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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-Arm). w—— Double R~ AR
D i W Y

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 to 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 packagmg pa- t\ L
rameters that are fixed, or aBsolutely cannot be changed for whatever reason (see Figure Whee -,

T7. l7) These should be listed so that they are not over ooked. The next task is to pack- TiRE,
age the wheel, tire, brakes, and bearmgs This is done in car position, so the track width &Q"“‘Ef /
has to be known. Ifit is not yet established, it should be made as wide as pracncal This QEMUGS
sounds evasive, but there are trade-offs in everything, even things as simple as choosing

TRek

the track width. For example, what do the rules allow? What is the predominant race



- brake rotor. With the rotor location comes the absolute farthest outboard location for the
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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!
es

Tire size and rim diameter and width must be settled. The specific wheel manufacturer W) hee Ls
needs to be known and a cross section of the wheeT 1s desirable for optimizing the use of

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

all the tire 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 coﬁjunction with fitting the brake caliper to clear the (3)!20‘\(69 )
inside surface of the wheel. -Once the caliper is located, this automatically locates the A0

lower ball joint. Wheel bearings need to be looked at soon, as ideally they should be lo- 66#@,\4
cated such that the tire center is between the two rows of balls or rollers (to minimize M‘"\

loads on the bearings)."
| | { [ it e
Now that the lower ball joint cross car boundary (lateral Eosition) has been set, the height \a\t‘ S {)HJD
of the lower ball joint comes next. In production cars it must be above a S-in. wash rack \L\)P’
clearance requirement, but on race cars it should be made as low as possible for struc-
t}xral reasons. Usually tpere is no rule but some practic.al f:onsiderations sth as deﬂatc.ad WQ.
tire ground clearance might be-in order. If it is totally inside the wheel all it has to do is W‘d" ¢t
clear the wheel and the brake rotor under all travel and load conditions. NE Ly ot

; sPZ %,lo

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



: “ . “
C M Kwﬂ‘s«) o %Et)
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 b&“
kingpin angle then the scrub radius will not necessarily be what you want. Basically, on ;
rear-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 sEE
with a front-wheel-drive car you must minimize the spindle length and have a negative ~ A

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.

626 Race Car Vehicle Dynamics .

Kingpin angle affects the performance of the car when the wheels are steered. One con-
cept that should be understood is that the more the kingpin angle the more the car is lifted
when it is steered. This is one source of steering returnability, the weight of the car re-
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.

onglee—[woar WMISSING 18 Text)

The camber of the Avheels when steered is a function of the kingpin angle and the caster
angle. With no kingpin angie (and no caster angle) there is no camber change with steer
lock. As kingpiniis 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 j Go5D

kingpin angle. In other words, the reason that low kingpin angles are desirable is that

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 drin:, whether it is to be high- or \EER‘“ é\
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 CA"&"\OfJ
ing stiffness to the chassis will not necessarily be the same. Therefore, when a cornering :
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 muAjI'
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- »
ter as shown by the shaded areas in Figure 17.17.

~ 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 lcke on
from the ball joint are superior in system stiffness to arms that are splayed. Establishing vy
. s, N R
SolprcpR €

60 That is, the whee! further from the tum center.

Heid (P
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linkage ratios for the spring, shock, arid 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
‘Tower 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
the wheel. With high offset and large-diameter wheels the kingpin angle can be kept
small (while achieving small spindle lengths and scrub radius) by tucking the upper ball

joint into the wheel.

To reduce the loads on the control arms and other suspension components, it is desirable
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
joint is above the tire. In the tall knuckle design the ball joints naturally have a very
large span and thus reduce reaction loads. This option also allows reasonable kingpin
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.

like oue
FSBE
CoR-5
(FRm )

Lke the
g4 PahA



<=

Flont SucpERsay,
~ TORE.  TRACUNG

FRont—

Srey sty

\\\\\

Lowee A"\M

Wl Scrue Radwy (4)

S e WEW view from Rent
P e e

e A = Llowes ‘DA\\AOIAA".

"B = uppa b a0 (ot

- Axle doam v Lo ’r\/\oeu A-% 0 e VEW
s AR ape s\\ow.\\ AL \(\.o{i\LWL (sm\\o\\*g\‘eS

the Aoy sis ),

- KPT = kg pi inchinatrad pngle (frm varhal)

'Pam-\- O is ézawm‘\rﬁc. C,Qz\l*ek Twre QOV\\‘uU'\Y -
Pt P wheow keiepe *QX\S l.ilr\—easeén Eromia.
. SPR”{] L"" s"miuj l{adl(_\ WouNTs on i/wek A-qrw\.

© Fores Fg, B, W ack ok Dot O.

We ol e Be § R W Loeces
‘o upa@dr Puev= A % &, +hew
Rom - Bt the A-prm waguwts
wd SPRG  wount



_ A o e

A pucts wll be reates as facholes \o:\\jo;njrs.
. Whene WEEDED | we M usE  shitta egus \w
_ 2 Diiewsions,  Samwing  Forces W XN, &
é\REd_\‘l‘av\S' am ToAGmES aBoul EAdh axis.

+ Sowe s{mp\\{(m‘\mns all loe e_m‘:\ow\eé —

| ke leauwna oul the < resanq {oeces
(N +k-; (Nfﬁlﬂ aMu,Qurm )‘k—\\-@»\ ‘h-q,hn& |
"\4\00\/\ }Q?o.m\ul( , evex ‘(—-\Aaus\r\ *\J\u\ m\'auwl'

- | ‘MSO , +\\.Q Q,As)&w-/ EPT ans Scunb mJuu.

cam cavse ﬁmﬁd ISA,A md hape

a QWV\(MV\QAI RgVvisCs < N '}d WO

aloow &+ 'H\n_, KijN os-)i\s . well \Sﬂdé\fé \:’\L\:S.

Fudy , wel wle cuperpacion T

) a.wa\(z(NQ ‘A\Q_ e—ppeo\’ o on(z(\ '{jlt\re

lad  ceppantely , Thea RODING +he

rREsuls —  Thwie Wil pﬁavilé INSAGATS

pr Fo wnch Tire  lgads and  Limeagigns

M‘rﬂtw\'e *a ‘\‘L& Jowgus  {oRcES

&‘cﬁ"\&__u a D Jé “\-SNA B\SA&SEN\\Q\E_A' Suse ulfk"\\

- wvelad W F/Z‘«

_ . ‘:&Je;. d(-MM‘\\:S y, >

. M/ﬁ £ B Rup O $ail ———véw
ipriet !

//
CoMpABA T ",_.,l a w/\:@/_nf’ Ees o _
- /}' .H Rvu k /. I\\ : w
B R OO | e > \&\“ﬁ =
= fouso




. 7He appen A aem s 4 Fow force wember, so
f‘Ae  fiwe o% acTion " ts ;Gcc_e_ Xy a/mj
47{2. atm — rwe  call 2‘& /w‘@ for  amdd
chowe s o//f‘eoll'-ﬂ" 27| S}‘o«//- 7he Lower arsy

s wt  fon force Jue to tho S/)/Z/f/jlgece A

. La _f.é»e con be Foees ml A n ThE
X‘f Jlr"eo?LW‘N'- ﬁe X g//ﬁe(/?"ﬂ‘\ 794-69, L
detuwed  As Rw ) amd f’i(e/ Luectim 74&‘64

must eyan-/ aud oppise Mz_ fure [sad w
- simce 7S Hle omly otdor vertiinl Fuce.

S E£quis o +h ‘ﬁm[uh%:@gﬂ- WS

=R Rw=-Puw=0 = Ry =%fw G)

s R -W o = A=W(Y) @
NATE: i c = smal o X zao.o)ﬂwn Rw=Pw %O

ESaamne ‘Q\Q Lﬂwe‘/ A ~arm —  Note oeanE € )
belwes e \we Jﬁ Nf\nm % fx- ol
‘)&M\\AQ_ \we ‘\-\!\%\/\ A Sg\wqau wo_

Saw. Tolauis abbank A, &

St auld = R(O > a=5%) @
By Design, wE  com ol the
_spn.n\g or Syring Ja‘nk ok plizo'\‘.A
(n Ve 45 B so @wxO (D

= Qu=0, Heu -
=F: W-T=snbe=0>
< = m/S(“e_: CS)



' T = Ru— FS Ccse_g = O ' _

Vo S Conpawelmd E

()

< Pe
< - o A.—ﬁ%
Re Re .
“« _.,g%

N . Fec ODops  HNot- TNTQ.:/MOE, AN ue@’hu'&\ Lorces —
B . &o«\&ea(‘uwce aQ aSSMN\\'N\‘S \l\ouzem\w( (aﬂ—
| N‘Q-G\-ﬂ—‘\ \I\W&u\ A-avmsg .
- . FURCES P and R cue \;l‘}v'd&w-:l as S\w«/vf.

= Fy =0 FrP.—Re =0 Q)

- S0 F(d-PW)=0 @)
B C rRom @i Po= (%) )
Fan 154 Res F (252 G

Py Brskie  Loan Fa ~ -mear w\\ea\/tsa-ake/ U PRIGWT
As the c.awspauel\d'
By AnAloGy wa ecu\xs(‘)—-“)\:

PG = F@ (a/ch Q)
a+d

RB"FC (*‘;""‘) | (D)




|
|%
l

il
{

@

i
|

Mow Lok At The steewmna Loans
L Top view «& m\\eaﬁ\/u\}ma\/\-\- '

!
|
-
|

TE = TE Aot ForsE

fe
e ‘“Taal
_ (mT')

_ a(sR) +F (M1)
e r

S creEmiG VI

B |

i - (@2
ASsamE  the casler.
ANy KOOI ams\e& are

&Mw\\lfkm Sawm
TURAUES OCO.ROWND 'r\/uz_

| KuwiGpw  AXIS

ﬂ_QIF:,'l'\\ﬁ’ e whs Lre;p—l- a# d& he Aua\\l&\s

for  comerma  [aad

Fc, andl. lohq,(bms FB .

Fre wnll &\Ulﬁ\‘\‘ aller +he | adenad Lorces .

(dheu\m— '("Lua. ‘Qrtao» iNcrease o decreace eLtaVequ

on 'l;‘l\o_ S‘eehn . oMW Laco:&’fov\ u.n’(-\v\ v\esvlm:;i' '(—Q
)

tha "Klﬂjpiu\ 'Jauc\,s(, w Front or behwd)

Ean B com be wEl & adiwie +ha
Load o~ s slesana adk



f -

a\
"P@:'FB(Q_\ Sumwm il Fowks |
o~ e LwprIGHT |

»ﬁ“_Pu=F¢(f;—) “W_(;“) -

(%) if.

Re-Rus = F(259) -W(S) |

forEes At A %@ actr _U\Pcd "H\Z. OWTEL  END c/I, '(-}\‘L
A-otwas; and con be -’rhace,é *Hmo@\\ +\\e arms
oA flows. Assume  EAd arm pluat (5 o pod end

o SP\\ep?\ax( L:emna. _ /,'R

_Top VIEW, uyEX AR WA

?c. - P&, B
- g

TRant l"a \E,_ ,

| \
IN‘LQDA(ALE ‘FEJIQCE.S \3\ i?z_ ~ TWE DlﬁEc)"\N S)r\awu
Assame  +he A- ARM (s da.S\‘GNEJ Sa  eacdn

leq com e trecdked as o Fwe -fowce wmamber .
AN\'SKQ—S‘ S %'6'7_ ARE. QEIGW Ca\v\a?c.es.

uS(hGl'S‘\‘B'\"‘CS QQM‘X'T;V\S, 'F‘U’a(ES P, \qu_ Con \I-Q.
evxresgaé W Xe«m\sﬂ o P B o 6, and Oz



.Roc)ﬁ-%c\. | [ _

—

= XAMINE THE CiAss(s Re,&o'\-\oNS CUSINGL

THE  pPREMOUS  FRONY SUSpENSION ANRWSIS
I et b e N

W, s * o bl fhe oy vorhanl fucer ase
MA-NG\ A +\~e .(prz,w_c; maw*\j. T‘Ae vertinl
-C,aw\\soueN‘\' d} K s Tswée-=W (E&NS')

Qams, oepn  for Pw_hml Susp ah A cAL,
| sprung. = \'\oﬂ-tz@’&kQ |
F&D ‘é Dwsl\nol
| A &CA &V)Mﬁs.
SONE WBEE. Foree B5 s v’

'T"\Q PMS\\‘QGD

(SASSEWR\e FRDO
© \NTO c,am\pcueN

- The ROCKER pwcr‘rs \no[cl

W om ehch oDE. You'll
. SEE somE  mpRGwe\

Suwarz-&ﬁ {or ‘hese

pwgts o RHE cpls,

Wh‘»rjr Holds +he cpr wpl L @

. S
Tw I Tw -
Y2W

‘F\\__F, CaRr P, suded*mé



éﬂ:ﬁﬂm 126)591[ - we'ye  SHiWN A-ARAMS SQﬁém/erg&l

f=

l?a: E

ANES wx‘;‘A J/m/zé ot Fhe cnos ,__/!11//)_/)//://4 thet erch

L.E.f; C_Oﬂ[JJ.é_VJé_éd.@w/}'é A zéwd - FIRCE _mEm, - —

EitHEL. mWWJ@_CmA?OK_&SZM [EE Thix:

N

Ay Aqﬁﬂmkuc’f/m"\—/

[t takes some LESIGN_
N e e e,

7o

achieve e Fwo-ro2ca

. * Rop EaDS_Cawwot Pﬁoéﬂcé

Apam_ Couskucta Laoks [Fe.

MEMRER. __Concegl

W\ovN\.El_sl_'.\.'_.-Ag a\oou\'wx\_ L o

Q\‘uojr____g_x}s_7,_0_9_\_\(_,92955-__::___

Lk Assame
FORE. ~ WAEMBRER. Scwé_sss_nc_

the lees.  ARE  Two

E—Q\k(\t(oﬂ@w\ caunlc( (.LQ ao_‘/\;t_’_‘ugé__ —
EyAmwe  Hhe wH\_&\L mowd+‘.

LiaE
(IJ

he Lea i+ s «

Two RcE. WaEMRER _—

S0, This_ A-RAM DESIGN
Wl whodace woments it 4:

e LEas

B s FRD_Camned
e sac\bron  unless

n LENDR G momen, M

AdD WELDS,,

IS o )370-00_0\08 (5_.




A _é_ogg _B:Aﬁmf_DwE-_SlE_!\\__ou;(j_k_—biQ\lE ‘\“&\_E - N

B -...ﬂo.ufxe@_\__'.dgﬁt axts _=dwe with / &04d)) |
_the \._e S ‘lﬂm‘s_c,a,mfog_&gl\;@u&o ~ ~
_ _.\O_\\ WLOwJ‘j‘f Nog A 8 g\\_mwk @QML“B
,....(j:&i(m.sfpgl%.a RUD_ENO)_IN_A
- ....‘A(l.l_k&(N;(vl*m_.k@\.__('_s__\éf_e_\é AWy _

MAO ueé__lg)rp__ﬂ:q__l%s_. Then

wElbey s.t‘Le___:—.__

- he [e6s At Tmodoes wemest s, & (see_aen_aed)

e e .,,.__.__ - JAM_KS‘X_F__.___ e e et e e - it e e
Loaping _ Rop Envs é e TR PN ) e QB .

7

- The DESIGNED  (oAQNG U G e 1 4 F..Y
fs  This: . Rates Lomo. exPELs. . Tws. .. LasD. Dlﬂ&iﬁd:\/.

e weey applickms, ose  sees. ROD ENDS N
_ BENOWG. . Like  Theser _

h),_g__. ~ P o BEMONG,

REUDNG MomENT
e L‘(—ER.E_ :

 rheloms. P e acowld 107, 0P _F, aun the twetoen
stimle wock be s3en ok the R0t Diam. to fake fhe Momedt

)
NG Rop BN Coble swert |
-GOOD ¥+ (el RS AR

LL = (m Two PlAeEs 0
N FaC

(s iy RQENDING.




ﬂ_ disrsns shon Tre pesalt dJ[_

WHEEL dzaaw Lotes — Some
OBSEAVATIONS FRom freo

"."'j;,;,Pa'\'\ﬂ"_;N‘ “\;&gi:k\ T0 W\akE Wal.
Qc‘aa HaMAS_e_H's.- 128. His

_:_Pdsf'SjQE § NEGATWE afESET

wheels"  Realy AEFGZ'\‘Q +he

Location 4] +¥\$'3}@e Centor-
lineE wie RE's"peojr 4o the

lbeadN 6 p\ﬁcﬁm&l‘&" s

Sopeppasitiod_of Resotios

dee to wetset (W) _ond
QoriEAnG fore (C). T

pooes dwmensigns T omd

qeseaey_(Bs)(ee)= (F)(c)

k

c

so: (= Bs)- . :
_Typeal valuess F=(0, (35S =2
Qs &85 ( =P colAvEANG

_So

Foace is amplipgo st fthe
REAAING S .

_M_ég&: Co =C¢

0

T Ci
o .
I POSITIVE ¥ Wi -
— OFFSET 1 |
WHEELS

A DR R W

‘ I

w w
WEIGHT WEIGHT AND
CORNERING

ONLY

(1)

Co

r

o

Wo Wo V$I|
NEGATIVE
5 4 — OFFSET - _J,B__ c
WHEELS

! J c_‘_k__}_/

! 1

w ' W
WEIGHT WEIGHT AND
ONLY CORNERING

W = WEIGHT

Wo = WEIGHT ON OUTBOARD WHEEL BEARING

Wi =WEIGHT ON INBOARD WHEEL BEARING

C = CORNERING FORCE

Co = CORNERING FORCE ON OUTBOARD BEARING
Ci = CORNERING FORCE ON INBOARD BEARING

SwE qge EHE cnl.
_corueds AF Fe=(-3
tlen € > W v/,.f}vvci
__“313_1_____/}&,0_/1_74.‘64 . $o
BERNG. Lonns Due_fo ||
_QORNERAING _FAR EXEED . |
_rhese pue 1o vekels

U S |

Figure 35/Wheel bearings carry weight of vehicle, “W"’, during straight-line running.
They also carry cornering forces, *’C*’, in turns,
With negative offset, weight loading is well distributed between inner and outer bear
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 tt
inside bearing than straight-line driving.
With positive offset, the situation is reversed. In straight-line driving, bearing loads ar
uneven but the addition of cornering forces tends to even them out. Thus cornering

loads are less severe than those of straight-line driving.
In these sketches, offsets are exaggerated for clarity. Small changes in offset don't af
bearing loads enough to worry about. In any event, wheel-bearing life will probably {
affected more by your driving than anything else. -
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SEAMLESS STEEL TUBES

MECHANICAL PROPERTIES—SHELBY AIRCRAFT TUBINGFROUND%Continued
STANDARD SIZES AS LISTED IN ARMY-NAVY AERONAUTICAL DESIGN STANDARDS—REVISED OCT. 1, 1942

. Outside _ Thickness Welght per Area of metal Moment of Section Radius of
d::;:t:r Decimal of B.W.G.or , foot, pounds | square inches inertia modulus gyration
inch fraction w A b S=1/ =+JI/A
. ) =1/y r=vVI/A
> 035 20 ~3607 21061 01%3 0247 3214
:
T .49 18 4977 \mﬁJ .0166 .0332 .3367
g | 8| B o@mo&m om| B
-083 14. .8129 L2391 .0253 -0507 -3255
‘I ‘085 13 -9182 “2701 ~0280 -0559 3217
_ 2120 1 1.128 .3318 .0327 .0654 .3140
186 s }.ggg g;gg .&3?1 .0762 - -3033
. Te . . .0415 -0831 .2048
.219 7 1.827 -6369 -0441 .0883 .2868
.250 A 2.003 -5890 .0460 .0920 -2785
- 068 16 8928 2031 054 0479 3534
. . . . . .35
1L 309 2 Rtk 3268 it 0708 3353
. . . .037¢ .0708 .3393
16 120 1 1.209 13553 ~0401 -0755 '3359
.156 542 1.511 .4449 .0470 .0885 -3251
.028 2 ~3280 -0964 .0145 .0258 .3879
.035 20 -4074 1199 .0178 -0317 .3856
-049 18 -5631 ~1656 -0240 .0427 .3808
088 1t 7353 ‘2168 0305 0342 378
. . . . . .3755
1 072 15 -8097 -2382 .0332 -0590 -3732
15 095 13 1,08 3074 gt 0991 3659
. . . . . -3657
120 1. 1.288 -3789 -0485 .0863 .3578
.156 52 1.614 .4755 .0572 1017 -3469
.188 36 1.881 .5522 -0630 121 -3380
.219 s 2.119 -6228 .0676 1202 -3296
.250 7, 2.336 -6872 .o .1265 .3217
.028 22 -3469 21020 02 ~0289 .4101
.049 20 -5961 1753 .0284 .0479 4029
3 .065 16 .7796 .2292 .0362 0610 .3975
] 2 .083 14 -9795 -2880 -0442 -0744 13916
16 109 L 1125 ‘3598 0542 0914 3858
L 120 11 1.369 .4024 10581 .0978 -3798
.035 20 .4542 21336 -0247 .0395 .4297
.049 18 -6285 -1849 .0334 -0534 .4250
.058 17. .7384 2172 .0387 .0619 .4219
.065 16 .8226 -2420 -0426 0682 .4196
; .085 13 1.172 -3447 .0579 0926 .4007
] 1 -109 12 1.328 -3907 .0642 1027 .4052
NN SN R B S N N
-156 540 1.823 .5369 .0819 .1310 -3906
.188 e 2.132 .6259 .0910 1457 .3814
.219 s 2.411 . .7087 .0984 .1575 \3727
.250 v, 2.670 - 17854 .1043 .1669 23644
.065 16 .6664 -2547 .0497 L0757 L4417
5 20 1 1.529 -4496 .0807 21230 -4238
‘| 2 1156 5z 1.928 -5676 -0966 1472 -4125
16 .188 Yie 2.259 .6627 -1078 .1642 -4032
-219 T 2.559 -7517 21169 1781 .3844
.03 20 .5009 1473 .0331 . 0481 .4739
-0489 18 6939 -2041 .0449 .0653 -4691
.058 17 .8158 -2400 .0521 .0758 -4661
-065 6 .8084 -2675 .0575 .0837 -4637
3 .083 14 1.145 -3369 .0706 .1027 .4577
G| = | &% & | & | e e
156 52 2.031 -5983 129 .1642 -4344
.188 Y6 2.383 .6995 .1263 .1838 -4250
.219 /2 2.704 .7946 21375 .2000 -4160
{zlgg :/g 3.004 .8836 .1467 .2134 .4075
- ~7269 .2137 ~0516 -0718 L4517
1 1 .085 13 1.363 .4007 .0907 .1262 .4758
16 -156 he 2.136 -6289 21310 1822 -4564
-250 Y 3.172 .9327 a717 .2389 .4291
(TBG\E is RE,?FATED with
WMORE SRES ™ WO 1T)




