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De Dion suspension uses an axle beam to connect the through half axles with U-joints. A splined section on each
rear wheels together and to control their camber. The half axle allows the axle to change length as the wheels
power is routed from a chassis-mounted center section move.
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Fig. 1.9 Top view of the rear axle on the Vauxhall Omega; the final drive 7 is
screwed firmly to the subframe 1, which also carries the back of the anti-roll bars (in
bearings 6). The entire assembly is held on the body by the specially-designed rubber
bearings 2, 3 and 4. The two outriggers 8 are used to take the inner link bearings, and
the barrel-shaped coil springs sit on the spring seats 9. In order to achieve a flat boot
floor, parts 9 were moved in front of the drive shafts; at 1.5, the ratio isp (wheel to
spring) is relatively high. The shock absorbers 5 are located behind the axle centre, at
Ip = 0.86 the ratio is good. Furthermore, the top view angle also amounts to a = 10°,
the rear view angle to B = -1°20" {Fig. 3.29), the camber with two persons in the vehi-
Cle 10 €y, = -1°40" (and with a permissible axle load 10 ey, = -2°45') and the level of
the body roll centre to hg,, = 100 mm.
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Double wishbone rear suspension exemplified by the 1960. Formula One Cooper. The wishbone links provide both lateral and
Jore-and-aft location; no suspension loads are taken out by the splined drive shafts. An anti-roll bar, housed in the top
transverse chassis member, is connected 1o the lower wishbone
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42 Double transverse link rear suspension, as used on the 1960 Formula Junior Lotus. Lateral location is provided by the two-piece lower

i i jon i j aken out over an extremely wide
/ d the fixed-length drive shaft, and fore-and-aft location is by parallel radm:s' arms. All loads aret : !
b‘;kea:nd 1;£ magnifgude is therefore much reduced. (This drawing is of the original prototype; straight members uelfg use;lv in :he rear

chassis frame on all subsequent examples). A similar layout is used on the 1960 Formula One Lotus and the Lotus Nineteen
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17.5 Front Suspensions
Introduction

Many types of front suspensions have been used over the years. They include various
beam type axles with steering via kingpins at each end of the axle, the parallel trailing
arm type such as the VW, the Morgan sliding pillar type, and the Chevrolet Dubonnet.

In recent history, passenger car designs have come down to basically two types: the
MacPherson Strut and the SLA (Short-Long-Armm). w—— Doubl\e A-ARM
This chapter will deal only with the last two mentioned as these make up the majority of
front suspensions that will be encountered. The other types suffer from either high bend-
ing loads, poor geometry, high friction, or a combination of these problems. The best
way to discuss each type is t0 go through the design process step by step. For each stepa
decision has to be made that is often a compromise. By discussing these decisions, hope-
fully a feeling for the limitations of the design will develop.

Front Suspension Design Issues—General

The first task in designing a front suspension of any type is to establish the packaging pa-
rameters that are fixed, or absolutely cannot be changed for whatever reason (see Figure
T7.17). These should be listed so  that they are not overlooked. The next task is to pack-
Me wheel, tire, brakes, and bearinis. This is done in car'position, SO tl?_tggl_c. }_viglh
has 10 be known. If it is not yet established, it should be made as wide as practical. This
sounds evasive, but there are trade-offs in everything, even things as simple as choosing
the track width. For example, what do the rules allow? What is the predominant race

WkwL )

TiRE,
BRAKES |
REeawbs,
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FORWARD rai

Figure 17.17 Front suspension packaging.

track type on which the car will run? Is top speed, thus low frontal area important? Are
slow-speed tight street circuits of concern? All these issues can affect the decision on the %

basic track width!

Tire size and rim diameter and width must be settled. The specific wheel manufacturer W) \\BE L'S
needs to be known and a cross section of the wheel Is desirable for optimizing the use of

that wheel. Tire sizes are usually limited by the sanctioning body rules. In general, use

all the ure they will let you get away with. Another point is to always design for the lat-

est sizes being developed by the suppliers; this guarantees that the latest compounds and

constructions will fit your car. Remember, the tire is the single most important chassis

component on the car.

The wheel offset is worked out in conjunction with fitting the brake caliper to clear the @ ’Q_o\kﬁs )
inside surface of the wheel. Once the caliper is Tocated, this automatically locates the |
rake rotor. With the rotor location comes the absolute farthest outboard location for the
lower ball joint. Whee]| bearings need to be looked at soon, as ideally they should be lo-
cated such that the tire center is between the two rows of balls or rollers (to minimize }

loads on the bearings).

Now that the lower ball joint cross car boundary (lateral position) has been set, the height |
of the lower ball joint comes next. In production cars it must be above a 5-in. wash rack \k\)

clearance requirement, but on race cars it should be made as low as possible for struc-
tural reasons. Usually there is no rule but some practical considerations such as deflated

tire ground clearance might be in order. If it is totally inside the wheel all it has to do is
clear the wheel and the brake rotor under all travel and load conditions.
D e I

The decision about the kingpin angle in the front view is the next order of business. The *
issues here become scrub radius, spindle length, and kingpin angle. They are interrelated
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and a compromise is needed. If you want a certain scrub radius you now have two points

established, i.e., the lower ball joint and the ground contact point of the kingpin (set by

the scrub radius)—the kingpin angle becomes fixed automatically. If you want a certain

kingpin angle then the scrub radius will not necessarily be what you want. Basically, on ’

fear-wheel-drive cars push the lower ball joint out as far as possible and run a fairly low

kingpin angle, less than 8°, and accept the scrub radius that results. If you are dealing

with a front-wheel-drive car you must minimize the spindle length and have a negative

scrub radius. This may result in a kingpin angle as high as 16°, but you will have to ac-

cept it or find another clever way around it.

Kingpin angle affects the performance of the car when the wheels are steered. One con- S\WOW V)
Cept that should be understood is that the more the kingpin angle the more the car is lifted 4" o
when it is steered. This is one source of steering returnability, the weight of the car re- A VY4 0E (=

turns the steering to center. The amount the car is lifted is also a function of the spindle
length where a longer spindle means more lift.

anglee—[woap WHSSING I8 Text)
The camber of the Avheels when steered is a function of the kingpin angle and the caster
angle. With no kjngpin angle (and no caster angle) there is no camber change with steer
lock. As kingpinkis added (but still no caster) the wheel will “lose” camber with steer
lock, or in other words it will change in a direction giving positive camber on the outside
wheel 60 As caster is added this modifies the effect of kingpin. With positive caster and
no kingpin angle, the wheel gains negative camber on the outside wheel and positive

camber on the inside wheel. Thus caster can add favorable camber angle to the effects of 3 GosD

kingpin angle. In other words, the reason that low kingpin angles are desirable is that
S —e————— . . .
kingpin angle subtracts from the negative camber gain due to caster on the outside wheel.

The decision on a rack location depends on several packaging factors such as engine lo-

cation and orientation, front-wheel drive vs. rear-wheel drive, whether it is to be high- or \rram €
low-mounted, etc. In addition there are performance reasons for choosing the rack loca- S '
tion. First we must assume that every structure is a spring and should be treated as such. Re

As an example the rack mounting stiffness versus the upper or lower control arm mount- Lo m‘&'ﬁd
ing stiffness to the chassis will not necessarily be the same. Therefore, when a comering

force is applied, any difference in the lateral displacement of the ball joints in relation to

the tie rod outer pivot will cause a steer angle. To assure stability it is better to have lat- ?
eral force deflection toe-out (lateral force understeer) rather than toe-in. We can assure MM .
that this happens by the proper location of the rack. If a high-mounted rack is required it eNos on
must be behind wheel center and if it is low-mounted then it must be ahead of wheel cen- DEP

ter as shown by the shaded areas in Figure 17.17. lLoROIN G\

Structural requirements for the suspension design must always be considered when pack-
aging each element of the total system. Control arms that have one leg straight across leke on

from the ball joint are superior in system stiffness to arms that are splayed. Establishing our
O I, e s

SolpecAr §

60 That is, the wheel further from the turn center.
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linkage ratios for the spring, shock, and stabilizer bar as close to 1:1 as possible will pro-
vide more direct load paths thus improving system stiffness while providing a lighter
overall design.

Front Suspension Design Issues—SLA

The Short-Long Arm (SLA) suspension is the choice of designers without question for its
ability to meet desired performance objectives with minimum compromise.

The design starts with the basic package as described above. The details of the track
width, the wheel size, the tire, the brakes, etc., bring about the location available for the
lower ball joint. The upper ball joint is located either via kingpin angle requirements or
by scrub radius requirements. There is a little more freedom with the SLA that is not
available to the strut design and that is the choice of a short knuckle or a tall knuckle.

* The short knuckle means the upper ball joint is located basically within the diameter of . kE o
the wheel. With high offset and large-diameter wheels the kingpin angle can be kept \.\ ou
small (while achieving small spindle lengths and scrub radius) by tucking the upper ball FS ﬁE-
joint into the wheel. CoRS
To reduce the loads on the control arms and other suspension components, it is desirable LF;QM Jﬂ)

to have a long kingpin length, that is, separate the upper and lower ball joints as much as

possible. Depending on details of the installation, the short knuckle may yield less than

optimum kingpin length. The other alternative is the tall knuckle where the upper ball L"LE -\-&«-a
joint is above the tire. In the tall knuckle design the ball joints naturally have a very qq Q,A,hA
large span and thus reduce reaction loads. This option also allows reasonable kingpin AR

angles while achieving desired spindle length and scrub radius. Another advantage for
the tall knuckle is that build errors will result in smaller geometry errors than with short
knuckle designs. Some negatives to the tall knuckle, of course, are the added structural
requirements of the knuckle, and the limitation of never changing tire size or width with-
out widening the track and increasing the spindle length and scrub radius after the design
is completed.

With the upper and lower ball joint locations established, the tie rod outer point should
also be set per the requirements established in Chapter 19 on steering geometry.



%l\" @

/C/;’?oA/‘}' 6;0@16/{7’ ( M/ép//v) CoMS /ﬁERGOLmNS

/M . p
KINGPR O X S
\OUH‘S\PE \ { \ / _— )
< | - / SNOUGH SPRE Fol
ST (RS
1 ° ”7\v W(NG\ &R&
} M [ = Rssy, 'LE-ERSN
: T arm (£ forwon \
wb\\%ﬁev\‘\;\ and K\w\cw)w W\A\'E(ﬂ \.
A
ﬁi&}:‘gxﬂm Nofe. Rolt swarsace.

d% Mﬁd W\a\\ NQ‘&"
e on the e
SCAWS  ARDWMS C—EMMLME, €

%"‘"&‘J A % C. are oul\-@’— O —aAim ?Wd'\“s
Scasb padiu ~ +R~l to wake sme@(\ bat

(ASQG.M WomY some  yolne (Mo\'z«zﬂo

Tor, &WN@ " teel

KNG\DN \NC./\M/Y*"S‘(OQJ — TR\( +o 3@"“ ]OQ+WQQN
: s° CWA \0 |‘(: Pcss%

I\c DOII\'\" T s Ve oE ‘k‘\«\a m\\u—;(
\OE-'- Sure there's e,mou\\e\ R oam O\(QOMNA

it (belows &) for the bo&Q A ‘V\QV‘CL‘MQ“Q—‘L.Q

- —




dawout 2. (omss Witk SU&PE}JSMIJS

FORCE TR Ao}l\/c-./ S H/J/ar— //NG 7‘45 ug/ﬁfc/é}

comstlaction Defalls, RBesasne Linos pu A
look At AN~ SQUAT GéEomefhy .

@/QCE [RACING — FRom rhe TRE GMM‘Z«J)L /94 JLoA
A e chassic  cesin ﬁ@[)ﬁmms. Sonte
/é/eAs ol wEsalts are (Xoodn/ ﬁeme, ceud) a#om
wll be i Fhe Pomewotk. —

Dogbl dsam _pemt Sasp. oo s phi (buw)

amdd CORN AN Avd /dra,/é.'/v —

R Bamp (o) Gnld QolieliN
g e i) £ cctvsny

" P NSSUNE — * A -akms al e
T‘ . ‘ \\o/{\m‘\w& (\NLO&Q& JW‘&AM\Q U&
RN P easied )
/ 6 ' ) F.SP = SP/J.(MJ ‘(oef_e ol
G ——>R Y PMMl {ebce ) andd
—’( | Sy ads ok fJC. c  oF
E ;x | Owkgb S, . u
c W o \:-; = CO‘ME‘Q—N"B RM) [N/;ujm
o W= UarR el Face

E)RCBEP)PQALQ- Q Cow\&,oe_ ‘res el 'LQ-"W\A E W oast

,M Fsp= W /s & ) )
P wigl (7] &)
R = N[% +—CoTe]‘E(%YI (3]

WHSRE ,Q: Qy—Cy (4'3



o
[P
R

OBSME: -~ Role ) L, Ry , Cy
. RolE % ~)  S/en

. STEERN'G TORQUE DUE Tz T Is (GNIRED
(SEE ESNC))

M, \éﬁAMG\ ( E X AMME 7-[.4; SIE Uy ¢

re Py gg_ (sz (%\ F& Cs)

FoRek

e @@zej\ﬁs (6)

AKw & '
%&Po}&e Sl v, &)/-Y\EC_MUKAL TRl (&-\03 , P-13)

“1'.)
OBRSRVE |  Rule j £ ay <y

Ak STESRING ! Top view
YN s as Fe =T foo Folce
S
) i- S Tf we RGO "T‘\T\E
+ Schud ____f("q (- ChsIER. %Q = ,Kmyow
CS@‘ 71‘ i ! mo\(qu\'ta/\ CUV\C\')LM- G;/,L
\“Z’ F ‘;Szt'i\_;___ﬁr\\#' ond <o
ToRQUES  abact e

K\ngk\ oxis , thed:
Fre = fg (57% + T (é\ | <—)>

-

\\\JSYE 'HM’:T Frfc-_ Wl\.\ 0&50 C,\\GMS)O\ +1\o. S\) %&
vaDiior Q) EQ\\'\S(Z_\ %(\5\




UU\M\} Holds ‘H\e Car W 7 ‘&XQW\N@, Fre O\/\CMSS{\S - .
@A_Q Nd‘-ﬁ:\'\m\ -@Qaw\ ?-L} WJT- W \
SPUNG@ Wo QN%S ?ELWBEEL/

= BN

A

w
' Q.
U\}Vk“\/\ A-pams T aloout- \(\OIQ\Z,erAL” 5 \k'\l\c __OV\__.Q::‘
Jeatial  fodces act  vin the < pan JS'

‘H\ow o&)o& | ()um\/\/).ol SUSp. @QQ aae FSAE 7
SPRNG. = \\on—(w’&&

\

SONE. (YL e

R0 i~ c-\ . |
T / .,_\p\uor

— \‘;P“&D\ fzw
n THE  FAD zeﬂxg wWhael ‘?(

TN . u\pmsﬂ-ﬂ' s Sawe o4

o Daee L, with Fp bew
T\\Q ‘fuRce u“)av\ ‘H\Q Po\d\ea;b.j

. Psppwye o Bspran- Now - The RockeR P\Uo“fs

=g Q “hod wp' the e —

e -SQWOQJYWQ W m o sadh <ipi .

Yo wl\ See some f\\u\ﬁrji&ﬂ\
e

— . >R SQU)J\(]F\‘S c%ﬁ\)\m wots

R
\&ZW m AR & ARS,




v :;".\ “_/
PO

ThE  forcEs AL Fhe 7 e Ap Lowee Rzl 'oxﬂ[.s
(R0 spos) ARe  TR&AS millee] Ao FhE  A-hams -

&Ass’&s REM‘\w\f\S
< cHAssts RQ,:w‘(‘*mS

E@uM—toM
NWNAEA S
RE, ((o)

K (BB PB(.SX F <2>
Low A Ao Topn VUlew A= AR
= = — UUPPE:E?OP ViRw

On c{\l Havooad- 3, /hp ﬁ?zf//ked cywwmeu‘v[S
aéamt 7‘//\0 St Lhivess * Confol QMW\S %AML
have ove  leq across Fho b%{w ar-€

gq/)eﬂzé/& /Nﬁﬁlﬁyﬂs 1Ld armSs %GUQQ 50/&&/901

*TAY\F APoVE.  DIRGRANS G\f\ou} ?&Qa\feé A em
W whidh  Both legs  React Yo *F'GAE/AFT

a\vx_& L&M *CO'QC&S ‘\’\'\e Ow\—% ?Wo‘f"

"one l2G The rEA Leg twkes

)
Acﬂbﬁ?u _I_ .
From bl ) oW A\ the |oao -G,Qm '\l_)
ﬁ | | ;nb ;aw\a lons -Fvw\«
R ‘

——‘*"‘ R ? (Bmkws\

TTN %COW-NEIIM '
Fl Yo The FoRwMO Lk
N\k\\\@ S\%—AYE.S ‘§~\\\s \5 .Sc\/ywol_ Y 1S OLJ\\‘ (-QMBEB (N @ﬁbk(rﬂ,

StTipevess !



~ £ . é_Ta'_Af_aé S

 Reschons - 7he %//aw»'VJ__co/V//a;éAlUE the “fiwe
_Axle"  caseE  Awo Fhe  Twoep Rear Sasf)
 _Tcase wt {-\,\ a Crame lly\:o_w\) 'LQ A 4 o

-\ V,j(l-éetemi«l_@._a;s_q_._ge_ogeggfgs.s S/M /%44 7‘6_ .
L the fomt Susp_on //)fzyo_e.s_/—fl cav be used
 to examwe ' Heo  vertial andd caue/a/,‘(/]_g__@/:e;

on mp.avo%o_geﬁ,e . sa¢w5/ad,

Shoow bdaus 4 partel £B Digram o Live

9_\94_\&_&52%1&\ w«+\\ W /)td' ~T‘*OQ%UUQ T
oL  dawve e T < e o

\\ M atewT | SLefT
where Fbg\ue, = E)ﬂ- +F5(_ L o C‘B\

NdTE

2 oneuno
e @Qnrw

‘%5?'%" +DWT M _w't"rrw% }
| 2 =ducro
ACCE AR

2 _ o
j'}\\s sqs\em \s _M_gi’_ IN EQm\lL)mm: [_ . s’%{ » « OWr= NTT;W%;

_ )neep fore /pFT emteal o Voo RiGHT +olesT
7 comteenct R b F . \ 2 )] Due +o T,
N nees Robbon comtro L about > o F¢ R,% fspL_are
~“the axle We to comdsanct Ryht & Ceft ¢ /)@JN_@_
- ToruE  (For* Tyl ) Forces.




s ~ N "
o/
NE

Tt s ()osSnUe;ﬁo/z +\~¢ spkwq *Qé@s, “'0

‘Ddamc-e_lﬂ,\g, \)QA’\ Srowdé reacytom amdd

Ceflects A T
\}Jc\\,\ﬁa BM.L 4o s\ viend and \s\'\ow a

snrv\(s\e e—@‘?eo*\ue WEAUS. cféﬂ P\QGUIAI@J
Mu&é contrls , amQ rreduce  other 1 motms

He Frooe bl shows & ?\:{J’vc\«\ﬂe Cwith

reavr 't'w\\ws Livk SU\&‘PQM&W"\, wikh v ks
Pa%w to jﬁowé (-ﬁom E MSB\ am9.+
S

other

W\ouu'\‘ch on GI‘Q(JQ.‘(S oN ax{e, cand Qti/o
on Qach en (W=verde WY,
‘>}4— LG —>
!O
Jia 1
Lut"-s HG
FDRWE > ‘L
* DMAF

Wi ‘\'\N Rook su& S, ‘(Jt\\s UEWC\E. cAn  WAOVE
\,am*%m\\‘\ amd go’rﬁ’ra duema &cce\ ,,,,‘H@N ) .S

(u'\'s-..d:\‘m &FFec:\-s o mj a»A :‘:(9' oare s\\omy
.,,m,_,_ac&&w\ﬂm 4o WX. stk _\)QR'\'\:«& we\gH'

oD ,,,,euo\‘_\m are ch\cg.\\eé and Not Shwin-

A‘\r\ou"f So‘s QMSldV\ +\\Qfe, was NO ueeé "\'0 lAQNJf\'(

N’J; amd- BUU WDW\D&A“\‘, SINCR +\‘Q weg\\'\'
i)ne was Same o +ha

ﬁo«\.s-ceggeé 4o +\l QQ_C»E-:—_,NQ se bhere.



C we_ wat Yo see how Fave Coks 0 the
. C\m.sS\s \ou\— we'\ wmake a ~Qag4 O{OSQJQVA?&'(@S

O-QOV\:) +'\& wd"\
SR E omX s LaW (ac befer)

DI'W <

v )
S L

BugsBWE— -

Z T - Mg (NB\ + mﬁ U-(a) th (“6\ Iae 0 O\

E)LMMME, AW& Wi ks ser-up:

swes Full(B5) i (L3)- %‘g & (12)
i - SOME TERM_AS EFFECS < 4 amd
" NO S“‘P"@SE 9 , ac¢e\u~a‘('ia\ﬂs

o _,

Mo occues due h +\\E_ wea‘\m -FoRC&.( andl 'l‘op.c(wz M

o~ the  whele st‘\d'cm o
c Ae  will  be PAE&eh\*’ vo walee co\\d-

Suspegl;l'axx ,(s o~ the ve o le

- " SQUAT wplle s V%0 amd/or 54 .

et e s no Soust thew V=0 wld
9 0 aml@ AN (s 'H\Q Sawe ad w-“"\n od" |

. SOSDONSIMN e




NOW TRME. FORES — ExhmwE A FBD o;(f ~\-\~¢ gx\e ,

Q&SSMM\‘_-M,._<_A . AFs — S — S
STANC__SPRING_FORCE DAnwES static

7 WE\GHT We
’I"*P Dt~
i steoouce Lk Foeces | 4R
N _ S a R ~,°,CANCE\_S+Q'\'1’C WT. We
e T  omd the stwtic Spany
WR ~ sBfic JoRCE. ~
wT: « DNF = chmf.oe TN) S()ﬂ“\ﬁ

Force LueSF sawat”
S ar il 6 ACCEERATHIN

SH: B .tP-R=0 (2)
STyt Fae@ - P(b)=0 (4)
()

SFy M= DR =0 — e M s only balmed

]———”“‘" N , ‘0\( AFs . The
a§,\_‘0‘0_. P-‘-@?Oaw SE&uAY SP&\‘NG\ WUST Com S
Wik : .
b R (b2a) Sl b g ks b (16)
L b . wg;r ﬂﬁ Posﬂ'lm ‘o \QQVchOMLQ
e W Troms DNude.
Wt wors the coe?

e SRR

AR Lf—l,——"%-@ L\ S RP=mx=fW (1)
o) / “The prfErevce o Lwk

] ME . FORCES acce,_\W.S '\'S'\l car "
T (The liks betlr be up o ikl
DEFINE The DRivmg TORGUE  ak Q:DMULB(—"Q: . @@
— : | - T radius
Feom (13) WE see G:Dawe QF (R'_P)l' (1a)
“ priv e, “RPQME" a//)/éc[ 0 chassis.




Now TRACE  Forees (DA pi LUDELEMOENT REAR SUNP ! G
M —

- Chassis  ptttdinents RERCT 0
T 0R T ANG TThawe.

L ‘”_,”,’C‘Geaﬁ&ox 'DIFF. uMi‘\'_»__\IX\ow:E@DVoA Q&\,As\‘,s <
p . ‘ -

ey Do ol )

Tm a&&f es ~F Shaer \NQW\‘)' W
Fa A/Y,\\é,_s \‘-f chap lNPV\+

BEMRIN G,
CARQIER

“1)7._&&: :ENDEQ Res SNP' \’SAVL SamME
Forin ft Beins cuapze. which & Fome

vaast e Con SRRaNED by SUSP. MEMRERS,

The UJ\\Qe\/T\RF,/@:EPRtNé CoRRIER. s 1\__39_;_& (R

2%(‘(&&@\&\ A< S)\awnf: g_i/i(__& F\;mu; connet \OA\ANCTL
w T oewvB_.

TR A c\cs%(L loake o ks ﬁ%&%ﬂ\%\\ T

Csee o cadRatts et weeded,

F-UE view: wheel, axle [ - -

eplimGs. 'l ﬁE:—FGL;FORCF_ ON NNER BEAR(GE,

F
ForcE. on ~7 B0 ¥ | ‘%:IT,AW; ot sl\oam]
CUTER REALING

Forwe

k§ma VIEw | N (Bearnys 29'-(;
To o o ncks Gro NOT -TRPASM
Foom Fac et % anle. ] TRQUE o
éy:' REARWNA
e CoRRIEL
Fao- Foe = Faaue Foawe L (rO)



cey

< T
o

] E XBME THE ConBTRANT REGU kEmaufS # 7‘—%£
+ Fhe " v - e
AcC Q{/tdg carr(R ~ e f;(,.,é o

_ SICEVEW C " Sappoe the “mj
E\l\as uppu- % Lml’-
PaN"'S B
f / _.w Fso Fe,;,:_'wFDp.wE_ [UO tﬂtf
- Qﬂ'méb.

assam& Q>0 ) bko , 1-\59 Bo‘i-\\ Fm‘m-!, ,
am wﬁ,aw o ‘J-“ ,L)E S NA“E#L -\"l‘a“‘\ F;A.(VE .

———

Thes s one cenck A not haiy +ha s

 wembers “dake" the grwe Torque. (cwa/mrt
Yo e:()qq,%msC(b ) *Faﬁ. P QM&TR 7

- Tk—o\x\& oxys

T View _______._Flec__’] L =me FBo >F
S ;ria,ee, s o Tokqfﬂ. -
] j appliep Yo +LQ
(< +— F oo

T T wNSR WA kst

| . wewbee s. -
_ Eypmne. figares (7.8 feom Bawdiat B
___oml_the FSAE caes SEE /\-rka‘-s REcistwes
_ whs Pﬂog;‘oe.b;. How I




)
b vy \‘

- gﬂﬁkm YRS w:?"‘ INOE, SASP. ¢
TITF Brakes are “mibosrn” ( oo S onm 7LA¢
éear-bn: e/ Dri+ aﬂ/f) +hew e /Re(//au.(

f l‘}.uﬁ'/.(/.r Hoalchs ‘ wn‘l /;—,ld AC)L/”J a

" Bgffzﬁn % 7“ fre i C%/J.SI 7{ -

direcFion _Fo Fye AnD e#efafl” 2

)cj 14/:‘6

02/#5_

_ wk __,4.;7‘1:7 o 56@«‘61,/J¢
,, nvg flee a/y/ws/fe Q/( m To  Tomve. V,v7'1£

BEARNG cCarlier 76.9(2& coaal! @all
(,I\auj e(h-ec:f"d", éq'f ANO 7‘02 ue Cuaaﬁo/
fmmm% fo the .@che/ Ca:élZleR
I-F ‘H\Q Qﬂ‘aké_c were oq"\"ooMA 4.7‘]4"\0- Be&,

CQM\Q_\— L‘&s a AHWQM“’ Si‘ak L B
Fo = Foce on vadmde

SIDE v‘t—:\u N As :
u)\\&l o _due Yo pads w cakper.
- Fed o4 T % P
GX\C DRES P F .
ARkE 'Dlst & \"c Faduas o

F&x Fey = Qa%fsz« -

[?o&cés ) Pﬂ"i B Sa—

Fsake : Q\CAQ%W\«S DWE TO -
ol BRA __ Ferpke _pro T
DEFINE &R&\WETOAqug @,kaen/\r\ _Q: )Q’CS <22\_
[Feom ZTaxKQ]______,_,,__m
T\\E &mfxe QJ&QGQR—_LS ‘/\Q\L E Jrk\ea RRG . CARrREL ASS«/\
. Fitea
> /C'mQR\EK MW Accomeppte
Fep Fay CADER- ATTOCH MEA
_MMF rc_ _F: U
_WR‘EA “ I—p— wE ZTQ,X\E_ (,‘E RS c\ecua. o

_\N\(\UJ&- .H\E' me-\- % FLow \N\uﬂj' @'QA‘;
Resist_(drake Torque = (B \F) .




(:?ame Conghracan Dot 7

S ,\Q&NG\ Locaiom w\JP\\ 2 au\(a\e ~A cieon SUSP: K‘D&G\E, -ﬁ.

%\\UNS Fso adﬂ& ot + Lowee Qgé Hare de

_Cxamive fv/\af cade aunkl @aa/-#ek- mmdﬁWq /a&“f'm omd)
7‘4& S/2ES 07 “ em éef-s A%Qe\/ec/

B N I o Rom PA-(\E.L cu/wQa-(&ts, we‘\k _EXamVe.

e Lower Aol g4 o feams .

"K ‘I‘EOAS|\E_—“‘*‘*‘R -

LoeAannGe
~ Qo6 L static ‘7+é\(2>ump R W[ L TCTO K (
e R eoo[‘*/g +L] = 200 LLs
s‘rAEss w J\"\V\C_ R = P/ Sqﬂl(b&e we Mote anD % 0.038 w&\\

{200

(e o ap  STRES = ot = 11,310 pst

— \QME—Q_E SER\NG\ \N\OMAK ‘l‘c B-aprm M@)
Prez L REsals o wel A/M\\ ‘LQJLQ-—

Stiow  tRE__F&Ds ‘)}r u\Pv.b\/\Jv -% Lowet

A~oRrN S
T Cx=44 Z/ g P=R=-_ W K»Q ) 400 (—L.S
=R 2W
W W FRD
= v T“} ~“ 1 Lo
- _L’i‘;i‘i‘i‘;if-«‘ MC = M "‘{\Wﬂé\ ‘L W 2w | SSaamn
Use L'x 03¢ \\ \ woo

,QDE“Q)JQ STQ-ESS‘ = (ﬁ,OO _~2§q lqus"l \N\ﬂ\( _i_ A

00241 — 7 Momey T
M =(W)8 = 6400 \ Dubaesid

TS LS ovEL 20
Fmes the obovE \ Nt oL
_tessile _gtRess ) — o




SEAMLESS STEEL TUBES

MECHANICAL PROPERTIES—SHELBY AIRCRAFT TUBING—ROUND—Continued

STANDARD SIZES AS LISTED IN ARMY-NAVY AERONAUTICAL DESIGN STANDARDS—REVISED OCT. 1, 1942

Outside Thickness Weight per Area of metal Moment of Section Radius of
inertia modulu

d;xalgieetser Decimal of B.W.G. or foot, pounds | square inches 1t dulus gyratli
inch fraction W y 1 @\ r=VI/A
> -035 20 .3607 .1061 0123 24 3414
— .049 18 .4977 \‘TTIEZ‘j .0166 .0332 .3367
.058 17 .5835 .1716 .0191 .0382 .3337
.065 16 .6491 .1909 .0210 .0419 .3314
.083 14 .8129 .2391 .0253 .0507 .3255
] .095 13 .9182 -2701 -0280 -0559 3217
.120 1 1.128 .3318 .0327 .0654 .3140
.156 Sk 1.406 .4142 .0381 .0762 .3033
.188 36 1.630 .4786 .0415 .0831 .2948
.219 (/A8 1.827 .5369 .0441 .0883 .2868
.250 LA 2.003 .5890 .0460 .0920 .2795
.049 18 ~.5306 1560 .0201 0378 .3588
.0685 16 .6928 .2037 .0254 .0479 .3534
1 .095 13 .9821 .2888 .0341 .0642 .3437
375 .109 12 1.111 .3265 .0376 .0708 .3393
120 1 1.209 .3553 .0401 .0755 .3359
.156 54, 1.511 .4449 .0470 .0885 .3251
.028 22 .3280 .0964 L0145 .0258 .3879
.035 20 .4074 .1199 .0178 .0317 .3856
.049 18 .5631 .1656 .0240 .0427 .3808
.058 17 .6609 .1944 .0277 .0493 317
.065 16 .7359 .2165 .0305 .0542 .3755
1 .072 15 .8097 .2382 .0332 .0590 .3732
] = .083 14 .9237 .2n7 .0371 .0660 .3696
8 .095 13 1.045 .3074 .0411 .0731 .3657
.120 11 1.288 .3789 .0485 .0863 .3578
.156 540 1.614 .4755 .0572 .1017 .3469
.188 e 1.881 .5522 .0630 | 121 .3380
.219 L/ 2.119 .6228 .0676 L1202 .3296
- .250 1/ 2.336 .6872 .0711 .1265 .3217
028 22 3469 .1020 0172 .0289 .4101
.049 20 .5961 .1753 .0284 .0479 .4029
3 .065 16 .7796 .2292 .0362 .0610 .3975
= .083 14 .9795 .2880 .0442 .0744 .3916
16 .095 13 1.109 .3261 .0490 .0826 .3877
.109 12 1.256 .3693 .0542 .0914 .3833
o L .120 1 1.369 .4024 .0581 .0978 .3798
T .035 20 .4542 .1336 0237 .0395 .4297
.049 18 .6285 .1849 .0334 .0534 .4250
.058 17 .7384 .2172 .0387 .0619 .4219
.065 16 .8226 .2420 .0426 .0682 .4196
.095 13 1.172 .3447 .0579 .0926 .4097
1 .109 12 1.328 .3907 .0642 .1027 .4052
]Z .120 11 1.448 .4260 .0688 L1100 .4018
.134 10 1.597 .4698 L0742 1187 .3974
.156 /42 1.823 .5369 .0819 .1310 .3906
.188 3e 2.132 .6259 .0910 .1457 . .3814
.219 L8 2.411 .7087 .0984 .1575 .3727

.250 1 2.670 .7854 .1043 .1669 .3644

.065 16 .8664 2547 0497 L0757 4417
5 .120 1 1.529 .4496 .0807 .1230 .4238
1.__ .156 LY 1.928 .5676 .0966 1472 .4125
16 .188 36 2.259 .6627 .1078 .1642 .4032
.219 Tsa 2.559 L7517 .1169 .1781 .3944
.035 20 .5009 .1473 .0331 .0481 4739
.049 18 6839 .2041 .0449 .0653 .4691
.058 17 .8158 .2400 .0521 .0758 .4661
.065 16 .8094 .2675 .0575 .0837 .4637
3 .083 14 1.145 .3369 .0706 .1027 .4577
1 2 .05 13 1.299 -3820 -0787 1144 -4538
8 .120 1 1.608 L4731 .0840 .1367 .4457
.156 542 2.031 .5983 .1129 .1642 .4344
.188 36 2.383 .6995 .1263 .1838 .4250
.219 L/ 2.704 .7946 1375 .2000 .4160
.250 1 3.004 .8836 .1467 .2134 .4075
.049 18 7269 2137 L0516 .0718 4812
7 .095 13 1.363 .4007 .0907 .1262 .4758
1 375 .156 542 2.136 .6289 .1310 .1822 .4564
.250 LA 3.172 .9327 717 .2389 .4291

P AGE
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QE&QIU 65 . ] Wo = WEIGHT ON OUTBOARD WHEEL BEARING
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A-L(O CASERVE-¢ Co = CL' | C = CORNERING FORCE

Co = CORNERING FORCE ON OUTBOARD BEARING

Ci = CORNERING FORCE ON INBOARD BEARING

» ‘ Figure 35/Wheel bearings carry weight of vehicle, “W", during straight-line running.
&,UgFA__OC{Q E\% 7 CA'A - They also carry cornering forces, *’C”, in turns.
Ié ‘ - 3 With negative offset, weight loading is well distributed between inner and outer bearin
CO_@M@“ A’ c - /’ ) - However, cornering loads upset this balance by increasing force on the inside bearing

and decreasing force on the outside bearing. This makes cornering much harder on the
inside bearing than straight-line driving.

With positive offset, the situation is reversed. In straight-line driving, bearing loads are
uneven but the addition of cornering forces tends to even them out. Thus cornering
loads are less severe than those of straight-line driving.
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