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INSIGHT

1@ Design & 1uning of

Asymmetrical
Racecars

PART 1: FUNDAMENTALS

fundamental considerations.

By MARK ORTIZ

o genesally think of @ car as § symmetsi-
cal objecl s right side I8 & miror image
o e sede. excepl S0 8 Bew dofads ‘Whin we At
Hady vahicla dyramics, we model 20d imagne The cir
it

& symmeincal car s easiest B3 comprehend, and
s b @ratly cloge approximation & mogl glaast
e

Ciie ancuigh, in ack, 50 Tl sheet valick anginssm
0 mok nsad In concem Serssbes 3i any great keagih
Wi e peculisileg ol asymmalncal vehicies. Wihan
et wehaclr angneers 00 Conoern Temgehes with
ERAISIE AsyTERmEIriag, i1 i5 usually Wilk 3 vew o
Emiraing them or, & least. menimizing T eTects

[ng exceplion S 1he use of Small amoust of Caslar
slagge {casley inpnuakty) i road cars, This oreales a
lighd steering ‘pull’ 1hat is somelimes wiendad to
Eounier prevading road canber. Atematively, it may be
wad 1o ke ud pliy i the sleanihg and mske The cir
RS P nis DD W)

Anotker geceplion is S use ol asymmetmeal
iBealing Bnkapes and'ae pnegeal ratg Bpings m -
sl raar sespensions, bo counter Ehe elfects ol
deviatall forque. In ricacars, asymmalrizal knkapes
tan e used im 2 far greaber wanety of ways, some ol
which aogmest 10 inMence of drieestgfl taqes
{Fart & of this series will eestigale e ofiacls &1
lengik). But in streal vehiclas, 1he objact is 1o
pognber 30 wedesired afect, and make our whesl
lsading =are symmatnical, rathes ihan kss 0.

Ini ralying acd oF-ro@d racing. @ similar désre o

In track racing, asymmetrical setups are used more commonly
than is generally believed. A great many short-track and circle-
track racecars are purpose-designed to exploit asymmetry of
the chassis and other components. However, the technigues
are widely used in other forms of racing on oval tracks and,
indeed, road circuits. This is the first of a comprehensive, four-
part examination of a wide range of racecar asymmetries and,
by way of introduction to the subject, it deals with

symmairy prevails. Our vehicke will encounder a hage
vanety al terms, rgh-Band and EH-Besd in essastially
epsal numer, 'We wanl tonsisten! behasiaur in Bath
diractions

(e might supposo that e same would hoi rug
in closed-course road racing. Hard, howewver,
anyEmincal sebips Bie Coemadwrally mara COmmn
Ehan mosk peopls imagine Exaclly how common S
Easd B0 delarmand, The malter 5 suirownded by
sicrelivetats and confroverty Somé race enginsers
and sahup specialisis say ey 158 Fymmelrical sstaps
for every Brack. and credi the practice with 2 major
ghare ol M succesy, (IR aapans nsist that a road
nRcing car shoukd acl e same o nghl and &R lums.
and thel Eymmedncal s2ups ae a crnch (o 2 Bt
TESOIL), eapepd perhaps for ong or bwg Ircks

Logically, Ihee &8 8 rumber of reasoes we My
witsh bo eehance 3 1oad Ecing @r's corsening in one
direcliaa, At the expenis of ke athas. Unleas the
course smchides an owerpass, § ineviably requies as
1o tuifi ZE0deg Mmode in Gaa diréclion Bah e ather,
gach lap. The shortar amd simpher the yout, the
prealer e percénlagg ol yrw Scbos i\ the damiran
fdrpcton, o T opgrees of yow molon rquesd an
only 3 mough indcation. Due 10 dfferancis in degign
il member of ures, e car may easdy spend more
than three limes a5 many seconds per lag cormenng
nrd w3y, 35 it spends cornaning e olher way

(Hien, one o had COrmeng ane mon ispotan 1han
tha rast. & corner GkEs on morg significancs 4 i
pecides ar Saliows 3 mar Sirghtaway - il defmay
maiers mada if its ithe anly goad place fo pess.
Therélore oplirmising e car far dghl o % tums may

ol US Queckal lags = oF @ may ool B Quicher Bal may
sbill confar am advanisge in 1raflic. In the Laibed
Situation, we mighy peeler o symmetnical sebep b
pmiitying. and an asyrmatncal ona for the rate

Fnaly, thens i ol track eacang, whesrg a8l fums go
the Sama wiy = cediranily kL The car shill needs 1o
Ium right eccasionally, bul no one queslions the nasd
10 opfmite the etup Tor lell turss. Al the cars are
asymmalrical, and everysidy angws 8. Asymmelry
preeaails i weight disftritafion, e St Sprieg rates
demgar propdriies. slearing gaomeiry, Suspanshe
design, hrakes. Eyre compounds and Ineas patlirns
IOy ATNGE, SpNnD pre-leada, fos haight setnps.
cster and camber ad jpstmant - prachically every srlup
or deséyn peramarar imaginabia. Even inside the
engine, we lind ofing and breather sysiems
Gaibuiatiie llcals, and cailbureliod jElting & dedigned
for left-tum cpevation In She least resiicoed cars, the
ained i Bolh ofteel asd tiled bo the b=t

Ghassls asymmetres, 1hean, are monumsntally
sagnifian in cefdin bypas of raciag, yel aimost totally
irrglzvasd 1o siree? wehicles, Historically, farmaily
traingd enginéérs hawve primandly woried lor Shree
vty mynefaciunats oF Thaar gupherg. Hhae fallen 1o
racers themiehies 1o understasd and use symmetrical
design and sRup, In doieg this, moery hasse bult up &
sulstamtial bady of axpersnce and pcpartise Himsver
the whole pracacs has Bean highly wformal. Tha
kndwisdge has Seen ransmitied Smost 3l B lavel of
ol Irecilice and Ioddara

Much ol this “loilk wisdom® s vahd, bl il has
ingyRably Desen Faparandly orgasiced, asd thene had
aenerally been insufficignt analysis from first
plinciples. Hete and Mg, ooliighl 1@sehopds hive
tmcome enshrined 25 gospel

This seriat o grieles will Aibempt & mode
syslemalic and sceenditic imvestigabian of chassis
Asymimetiied gad their ety Hosalull, B dside
may e with 3 betier understanding, nat only ol
il does whal, bl win.

W will nol attempt @ thersugh sxposition of
vehich dyramics here. Bul we do fesed 10 oo ove 3
Iew piyEcal principles Thal ang espacially alrvant b
chaks s adymeslies and their allecs,

Tyre Load Sensitivity

A tyres coelfciost ol Triction 15 not @ coeslant i
dimtingbes &5 by o, or noemal fome, Roiiises. As
we load 3 e more, we do ged more traction Trom i

bul 3% 3 dscrdasing rale, || we incieats 1he load by '.




P 50 Bty does nol deliver 30°% mans prip: there i

g4, but 3 diminished ofe

A5 wy add load, margowar, the gain nof anly
difmisishes comisupusly, it diminishes taster ikl i,
s noemngl faice increasaes, friction losce increases. bet
B 8 decraasing rate. Coefficiant of Triction dacraases,
& am increasing ralw {see Fig 1A and (Fig 18).

Whit (his maans io u &5 we fry to comer fasl i
thal & front er sear whee! pai delivars best comering
borce: when Inaded sgaly (Fig 1), Contrary io wigel
P bk, Wi 15t on micest ypess of dint Serface, a5
will 25 2l Types of pavament.

The feregeing stalement does assame 1 the Bws
fyves are idanfical. In oval track racing. e right tyre
may &# deamatically largar (kam the ledt. s thal
Silualon, the fvres will deliver bast comariesg foroe
wihesn boated appmsimately in propection fo their sie.
Dilferences In iread compound. cancass eonstuchon
and inflstion pressure will gk infipsnce optmum load
distribution somewhal

Thase ruances me mainky of acagemic inseresi,
howarval, e pracice, all macecans ssed more foad o8
ihi inside wheel, wnd ks on the culside one, as we
Cani el W know this becsass thers Sre varices weys
o nieete inside weeel loading & ong end of The cir,
4| the experss ol the othar s, Whén we do any of
Mhesse Shings. the &N with wcreased insid percentage
s delvErs mong Comerng fnice, and the end with
increased outside pascantage delvers kess.

Wedge

To dasl with this issu of givieg ane end of Ihe cas
Sane sy antige af the egends of e e, we
naad 3 vocabalary. We speik of lcad distribution
Inequanty in g ol ‘widge’ s ‘croseweight’ for
‘diagonal percentape’]. These lsms otiginakes in oval
Irack mecing, bun ihey are gaining eurianty in mad
TEIT, and eves in passenge & Engintering

The: v Swesde” comes from e days when most
Amarican sprint cad used transverse haal &pring
Suspangion, Ji kaast a1 B reae. The teams foend hat
ey oouldl adhent P car's combrisg batinca in ke furrs
by inserting & sedge betwesn B rear sping ang is
mosrting pad on Pe Irame. Normaly, the thick end of
the weilgs wi on the left tis mcrekssd Sw lnading on
e et rigar and right ircm Bpres. The grealer ®e angle of
ey weiige. W greaer the efiect. To this day, a car weh
e left puerranlage al 1 rear than o the from is £aid m
P posing wedpe, or i B wedged, oo kel lums,

To my knewledge, nobody has sslablished a
unteersally apieed convention as lo what conaliutes
posiive wadge for 2 right=lern condilion. Far sor
distussion hete, positive wedpe means 1hat me fear
has moee Bsade (eRBer Pan left] pacentage B the
frant. This way, all lollowieg comments mepaeding
weigH's eliell of (omering balance will apply equally
tor lell and right tuens. Where no tern girection
staledl or implisd, owal track convention will apply:
s wedge means mone kel percentaps at (he rear

bn s 0| dayys, peopls meswred wadge in inghes
You meassed it By plicing a sockat on yaur jack
pesiionng (he under the rear ave cemira saclion, snd
Kiting eatil fhe lal bere stirted 1o come off B prousd
By Men, Me right e would diraady Be some distance
o the greund. You measured thal dstaace, and hal
WaE yOul wedge,

g

:
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Fig 1A: Tyre lateral fores ss & hinction of tyre load, based on Gosdyear dats chied s
Milliken & Millilen, Bace Car Vehiels Dynamics, SAE, 1995, ppTE-80,
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Fig 1C: Wheel pair lateral foree as o function of lead distribution, for a pair of Indy car tyres
as absve, af 200006 combined lasd,
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0¥ coerse, thers was no way atowainly b bamsiate
meaEeremen] fram ofe car or sefup B0 anstBer,
gring rates, overall lait percentape, frama stffness,
P, dreveline oftcet and olher varizbles al ataced
i Freremen
L MewradayE, Mokl ol us hawe wheel scabes, Wa
the loadl on aack wiheel, Bdd Ba el rear and
fromi, and €all this our diageonal weighl or
g, Expressed a3 @ percentage of otal car
this quantity s owr diagosal peicentage. I you
5 3 racer how much wedge Bisher car has, you
&y gol the answer Im berms of ‘dipgoasl
ge". Compased with 1ha old method, this
it more useful
Hawrer, [are is Acbwdlly 3 subtle distincbon
wedge and diagonal percestage. M a car is
dged. o1 has rero wedge, il means skl the left
t the zama af Both ends, amd e iadi
e 15 M Bame on Both Sides. Babuitividy, we
suppose such & setup wosld have 58%
il = and o symmeslrical cars thal &, skt
. | I5 also true Bor any caf wilh 50% rear
t Bl 1 Wha car has wnequal weight distribution
B Gde-boeside and andip-end, rero wisdge and 50%
fagoral are nol the samal
Tali may soend wrosd, bul 3 lew examples will
8. AS 3N Exiremme case. consider a Super
d. 1he Typical leW percasiads dor these cars is
: %, e typical rear parcentage arpund 57%.
‘Sech @ car ks s L Wil 2ero wadge & delined
ot e el rear perpentage b5 S2%ET (35.34%).
i Tighd frant parceniags s J8%3% [16.34%) . Dur
penceatage is 35.34%316.34% (51.64%)
i paling B nod nafitaily the ong we wam, nor &
P dugoral But the ditferenca batesan the two B
fimialy eraLgh dor Tha direer 10 fel.
3 mode moderate case, i @ RASGAR Winsion
0 ca Hena we might tpacally see 53% left, 43%

near. Fow ero weailge, our I rear parcentage woelkd b
S x 48%, or 25.44%. The right fronk would be 475%
x 52%, which is 24.44%. The diagosal pescentage Then
works cul 1o 49685 On a 340000 car, o difle'ence
betersen thal and 50% i oaly b per wheel. No driver
o detect thal. |n nsal-world cond@ong, we can'l éven
measurg IE rapaglably. There & still a ddfgrence
belwesn e wedge and 0% diagensl, bl its
magretisde 5 nsignhcas when 1he car s this clese in
SyTrmesrical

For @ S[wim cer o dir, with 5% left ang G0 ear
weeight, an vowedged car has 51% &agonal When the
BTM: CAT NS & mom left-haay pavemert selup,
wedge i3 more than 51% disgonal. The maore
asymemglracal and tail-heavy the car, the mane
sigaificant the ditierence betwaen 50% diapomal and
Ta wege.

If owal rack racing, we don'l Recessarly wast an
urwedad car. 'We use whatever diagnnal pemantage
we Aied, by ghve 95 e car behaviour we wani i ke
i, ahd W don't wairy abouf Bow fhe car acis
turning right, but when we road-rics with an
Esymmeirical car, the question of whal constilites an
urnezciged cond bon b a0 longer purely academic, W
My Ecepl giving up comesing Speed in o direchen
o gala gome in e cifer dinection, But we stll nesd
simifar balance bolh ways. To gel this, 3 pood rule is 21
keas! o Begin sasting with 2ero wedge

Dynamic Wedge
We have been discussing wedps as melsuied deing
selup, wiih the car stalionary. This 15 stasic wedge.
M course, as soon as Ghe car siarls moving, s
wheel loads #1arl changing. That means ihat ils
wedge is constanily varying. We sts i8e laem
“d@ynamic wadgy bs denala the car's wedpge af any
given instand, whis ia mation

Inderstandisg snd conirolling dynamic wedge i
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1 ActionO
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riww Momenl :
Pitch Momant
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2 Tyre longitudinal forco produces couple and msament in pitch and yaw,

EC Vol @ Mo I

central to suecesElul chassis tuninp. Springe.
mmlﬂ'”-u rodicendre lacations, anti-dive, anti-li, anti
squal, mymmenical lve-ace e*ecls, anitnol bars
and olhes sespension inleecoansclions all influence
wihicla bahaviour primarily by their eflects an
dynamic wedge

Chynamiz wedge changes as thae wheels go o
tumps. Depanding on the raiwe of [he imeguiarities,
ha saspasdion will move in some comainalien of il
Pk, hepvn and wanp The sefar the suspension, the
leze eul whedl loads changa, This is ts for [he
System ak a whole, and i3 individual whaeks, We
cedinuariy try 1o make 1he car insensitivg (0 busgs,
Thevefone, we usually seek o misimis: wedge canges
due 10 moad surface inguls. rather than culivale them
b camingd 3 hehavio:.

hrpdymamic dovwnlons and Danked ums do not
prodece madpe chasges in a symmetrical car
Hawewer, il we use s1ifler s2inge an diagonally
opposite whepls, thote wheels absorh @
disprogarinnale share of the Inad inereass a8 the car
Is pressed down harder enlo the fratk & weope
champe results. This can be useful on an owal
LIaCh. of 0 & fab0 couide where we have ong
parficular fast sweapet or barksd cofner Lhat
nequines uniguea ilonng.

Mare often, though. recers cause themselvey
problems with this effect They armve af & diapoealy
stift setup through Imitation, of unirdeemed inal and
errofr, The most commaon patiemn ks thal s el st
racer will prcopntar Bege omprassion travel on the
Tight tronl when ebering bankad lalt ims. decide ihal
this must be bad, and stitlen ihe right inonl Spring. A
stilfer lefl rear typically fnliows. bo resipen Bomires
and leftripht stifeesss halance.

A diaganaly still car bn't necessarily shew, In facl,
it can go tast when 8l Iaciors ame optimal, Moweser, 85
Ealancs wil be sonsitive 10 speed (and thetefons 1o fre
and track condilion) and o banking angl. Such carg
will gualify well @ they pat to run whils conditions cuit
fnam, but will require ‘chasing’ as conditions vaey
during {he race, Depending oa frack design. they may
50 D2 esperially (duttand b devidke trom tTher best
i 0o Cope with Sratic

Wa an HHHHH‘H hare, ol cowrse Tuning a real
car cales lor detalled dala @n as meay Rachors as
possibie. and &n undarstanding of how they intemslale
Wi will cower ayymmetrcal speinging and damping in
il in Par 2

There is ore mone wiy Ba wedoa wiriss as the car
revele i wiied i response o the vehich's hosramal
accerations = langiudingl and lmeral Theos changes
are e mam ones we deliberardely manipulatn s coninl
cal befavigur 'YWa do this (hrough ser Selection of
springs, dampars, and telated components, and gk
Hhroeh SUSpETSN (JEOmelry.

Velocity & Acceleration
Collaquially, ‘mlocity’ is anciher wed lor ‘soepd’,
and ‘accleration’ iz how we increase speed, In
physics and esgineering, the wards have tomewkal
diffarent meznings. A fittle charidication may be
helplul 1o some readers

Velooly dencdes by objscl’s rale and giracion ol
molion, &S obpect can change its valocily withaul
changing speed, i s direction of mosicn changas. A
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car'e By, or sprung mass, has velocilies i Bees
linear directisns, & thiee angulsr e, H we know
ihe spead and direction &l mation in all six of ihess
modes, we hive 3 mom complete description of the
Eelty's veloclly. al A particular instant,

Acceleralion is any change in any velocity
ACteleration in the callsquial sense is sctually
longitedinal acceleration, forwird. Longitudinal
miceleralion rearward i what we create with ihe
brakes. As wilk velociy, acceleratien has bolh
gl ude and direction, and il may eds @ one of tem
dimscticas, in any or all of the six modes.

When & car b bisveeing in 2 constant-radies oo
at constent speed, it i3 conalaally changing iis
direction of fravel. That maans it s seperiencing an
acceleraiion. in Be inertial frame of the { I maginis)
oursalves in 18 cad), this is 2 labaral (ideways)
accalarabion. In the ingeial frame of tha earth
{isagining wa're rackside), it is 2 cantripstal flowands
the caming of curvalure) accalarafion

The car gascribed abewe aigs has an asgular
velcity: ihe direcsion it poanis = changieg, 31 & Ned
rae, We call this 1 i velooity, Sinca s velocity bs
ConeElanl, o yaw accelaration ® rero, But as the
#nieved that tien, 'we had fo acceleraie it in yaw 1o
PEECH i3 present yarw velncity. When A exity 8w jum, &
will require 3 yaw secelemation in fhe apposite
diwcainn, A neturm fis vaw velocity o mem

Action & Reaction
Toaccelerab an object, we must subject il 1o 2 farce. The
obit resinds lhes “acton’ force with an inarial ‘resction
farce. Action and reaction are abwas equal, ind sheays
oceut 8l the same instan, in opposits dissclions.

A car vesisls @ lingar acceliration wih As tatyd
maks. I ressds aaquiar accslerations wilth is ‘mamen
o i’

The momend of ineria is dilleent Tor esch of the
thues angular modes. It depends on how far the cas
WArius Masses afe from each osher, pespendicslar io
a0 moda's wos of rmlahon

To accalarand ihe car forward, W Bpoly 2 forwand
force. The car reacts with an squal rearsmaed issitia
force. Thae revarge happens for maresrd accelaration,

It Exdarsering |, tha byt #xant a Soroe which i bileral
and isward ta the tuen in the cars inertial frame, or
cenirigetal in e eari's neriial frame. The o reacis
withy 3 inara fofee which is afarad and gutward in the
'S ingnial irame, oo candrilugal away from cenire ol
torvitoee) in the sarth's mertial frema

Centrilugal forme, ihen, (s e inerial reactisn 1o
cenfriprial accRlaration,

We create and conred yaw acceleration isrough
the laberal foice batsace befwesn our Insnt and rear
wheal pairs, Yery impaitastly, we also creale and
contral yiw sccelsratlon twcwgh he longiudeal
farce balasce bebween our right am Balt wheel pairs,
In other words, retardation {braking) and progutsion
(diwe) farces can sbeed the car, This eifecl assumes
espaialy graat sniticance i azymmettical cars. ba
Part 3 ol ihis series, we will eaming fe matier in
greaier degb

Couples & Moments

A lirear force has & ‘e of acsion’ that depands on
whare 1he lnece is applied 16 the ohject, and ihe
crechion in whaeh i gcts

Wran & bre generales a lorsand, rearward, or

+
———
I |
4|~— _arl'l'iELq' oE - | 3
Inertialdl !
I reactionl] !
forced
A
ActionO -
0 +
8
aw Momeni

Action forea
n]

Fig 32 Tyre laberal lﬂ'ﬂm_hlﬂmhmlﬂﬂm

lateral fores, that force acts o tha tyre's oo
patch (or “foatprint’) in & harizontsl dirsets
The car's nedfiad reaciion force sets a8 B g
cantne ol mass, of cenia al gravity (GG, dse B
harizontal dirsstion,

Ve s banm achon and ruu'mlnrmhﬁ:l_ 1
equal in mapnibede, and Opposg s dirselion =
limes ol action thal are offsel Inos each ofer, A
ol eqeal, opgasits forces with ofsst ines of adin
kadwn as 3 'coupl’. A couple creakes & i
force, leimed a Torgue’ or 3 'moment’

Lise any dpics, ins erament has a diecn
magnduds. (= direction & rolaions, shool @
parpenducular & B fwe oppesing lingdr horces I
magnilude is the prodeet of the magniteds
iihe oaposing fodces and the alslance sep
their lineg of action, This distance is ca
‘ariand arm’

Fig 2 shows a sngla tyre applying a m
farte B0 a car 9 i would If we applied its hrake
fha sids view, we sew how (he rearward fane 1
fadlprint and the daiward irertial resction farce ol
125 o a éauple, creatng 3 Mrwand pitch monet

Iy B oD wiew, we S8 the same Bwa Tosces,
lingg ol actign hawe & Ixlars! alfest as wll @
verlical one. Consequestly, our couple prodote
Iftward v moman, in addsen (o the foreand pie
momest. Thasa moments differ in magniud: &
&5 disnction, since Ihe moment arms &iffe.

Fig ¥ shows ihe same tyre penersliog 3 &
force, 84 it would in comering. In the oot des,
set 3 cougle very much like e one in (he Fig 2 s
vt In this case, we have a lelbward roll me
mnstead of orwid pitch,

A% in Ake first example, our forces hive
harrontal afzet - langtudingl this lme - showmin
the top wiew. Therelars, we again have oy
muoment, this lime rightwarnd,

Note how similar 1he two eximples are.
direction 0l the foice 5 Hdeg diftersnl, but Be
ihe action and weaction lorm couphes and g
momesks is essentially the same. Nose akso that b :
8 kegiludna fyme onca and a lateral oo can et
YW mome

i & mal gar, all Bow tyies can apply Laiersl
longitudinal toices a the same time. Thess wll
o, and subiract from. exch olher in daidy o
combenaians The resultant forces and moments
radct against ineftia (meaning they ereate
accebaration), and change the vehiche's velody,
they may react againsl siructure, sech 34 by
al swkpansion sysiems, and change the lading ol
ihese strucieres,

Rall &nd pitch mpmants mainky react agai
slructum; our iyres and suspensica il S o ol
and pach, bul not very fie. In resistiog roll and pid
bhe yres aod putpeasion absarh ioad changes. We
often epeak of thege &5 ‘dysamic load angle’
man nformally, “weight trangder’

Ies Part 2 of this seres, we will samise dneme
iad brassler at leaglh, using the priscples we kam
dscinsad ahove

We will consider e we may Ippotion dyrimiy
Inad irarafer among the whasls, sed some ways Bl
Ehi§ apperiiening governs the behiwiour of ik
racecal |
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