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e Design & Tuning of

Asymmetrical
Racecars

PART 2: DYNAMIC LOAD TRANSFER

In Part 1 of this series (VON3), we introduced the concepts of
tyre load sensitivity, static and dynamic wedge, velocity and
acceleration, action and reaction, and couples and moments.
We explained how a tyre force, acting horizontally at ground
level, and the corresponding inertial reaction, acting
horizontally at centre of gravity (CG) height, form a couple. We
noted that roll, pitch and yaw moments result from such
couples. We closed with the observation that roll and pitch
moments react against our tyres and suspension, producing
vertical load changes in these components which we call

‘dynamic load transfer’.

fy MARN GRTILE

& will now expicne Mese eflects in datail

We will paaming ths wwys (hat suspen-
Si0d disign, calibration, and adjustment conbeol load
transer apportionment aong the whesli. Load trans.
f&r appamionment in forn debermines how e cars
dyrami; wedge v, And dynamic wadga infisences
our comening balanoe Because of fyme kad sentitivity.
Once we undirstand the imlerplay of thase phenomena,
A wery langa podion of wehizle ehedour suddenty
raAkes pelect sancs

Mady of the ways we aggoriion dynamic lead
fransiar ane applecab’s to both symmetrical and
asymmeincl wehiches, Well look 21 Thasa firgl, then
consider pome Tuihed poss blites that am peceliar 1o
asymmelrical cars.

IFig 1A shirws 2 car comesring 1o he right, similar do
the: Last excample we presenisd iv Pail 1. Here, & bour
Dy e geraling £entripetal comering o, shimm
as a single action forca Fg. The cesrilugal nertia
reRciion Fy acis af the cerre of graily helght Hyy, The
Couple generaies @ BSwand ol momsnt Fp_'Hm.

This moment acts throwgh B pespension and
byres, and finaly shows up 38 A kead change al the
car's. oaly paints of Support = the tyme doatprinis Fop
represends the addilionsl force exaried By the road
Earlas Aphinad the two cutside fyres. Fp b i ageal
and opposity decrease in supporl lom against the bwo
ingide tyrés. Fop and Fip form @ couple aqual 2ad
oppasite o the roll coupke. TS iupls mament am

i e car's Irack widih T

IRerefiore, the mapnitude of Fag is: Fy (Hege/T)

Fig 18 shiws Ihé Same eximple, with gravitatianal
fances added, Gravity exens 3 dowireand weght fane
W a1 the 06, Tha right and e wheel pairs bear squal
ard opgosile seppd fones =5 fom B oad.

{Upveard forces are assigned a positive sige, per
SHE convention, Thi eames feam aeronaslical
engiteering — |t B2ing positee, For mathematical
madalling and eompuler simulation, sign
conventions are crucial, For our lass Tofmal
discusgion, it ahould be sullicient to know Gur
farces’ magnitudes and dirgctions, |

ViTean g and Fwa'ts'_rmu:lwlh Wi, we et our
wheel pair lnadings while cornerisg. Mobe thal
mbingd kadng sl 1otals W, Bat the night and left
wheed pairs no longar bear 'W equally. Consaguenily,
wE SOmElimas speak of cur koading change dug
omering x5 “weighi irarcder’

Theé Lroubde with this term i5 Ehat, In casugl
conyersalion, “weiphl” and “mass’ are wied
isberchangaibly. Many infarmally tralesd people e
under the imgression thal waight bransier resulis
Iram movemant of the GG as the car radls. &
Amprican dinl iekek racing, & majarity of racers =
including some very successhil omes - will tall yow,
“Wou Fave te lel the car foll in 1he tums o it will
trarsler weight and make side bite.”

In raaliy, ol has only 3 shight influence on weight
trangder, Aol does mowe the G oubwand, Bel usually
less than an imch On & rasécan the déerercs in e

wheel pair lead reduction, or cutside pair load
betweer 2 really 508 Selup iad 2 nealy 368 oo 8 1
the s wisghl of k52 Even an ‘acive’ suspersion
programmis] 0 roll ireded IRanalies almod? B
ked 10 the putside wheel pair 25 2 comantionsl ae

CG mewament ¢an astume much g
aigrificancs in ucks and butes. Tha worst cinss
lank frucks, dry bulk Boppars, lvestsck (nacks
wehities where the Gigo can shift or ok

Nob only does 3 cars GG move a it n
30 do the tyre baatprints, The fme sde walls Jlox
conlact patch 10 Shift owand the ingide of th
redalive B Bhe wheed rim, In addtion. the |
“load cantroal’ ~ the point where the supper o
e corsidered to acl = uswally moees suteand fom
BooApdinl’s peomebne centre. M of thess eHegls
real, and all of them amect whisl aSng.

Bul mal 4 bad. In cars, o Sese movemels g
small thal we Iogs caly 3 Kite accurssy by i
[y abieesher. The origin of a car's major whesl
changes 1 hongontal acceleraton e in the
and momants dissusted above Thal s why W
belaboured owr gclanaton of thess 3 Sech knglh

Nole thet onky thres things significantly tisd
todal amgunt of kad transier: R i o e
generate, how high the GG is, and how Faer aoan
wheels are. The cuspension's (gl roll e
haréhy maers al ail.

Howawai, (he combindittee roll resislarce of B
Iront and rear whedd pairs matiers mightly = sl
lerevs &1 tobad load Lraaslér, buf in terms of By
disiritution. This roll resktance relabionshi govess
whal portion of e kebil load transfer & alocxisl B
gach end ol the car

The hasic rule is that e Stitter end gets tha gl
Inad transier. Load 1ransfer af the falbar esd B
cafrespondingly reduced. This increases comenng
power 3l T sofar and, and reduces OOMirng powe
al the s [T énd.

Whal we ane conirelling with (his ol iedisiasce
malance i oul dynamic wedge. If the Iront Bas mom
1l resistance [ha this fead, the o widges Reel msn
A% M esrners harder. 1§ the rear has mode aoll
piglance, the car de-medges Msell in resporse B
corngring foece. (Racall that we have defined pesithe
wedpe 23 gremar inside - not necessarily keft =
pganceatage at e near than at tha Tronl. Thenrlong
thess renarks asply bor both right and left tems). Our
'h'l'll'm: WENQE CUANGEE arg SUMIrIRQOad pon, o
Bdded 1o, any stalic wadpe the ¢ may have.
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) -':1' T
E
Inside whoel pair F Cralned action krvel) Outside wheel pairf]
load decraanes . N load decneases

Lk Origin of bosd iransifer in cormering: the centripetalcentrifugal force couple and Bhe
lnad change couple thel counterbalances it

sam of Bhe borivontal forces is zevo: Fg + Fjy = O

sam of the vertical lorces is 1oro; Fip s Fop = 0

sam of B meomeonts Is zeror Fp Hpg + Fgee T O
magritudes. opposing momonts are equall Fig & Hpg = Faax T

traniler dopends on tyre force, CG hoight and track width: Fip = F x (Mos)

of Roll Resistance
Ehems ek ol by 1ar Badic clisses of
Thesa are e indesdual whesl springs,
e tpringing devices such ag anti-oll
Racecar VTN, the dampers, and the
JENTETy

wheel spiings and anti-roll bars bath
it & position-sers e manner. We egeess
i Iha whesd rale in ool This e [in
Per iach, or Newions per millissbie) may be
caasiank through the range of whed b,
ary with whied pocsition. [ may be the same
B and le!t wheels, or nok It is saldosm
frsel and sear, althosgh it can Ba.

Sorfenyg |Constand spaed, Sonsiast
B o assumes & rell potitiea, and holds it
il el wiesd pairs absord the lieeal lnad
B prepartion 5o the cambined wheel rale in
pir possestes. In barms of load irasier

Vel # Mo 4 |

1E: The same example as Fig 14, with gravilsticnsl etlects sdded
ol the vertical forces ls zero: -Hiﬂ"htF-.'l-l."h-l'w}-ﬂ.
mnmhm.m“nmmmmﬁ.

slocation, i dossaT maier how much rabe the insiss
o outside member of the whasl pair has - onky what
their combined raie is

To Bl g B3 digcuss stifiness distrilulion ssues,
a litle additional samminodogy comes in handy, Cars o
wheal pairs can be described a5 night-stifl or left-saf,
Ies b5 o Dogtsace-s 6T (rekathos 10 2 fum), noni-still
o Fead-2Ai. Or we may describe & righi-st# car a5 lefs:
S0 inslead. The i i oofckely In comsey how B
SETTESLES N 2 syshies compane with &ach other

As noled in Pam 1, 3 cr cani b diagonaly 5T &
o = dagoraly S0 1R s fghl-< 3 one end and
Il =51 al the oiher. N i also diagonaly S18 if it i -
5l or rghl-stifl al ene and only, of # it i$ right=siH or
lef-500T o Boin ends, bel unequally so

A s nof diagonally Sill il and ooy i) & has the
=ame combingd wheel rate on both diagonl whesl
pairs. A car b5 oot righi-shiil o left-stiff if (and eniy if)
the right e ledt wheel pairs hewe equad combined

whes| raies. Simillaly, 2 car i eof froet-428 or mear
St o (and only () the Front and rear wheel pairs have
ogual combined wrheel ranes.

Fig 2 igsSiatas some possibiites

A5 explained in Aacecar WTN7 and YN8, 2 low-
wheel chasss has low medes of spsponsion mobios,
amd i mey hawe dilfgrent wheal rases in ditdgrent
meodes. Corsaquantly, a car may bave ditierng righe-
Hifiness, tron-siFness and dagonal stifiness in ml,
[prich, heave and waip.

For exarple, 3 tpical Tranl-sngme, rear-drive car
willy independiend frenl Sawspension, a 'Wee" ok near
supinsion, and 3 taily 1 anti-nell bar @1 the bord 5
snaly sprung Moed-S8T in roll and wanp, el rear-tM
in pabch and heave, for roadgoing 2pplication, & will
nod prcinanily Ba righl-still, keftstitl, or dagonally s
in &y made

Bampeds [shock absoebers) sl producs rall-
resssting forces. Damping frce is weally not poasion-
sensilive, although ol is possible to make i oo,
Primaridy, damping Toma is whesl-velocity sensithe, &
damper only pansrales damrping force wher ite shah i
in mation. Thenson ow dampers add mil resistanca
caky whan e car Bk @ rell vekocRy

When the car Is hokding a lixed roll angla, iha
damping lorees do nat ixfluence dynamic wedge
ekanges (excepl ihise caised by burmgsh Whes e
car & 1alling righterand, the estznsion (of recund)
farces of the le#l campers and the comprassion (or
‘reunca’p bercas of the right dampers contribute roll
resistance, Gomnrsedy, when the car b5 rollieg el he
leli-zide compression and sight-side exlension
peopirties ang viad coml.

Tha relatianship bebwoen & damper's shaft dpre
and its shall walotity dapends oa (85 valving. The
foreatvelaeity relationghip &1 the wheel depends
additicnally wpos the wheal to damper shadt
mirlion Fatis

The damper properte: tat mainky cacem us 5 3
ol resistance distribulon tacior are the ‘low-spesd”
damping ces. AT 3 rube of thumd, el means shah
apeed of 2 inches per secend of less. O course, this k
a lairy pbitiary divideg ling. and tha whesl:shath
matios ratlo nfuences tha wheel welotity tn which &
Zin'sex shafl movement will equate

With muos| dampers, il b the bleed properties than
deteiming (he low-speed forpas. A blewd is a dlpig
restriction which is efied externally adjsstabile, bul
dons 0ol open o chose by Nad pressufe, excenl that i
My InCorpoiate & lightly sprang chech valve 10 make il
fusction in cosgression of eeiension oely. Il a danper
Bas no bleeds. its intermadiate-speed valas will
conirol its low-Spesd behandaur,

Flg 3 shows Tarcatelocisy cures 1oe limear,
progressie, and digresshes damping. Actual dampers
may have complix diecsivilocity relationsbips yiakfing
progressiee, digressh and roughly Imsar properties
25 welocy waries.

The mose progressive 3 damger is, 1B moss
sensitren if 15 fo mlon ralo. A lnear dampar cheys an
‘ireersa squang” e H s shalt sdves 05 dor Yin ol
whissl mavemenl, f & 2 quarier as siitl 5t B whael 15
it wiould be i acied 11, A digredsiee damper acting
&1 5 mone than 3 quarter as sidf. A pofetani-rate
spring follows the ivverse squiee e, Be same 25 a
linear dampar. With complex Toma’wodily properties,
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Rigght-stitf, 0
trand-gtiff, andd
dingonaly siifl

-1l

H00 250

Diagonally stiffill
only

- ghifl

glill or near-510l springing, the sietic pich (or
rake} will change.

Hang of fese efects will be huga, and the
latger ten should not create Signilican wedge
chinge. Mevertheloss, wedge variatios with
bemperaiura is & possibility to e considersd
when diagnasing, cr corraciing, asymmeinical
satups Thai demand ‘chasieg” as the race o
Session procads

Finally, suspentics systams procesce mll
resistance (hrowgh thair ﬂb!-l'l'!h':.‘. Geametris
foll fesEIaGe nedulls Trom lateral mewemant ol
the feolprinls dering oppositionsl mation of
fight and 1l wheels {that is. doting ol or
warg). |f Ehe: Tooiprinds mave Straight up and
doen, peometric roll resistance i absant. Il the
foolprints move oulboard on the compressing
txle, hé fwtpansion gensrates anbi-toll fomes
The grealer this laizeal motion, the preales the
penmetic roll resstance,

Many redders will kive $edn Ehis issue
Agdressed in terms of ol canirg Reighl. Wy
will have e SEQrAMS Such & Ihose nl-"il LR
The front asd rear whesl pairs 2ach have a el
cEning. A ling cosfecling these two painis is
called the moll axis. The sprang miss is thougin
o B8 rolating about this acs when il rolle
during comering

Thiz model & not 2 perfect mpresentation of
acteal car behavicwr, especially wilth
indepeandint Suspension. Howsrese, il i useful 1z
a simplided approcimation. Geomeiny that yields
& Wigh nall centre irrariably produces: large
lteral dpotprint mevement |lxleral scrub) im
Sugpension ol and waep, Latiral sonel aid fol
cening heighi Bre ingsTricably linked.

Lateral scouly creates ‘lacking forces”. On
an oulside wheel, ouledand scred in sespension
compression Porges the 1oodpsinl o move
Apainst phneding force in onder for the car %0
moil. Consequently, cormering lone indaces &n
v jacking force, apposing suspansion
compresion (56 Fig SA)

On an inside wheel, inward gcrub in
fuspension astansion alen decpes the Ssotprini
i miord Bjanst comening foece or mil #2 oo
A5 Oon an oUiside wheal, & @eking Bonce ridulls -

Fig. 2: A Vocahulary for describing suspension stiffness relationships, The sumbers represent

wheel rates in poundiinch,

P slus position-sensitive molion ratios, we can g8t S0

inlengsting eHects!

Pressurived damgars not ooty damp, bl sles &)
3 A dpining device. Usualy, B fAud S pressurised
by @ gas (nommally nitrogeny, and we speak of & gad
gpring effect in thess wwis. Athough gas spring fonces
ongingss in ihe darmgsr, ey am nol damping lonces,
bl auniliary spring doeces. They se positionr-sengitive,
not vebacity-sansilive. They do alfect slesdy-siate
CoEring.

38 Eprings 408 nging-rale springing devices. The
smmaller 1he gas volume, 1he more pronounced the
nising-rate effecl becmmes,

Gag spring forces aupsesd isdhideal whesl spring
forces. The sefler the whee spring, ihe gresier iha
retithee Imporiance of e g38 spring lome,

Gas springs are lemperature-sansitive. &% & gg-
pressurised damper heals up, e Sespenskn’s whesl
et and ride Besght increase 3 Hibe. Again, b= sofer
1he oher Speings in the system, the grealer the relative
nlusnce ol the gas spring,

In 3 car with giagonally shif speinging. hamdoas.
i 3piing temperaturg-sensitivity can prodece some
varation in Siem: wedpe a5 e car mung, ad 38 fa
wiither changes Wit kg4 o righl-still springing,
the static roll {or 1) position will change. With Troet-

ihis time downward, oppasing exdenaion (e
Fig 58),

Mate that this is the same phanomsancn 25 n
Fig 5A = jumsi kaciowards.

If the upward and dowmsand jacking boaces
wirn 4qual, mll resistance would oocur, and
overall ride height changs would not. That would imaks
the ‘roll caning’ maded pretty acturale. Howrmer, tha
ugrward jackisg Torce on the oulside whesl i€ a gosd
daal prealer Than e dowimednd cné on the ingide. How
aach gréatar the ypeand force will be deapasds on how
Ul ihe laeral iaces i the tyres am. This, ba bum,
dapends on how wnaqually They afe loaoed. 11 aks
depends of hive usegeal their siip angles are. i M
wilieel pair &5 Boed-in, the cutsade slip anglke i preate,
and upreard acking & greater, Ban i the whes! pair
Wi Doead-ousl

The highar 1he roll centre, the greaser e ae
upward facking, This efact neguines us o nse kow ol
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Shalt speed  —»

PROGRESSIVE

LIMEAR

Shall apesd —

Zhall spepd  —
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Fig 3: Basde damper cdharacberislbes.

cEnlie gaamelry in an
indapandan] FUSpaRsa,
Wikre cliss fules requine
F] aigksroll-caning
Swbparion a1 ona end of
i car, &% at the rear ol 3
Foamuld 'WeE, we can
minamise ureand jacking
By mmimgrg whesl rle
n nadl at that end al the
car

Sirmilar Tomzs el in
e aodiess, but the axle's
Pegidity prevamls (hem
{rom lifting the car - a1
lemst. up 10 1he poin o
irside whsel Iitt. Wieh a
bagm &xls, we GER
usually use a2 much
highsar roll cesira, and
oblalm mach grealer
peamelric noll nasitiasos,
than with indepandea
P ian. i wa
create just as much
lateral dotpedind SEfub in
suenensbon ol and warp
ac we would wilh
comparably yolrasistise
e pEnde i getrieln.

Kel upward and
SomTwarg |achong caa
QCCUr with beam anles.,
and it can affed) dynasric
waldgpe. We will lake
these matters up in Part
4

Reluming 1o the

Roll Centrg

F
Roll Dentnue

-

Fig.4: Roll centre locations. for typlcal independent and Beam axle suspenzions.
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examphé of 3 Braftional réar-drive road car with bee-
Foly FRET ELEPANGIDN, tCh L3 peneraly e Iraal rall
céntres near graund ke, and near moll cendres near
mil haight. Thesalnme, aRhougs ter ypothebcal £ i
front-cfill in its springing, @ will be nkar-chiff geamet-
ricalli 50 s fotal ol reststance wil b mare evanly
appartioted 1hkin we I'I"l]h'. suppots il we boaked at s
SpFinGing of RS geomedry Blond.

Effects of Roll Resistance

&l ol resiflance, ng mater what s ongin, aMecls
wheal loads In BCcordance wilk the Same (e
tundamental laws

Tolal wehichs fol resistance has only 3 shp™ efacl
o lotal vehicls inad Rramsder,

Fromi and saar load teansfar are dirﬂﬂlh‘
proportional (o fotal Brond and total rear mll resistarce,

Thesa kaws apoly mot only 50 e bour wiel Ssunces
ol roll resistance, bul also B ungrihodoe devices and
shrategins swch a8 Tick’ sping maunts, disponal U-
bars. hydraulic imlgeconnectsons, “zerg-d@roog’
SuLpension, Sapeiimposed suspansions craaling
Imward roll, angl computansad "acire’ suspansion. All
roll resistines acis thaowgh the beres. And tyres da not
kenipey wehrg Thear loadings come Trom,

A Constant-Speed Corner

Tao Musirsle horw the Bt we e hean distussing
influenca 3 car, |ed wsconsider a simplilied corsing
[t e R

Thea Car Sfaars i, proceads on B cofsisel-radie
path for 3 while, hen eof$ onlg a3 siighlaway. 2l at
consiart spesd. The mandeuye has Dansien phasas
during entry and edl, separaied by a sleady-5tale phase

Thea dampar kre-pesd geoparties allecl whes! loads:
galy during the irangient phases. The geomedic ang
spring-ereed roll resisiance have B infleence thal
builds, holds. Ehen refurns ho mero, with comering
fofes. The predter e carnenng fome, The greatr the
dynamic wedige change, due 10 non-damper roll
regiatandy niquality.

Sxatic wedpe. by contrask. |5 tolally independond
ol cormarning borca. AR noted @ Part 1, asymmetrical
rgad racing seiups do nol nommaly incorporale static
wid (i | Eiapliens fdy Sotur n ik ade cirs - mdne
on bhis in Parl 4}, Howewer, static wadpe B basic to
il ek Slup.

Wadpe ‘Tghters’ a car, or makes [| mone ncined
i ‘undersbeer’. Thal i, wedpe hurts frmnt wheed pair
comarinegy grip. and helps rear pair Comening grip,
du B3 tyre losdl Seasativity, Comersely, de-wedging a
Car makes 0 CIo0sET. oF inClinad B0 "ovansiear. A car
wilh agual earmanng 9fip 51 Hoth et (proponicaal
ber The weight distribution) is said to be "frea’, of
‘newiral’. WMany readers will already understasd
[hese conCepls.

The tyres o nol know, at a parlicutar instant, how
misch o 102 cars wedge af ikal Estenl is S1alc
wiedige. and bow much 1% due 1o dynamic medpe
changs. Tha byied ire govained by tha sum ol the o
eflects. By conlralling how fotal dynamic wedge
wifiEE wWilh Condiliom, wo e ot viralions in
randling balance.

To epeaké o handbng balasss wirtilion, we desd &
lithe moee berminology. M a car bends to undershesr
FORE 35 Orip deiareeies, we may sy (he car goes
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Peasultant weciond
sum ol codmesding loncel
and jacking loro

- b
/ Lin AB in Fig.40
Casn|riperail] perpendcular el
carmering loecel [pond A el paih
from thes byre

Fig 5A: Owigin ol geametric roll resistamce in upward jacking force on an sutsids whesl,

Fig. 581 Origin of geomatric roll resistance in downard jscking force on an

indide wheal,

tight om shck’, We may w0 speak of a car's fransient
fanding as ‘locse’ or “Hght” on entry er sl

1w have & light-on-lick candiior, we can
Epiove e car by creabng & 2&lup thal produces
Igs wRiDE Whah Lorfeing forces are modest, with a
gredler wedQe gan & connanng lome intreases, To
okiain Ihis, we wioeld decreass stalic wedge, and
make the overall mol resistance distribulion more
froni=qitl.

For 3 bross-on-shck car, wa &a the opposite; more
#Blic wadge, with a more rearshH 1ol Fesistance
distriution,

T lpoen the car on entry and Lighten @ on et
wE can maky thi low-speed damping more rear-shilt.
Frant-sif low speed damping yieh#s (ke opposite
effect: Eighier enbry, lomeed eil. These approaches an
efactive of all cars = even road or off-road care

On an oval-Brack car, there are furthar
possibilities. To chanpe eniry behawsir only, we can
wary ow-speed exfanmion ioete distnhulion on the a8
wheels. To change il bebawiour only, we can adust
g autersion fances andior lef compession fnmas.

Lom-speed loroe distribuiion 2o afects car
Beaaraiow over mid-luin heave dsturbarces = hamps
andl dips than load and unbead all 1w whesks 3 once.
Muosi ofign, it i ihe tiswes when the fyres unioed thal
trouble s, {n these occasions, all four wheels will be
maving in exbansion. Thase with the stiftest low-
ipeed Eviengion damging will usload B mos if the

48

rears am s, the car oes losse momentarly. i the
fronits. ae siiff, i s Hght.

On a car that poas Both ways, we will normally
pRjust boi® dionls or bath rears i ogeison, On an oval
Irack, we do not macessanly Rive b do il This way,

Suppase, for eample, 163t an eval brack car
momentandy goes loose &2 il unlsads coming off a
banked fwrn. We could stillan the low-speed
exiension |ust on e leT ineal Mol anly wil the frent
wheeis colietively unisad mone dusing &xdengion, 1he
can will MOmEntarily piin wedge % wel,

Load Transfer in

Longitudinal Acceleration
We Parve Dewn considening a simpfied case in which
the gar neither beses nor gaing spesd: longiludinal
aceElpration is absent. The total fegnt and reas
percentages do not chaags, ¥thaugh (he front and
rea parcendapes an each side of the car may change.
We noled Bhal, in This siheation, it doss nol mater
whether tha car i rghi-stiff or lef-5til, only whethar
il is dreet-stitl or raar-stin. Belore meving on, we
mighii B84 Bl tarieging the ar ingide-sil can &
roadholding. because it allows us ta spring the
Feavily Woaned outside whesls soffar. That will allew
e oulside wheels 10 Tollew bamaos betler, The inside
wheets will be hurt in 1his regard, asseming we
maistain the same fofal sifnass, bul the gain on the
calisde wiaels will erceed the kss on iha inside

o5, (bwioushy Bés matters, bl ned is barmes of
1rardfar disirigsation,

It thiy Car 15 insice-heavy (in olber wonds, |
mode BN S0% sEatc inside weight). [hat sk o
counering by compensaling lof el kad trans
will W50 allow ws lo distribule il resisiznce
waqually, it dasind, withoul encoastering I
wisdal B ol on the sHE end of the cal
imside-hegrvingss Bas ng direct effect on ioad b
distrilulion, and & has Ml direct efesl on
halanga. whem leagitudinal acceleration is pem.

In the real world, ragecars do nol de
COrnering Bt cosslant spaed. We may e
constam-spesd comeving arsund ®ed-tum o8
amd in rod racing on ‘Type 3° turng = oo
immediately proceded and followed by other
Hut gensealy. the way 1o get quick lap-Sme &
eal-brake’ inty 3 fum, dacreasing biking e
adding cornering fonce. Thes dogs sof progecs @
E251 corner Bimes, Bl il impeaves entry and
spesd. Theieby improviag straightawey tmes
overall lagelims,

deciute the car will be enlering furms
accelerating rearward, aad antiling them
BLCElRrANG Barward, N 15 wital B0 usdesstesd
Inrﬁhrammmﬂﬂmhﬂnm g
Ietelaration. Forlunately, Thes reed not Be s
The princsples involeed are wery similar i @
powerning lateral accasaration,

Flg 6BA shews a lorward pitch couple craaiad
fedraard tyve borce, a5 in braking, We =ighl sele
twee drag whils caenering. and engine braidng B
trail the fhrotile, will craafe somé redns
acceleration without acteal Brake agolicatian Fo
aeceleration only comes from anging pawer. (Bn
can produce lonpiludisal accelzrabons. on hits
i do not produce mech load Wrafdsier o
change. Dvarcoming gravity with e brakes of
throtke can generale signilicant wedgs changes.

Fig &B shows the same exampla,
gravitesional etects sided {Essuming a lavel road),

The similarity behween these diagrars asd fig
and Fig 18 shauld be obvious. 'We really ars log
at b sama thing, lurmed S0deg.

A5 with lalaryl secederation, 1otal load I
depands entirely on Bow much force 198 I
generate, hive high ihe O3 is, and how far apart
whaeks are. For longitudinal accelaration, B
sepaaban of imgrest i whisl bace leagth ralter
wrack width, The GG height is the sime,
SO TRIF SUSPENSIING AN rakse i an ingh oo
under pawér or lgwer il in braking. The b
shupamy i equal in Dt examples, However, § car
peserally brake with moee Soica (han it will o
png will geserabe considerably smallen loes
larward acceleration

Although lolal kead ransfer depengs o the
facters above, the seapession debarmines bow
load Tramsler it apportioned behesen Tha right and
whetl pairs, The ruls i Bal whael pair load bs
is allocuied in proportion to whiesl pid pis
resistasce. This is dieectly asakoqout o the way
and eear roll resistance apportion Gieral lad

Pilch resistanca, like foll pesistance, comes
individugl wheel Springs, Inlerconsaetie 5
devices, damping, and Suspandion geomstry,

[ Vol 9 Na 4§




Fa Inertial reactiond
o

ol

A% & general rube, road-racing cars will have
Wenbical wheal riles on Both sidas. Howeavar, il we
Ialas & fosd-racing car 1o get mone tham S0% static
ingide welght for the dominant cormering direction,
®E may wanl bo eS8 proporlionately higher wheel
rales on the heevier side. This will maEstain Similar
sprusg mass naturdl eeguancies on both sides of
th gar,

Owal-track cars b Almast abways right=stit or
left-stifi, Cars renning on steep bankinge are alten
right-still. The combination of downward
fcompressive] heave and rightward ol produces
large compiadsion movamant on 1hg fght whals
Shff carings arg used fo keep this movement withis
Iivealle bounds. On the kel e, e allesls of nght
poll and doverreaed hedve are subfractiee, Usually, the
suspension edends bart the mowesni is relitbely
werall. With s0H springs, the mosement wall be Buger,
tut not dramatically. Therelore, i1 B logical 10 use
ol SpAngS on he L senphy becauss we can,

Mode 1hat ihis Mogic conbridicts 1R pravious
argumeant in Tawour o inside-slift springeg. whach
males senss everywhire poep! $eep hankings. Tha
pioar it that there may ba reasons for using right-18
o balt s springing which may Bdve Salling 1o do
wilhi bedd Bradider allecalian, Newarihebess, puch
springing always creates wedge changes in
IzngRudingl wcelaration

I Wk springing is Inside-sifd, the inside whoels
expariense mon el changs Than T Dutsids DNeE
In rearwand Bocalirabon, this de-wedges the car. In
florsard acceleration, @ waedpas the car
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Top Fig GA: Losd transier in braking.

Frp Fs Combined action forge0 Frr _
Front wheel pai from tyres | IFI&var_wheﬂ pairl
load lru:reaseg L oad increase
Fa
+ | & +
ﬂ.—
Fa o
1':" - FF'P‘ Ii:'r + FF'F‘

Tha surm af e horirental lorces is zero Fy o« Fg e 0

The sum of the vertical forces is geres Fpp + Fgp =0

The sum of the momenls is 2era! Fg* Heg = Frp = L= 0

The mssgnitudes of oppesing mements aro equal: Fig s Heg s Fgp s L

Load transfer deperds on tyre force, CO height and wheelbase: Py, = Fy x (sl

Fig GH:; The swsme sxsmple as Fig GA. with gravitational effects added. The sum of the
wartieal lorces ks peros - W e ™ o Frpl o (M o Fyph = 0

Thidefore, naide-chif springing leasens entry ard
Hightens exil. Oubyide-sBil selups do 1he opposite. mone
i deted S{hler of aairy. Beks wndne and loceer on et

Farg-and-all suspension infarconnaclisam are
wCHMmmon in cadng. B Racscar ViME, we described
wiripus warys In which sipch etiects can be achiswed. All
such devices: can canlribute egual of undqea’ amoenls
of whesl rale ab each coener of B chassis, and al of
thern etsentially a2l in hwa modes. They have no athect
in the ciher teo modes. @ they act through &gqusal
rrvlaan ratices o the e conneciad whiaks,

Whin an inlar-conneching device his uidqudl
motion abos at 1S heo éfds, 0 do8s Pave 3 small
allecl in the wo modes which il ctherwse woeld not
inlisence. For acample, Seppode wa hive § fear B
roll B with & shorl keswer anm on the inside whez| and
a long arm on the outside whedl. Such a bar will add
widge whan 1% rear SESpeENsHEn COMpresses
synchronously, and it will Sublract wedge when ihe
el whsssls enlesd gynchronously, Tha tsamer effiect

oeours exiting terng, the latter on eniry.

Congaquently, ouws bar will Bghien #xil a bil, and
loosen aniry & bil, compared with o bar ol identcal
hotal stitfness acting agqualy on bath wheels.

A aEmilar ofiect oCowes n heave = the other mode
Thay Bair noamally weoukd nal mluencd

W will leane @ 10 the mader o ponder the efiects
ol dissimilar motion ralios i vasges oller imer-
cannactive springing dewicas. The key fn
understanding all such efects & o detarming whethes
ihe device makes e car pight-stifl or leti-sid, fong-
shilf or reas-53, in T modes Mal sk ¥ Hlay W 1
SlLchiinn W e Mook Al

&5 noled @i, a dagonally S8 car pains and
loEnes wesdge oy e 1L ekairs o wndge OF db-wnde
in kagRidenal pr lzteral acceleration, Bust it does roll &
litthe &% it gitches in Magiludng scceleralion. and it
does pitch 3 1599 a5 & rolls i Bieral accekeration. This
% bometimis called “disgoral rell of ‘degonal jHich’,

A Tene-s08 o rear-stitl car pilches a5 B Beaves &
car whose Sliffredses aie progociondl bo its stabc

weight disteibution, frontiear and leRimght, Repves ‘-



INSIGHT

P wthost roll of pilek. Hone of these eflects wedge o

de-wedgpe the car, (Thise saiements mssume pero
hosizonisd pecaleratisn. )

When large amourks of rall, pileh, and haae
our & oncs - wewally with a bit of warp a5 well
o o two corners of the car say pew desmatically
graled whial Sivamenl han the rest Elscironic
data-acquisitian can be espacially halghul in
masufing such elfects, In thise cases, sprieg and
dampes chanpes on ihe whees moving the mest wil
Nave the gréatest effect on wheel load destribution.

In pure rearward accelaration, rear damper
exiengion and noek damgser COmprEssion an mrodved
a5 we add oearwend tyre lorce, and the car piches
forveard. As we get ofl ®w brakss, ihe cb acquine a
rearward pitch velocity, diminkshing Ms forward-
pitched pesition. How the rpad dampeds aie maving
i grtersion, disinishing ther compressed posiion,
The rear dampers ard maoving in cosprasgion,
deminiheng their éxandad poddon,

VWhat is a1 issam here i nol The cars sooelesation,
s i true doF Springs. But i accelration chamge
isamelimes called ‘jerk’). We add rearward
ACcEleEEcn — 1hén we réduce £, These two disanct
phases Boih ocour guring commed eniny. The 1irs!
phase may eclually be complete bedose The car sladis
f=ning, o it may nol.

When we are adding braking forgs, the car gaiss
wadge If front compratsion and rear exdension amg
auiside-£1ilf. It loses wedge # thage are inside-stif.
When we are reducing brakieg foece, the car gaing
wedge if front extension aad rear comprestion are
insioa-shiT. It loses wadge if 1Rese an catside.stil

Since Jampers oQpOsE BNy EURpESSIONn Enolian,
they Cfemle 3 lap betwaen stabidsation of whicle
acceizration and SIaSat0n of Sucpendinn pesiion
The cir i &2ill ganing loreard pilch position for
while aties braking lorce hes maximied and il also
refuins g B original pitch positon slightly aker
braking foree has peroed. This mamers, becauss the
dampers are making lorce as lang as they ane
moing,

The scMeér 5 dampers, and e prmpoiher the

driwer's style, the less ihe dampers aflact comer
EniFy. The Stifer the dampers. and B more sbrugt
he dreaing shyle, tha preaber (ke inflsence of the
ampars,
In racing, lorwand ctaleration beging while the
il IS comening, ncizases sieagdy through the antie
conner exin, then falis off gradually whille the car is
rnuaning sirgighi, This means thal the direction of
pitzh mpdisn an bl 5 the Ssame as dering the last
phse of brakng: marwand

Corespondingly, ihe rals of B damgars s ery
similar. i Irook gxtansion and resr compression an
nside-sEM ihe car gaing wedge. If these s oatsie-
Slill, it hoses wedpe. Again. ihe alfect is greatest with
it dampers & iEcupd driving

T foregoing CoMMErts assume Thal B Irack s
lairky iz, and that Suspensicn peomalry and oihar
tachors allow signilicast swspension movement 3 all
louf cornars. Sleep bankings can chamge whaal
mohans coatderably. This makes some wheels
cigpeoporiioadtely imponant. On eniry, outyige Troak
COMEEEssiEn damping ciunis most. On odt, oulside
trodni exlension counts mest,

SUSpANTOn GROMEDTy Qanérabes pilch resistance
in essentially the same way thal il generares noil
masislance: by prodecing upward and downwarnd
jpcikmng lorce. A tull geplanalion of thasa efacts would
ko B Good article by itsel, bul we can addiess ihe
iasics bare,

Froml wheel wpward jacking in braking is
commaonty called ‘Eedi-dive’. With sotbaard Brakas,
anfi-dive it attociated with casler gain andior
forwand hub moemest in suspantion Somprassion,
We may think of 1hese as producing nulBnsrd
{lorvand] scrud with 2 locked whed This i Srectly
anslogaus 10 outered la%eral soub wilh Compression
o0 an puitside wheal duriag corneériag. It induces an
upwind jacking force i gxackly the sama way: il
comgaly the Beatgein 10 mows against the neanequd
tyre force for pitch o ooeur,

Similarly, tha rear wheels can produce a
dhirermaird jacking dom in @ maseer analogeoes 1o an
irgide whael in comering. This is imosm a5 a1,
Anti-lif forces cam be 3o greal that the rear
swipefdion miy sctually compress, and the skina
charssis well Epanencs diremraard i Enteeding ils
farweard pitzh. For theg b work, mear brake dorce mast
be: limitied 90 3 valus waell shoel of whisal Bkup

Rear whel oclogp, combined with severs anti-if.
usually creaias wheel hop. This is especially
troublesome with & live e, becauss this desipn's
large wespung weighl encourages wheel locking on
amy rough patch encoumlered whils hraking.

11 ig possin® for front Suspensions 1o creade
downward jacking force in braking ('pro-dive’ or
“sagative anli-dive'). Rear sespensions can ceale
wpwand jacking ('pro-I8' or “napativa anti-E). Pre-
@ i common on NASCAR Winston Cup cam when
the front suspension &5 comprassed. Pro-lifl i
somelimes saen on Dt Late Models wheee the Braks
calipers are mounded on Thoabars.

Astual jacking lerces depend nod oaly om
geomeiny, But also on Braks bias and wheel loading.
This i arakogous 1o the inlieence That toe and wheel
lgading gsert wpon @cking larces in cornering.

Wilh rear-doive, only the res whesks
force in forward e Forward apcels
Corssquenify, thefe can bé nd from ank-if or
wnder power, The rear suspansion can g
Sulsstantial wpwand jacking lome, called “anies
‘Negative amlk-sgeal’ (of ‘pro-Squal’) i also pos
Posfied 20i-3qual is narmal with live ades, P
squat ks common wesh inoRpEndent NEIr Suspn

In agymmetrical cirs, none of e jacking ey
hare %0 ba the sama on both sides of tha car. &
Poreas resisling pitch condribute be overall
resElancs, just a8 anci-noll jacking forces, form
of total roll resistance. As with roll waRla,
ressstang geinbution s the same &t m
loads no matter whal creates e resksiance.

H 5wy remambaneg, though, thal ackieg
tyre force dependent, while spring aflecis
sEApENEEN position depesdent, and danper
are Sumpengion wiocty dspandant.

Jpckitg fances thal reverse normal Sus
motion, &5 with SEvErs cear angi-W in braking,
the nomeal effects of spring stfiness disinibatig
Jacking forces thad mesely raduce mormal Sus
moson diube the eflects of speing and dampes
Jaciking forcas hat axaggarate normal S
MOS0 donkise The iefluence of springs asd damp

Ingreasing rol of gitch resistante Mom any a8
source dilules the effect of chasges elsswhens fo
wxamphe, s18 apdings dilets the ellsc of acti-nall
changes. & lorsionally flexitde frams dilies
ailacta of 2 ditlerencas in roll, pitch, heave and wam
resistance, A righd siructure, converssly, makes & o
P DssvE b Gk pension changes.

As complex 35 all thasa inbarralasicns®ips
they ara made wp of sisple effects, With engeg
thoughl, they can be gured cut.

Wi Barve inerw evered eMecss Bhal try bo mais He
car roll gnd pitch. and (8eif alecls on I'drdh1
Dalamea through load distribution and byre had
sensitivity, In Fart 3, we will consioer eHscis m=al 5t
aigund the third gk - the werlical one = and dnetly
el yan momenis.

DAMPERS ON A BUMPY SURFACE: A SPECIAL CASE

OUR BISCUSSION of the efecis of dampeis on
whael lad disiribulics in Be main body of this
alicle Totuses on shuations whese the dampans ane
primarily influenced by the car's Borizontal
acceleralions, and by LWnge-scals mad conbours. In
such conditions, damper shaft mofion i
predomiranity e speed.

Whan tha surlace has a lob of 3mall scale
curvaiung = hobss, lemps, paiches, rpgles - this
reughness may become the predomirant cause of
suspension moeement. Spead of this eavement will
wirry bul, o averape, it will be much higher Sen what
vt wouid 5ea oa smooth pavement.

The low-5peed molions are s1ill thara. The
SUSPENSION'S DeNaviour is he som o! &5 Mw-spead
and high-speed components. Aralytcally, we may
SEparabe tha COMEOnEnis.

But — the dampers con 't A s They penerals
force entisdy o (he basis of their shaft velocity at a

particedar ingtant. Thel kw-speed propanies only
makier whan their shal speed really is low.

Thig means that a bumpy surlace largely
obliterates the damper-related load distributisn
eftacts wa womhd oifenwiss see. The Dumps mpossa
whdle new S8l of rules. Despas-related load trashe
5 oo coaviroded Rey Bhe suaiade. nol iha diksar,

Ve oy es dhridmic wedige change ovel  series.
of burmgs H cur dampers heve @ssimis high-spesd
proparties. Dispropartionately stidf high-sposd
mezound dampeng o o whael wil Gaes: thil comar
ol the ear 19 “jack down® on rough patches.
Desproportignataly still high-spesd compression
daenping will make it jack vp, This wil dynamicaly
chaags ihe cars wadge in 1he 25 wiy as il we
s 3 SiTbr reke height ajustment when sehing e
e Car 3 tha shop. The wedge change will grow and
persis! while the sprface is rough, and rluurl-i

whin ihe suifacs ol ul
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