll^^ sl€rjeleul
Ltcns lo asn oqt teqt Aalllun q tl

'eupuee.ry;g'7 e
ruol; urd.rggg6le dqggg 6urcnpo:d elrqarr

luac :ad gg Ilaleurgo.rdde 1o uoncnpo:
lq6raan e qyar yun laanod e palea:c r(aq1

'slrll 
^ 

olaq scnsqd pue 3o0gz anoqp
seore u! qegaur 6usn {;1n1a.tec Ig

u r sej nle.r ad u,", tt3,?iti?;;;J:
(edy{97) sdggoz ugq} rapor6 sqguarls

a11sua1 Ourcnpord 1o elqedec leurllod
arnge:adural-q6gq .qpualls-q6rq

P Sei\ ASBC Sull ulpasn lpualpu aql
'elol ql!/r^

ualepapun lcalod e uo 'uorlelod.rog
qc:easau Jolourltlog eq1 Iq ecuelsut Jol

se 'saur6ua eceJ ut pasn 6ueq s;eua1eu.r
t'iau Asaql lO atuosIO SaCuplsut
aJP ajaql'UOtSStUiA astou puP

lsoc'1q6rea,r pacnpal aq plno/n qotql
;o saOeluenpe uleru otll 's:alocJalco:

pue $pon Japur;Ic.ro1 Ipelncped
'saul6ue ur asn.rog ;etlualod leaJO

seq qclq/n luatuac oaJl-lcorop st lsajalut
alqeJapsuo.r ro lBpelBu,l raqlouv

'seul6ua pluauuedxa ur
isluauoduroc:ofeur.ro; I;1n;ssaoons pasn

uaag oner1 puesqlseld puolue^uoc

lo asoql ueqljeuaq i
loJapJo uB oJs rlclq/n
eneq sqlsep pecJoru!

'Je^ olpaoJad6rgUoqr
s1 1et11 ldecxa serngereduel

216ua leulou ;e laa5
salpadod pc;s,Qd slqq

aqg'scnseld pacloluloJ erqg ul
unluluJnp pocJolulgJ eiql st

aJB lseralu! olqBjaplsuocro sll

6uqe1 erc slueuldqaaap 6
fuenauospuelurcrg

slernp gou r{euJ sllfl ,Jana,r 
oH 

.

qcns Jo lsoc q0q Lran aql ol en
fuan uaaq seq saur6ue se slui

. qcns u! slBpoleuj cllo
aql luaseld 3y :Eepopw pl 's1soc 6uungcelnuetu ut uotlct
ted gg ol dn 6urure;c ele ,ole

sualsls qcns pacnpollut 6unr

oJe Cotg ! 1o salnle:adue1 1

-u; '6uunclsod 1o uogeurulrtr
saurq aplc :alsel apnpul slBpa

a;qepeae lpualJnc JaAo so6
Jtaql .Japruua ul"q.

crgeurole ue Oullelodtocur 1epa1
TaueqlelnI;od uro.r1 pedopn

areq qqtlm sea.rnflod pa;;ec s1

;o abuel e apnlcut asoql .r

1,1 lU acueu:o;:ed q6lq,l
paldnoc slaued :oualxe leluozur

lo aJnlcBnueuj aql olqeua ol al
aq ;1nn scuse;dorulaql ant

-uaao I;1n; 1eq1 papadxa sr

^ 
ut saplqa^ 996l rolllo4ao I

6ur1e1 lpua.unc a.re sguauddli

aJe.suJopoa4 Orurtt, tr"rU,rOX
ol paldnoc ,s1soc Ibleua pup luou
;eydec ur sa6ueqc luec;gu61s u1 6r
sarnssa:d pue sa:n1ercdua1 alo; /

sessaco.rd Ouunlcplnueul as
.lueuoduroc pleul e

leq Ilaleurlxo.rdde og lqOreal luaur
oqlacnpa,lllt,l fineloc

^^ol 
aql puP paulBlqo aq uec sa

v ssBlc lErll paqsllqBlsa uaaq 
^ 

r

, ll 'suoltpuoc punq ol pesodxe

^lrllqEls 
lBuolsuorulp pup acupls!s

luallaoxs o^Bq laql .a1el 
uoqcel

ernle:edural plnou sp qcns,suol



lront, through investigation of basic
shapes in wind tunnels, development of
aerodynamic theories of ground
proximity, and application of
computational fluid dynamics. There will
be a need to design shapes which, when
close to the ground, yield low drag with
desirable lift, side foice and centr6 of
pressure characteristics.

. These are difficult problems lo resolve
due to the complex interaction between
vehicle and ground, involving highly
sensitive boundary layer interactions
and associated flowseparations which
are greatlyexacerbated by the presence
of wheels, acting as majoidisrupting
influences.

The second impact that
aerodynamics have on a vehicle is on
stability, particularly in the case of
gusting winds. Here lhe most important
requirements are lhat the aerodynamic
forces acting upon the vehicle should
nol seriously reduce the tyre cornering
stiffness by introducing titiing effects. in
loealcase would be to produce
aerodynamic downforce but this is only
achieved in racing vehicles, and would,
ot course adversely affect luel
consumption.

ln order to reduce the sideforce
effects it is essential that the lateral

centre of pressure should be kept as
near as possible to the neutral sleer
point. However, this is often in conflict
with designs produced to create low
drag, particularly when substantially
greaterslopes are designed into the
fronl of the vehicle, which has the effect
of bringing thecentre of pressure
fonrv.ard and ther eby incieasing the
vehicle yaw response.

A second destabilising factor
associated with aerodynamic drag of
cars is the lact that a loweraerodynamic
drag lorce reduces the weighl transfer to
the rear axle, which reducei the critical
speed and hence introduces greater
instability. The foregoing, coupted with
the need to reduce weight to improve
economy and performance, means that
greater and greater attentjon must be
paid to the aerodynamic stability and lift
of modern cardesigns.

Tne rrends in engine development
have been, and continue to be governed
by a combination of pressures on
economy and emissions. Of the
technologies presently being applied to
meet the newly determined emission
objectives in Europe, it is expected that
a combination of the systems outlined

below will exist, the apdicslr
depending uPon vehigb w{g
capacity and emission consti

LeanbumtuhnolqY(le
,itres)i no catalyst simple or
programmed ignition; carbur
singlepoint or multiPoint luell
exhaust gas recirculation.

Lean burn technglogY (1 .4

tftres): oxidation or wild lhree
catalyst; simple or Programn
carburettor, singlePoint or mt

f uelling possiblY with feedbat

exhaust gas recirculation.
H igh dil ution @mbustion (

2. 0 I i t res) : lhr ee-waY catalYsl

stoichiometric tune: leedbac
single or multipoint iniection;
programmed ignition.

Figure 3 shows the compk

interrelation of the performat
parameter to the design parc

emphasises the requiremenJ
system approach whenever
performance parameters isr
this approactq particularly lo
development and applicatior
dilution combustion chambe
become central toluture eng
development prograrnmes, t
without adequate understanr
whole system performance c

can be completelymissed, f<

when developing lourvalver
systems, inconecl exhaust s
design causing dynamic hea
completely destroy inlet syst
performance and mask any
improvements that have bee
overoriginalsystems.

C o m b u stlm, n sy ste ms : Em1

be expected to be placedon
development ol high dilution
combustion systems which c
eitheras lean burn chamben
litre capacities lor European
eff iciently in a stbichbmetdc
three-way catalysts willbe re

meet emisSion levels. Maintr
optimum economy will remai
Figure 4 shows a comparisor
combustion systemsag:ain$

Figure 3. lnterrelation of pertormance ana aesign parameited
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catalysts.
For all combustion systems attention

to octane reguirement will be necessarv
with the engine management Systems
allowing operation nearer to the
detonalion borderline.

Manifold and gas ftow:Manilold
design can be expected to rely more
heavily on the concept ol inertial
ramming, ratherthan the more familiar
reflected pressure wave approach,
which can lead to undesirable resonant
systems.

lnertial ramming uses the initial inertia
of the gaswithin the manifold system,
plusthe momentum generated once the
gas flow is moving to ensure that useful
work is done bythe gas flow atcritical
phases during the induction and

exhaust cycle.
Design constraints, such as

packageability, minimal wetted area and
so on, willoften preventthe optimum
manifold system being used, so that
camtiming hasto beselected to make
lull use of the available ram magnitude
and phasing.

Figure 4 shows that the successful
developmentof the manifold gas flow
system will influence a number of
important performance parameters. At
lullthrottle inlel inertial ramming will
increase volumetric eff iciency which,
combined with the benefits of reduced
pumping losses and better scavenge
efficiency lrom the exhaust suction, can
give significant benefits in power/torque
output.

The carelul balancing of inleta
exhaust inertias to control scaver
EGR at part load and idle can con

to emission reduction, especiallY
hydrocarbon emissions, while tht

increased inlet gas velocities can

directly improve combustion ettic
through increased swirl and so ot

M e ch ani c al sYslerns: Particu la

attention wil! need lo be Paid to th
losses in reciprocating and rotatit

components, for example, piston

reductions, together with lewer rit

and the use of lriction Pads, all
contribute to reduced losses.

The mean torque to drive valve
also constitutes significant loss al

attention can be expected to bepr

improve design and Predictive
modelling ol valve train sYstems.
particularly relevant to the increa
use of lour-valve'per-cylinder en1

With careluldesign it is possible t
the overall loss below that ol a tw(

rocker-activated derivative ol the

engine.
Acceptable mechanical duraU

also be required in conjunction wi

improved management systems
ensure that, lor examPle, border$

knock can be tolerated bY the Pisl

design emploYed. This, together
the required lower parasitic losst
necessitate the introduction ol
alternative materials within the'e

E n gi n e m an agement: The cun

trends towards Programmed igni

luelling and exhaust gas recircufi

can be expected to continue whe

legislative requirements on vehit
performance and emissions dict
being used in conjunction with ct
as appropriate, dePendenl uPon

of operation of the engine selectl
example lean burn orstoichiome
The use ol sensors eitherto enst

correct lean air ratio or adequate
on stoichiometrywill become mc

common. Longer temi, the comp

the luel modelling process withir
manifold to allow lorwall wetting

increase, particularlY il lean bun
Figu re 4. H igh dil ution com bustion.
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minimise economy penalty at part loads

-overallthis system is probably not
competitive if variable geometry
turbochargers become available at
moderatecost.

Cooling system.'The importance of
controlled cooling to achieve optimum
fuel economy, emissions and octane
requiremenls has been recognised with
the current lrend in engines of only
cooling those parts of the engine which
require it, such as valve seats,
combustion chamber area and exhaust
ports. This willcontinue to evolve with
reduced cooling watervolume within the
engine to aid last warm-up.

Further, splitting the head and block
cooling flows lo help achieve tighter
control on temperature proliles within
the engine will become increasingly
pqpular. lt is increasingly understood
that present day engines tend to
overcoolthe block, particularly in the
lower part ol the cylinders. With
appropriate water cooling and split
cooling systems, this problem can
expectto be improved.

Srsp"nsion systems have been the
subject ol continuous development over
manyyears and in a mechanical form
arecloseto being optimised. Awide
varietyof innovations have been applied
to achieve acceptable compromises
between steer accuracy, isolation and
traclion. Most recent developments
include elements of mechanical rear
wheel steer, lhe intention of which is to
improve stability under traction and
increase yaw damping during transient
manoeuvres. Damper systems have
also changed very little over recent
years and stillcomprise a numberol
orifice control characteristics linked by
spring mnirolled blow-off .

Ride control : Systems are presently
appeadng which will electronically
switch lrom one hydraulic characteristic
toanother, depending upon aseries of
inputs varying lrom a simple switch
characteristic, such as boulevard to
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sports ride, orthrough analysing steer
inputs versus speed and so on. The
characteristics thus obtained are,
however, still very heavily dependent
upon the mechanical technology used
within the damper. To fully optimise the
damping characteristics it willbe
essential to fully microprocessor-control
characteristics and store the damper
parameters within the microprocessor
memory.

When lhis is coupled with controlof
some or allof the suspension
parameters, then controlof ride height
and roll characteristics and, if
necessary, roll rate distribution can be
obtained, lhe foremost example of this
technology being the Lotussystem.

It is doubtful, however, thatfull ride
controlwill be adopted in otherthan the
mosl exoticvehicles since it implies a
constant power absorption and hence
unacceptable economy losses, but
electronically controlled damper
characteristics will become increasingly
popular.

Stee ri n g sy stems: Power-assisted
sleering systems, like dampers, are
presently mechanically controlled with,
on occasions, a speed dependent
control of the power assistance to
introduce heavierfeel atspeed. ln
principle there is no reason why this
varying controlshould not be
microprocessor controlled, or indeed,
entirely electrically driven, thus reducing
the need forexpensive and complex
hydraulics and possibly reducing weight
and cost.

Rear wheel steer:The present
European praotice on some vehicles
allows rear wheel steerto occur under
the effects of traction, improving stability
particularly in the throttle-on and -off
situation. The Japanese have
introduced controlled steer ol lhe rear
suspension which is essentially an
exlremely logical development, allowing
as itdoes improved response when
required plus stability at high speed, and
can even be used to improve theturning
circles during parking il so desired.

Such systems enjoy a great,c

f lexibility over the simple meck
system without introducing the I

and energy losses that can bea
upon mechanical design.

S u s p e n s i o n maten:a/s; Comp
have found theirway into suspe
systems veryslowly, being evid
on vehic'les having high v'vtreeln
such as sports cars and trucks, i

difficult to achieve a sufficiently
with adequate wheel travel.

Composites can, however, ol
sig nilicant advantages when thr
used in designs which accompli
than one task- for instance, wl
combining lower wishbones will
systems, in which casemanula
costs, weight savings and simpl
outweigh the materialcost incre
associated with the use of such
relatively exotic materials.

Tne neeo to secure greater ec
between the late 1970s and ear
brought about the introduction c

speed automatic gearboxes wit
converter lock-up and high ovet
ratios. lt was expected that cons

variable transmissions would br

available in the early 1980s and
provide even greatereconomy I

optimising the engine transmis
performance. More recently the
been renewed interest in optimi
performance, hence the recent
widespread adoption of four-wh
drive.

G ea hox : The relatively make
introduction of four-speed autor
gearboxes by graft ing on _the lot
speed introducing a conveder lt
was beset in ils early developmr
unsatislactory shifl characlerist

Hydraulic development has g
improved the perlormance buttl
introduction of eleclronic contro
allowed the optimisation of the g
and power unil by allowing contr
engine lorque dudng shift, and 6

the driver wilh the choice ol a nu
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the 80 to 1 00kg weight penalty ailendant
upon the adoption ol4WD.

ln all areas of motor car devetopment

the pressures imposed by requirements
for greater quality and reliability, and
improved performance in all respects,
and cost-effecliveness, are driving the
industry towards tighter and tightei
controls, not only in the design of the
vehicle but in the manufacturing
processes that produce it.

The most important effect this is
having upon the design of the vehicle is
the rapid introduction ol electronic
controls in almost every area of the
vehicle. lt appears to be inevitable that
this trend will continue and that there will
be movement awayfrom the
mechanical and hydromechanical
systems which are presently the norm,
towards much more flexible and
ultimately more cost-effective and
reliable electronically controlled
systems.

Figu re 5. Torqudweig ht vers us mujor whd$fr .
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The adoption of new materials will not
now bedriven by the need for improved
economy, but will be driven by the desire
to improve lhe cost-effectiveness of
manuf acturing processes and
component durability. Overall the
automobile industry appears to be set
lor introducing at least lhe level of
change in the next five years as has
been seen in the preceding five years,
andmaybeconsiderablymore. !
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