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lihe

vesign & Tuning of
Asymmetrical
Racecars

PART 3: YAW MOMENT EFFECTS required stesring wheel posiion,
Iz the car really in a skate of oversiasr. od

In Part 2 of this series (VIN4), we explored dynamic load
transfer. We considered how vehicle accelerations change
the load distribution among a car's tyres. Load distribution
matters to us because it affects the car's oversteer/
understeer balance. Most of us have a general understanding
of understeer and oversteer. We don't hesitate to use the
terms. Yet if we try to define them precisely, we see that
there are several different approaches. We end up with subtly
possible meanings, depending on the approach we take.

Iy MARN ORTIZ

@ barep Bean speaking of ‘oversiess’ and

‘undersieer’ bn tenms of the batance ol
aalabie Eieral soosleratan & e froal and mear, This
& Wil oversiier or understesr wihich and shicks: bei-
W which end leE g0 Nt whéthér we B e wall
nose-lirsd, tail-first, or side-on

A Car el enhibils undersheer, overidess or neuiral
aieer in sub-limit condions, In crder o develap any
I3l doeea, @ Tyve must ros a1 2 slip angle’, This im
comes from nautical and seronsstcal vocabulary, It
gnoiz the angle between the direclion @n whith an
chject i poinbing, and the dirction in which i ks
Iraveling. I oot mot necessaily imply siding contact
between tyme and mad

AL modest Baleral faece, the tyra's slip angle is
dbssetied by deformation of iks carcass ind Eread
Achiual slippags of the rubber across tha pavemend is
oanlinesd 1o & small fegion B (he feai ol Be foodpring.
aad the Toobpeint lies o) an angle to the whesl, A
izl force becomes graster, this angle giows some,
and e 2one of actual sligpage grows Mraand within
tha Epodprink. Al iha pedcd o breaiaway, the enline
Teatarint i scuffing across tha moad.

Wie can defng Sub-limel enderstoer or gvarsiaer in
ferrrs of slip angles, If the avarage of the frant slip
Angies iz graaber than the coeresponding raraps 1 e
fidr, we haree enderstesr. H ihe rear tyres have the
greater maan sy ngle, we e oversieen

MREmativedy, we can daling underciser ad oweribeer
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in tarms ol sheering wheel angle requined ho maEnizin
s, I8 e driver nseds 1o kaid the wheel at the same
gl 2 wivld be neded at edarzens el donce, we
barve neuteal Steen. H S reguined steering ingut & grealer
tham Wt basaling, we have 2 car fat undarsisars. I the
recuingd g 15 s, The Car overteers

Thai i, an understerring a0 uader-rasponds b a
steering whaal ippul. and requires the driver 19
mirekss the npet fo compensate. An oversieering o
ErEsponds 10 3 desmng wheel inpel. requiting an
inpul reduction or even reversal (opposae lock or
counled shsaringl. This way of delining cversiear End
understeer has a rice Semanlic comgruence: we can
500 where 1he |erms come Trom

Finally, we can defing cverslear and undersieer by
companing from wheed slip angle with Bady or frame
slip angle (sometimes called “drilt angle’). This is
similar bo coMpaniag front and rear slip anghes. but
n3d the sAame, since rear whael sieenng effects can
creata aegularily Between the rear whaels 3 the
Bty ceninadine.

This# distinctions are swbila, bui the angles
Invadved B amall, and feal confesion cam resuli i
v doa't oary atlealion b bhe ey we Saling cvershier
i undersiagr.

For cxample, a car may be coemering with the rear
whiels 3 & grerier &ip asgle than the fronis. The car
may also have daflection endarsteer amd rol
ungarsbaed properiies thal ane greater tan ihe shg
anghe dsparity. The driver has 1o $leer mare than at
liper 5p2ed, and ihe &ir is understzening a5 delised by

ubderihesr, masked In creabs pameted understeer? A
Thes car 18 pihsd chosr 1o e limt of adkesion, ihe
Iyve S angles will genarally istrekie more rapidsy
Than the roll sieer and dellacticn sleer, and the Iyee shp
angle ditference will also grow. The ear will reach a
Poird Wit il hud bot® real and pesceived ovarsiser,

Ini the Bolipwing discussicn, enless olherwise
slaked whan wa refier o oversiier or undersime i
means “achual’ behaviour - a8 defined by front verses
read elp anghes of redr sy Tronl kel scceleration
capabiity, This moda of definition creates the greatest
agreemend befween Sob-Emit and Bmil behavisur, asd
& mies| meleeant fo reeecar handing

What Constitutes a
Steering Input?

Dets-acquisition sysiems generally use s3serng whiasl
angl: &5 & meksuie of sheering input. Gommanky, the
system will be pregrammed 1 gessrate 3 calculabed
“pil-cormecied Heer channel ¥ef ewery diivar knows
that the steering whesl (s nol the oaly thing that will
slear the car, Tha thoatthe will stear i, The wisd will
s3gér il Somatimes the brakes will Sleer i Bumps will
sheer i Hilting a puddia with the right ar lefl whsels
il shier i

Inoeed, Same wehiches steer wilh mo sieering wheel
at all, Tanks, buldorers, Snow cats, and ngbber-tyred
shidl sleer loaders all sheer ondinely by Edaking whesks
on tracks om one Side while powering B other sida.
Thest vehicles will turn g0 3 dime (eithough e dime
may nat look guite the sams aftsraards).

AN steering effiects haw one thing in commen: they
gencrate & ned “yaw mossEnt = a rotabioegl fedce
Eousd 3 vertical s

A mal yae moesen reicls against the vehick's waw
intE, o polar maoment of insriss in yie. Racers cal
this “polar momeni™ for short. TRa yaw somes,
TEMNg apairs] yaw ineriid, Creates 3 yiw scoekemation
and 3 yaw valogity. This means Bial we change e
wehicle's yanw possition = what diseclion it points

Wi can define steering, then, as tha control of yaw
moments. We may regard anything that oreales a yaw
mimAn 18  slecring input,

We can also daling owérsteer and undersier in
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FIG 1 A simple case of yow equilibeium - o symmotrical

racecss urder braking,

faies of net yaw moment. |n oeersioar, e car's net
yarar moment eodaies il indo the hen, H the drivir doss
Ml Sraale 3 yaw momand reduction with tha Sieering
whisl

In mhdersieer, e car's yaw momenl rolates it
oufwand, relatied 19 what the desiad manoauvie
requires. The ariver mist adiust by Sapgling an imvand
W TN COFMaCTion, wang IFe SSeenng ywhesl

Yaw Equilibrium

When the sum of the yim memeats of the vehick i
zern, the vehicle is said 1o be in 2 sbate ol ‘yaw
equilibrium’, In such & condition, the vehichy's yaw
waily' i constart (mot necepsarly mero) and its yaw
sccleration is zen,

The simples! cace ol yaw oguilieiam i staight-
ling 1raval, Steady-state eornesing (constant spsed,
cofslant radius) i the nest simplast Less obvicusly, 3
it can also have & constant vinw velocky i its. spesd
amd its turnisg radivs are Dotk increasing or
decreasing together a1 tha same percentily rata,

Ay lieee the wehiche IS nol in yaw eguilibriss, it
il acoederale in yaw.

Balance and Imbalance in

Yaw Moments

W closed Parl 1 with illesirstions: ol yaw moments
crealed by & loagitedimal Torce and & Raiaral foccs,
penesated by & sngh fyin. We roled that, in real Iie,
wie hive all leur tyres generyling litéral and
longitudinal forces simeltasesushy,

The imerplay of Bese forces and momants goserns
1he cars yaw bahavion: Understanding the faciors thal
incfedss of decrease e yaw moments genecated by
Ingfraideal whaels and wieel pairs & an impartant key
10 suspension uning,

Leb's skarl with a simple crse a symmetncal car i
raking Fig 1 showes Such 3 car in yar pquilibrium, Al
Bhat b5 eeauined lor equibrivm i that the right snd lell
witéasl pairs generade cqual reanvard donce. Ordinarily, we
match T progectiet of the nght aned Iz whaets 1 aach
and of the car. However, we can also obtain yaw
rueizeriam i 1he Tram and rear whiels gonerile agually
i oppositely mismaichad brakisg loece.

Mow ol o8 corgider 3 car with M of ile weight
of 10 leh, In 15 case, e lef wheels st peneraln

FIG 2A A left-heary racecar with equal ket and right braking
lorces generates rightward nel yiw momant,

% of the rearmard fores for Ehe car 10 have yae
afuildium. If the right and kR Sraking lones ag
el he car will ey 0 lum Agit usder braking, Wikn
the driver Irail-brakes into & lef bern, this nightvan
v momenl will Gghten the car - influgnce i oWk
undarstzer. Flg 34 inustraies,

Fig 28 shirws The sime car, with g G235 leflrighl
brake bas at both angs,

Fig € ghows an alternative solution: egell
rearward foace at the front. drimatically weqeml
maryand ioece B he e We will SsceEs helsw how
such inequalities may be ereatsd. For now, let og
Simhy nole B 3 car a5 shown will hiake in 5 sieghl
line whout 3 sleering cosrachon by B drives and will
frall-braka imo & ben wikh a balance simisar is i
sleady-state corngring behaviour. (From:near brake
proporioning and other sebup variables abso efad e,
a5 Wi Fymeninical card. |

Unded Tarward acceleration, the diseclion of the
tyre forces i neverasd, bul B prisciples are the sene
A gymmelrcal car requings & PelRiright Split
proportiongl bo Kkaral waight distrb stion, as wig
i Tofoe. I our B2% it weighl car received: sgel
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waly, for & lett-heayy FRcocar,

popuksion fores from hoffs near whass, it will iy bo
o e under power. 'When powearing cut ol the leht
e, this will loasen the car = inlluence it bewards
DORIGIBET,

In the case of Eteral (or centripetal) acoalersbon, The
pinciphss e Bgain he same, parliculary Be nel o
lances o be imversely peopOrtional 10 er mioetest s
oul the cantre of grmity (DG ). We do meed by comside
008 ferther complicalinee @ byse can generals & Mrwand
e f3roe withoul geverati=g a kaberal one. St a
raling whetl can only gensrate kileral forca by
al & #ip angle, which inevitably creates a
diag force

In Bory, 3 difven whesl can be provided with just
b power 0 counier the drag In ihis condition,
20 Bave purely kaberal farce, In praciica, wa seidoe
this on all foar whests. 31 once We iy Imagioe 3
huing ail-whael-drive, with o, camber and powar
peitactly matchad 1o produce perely lzberal
of 21l four wheels, This would be the saly

'Wilh rear-diive, & car in sieady-stabe camering

FIG 2B Yaw aquilibrium under braking, using braking forcos

force af the rear only.

experiioes drag fores on ihe front whesls. For speed
iy he coestant, the rear whee pair mest exerd an squal
and opposite nat propalsken force. Wilh an agen
ditlerential and idantical rear tyres, the mar byres wil
récene pgual drive Toma, Their med propulsion lance i
this drive foeta minug their owm drag Torces, which
My oF may nof B eoul

s simplicity, we are ignoring aercdyramic drag,
which adds a furiher propulsion demand asd can also
CrEahy Signilicant yaw moments.

A ‘Straightforward’ Enigma
lick anly cogs each tyre ke 3 slip :nulu. bt 1he
besdy, he frame, the Bk, the wing or wings, indeed
any part ol ta car has 3 slip angle - somelimes also
calied an “attiluds angle’

To daling the slip angle of aay coargonent ol the
FRCACAL We Myt ceckde what woild corstbite 3 1kp
angle of . In 3 commeding Sikdtien, we can say Thal
the car’s path has an imglamandcus centre of
curvaiung. YW can condtrucd, or imagine, a W from
e car's ongim b this cerbee ol curvabess, We can then
defing 3 perpaadicular o His radial Bne. &1 the cars

FH3 ZC Yaw eguilibrivm as in Fig 28, using unegual braking

anigin. This will b il instanienesus dirsction of fravel,

Himple anough. Bul, whene I5 the car's origin,
ecactly? The GG The midpesnt of 1he Eaur tyre
I3adprims? The middie of she rear sde® Al theta
points ang diferendly pasilicesd along the car's lesgth,
Thedelore, a ‘radial” ling from each of (Bam o (B
conirg ol cunvatume liss 81 a shghtly different angla

Faf & whael or 3 wing, do we dalies 7ee0 <ip by a
tadial Ene from the compossnts ongis, or the crs?
These queslions are somewhat complax ik A
symmedrical car. With an asymmetrical car, they can
Bsoorma bewidering,

AE placwhang i@ physics and mathematics, then
are nd right or wrong e poists, dabems, oviging, or
inerlial feames — jusl mone and less comnian] ones,
and the opportunity te confuse ourselves i we amne
carakess aboul defising our choice

In straghtling Srevved, thirgs can e sifmper, i the
Car and tha Selup aré Sysetelrical, If the car or the
igtup & aymmetrical, dadining ‘siraight foreand” can
b amyiing Bul siraightiorsani®

The caa's direction of Ligweel whes uining sralght
iy Hiol fMay Aot corespond to any leatwe on the

INSIGHT




INSIGHT

This Dirt Modified rans wsder WISSOTA rules, which allow generous engine set-back, yoi
Impose an isdentical tyro size limét frant snd resr. Those cars cannot use Lege smeunts of rear
tyro stagger withow! becoming prohibitively ‘looss’,

wahighe. The four wheels may all poist ditlerant
direchons, s thal np 80 hive § common anis To
creale 3 precices mathematical model of guch 3 wlicde
by proceed from tyre dala by Beldvisur prediction, & @
daimling pfopddtion

Forlunately, most of 63 anly nesd & repeatabile
datus fyr wheal aignment. and the ability b presel the
EMeCts of one design ofF Sl chisca rekilve 1o anather

W may &0 whesd akgament with beams of B
taul sirngs (1 50 use srings). Bihér way, we estabksh
paralisl reference lines on emwr side of the cir 3nd
measung gur whesl's e posiion lroem these, On cars
with readly ramovabie botywork, we can allach our
sirmging bars or oplical Sevices 1o the chassis. This
Eroswies & comenient, repeatabls medseremen dabam

Howiees, [his weilhod presents problems on cais
wilh bodies welded or rivched §0 the [rame. B ihe front
or Fear overhang feciives some crash damags, our
AL points are apt to De moeed oF Sasinoped. We
need 2 way 10 Bocale our ditam frama irem the whess,
tha b, or 3 framae rail

n L5 oval brack racing, the most popular Bchnigus
% 10 Gy & Bl stnng agansl the v paints on the
sidemall of ARe eight rear dyre, and take all
mrEliurements from Mial. This melhod hae a nember
o gisagvantages. First of all, two poinis randomly
SEHacled on 3 tyre sedewall Bra nol & wéry reliabia
rederenca. Evan If we seiect these poonts camalully
[iolatng the whedd and checking renout), twa points
reighly & 1020 & 4 hall [(450mm) apart oflar & shoit
measwemert Dase 100 3 limd fenning B lengts of the
car. Finally, the right! rear whissl, B the ot Thiss
s & e angle refaiies 10 e car, which may rol be
per gven il we “sgquared the aude by 1k fame™ when
we islalied . B She right sear is bed in, our siring
Ty Wakl 10 pass throwugh the night tronl whes!, rather
fhan akngskin it

A, beatier wery 19 Siring an asymmotical oval lrack
ratecar with livgd bodywaik it 1o use two parallgl
#inngs an Sirnging bars, with the Bax Svppieled on
slands akead of and behind ibe car. One siring
fcommaaly the right one) is positiened by
measwemant from The lekess on the Teanl and rear
huBa. IT v wga the hobs. our dabam g Puves if e
v lnderal axke pocslon or camber,

The eame & Ihe best reference, bul il may ba al a
difereat height Twem 1he sirings, and the body may ba
in ihe way. We an gef around thesa aroblems By

50

makng blocks that seal sgaind! marked kocations on
b frame, pass under the komer adge of the body, and
nse again uigida the body 50 1hal we can lay our
g 3gars] them

Again, Tera i 0o “right way”. However, we nesd 4
comsigieal, repeatable mathod, ard we sééd 0o pay
ciosa attenbion S0 what eflects Stup changes may hav
U ol mnedsurements

Effects of Toe Settings
11 may be Gricky o deling a slip angle with
mifamancal precsion. et it is penaraly simple to
now whathar & piven adjustment incraases af
gairisises i 10 we ine<in B 10000 of near pair, that
BCIEIsEs [ Slip angla o0 the oulsde whasl ol the
par when menng. and redudss. the sip angle on the
Inghde one. This increases oulside drag and decreasss
inside drag. Thal bghiens. i car, Toe-oul, comersedy
has the opposite #ifect on deag disiribetion, and
leosens the car, Rear whesl oe-oul ENQenders yam
Instakility, capecislly undar power. Fear io8-in, wied in
modenrlion, aids drvesbiity and improves. subdectve
Teed’, Thit is je 35 important with a beam kds 55 with
independent raar SUSpENLIOn

AZ in gur edrlier mamples using straighitine braking,
the effect of a Syme's comening deag dapends not only on
The mageitude of B loece, bul also om s momes ams
bl the GG, For a lefi-tern stustion, moving amy whisl
Wil net drag rightward tightens the car, Mawing any

WISSOTA Late Models lcar 12 snd Super Stocks (car 55) have identical front and rear

dragQing whes kftward koosens the car, The posison ol
& drrning whee! haes e opposile elfect: harther right, and
ihe car gets looser, further iefl, and & gets tghtet

Asymmefrical cary ofien use unaqual right and left e
ot SOTMINGE. Wa CaR Eaprets rear top a5 individual rghl
Are et wrtael Scitngs. relelive 1o & Tramie oo Beb boesd
datum, TRig warks sul conveniendly mhin using 1ha
alignment mathpdology | have recommended
Algmatively, we £an ink of tha rear abesds 39 haning o
1 0f boe-0u aSiude retalive o aach othes, plus 3 colective
rightaard o kfward anguianty with seepect B The car

This parspective miy be maee familiar 1o tos
who fus heam azles, and chack the axle Poe
strughtress balone insialleiion, then String the car ol
ithe nght rear e, Peopie who 954 this Laiter mstsod
taingl megsung nghl rear boe — ihe method takes s
wheel's angle a5 rérg. Inshead. rear ane position i
expressed in ferms ol ngs red ead’ for ). The &
meddwie by comparing tha cars right and i
wheelbase

| do nat care Ige 1Bes mehod myseEl. Suraly it
makies moe sere 10 dinsclly messere he aim of e
witeels, since this is the parametar that elfects oo
behaviour. ot Paiir Aare-and-aft kocation

These complexitics nobwithstanding, we can be
carizen of one efect il e add leMamrd rear o o
right rear lead {with a beam & e W car will tem igh
lzss, o lums Fghl mone, ender powar, In a kel em
ihal means the car will be Gghiss undar pomer

W can ecplain 1hig ic tvo equally vald wars. I we
dfing ‘siraght forwand” by the lisme or tub, then a foro
N ha dirasdion is which the left-aimad rear whaes posl
B 3 ledtward componant. This acts behind the GG 5ol
producas & rightwaid v momenl

ARzmatety. i we (ake e rear wheel dinection as
"sbraighl Tarwand’, then pointing 1he reas whesk
leftward morees iha Gl (B ihe dragging tront wheeks)
righieerd. This mduces the momen arm ol the right
rear wheel's lagaudingl Iorcas, and intreases he
D pdesding momenE anm Apr tha B rear whasl
Azzuming thal bolh resr wheels dete, we would guin
Exgid] b nghitward net yvaw momesd change

Under beaking or & brailing throtile, hings ae
murkinr, Dae's firsd inclisation maght be b duppose
Eharl the pflpct sampdy reversas. Wall, at T rear whasty
il does bul, af the Trond, § S0es Aol The ned aas
depends on braks balance, driving siyk, and how we

tyre slze limits. Late Models are allowed much widor tyres than Modifieds, Bul loss

efigine wal-hack.
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Defire drears i dnd wndersiser

Wilh the rear wieels amed kf, on & Sraightavwy
It rédr wheels will Track feihes left. and the donis
lurther righi, relative 10 the GG path. than they
pihenwise would. If we change no settings eecept rear
1oa, tha stemring whisal will e urned furiher keh, all the
Wiy Ardund the track, esn with no change in B slip
anples relgdive bo iyea or CG path. IT we deline
Bvirfieer or undersieer in lerms of sleeving wheel of
Slarineg st posdion, we el B Highter G even
# fthng % diflerent where 1he rubber mists the noed

Even in fal-heawy cars, e roal whssls usuilly
contribute more Baan 50% of the braking Tonce. That
mians thal we gal more yaw momenl efecl from
moring the trom wheels right, relalive 10 i CG pat,
an we 00 from meving the nsers et Corseguenty, the
i will B tigher pn entry if Th driver 506 the beikes

D 1%y glhar hand, il e dibver just lifs a littie on
enlry, 1he car is Being slowsd mainly by e rear
whash. This may aleo be &0 under braldng, if the car
53% 3 bof of rear brake, Ie thed case, he car may be
OSET Of Balry, B XSl n Serms ol fyre slip angles
The driver or dalz-acqusiion speciaksl may o may
B0 repil Mis — depending &n how they detne and
SR Oversiedd and wiikErs|ns

Tyre Stagger
Up 10 A3w, we have been discussing Bhe eflects of
prequal ngisinal fonses on B righl and lef Sides
ol 1t ar. Mow we will consider The ways in which we
i creale thesa s iy

The BEjpest harmwmar in this part of oy Sogibon &
tyre stagger - B usa of the unequal-dameber tyres
&6 e fgSE asd lelt whessls of B front or rear paic

Tyee stapger s cusiomarily ®measuréd as the
difference in droumieeace Setacen the e Tres in
mches of millimatres. The ciecumPerence is

truditionally measured By running & lapameisure
mesund The fyre, o by taking the diameler with a big
galiper such as the stagger masier. ond muliphing by
. Tyra calipars are oflén gradeated fo do 1he
maltiplication ‘or us

Thesa metheds are acceplable because they are
fmple and repeatadle. Butb wihat wa really need 13
inoer 10 predact vehizle befdniour B the rollisg Rdus
ol the fwg hyves = thie distanca Irom ihe wheel tahire b
e gigusd, uider koad, J speed, Ao, it is Bhe adio ol
e right and BN doling rade el ciunts, qather than
Hhwir asolite dilerenca

Rolbng redus @ Rail o B atalic Sameter, mine
omprisssion due b inad, pivs centrifugal growth. With
g, bevel BRRuD SUITAcH, 'wi G Miswe SEatic roling
eidirs fairly atcuraiely. Dhynamic relling madivs can ba
mesrsarad on B ree-roling wheel by measering whoel
EPIL This akts works on driving whesk with an 'open’
dferanhial, Fhougs e i aame ermor dee o shp

B we can measmne whes! PR we can readily
cabcalaie e renig of dight 10 et whesl spead
gocd indicator of etlective slagges. provided the wheel
B s B3 rodate Al different speeds

Ewen those of us who race withoul whesl speed
BArEOnE Medd b unddrslind the datisnskip of stabc
and unicaded tyee diamater, e peestunt. and noling
edit. cFeating inllabon pressure iscroasss static,
miaded diamater. This effect = most peominent wit
Bids-ply Dymes. With rad@als, dur caliper or tape wil

A vy
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showy less ehinge. Higarever, 2 rafial e can actialy
show 3 greaser change in loaded raling rsdius with
inllation prassees than 3 bias-phy

(e oo hears i said thal stifsets and wedge
Gan be adjesbed wilh tyre infation whan running
radiaks, bt Thal you camndl Bdpect stagger. Mol sa! The
same chang? in tyre verlical complance that produces
tha change we eo0 B e who?l Scale reading alse
affects the tyre roding radus. In fact, if the change in
the scala reading is grealer with a radial, so is the
chidge id ral ey radiuzs! Measunng the stagped by
tragditbonal maans may b sork dillical®, bt ks
inflesetase on car beharncar is no kss

Hal only 02 changss in & Byre's follend radivs affact
ils Inading, bul the reverse also fappans. Any NCnesos
In wariical baad reduces a byre's rolling radins. The
sofler Ihe sidewalls, and the lowar [he ifllation
prizssseg, Thi prealer this ellect Becomes

Ameong other thengs, this means. that vws gtisct fme
Flapger when wa der s1a%ic or dynamic wedge. I
meare that an oeal Brack car loses byre sEagger 48 1he
right whaghs lad and the lehs waload e the tures
Ordinarity, we do not afiempl by measure of contnal
Ihasa Eaels, bl 1%y e présenl regandless

':'Eﬂ'll"".'.‘ﬂ' growth also affects ralbng cidies. Ths
ellact s mas) visible @& deag slicks. The mear of &
dragster lifls visibly Ceting a Burniwl, and tha hyres
Eafihil dramabic radial growth

In oiber cars, Tha affecl iE |ess obwiows
Increasing fyre prossere seduces cenirifugal growih
Hoaim, thig k5 Nl Gomathing we mormally try to
mEasun of contrel, but we may nole Bal, whes wa 3
rcreasd 3 hyre's indlalion, we decredse ils sensitivity
1o both speed and boad, If we let pressure oul of &
e, s rolling radess disnishes, bul will grew mane

Typical Late Moslel tyre stagger. The car shown
here has Sin of stagger, s messsred by tyre
circemierence, The keft and right tyes
circummberencos are respoectively B85in and 90in,
a ratic of spproxcimately 0.94:1. Hawaver, the
rolling redii are more like 0.9540: 1 bacause the
left tyre carrios a lower Inflation pressure. A
Sprint car on the dame track would wse more
than twice as much rear stageer. on & shorler
i b,

INSIGHT

Wl sl Ov if the car makes smple downdoscs, &
softer tym will compress made wilh geed, due 1o
dawnionce intrese

Tha intluancs of Tyre Siagoer & mel yiw moeren]
and wehicie beravigur Sepends om wheiher ha b
woseds in queslion g loed 10 ki 81 1he Same
Gpeed, or e braked or driven wilh equa 1orque bl
variabds speeds, of ard ooling fresly. 18 also depends
an whether B tymes are Tooked up” oF &0 Spinfing
or ghajiing

Tyre stagger bas i graabas! etlect with & locked
rear and, of ‘spooT, Bath whesls in the pair must tuen
ife Lame BPM at all imes, This implies that, for e
meagar ity ol sluationg, oaly S rear whesd drvees, and
[he2 other Grdgs, This emparts 2 vaw moment b ke
car, Treaes (he dragping whiesl,

1 1he car has 1o Tum both ways, v usudly ruf
iy stagger. Both red wheels deive whes the car i
rurming straighl, 'When Comsiing, 4 kcked rear end
will Torce he inner whael ko drive, and the ouler ong
to drag. This creates a0 outward yaw moment
tightening s car

The severity of thig afect with 4 beked raar wil
nomally oblge e 1o wSe some lorm of diffarantial
lor & road-racing for Tiguee-B) car To limi wheekspin
on ihe inZide whesl, we will 51l use soms type ol
linited-shp aeterential or "cker. Mozl of thisa are
Iongue-sansihe. Whan we are oo the power, Tha i
acts a5 though it kas 3 spool. The severity of the
#fact depends on the strength aned abrepiness of 1he
locking mechanisr

For lefi-turn racing, we can use @ smaller Bre on
tha left. H the By roliing radi &e peoportional o Ther
Sunce from the centes of canvatire of thair paihs,
we pet beast deag whan comenng, and bot rear whaels
drree. W may call this a congition ol naulrsl Sisgper, or
1 ‘siagger-neuinal’ s=tup. A car with mont stagger than
hig IS ‘ver-staggened, or has surpius stagger, of has &
Slagper-Sarasahve Sehup. At with ks stapor cam be
Barmesd “ender-slaggensd, o “slapger-deficiant.

AN frer-singganed or weder-siaggesd racecar is
it necessarily sel=ap wrong = 1hid i just a way ol
desenbing whal side of e theoretical requirement
W Are on.

W B Ewen passible b roa ‘negatioe’ or reeese’
stagger: a bigger yre on B lefL This is Rrly axdreme

>




I Gut peopie do A Obwoushy, 3 car can osly Be saggern

rauiral 1or o turm radiys, Even if 0 frack has a
ocoastant Tum radies, e tast ling will ndl. Therelore
ety CAf 15 over-stapgened or unoer-staggesed soms
ol the Tamg,

A% long &5 the tyies are hooked wg. an ovar-
sagpened car drives with the gulside byre and drags
‘ihe irmide ene. For amy gheen stapger, B resulting e
ouph deminishes &8 we furn more sharply left. The
¥ ooupld is normally greabes) on b strghioeeys,
angl svalet 3l mid-buch 1t i leist gt mid-Been, H owes
mun low on the racetrack, The car will Benehsie b
tighter Funsing low than runsing high. This appliss o
Al locioed-aoke cars, oversstappersd 380 under-
slagpenad alia,

It shouid be obvices Bal an uno2e-stapiered car
will b Bghnier awerall than an ever-stagpersd one. ather
whings being equal. It may ba bess oovious (at stagger
atlects the car's responss as we reach, and rezesd. the
limit of adhesion ol he near whets.,

Siagpar's abilty to penerate 2 yaw covple depernds
o Ehe Bymes. being 'haoked up'. B we break the hyes
loada, stagded lanpaly ceases fn matter, Stagper eMacis
agide, mar whestspin pepduces ovarsizer. H we have &
Elapgar effact that is lettening the car, and wa 5pin this
whesls, i diapprarance of the slagger efect with
‘whaslspin thrmes the onset of power pverstegr,

Convarsely, i 1he eaf i under-staggensd, and ifs
stappar efect i lightening i, what hapgens when we
#in the wheels? The disappeasasce of the stagger
ellect intensiies the intluenca of wheelspin.
Gonsaquenily, a stagger-deficienl car s more
ihrollle-sessitive than oo with siplus Siagger, al
least when comering.

Furthermore, § does nol mather il wa are using ihe
iraction of the redd tyres mainky for comenng, rathes
than gropelsion. Stagger efect sl pows Bwary when
wia paes (ha limit of adhesion. Therefors, sephis
Slapper makes rear bragtaway MEs 33fupl, Bven in
sleady-5tate comering of brail-braking, This partly
enplaing why US Sprint cars uually run 90 much
slagQer - i actudly makes them less bwitchy B
limit, Also, a5 b5 widely mongnised, il makss e tum
In ey smanhe

This good behavigur comes al & price. howeer
Ay stagpar a1 3l becomies an encess when The car has
Lo go staghl. Suples stapger ad®s drag in the tums
10, Eveen if the driver i nol using Tull powsr, This cosis
us speed, because (aconing diag uses lracion lhat
ol othervit b vsed 1o make certnipstal Hoogs.

Even M we deem the diag peasity accaptabie,
Eurplus SEager & caly a viable setup option i P ks
allow us 0 ren large redr 1yres andfor wings,
OrPasnwise, i car will be prohibathesly kosa,

In most LS Lats Model and Madified Dirtl classes.
the nales: impada an identical tye size limit ok @
rear, Engine seiback rubes, minimum weighl
requinements, and the need 1or propulsion Traction
combing jo prodecs rear weights between 55% and
6% ol total. Such a Gi-beavy car, without Large reas
Tyress, mesl D2 S# up 50 thal A wifludlly coeners: an
heee whaels (Lhe lelt droml balag ey light, o
alrhame), wen with vary litlke raar stapger, With rear
atagper like a Spant cars, such & ear wauld be
endriveabily logge,

I have had clients running Moditieds very

succasstully with perd rear tagger. | hive Fad olfer
racars Bell me that B cars. Boa rewersa S120087.

{we challangs i miking Such 3 setup work 5 1o
“Ire (he car up® om entry. (As with maling
cOmganants, e © a condition between loose and
tight — in aher wards, neutral handlimg.) Many
TAGEFS @fd Erying torque-sensitive limited-5hip
ditferentials in Late Modiks and Modifieds, especilly
worm-gear style dilferentials such as the *Owick Teac
andd “Ginkd Trac®, These caa work vary well when they
dw Fighl. Howees, they subfer 2 lol of wear, ges 1o
the winlent abuse that thiy ged in & powerful Dirt car,
Gear pré-load is highly wear-sensitive, and tha
locking torquae warkes secondisgle. Monilaeng and
Jdjusting the Silferantial becomes a vital part o
mainienance and sefup, and il is hard 10 predict how
much the unail's hebawviour will change in &
A3y"5 racing

Diher ways of 1aosening camer anlry Potis on
making fhe chassis de-wedge under braking. We
looked @ some ol thest in Fart 2, including le-saif
springing and Esymmelrizal Suspension geametny,

In adidition, these 5 anotar application of tyre
Flagger Pt can help us: Iront stagger.

The fron! wheels are free fo seek iheir own APM.
When Bhe Drakes Mo fo1 apglied, hyre stagger has
litla irfiance. Aoducing fyme DRES3Ue on ONE GOIMEr
aof B car mcredses drag on that wheel, which will
praduce 3 small yaw moment. & sealer redling
radd i wéll peduce ride height and static whesl laad il
wet 85 Rk reset The sarspension.

Il the right aad kM brakes are sdeedical. Baih
frofl wheeds meceive egeal beaking forgee. A braked
witaal generabes & rearward face egual fo braka
lorgee a¥vadvel &y toling radius. S fanl tyne Stagger
influences right-lefl brake blas, The moee posiive
skagper we run, By maoee dhe Car will lurs kR under
braking (e ihe less it will tum right)

Again, the foregaing apelies a8 losg & the tyres
e ‘hooked up’. Hwe lock the whests, Pueir rearward
force depands eainly &h (e loadisg. For comer
eniry, we ane generally dealing with snlocked whee's
= il we lock them, we can'l dleer. S8ll, we need 80
bear in mind how 1he car’s brake=induced yaw
mpmanls will vary a ihe poisd of whee lockup.

We may also hawve a falely wide range of
siuations where ong wheal bocks. Tyre stagger
influences this. &% 2 rule, reducing roling radies and
increasing rearward Boeca on one whesl makes i lack
earlier. Countering this bo sema axtant, 3 soler ke
Fags mond longiludingl lriclion, & st down §0 a
pressure well below the oplimam fos lateial gip.

It §he remr fpas are Iree bo rolate ak diferem
speeds, similar gifects prevasl at the resd. 1f bath
winels gel 1he same lorgua, the small ong makes
mere force. As with front stagger, 1he car pulls
tawards 1he smaller e under braking. Lindar powar,
the yia memen) reverses, and B cir wants 10 kam
toward tha Eanger Byre.

S0 Eyre stagger effect under braking Bcis i the
tame direction sheiher the Slerential is open or
logked bul. mnder power, it a£18 in cpposite
directions! OF course, we seldam encosnter
intzrfional tyre slagger and an open dilrerenizl
1opether. However, we somelimes have uninteniional
stagger due 10 fyne varialion of pressere loss. We

may ske Bave loss of lockup with 3 limited-shg
dilferartial, eithar oo parpose during corber aeiry, of
byt arcidenl under power dua 1o wear.

Asymmetrical Brakes

In acklition o oibaiming ineda Beaking forts troogh
tyre E1Bpoer, we ca arrange for the righl and lel
brakes te make unequal borque. Comson wiys o
0oing 1% include BmiEng valvwes, shulod vakes, and
uresgeal psion diametars in he calipars. I8 Spict cans,
i iight el brake i often omitied entlraly

I magesd rwall ek Elasses, o brake per wheel 5
ihe dam. In Difl Lage Models and Maodifieds, [oar
working Beakes ade ganerally requived by the nales.
Bame sanclioning bodies allow driver-cparabed
shutotl wabas b the right vl othérs prohibet ths
Shuted] valves 8o nod provide 2 ranga of nightie
proporiipnng. You Fave & right fnont Brae, o yos
dan'l. Running the vahm "oracked” merely makes the
night feoim apply and selste Swgichly

A sorsewhal more sophisticated Jppraach i ie
sk Bn adjusiakle imiling valve, Limiting valves e
COMION I mad car Wake syslems, whane ey i
used o comnol rear whed lockup, Adjustable mes
bor racecas are available with stapless adjusimant
by ot ol & keob. Wilwood oifers gne of fhese,
Ancther design, avadabla Trom TiMon, vses 8 kv
BAE cam afrangement Rfo provide a siepped
afjustment. This has advaniages ia repeatability and
eaed of ute dor the driver in the heat of combet i
oval track cars, Froskrear prapariioning i useally
coatrolled by 2 dual master cylinder gysiam witha
halance bar. and a limitiag valve is added far
1he right Inond

A limEng valve, B3 #3 name imphes, shett off a
lim2 whish pressane 155 bo a ot value. Balow i
PrEsEurg, it has no esact. Wilh ideniical iront brakes,
e ged identical baalos targus wntil the valve acts. Then
wie gl @ shaply imcreasing leftright biss a5 we push
ihe brake pedal harder,

To gal & eonstant leftaight forgue ratio oves 3
range of “apply” presseves, we nesd 10 make (ke
Epipy thamssbed distimilar. Pechaps we could e
the deal master cylinders and balancs Bar 1o eoetel
let;raght biag, and contral Iroatear bias with brals
desiga and imiting valves. Parhaps we could e foer
separate master cylindérs, and operate them theough
thige balance bars In series - parallel. Fascirating
concapls, bul usbrisd, as far as | oo

Asfuming wi aciuabe the Brakes conmventionaly,
W Can contral Bfgque prapoetigning with pston ang
and disc [rabor) dizsmater. Larger pision aned it the
calipar increases brake lomue. Kamy pogular racing
calipers are available in bwo OF more bade Sioes.
Popular beskes @ots are often availablz in 31 least by
diameters, A5 with the tyre relling radivs, it i e
radius o which the pad acts that counts, The calips
position must be compalibls with Ba disc. § tha disg
has & bt mode available surface than the width of B
pad, Wi may have 3 |tk freedom on caliper lpcation,
Small difterences can produce noticeabis gifects ok
that this can also sccur unistenionally).

In lowei-E041 chisses, many sanchioning hodis
Tequire passenper far spindies. calipers and dises,
with &0 remachinmg alkcwed, Some compelilon
reduce right front brake torgee By Bredking ar
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This Sprint car displays large freniirear disparity in fyre sives. Tegether with ample rear
serodynamic dewribarce, this allows the car to run Terocious rear stagger (below], withous

becoming sxcessively Seose'.

geisding &l part of the pad matesial. Tha most
eSectay place 10 remiove (he maberial is o the lop or

oultide edge of the pad. This is often againgd the
regelabons, and can lead b0 dorces thal iy o cocl the
e or e Cali per,

Hnpia-pisinn shding cabpers genente BSs lonue
il they are geiced on 1helr pins. This ofien Fapgens
accilenialy due b war and rel Thend ang ways o
ke it happen “acchdentally on perposs”,
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A saler approach, and one that will pass any
SEPECANA, 5 10 use dissmilae pad mabenials. These
days, the befler pad cuppler: make pads which vary
ot andy in cosllicient of drictien, but alan in CF
wariabion wilh pressum and tempéraiung. These
progedtios aifond s Some add@ional conirgd ovar bath
Ieftright and Tronbnear bias

Oa & istkEd rear axe, bolh brakes acl on bolh
wigls, Yam momesi gflects depend o0 byre stapger.

) wwen i

Spriml cars oflen use ong rear brake for both eear
whisls, mopnted nest 10 the axde canine seclisn
ormbinad with 3 siegle ngal brike on the lelt. and lois
ol rear tyre SSapger, B salup produdss rdmarn lome
o Dol el Ryres, and doreard fonce af The gt rear in
any braiang sharf of Ipckup, This i e dreer fern
e o vl the brakes, and shiow ot by shding & In12c1
L becomies detecyl 80 dibve T car Ay othar wary,

Rear brake leftright proportioning dogs atlect the
magniude of tha loads on T Eaipens, even wikh 3
locked rekd, |f the calipers mount on ‘Phoafers' ar
‘Tirdeagis, thesr Wads rascl sepdrilely, B the finater o
Dirozage incaing links am amanges] 1o jack the o up o
dorwm (To pegduce peo-B oF 2], W both dronfkrear
End ket right Sorque propostoning sdl aifect wheel lade
17 brakong. As willh oihér jacking stects, we o precct
thé effiacl 03 comering balancs by he effect on dyranic
Wwiopa: B Ioene Tha incieices wadge tghters the car, 4
Towce that di-wedges e car loosans it

Early in the 1998 Formula 1 season, Mglann
Inigmatianal attracted considesable amenlion with its
iracioe braka’ system. Details of shis device remain
Si0red, But wee kmow that A applisd oné radar beake or
1n CANET o' B Sandle bEM-1008 pedal. The fracior bezke
was withdramn volentarily, undsi piesture, and
profbubiy wan'l be Seen again in Formala 1. Bt deiear-
conirglled individeal beakes remain an intngeing
godsibility, particularty for shomback racing. whene
the driwer does nol have to £hilt gears, and can
polenlially operabe bwa braie pedals

In LY Rg@d vehicks, Sriver-oparated individual rear
Brakes have been widely usad Bor many yed's Théir
legal®y here appears coan far 1he fonssecable Tutum
Elzgwhére, 1he rue maiers will hase the 1251 woed, The
uswal pattern 5 that somebody has to by a3 ideg
bEfa & 5 didwed or peohibfad

Asymmetrical Steering

Clur primary means of creading confrolled yew
momeels 15 10 furn the siegring whesl, Within £
SIpaning eysies itall, any defirablc cesipn paramele
Iroem the steering gear owd 10 tha fyra can be made
cifterznl on e right and leh

{1 the warises possible asymmelries, the ones
MO COMMoshy Seen are casier stagger and uresial-
lengih steering arms. Unedeal scred rad and also
commaon, usadlly duee 10 the ese o psequal offsat
wheels and yrequal camBer Sailings, rather Ban
diffsreat Lpindle or uprighl desiges, |Cambar eflscts
scrub radins ® we mektade hiom the Rolgrint load
chfbioi iftdesd ol the wheel cenire plans)

Caster siaggar - unagual right and lelt caster
SETIngE — doet nol directly creale 2 yw moment ugsn
T car, bt it creates & pull in the s1eeing. Thit fomue
at the sieering wheel is actualy normal lome 3 fha
spindle [pravity, aarodynamic dowmionce, banking
awnion), asting through The inclined motion path of
fhe wheel. H tha dfiver reexses (he whee and s il
fellow the pull, the car acteally drops sBghty. Whan Ba
driver nestsis tha pull, he o she is partily supporting
e waight of e carl

Thare &' ten st lor wsing casler stapper
The main ane s by mduce sleing oo, With roce
CaEWf on 1he fight, the Steering pulls lef, lightaning
etor in a beft tum, OF course, & laket mare &llart s
drfew Siraiphl on A lef-tanked strighlamay but, il

EE



Sprind cars rechng on dirt typlcally de net use right Trenl brakes. The tesm monitors the front
e sizes inode the crcemisrence dimension chalked on the fyre walll, but brond slagger does
il sfleck kediright fromnd brake bas as it would with two frenl braloes.

the stearing forses reversa, wd usa 3 different sat
of =ypgeiag

In Stock Cars and Sprint Cars, power sheering Is
e WM unversal Sincy we oan coningd BEaiE leved
through modulator torsion bar section, steering etiort
S NOl T S 1 ONCA WaS. HOweer Do Sisaning
Fraems an fall and they slop working il the enging
guils. Even with power-as3ist the sheering geomelry
can be fell by the drivee. Mid=engined gwal track cars,
neluSng Champlerd and ledycins, S0l vse ufassisbad
slezring

Thet glher medsan sometimies cbad IoF using casler
Fagger = b maintan g el on the serng syslem,
whith ket up oy pliyy. OF oourse, wa iry 1o minimiss
shop In the sheering, bul we eseally haw o T with al
SR & Itk

Cina prodiem with using castar siagger io lakes up
shaering lah B 1hat we still encoenber e sk anmy
lima the stearing lorce revasses. Wilth mosSerabe
CASTer S1ECer, Chis will pcur duirg conher enlry
#nd At With atremd casier SIBJZal, we may 2void
thig, But hen we lgse the diver [Rligee advantape
W jusl waar the diver oul on e siraighls insbead
ol the fums

A (00T reREan Sl 10 usa CEEAT ELADGeT & IR il

A mingle resr brake indlallalian on & Sprind
car. The open-tubs axbs allows the brake to
b mowmbed imbodard. Spool drive (ns
differentisll permits one brake to stop ot
wihbals, Hewever, bhms slagper causes the
right rear fyre to contines drbving the car in
madl braking situsticns, The car is tharefore
abowed entirely by Ehe lett-side wheels. This
eombinglion prodsces & powerful kefiward
Ve oAt

64

imeafiares with the driver's ability 10 sesse grig 1ol
and actuad tyre leecss Bhrough the sheering. Casiar
stagper does nol obliterate sleering feal’, But il doet
RuUpATimpOsa & falss message This may or may not b2
a problem for the deiver, depending on wheder hs o
ahe i3 accusiomad 10 caster stapgar. in genatl. oval
frack drivers sapect casler slapper, whareas road
rcarg Bon Eka i

Since both casler and casler stagper are primanly
drieer P!’ Baues, my usual pERCTICS i b0 go by drivet
prefeneog

Far kEl-tarn idting, spaciilly with Swock Cars. il is
comman o make the et steering 2em shorter than the
rght. This giwes Tha car Mo Atk mdnn EMect (10s-
oul whan the frond whisals sTear) when we sbeer kit
than when vl shser righl Thit loosens Ma cir witan

wp ghaeer laft, e fighlens it when we shear right
Mol of the Brme, this i whal we wan on an ol

I MASCAR Wession Cup and Busch cans, e
nuless requre us Ba use approved Tonings for e
tpindlea and sleaniag Bms. ‘Whisl ofise s aise
fiaesd By tha rules, Thé only wanable &L Do e
bulded i3 how B2 maching the agproved hongings
WHELN 1hese Conslraints, the sty wiy 10 get
podiee Ackermenn im Both g and l2h ms & D
buikd @ rear-siesr cal
behined the 2 Fins.

willy (15 sieexing linkage

Aear-gheer cars thenglon have some mend {or
road racing, aid Same bams preler Lhem. Howse,
engiwg duikiars hale Eham, because Bhe slspnng
linkige comasnmises ol Sah dWEigs. AMSH, & ma-
slenl casign has poorer deflection sheer propertes
an & froat-sleed one. & redr-haer [Ipood pees
dellection ovarsiear, whereas Fonlsiesr povides
dillection undersdesr. Therelore, 3 Tromb-heer cM
faels steadier on @ Seperspandway. ogether will
the horsepower gain from & roomEr oil pan, this
tacoor hies maoe Troni-shaer Cars [ha nonm o0 gwik
and waiversal on big ovals. In these application,
wusipa-Ength slmiing arms olfer & way o aves
anti-Aciearmann, # gnly for lef turns.

Therd is ala & Abrong ciae for unagual-kagis
sbeering arms in a Dirt short track car, if the rulés
il Wil Ackinnidnn Wi Sibeding it halse i I
tum«in, Legs Ackarmann, pechaps even soms nel -
if, % odatirabia in an opposie-dock shde Ml o B
sliding a o, the outside fronk whessd will lead the nside
o [0 Thig condition, Thi nonl wiesk crests e e
drag with a bt of 1na=in|

Wi & beam axde drom e, the erliee ada may B
afjusted 1o peovvide right lead or frall. This o b
et on cir DEREvOUL, Bndd [Nd whegis Sl on 15
g, Front-sight lead or Erall cam aflect rean qxle
alignment, il we kaep the left and right wheelhases
unchanped = angther reason bo meases ear boe
relation B2 the car rather San go by whsaliass,

Baam Bxla Suspensicns do OFer wabjue
gpportunities for asymeetey in other desigs
Paimenens, s0ma ol which pRact car Dedaragur 3 pret
gl We will explon atymmetnical baim aods fyibeme
n datsil in Parl 4
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