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ABSTRACT

The vibrations of steering wheel are required to be reduced for convenient ride quality
and good controllability. This phenomenon, vibration of steering wheel, is occured by
interaction with suspension system, steering system, vehicle body, engine/transmission and
tire complicately. But reviewing the current research activities, most researches are
performed for the vibration analysis of steering wheel with a simple model, and not easy
to be applied to the varation of each component element connected with steering system
as well as that of the steering system.

In this study, suspension system and steering system are modelled by the TLH.
coordinate system which is usually used by a passenger car maker. Also, rigid body
motions of engine and elastic motions of vehicle body in the previous study” are
considered. Derive the equation of motion in 29 d.of. and the vibration of steering wheel is
analyzed numerically and verify the modelling of steering system by comparison with test
results for real car. And then, the optimal design values of the engine mount system
obtained from the previous study” are applied to the verified steering system model and
investigate the effects of various engine mount design values on the vibration of steering
wheel.

F87]¢80] : Steering System(F3FA), Suspension System(¥7}A), Steéring Wheel(F348),
Vibration(?1%), Optimal Design Value(Z&4d4gh), Experimental Results(-d82
), Nonlinear Algebra Equation(¥]4% w5 2)
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Fig.T Modeling of the steering sub-system
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Fig.2 Coordinate systems of the steering system

719 Leq={(xc,~%q)*+ (vc,~Va)?
1
+(z¢c,~ ZQ")2} ’

& a 61‘12 0 ny o m
€| = | dy Am aul | N2 :[ Tk] My (3)
e a; ap ap|\" &

[T, ]9 2t 42 9x cas) pas) A¥
2 ofejet Zo] ek

. 2y .
an = 1+ ép =

(331‘2"'332 ‘2) z

. . ay ag

a;y =0, ay =—-
‘2 oy 2
(g “tap %)

' ayp' dy’ . ‘2 2y 2

dy = 1 . 4am —"(4131 +ag )
"2 2y 2
(an *+ap?)

,__ *c,”Xp, . _ Yo, T VYe,
a3 = Lo ' Az = Ler

, Zc,”Zp,
A =

s LCP

] 714 ch = { (Xc"“‘“ Xpu)z + (YC,_ YPu)z
XL
+(zc,~2p)Y)

3.2 sIH

58749 WAL F9F0) wdoz ¥y
o9 Ao} 2AL Aol Ay A2HA W=
S sl AAe] &g WA AT B
e FAEA 5P FE40] itk =94
FIME @A 7V Bol AHEHE 2EfE 9
Hel 2 2EAe thew ol 244 zdYR
T eEIRAS fmsly] 98 2ael ouix
gt 7R e TR

(1) Blojols] #aug £% g Fay

2 $AUAG Al |

Fig.19) Eolo] RolA Eoloj7} Az} %
A3 gge) WPz Aok Al Zadely
A thg} o] FojA,

132 HAE- e



Lo,
1n3
n3 dm
k Q| 1 -
i n2 Pre T ne .
g ny

Fig.3 Geometry of the tire
VT2=% 12;191‘2(1‘ L,.ChZ* @

714, C,= QB9 FA¥d 9 dalg

Elo]ojg] EFeluAE T3l ¢sted 2Ty
(road wheel)& A= 7R} Fig3oes
FE vl &5eludxE vhea) o] f=HT).

Y

Fig.4 Geometry of the lower arm
TT: g[%‘MTi‘TCi . i-TCi+2MTi'TCi

. (RQE\'XrTMGi)+_§_ RQP R IT . RQ?‘] (5) Flg.49"] 7]%}}37‘1101]A-] “‘Li‘.' A@:‘!‘]' Gzlj% 0)1
t Ad9He] FEFeE TR R Ve
. e Fae e 2o
0471}"1, I'te :IQ+ Q X pT1C
R.Qn =.i¢+'i4+ 01§ .
R o YIQ a./JA_ . e Vo= %ig[km( (dr px)? +kex (4r gx)*
& =ridtait okt U, Fkay (4 )y (dr gy)?
IT = E}-O]O:I %ﬂ%oﬂ tﬂ‘ﬂ- :‘(_:].‘_% +kAZ(ArAZ)2+kGZ(Aer)Z]1
Y Zeu=

o
Heloiel T2 24 Crpdl A% Ae 2o} WIS IZHEAC] Hste] WAL
e gk

3 HALF( FNe wn, oo we £%4
| YAlE e g
oWz = _igCTZ(rTCi)Z Orreid)z  (6)

T.,= ig [MLi'Bi ' i'Bi+2MLi'Bi
(2) 2o) @714 lower arm)e] ERIAF 2 &

* (R.QiLXr LmGi) + RQ}' . IL . RAQ{_'] (8)
o9} 7

Agde] mdwy AXel2E AH A A4 133



o714, rg  =rq+ " xrp,
ROl =g
T imgi = U, Uy, uzFHoA e
@7 TR 9] YA wE
M, =20 @ie) 9%
I, =20 alasd g 4
oY BeE
L 2o HUR RAel pEzAe] g iy
< g3 g

Wy :[CAXll: AX 5rAx+CGx}'£;x5er]
‘f‘[C,w'r av0r oyt Coyt gy Or gyl 9)
+[Cazr azdr az+Cezr gz0r ¢zl

(3) YUsHknuckle) ¥ & 94u} A998 (shock
absorber cylinder)®] &%=
Fighdld vg 2 & ¢Jiu ALY &%
AviAlz UL} go) EHE 4+ o)
TKSZZ[%MKSi‘Qa' ro+MxsTg,

C(RQxpce) g RAEL- R (10)

=xa+yi+zK

A7, 1q,

R.Q:I == '7,,i+ a',/]}+ GIR

Fig.b Geometry of the strut cylinder
& knuckle

P, = QA ST & daul
ARrle] S47ER1e) HA]E

I, =ny—n,—ng; 3 g 2
FRHEAE

(4) & 9948} M2E(shock absorber piston)
9] £Eoiz|
Fig.6ol4 & giul 928 &5uix] T,
o g

Tep= .ﬁ—:l [%Mspfc; . Irc;+MSPi’c;

(R Xre) T RS T - RQ?] an
AN, 1, =t Tyet FAXryg
i'le =Zis
rg =xi+vyi+:zk
RS =7+ a5+ 6k
rye = CRoA 3l~zo] Agdwa] 71
)2} 12y

I, = CEA4 g g, k S0 ol 2
G A 1=

M, —3xge] W

|63

I

Fig.6 Geometry of the strut piston

134 g 924



(5) ==Hdalo|A] wulstabilizer bar)2] XH
A oYz

SRV AelA] Am@ysr) e Axe
S AMERE SR ol AW M)A
B3 94Y BBo] AL AEA 7)20ix
A o olF Z2AA A WYL fA5)
Sl 2edolx] uke) wMEY AZYY o
8 2] 718718 Bay 4 o

Fig.1ollx ~edalo]z] ulo] Hghe opzuls
o] Faug ANAE S Fi=u glon, We)
b AP W F oukAe) e gde] Fr

LSA(2o] @rjatst 2udelola wlz} Ag
® A7) 1A HE = gen 2o

I'ns=1TIqg + I'B/Q+ Trg/B

wed, 2eldetold Hhel ERA oz Vy
£ thesh ol Fojn,

&
V=1 rs[ = ] (12)

o714, 4rus =(z1~22) +rgay (e —an)
' Tragan(yi— 7)) +rigmld— 4y)

(6) 2=EZ A& )E] FE2(strut insulator
bush) 8] ZRIAF oi4=)9} 7)A4rel

Fig.2dx 2~E3 Q&doly 4= & ga
Hie] AetellA CHL mAs glomy = 9
2H AREA 53 5 A "ol Yok A4,
= ZIeHEA AP CHY WS Yz,
o] MAAE Y FRA oluix) V= ojzfet
ol ZEY + Uk

Va4 3 kot b d + ko d] (13)

=g, CH $499 72 70 93 e
o3 gl

5W5b= -_Cshlg (Ai’ci)érdrci) (14)

(7) ©°] 2E(tie-rod)9] Tel oui=|g} 7}
& o
Fig7l4 HA% THY gxuele ogy
xigey

T 100 ™= (Xpo— X 1ol + (Yo = Y 1)i + (Zyp, — Z 1)k
=Ai+Bj+Ck (15)

Fig.7 Geometry of the tie -rod

A% Ay AnkeE HAMAZRY 98

135



A15)2HE 1y BF BANH $= o
23} 2ol T,
g——ATBITCk oy (—1)*1g, 455k
{A+B2+C% 2
(16)
glo] 2zo) WeE Ar=(ry—rr) — (I,
—TI1)E Thym, BEHS TR RHIH

et 2
Ar - 3"':{ (I'H_l"r) - (rHo_r To)} -$ Q7D

G, o] 229 TEM ouixE the
o] Fojzry

V=3 T8 a8)
EY, 72 ol 9% TMHde s e
oW 1r - —C(dr-$)8(4-8) (19
® Blrack)?) £F

e AL Figssh 23 o) £5%
2 =87 94 3709 e ==

,_‘ yrl
/AN

o, do| 723 54 AFTY BHL o} x=
RE= A ol 2 =l Y
ozgk g P8 8T JMASAT
Fig.8°14 F,, Fi= Ee] =948 A470lA
2k whEolw, Fye #3 9y 7lojg
AAZANAM g sk Wt

wetd de) RS T Aot

%mﬂ 0 0 Jl)rl
0 %—(m,1+m,2) 0 3‘71;

+ o=t 0 e (B
+BA| 4 A L =| R ©0)
L hti L || Y 2
0 —‘}‘ "zl" Y F,

2 2

(9) Eleoloje) EFH A Hunbalance mass)ell
23 25
Eloloje] e EwddFg ot 7t
A o, ¥3E Yelx Figosd 2oy By
Ae] $2uiA] T, B ot ohea gk

T,= é{ [%'Muii"rm © Pt My Trg+ (R Q7 Xrpy)

+ % Mui(R-Q?' Xpqa) - (R XrTui)] 21

I__ yr‘E
PN

= [ f leg ———4
EA/ L, EA/ [
[ » ®
1 1 1
'E'mrl ‘-E'(mr1+mr2) & mr2

Fig.8 Lumped model of the rack

13 EEE



A7)A,
I req =fq+R-Q}1XPTc
=[x+ (=~ D™ a7 — (= DL,
+[Sfi_(_l)i+1157i5’i_(—1)i+1199i€i]3
+zi+ (=D 7+ (- D" ,6,0,0k
rry = (d sin W})ﬁl-f-e(—l)i“ﬁz—k(dcos TN,
RoW =Ror+ R0 =y 3+ i+ 0,k + ¥4,
(10) 71oj¥k(gear box)9] ErRlAFR] &
FouR), 7
Fig.1¢] 7lojetas B2 Ao 140
o] glom, 7o} whre] Wo= yoolth uigl
A, #A 3d kepel 9% 710) whx o] Telar
N2} EFoixE= vhgap 2l

Vgg= % kea(ysg+ Y (xgp)a,(t)

+Y2(XGB)Q2(t))2 (22)

TGE:%MGBSWéH (23)

ER RS T2 el g3 sde o
834 2ok

Wop=—Csu(y sa+ Y {(xgn)q (1)
+ Y2(XGB)'Q 2(t)) ' 8(Y5}.1 + Yl(xGB)QI(t)
+ Y (xgpla,(t)) (24)

(11) =% Z(steering column)e) Xelak
A7), EFM9=), 7}y
Fig.lolx =% Z3e 4@l 7Hsteel)
ToRA HEY FAT r, F= Y C. 8
Ze ANxge= Zddy suck webN, =g
2y LRF Uz g o] fTEn)

Vrc= % rrv;( 9h+ 09)2 (25)

AZ)A, 6y, 2P AL WY
6, - AYA7|o] HPZPR
(=(y,~veu)/mD)
Y 23] WL FLR AT LA

T,c=%1h9§ (26)

ojet. ¥ e Tz o 47 FMide
o} ok

W..=C.(8+8,)8(8,+6,) @D

Fig.9 Unbalance mass attached on
the tire

Aol Rega AFPHRE HALAZ) HE 137



(12) ®ololo] nber ITHa} o] )%
R Jix)e 7
eteloje] pjunE@/HFigl)ez AT sk
e 54L& Jeily) e gelo] e 25
Qo] ¥ oA}t 2] 24 sMdde
T3hd ©e) 2

Vie= % i2‘1<Lc(dm.;h)y ? (28)

Mic= = RCacldire),ddr), (29

o714,

Iy g = (D" ys—yi+ 1 (D'
C.-azi—anéy)

EH Eelolol 83 Y U3 2 9o
7VEde oot Zow, oy k= WWEF v
nPzd did zd" g 71&7EH FH™
3(cornering power)e]ch

Fsti =k y o

+(— D" CkcZ;

oW iz_Fstié\YQi

(13) #9AvHshock absorber) FY2ZE

o] FelAkoluix| el Wsjel] <3t 7

Fig.20lA ~E8E(strut)7} ey YFOo2 Z
W AYENE dosg o Fuudd we
£ oaut 3Y 23e] TR Az V.o
9 de o 4tk

:% ;ks(b% Zis)2 (30)

SWSZ _CS gzisﬁzm (31)

A71M, bpZiE ey WHY AAY Z,.E
ey Ware® A grolth

(14) & Z<1E(ball joint)¥-2] AulEE(dry
fricition force)
Fig.79] Ele]l2=9] &
18] 2o] 7Y 2 =
FHE TR B

ZER(HA)2} Fig.
QER(BA)2] znpa
4337 93 23

o] Aotk

ENERGY DISSIPATED ENERGY DISSIPATED
PER CYCLE BY PER CYCLE BY

VISCOUS DAMPING = | NON-VISCOUS DAMPING
U= 7tCWa)X2 AU yon — Viscous

2 R=RY S5 24 24 ASE D
o] Axrgy,

_ Unon-viscous 2 _4Fc
Ce= p wX = 2] (32)

o714, F o X& 2 2QER sldEQ
et Ao 271§ vehdrh
H(32)8 188N Z &
= 7pge ved 2ok
SW= —C,X-&X (33)

ZIERY wAd

(33 02RE Zo /Y B FAEQ vl
9 Fp ge] 2= 8 Qe @y Fyy,
g 78 4 gtk WA 2o AVt B RUER
o A vhel] 9% sMidg i

- _[_4R TSP L 1 4R - -
W= —|on, L(-D'CZi— ¢ li+ 7 af

+ ”;SA‘ 29;12} ([ (—1ICZi~thiJi+ a3+ 6,K)

=—wa( DICL(—1)CZ;— ¢3] - 82,

[(— l)CZ $:l - 59

7rcuA
4R . o _4R
~ Tk 417 0T g, B 56; (34)

s} o] & § gtk A7\ Ay, Ay, AsE
E.

2ol @rlet B 9 7

we) 3, 7, k3ye R

138 w9 A%



Zol11 RS wlEd Ee ol F§ o) 2=
E QB /Mgde ogw gk

SWi= —Cod6- 640 (35)

A7V, Co=—2L

b Va[OF
(15) +5¢44
gollA 7 2+ REASL A9 62FE 2
ALFTH A2 4AH7%E BAEFoE AT &
Folixlel Eidkedel ol AdelgAe
thedt ol uvEhd 4 Qe
Vtot=VTZ+VL+V1‘W—+V5+VTR+V1-C+VGB
+Var+ Vet Vet Vi, (36)

Ttot == T5p+ TL+ T'1+ Tks+ TGB+ Trc

4T+ Tt Thos @37

et 7ol olgt WA AP vhea) Pk

JWmt el ‘SWsh + 6WB + aWTz + BWLC —+ 6Ws
+ W+ 8Weg+ W+ W+ W (38)

LFYANE Fa7 A et 2§
E 42 AHg3Igrh

ty .
[ (OTw— 8V +8Widdt =0 (39)

A4& olgald HHA Hele] LFWA)
Eloloje] WY WuHYE T 42 aw
sheje} gk

[(MH{ 2+ G &} + [ C N2} + [ Cul{ 2} + [ KN )
={F}+{Fp}+{Fp}+{Fgys (40

kre(yo—vi+ (— 1)1 .CaarZ; — 1 anb;
+Cre(vu— v+ (—1)'1,.CamsZ — 1 a8,

ke - .
= == Vat(-D™CK (41)

7|4

[M] : 4338, [G]: Ao|22nT Y

[C,]: ARZARY, [Cyl : 1SR AY

[K]: 7442

{F} : Elojo] B@gadzgel o3t gy

{Fp), {Fpp} © PlE=YE

{Fgp} : Eboloje] 93 winzxoz 9
g 39H

4. T8 olSsiMane Ssdd

4.1 T8k psdd

zorye) Aoz AFHFS sl
AXE APAAE Fig10% 2oy 7] get
o]ojE ARA] tle]u}EujE}4Hchassis dynamo -
meter)o| A TEHY, dFBTYFo] 44 3g,
30gel Aol s H8& Sy =i =
Fhole T A9 JIEEAE 180" 42 AX)3}
of pdt AR AEHEE duck 4
E8 /=AY AEe geloje sAsx Al
I+ =EYRYH(tracking filter)Z AXA o
NZE gololo] A&z g FTosy
£ie] 7I8FA HE' o)2dMdAzet H
HE 4 =g d9th

- 4.2 ZTEHE BE2| oSl

P YR JF BAls gurygozg g
oleje] HmlmFom QAF FF BFHol T4
Qloly, =& F3 SEHE s Asid
A AS e 2ol dg A

{(x}={X}- " y,=Y, ™ (42)

4(42)% HM10d H8do AHdE g
2 geje] Ao] gk

— W[ M {x}+ swl G]{x) + il C J{x} + i Crl{ 2}
— il CssHxt — [ Ksslx} + [K1{x}
= {F}+{Fp) +{Fm} (43)

e 2y dAnkeE HHHAGY A4 139



ACCELERCMETER

—, i BaK 2635

N /\-’ . V4 i CHARGE AMPLIFIER |
. o i L
, —ﬁ\"i\\_T ,/;,i\\.&;_ —— \
- /\\__.//\ ‘—‘2\_}‘_\4/?3 FINED i
/ P MEASURING RPM ; !
! I
-~, : |
—~ - |
o] by
o Lo
4 \
N N
! B&K 1623 b
‘ | TRACKING FILTER
— — —_—
| 330 Kw DC |

| MOTOR CONTROL PANEL ! DU E—
- | B&K 2836 |
3 MEASURING AMPLIFIER

|
. . ‘ —_—
OFERATION BOX - et RECORDER —

Fig.10 Configuration of experimental set-up for the
vibration of steering wheel

2(43)& {Fp}3 {Frp) 3l 23] =il o
S o] HE2Z ol F7] 93 IMSL AE
299 Z DNEQNFE ol43lgrh eholoie)
AR&Ee] we 2PYe) AT ol F
AN Aael APAMNE Fig.ll, Fig.12¢] et
Ytk F B Al WYL (km/h) ol
Fxe zaple] Ao =e] AEIIEE(dB)
ojtt. A & F gi%o| Elelojy AL
dejol AH FFP) FFIl A, 2

Acceleration of steering wheel(dB)
8
1

Feldo] glo} tha Aol Helm glont HE ®1 8- experimenta

B AR o BRI 0065} B L Rl

ole ¥ mjaE=(BA : 3N-m, HE : IN-m) &0

39 oile nAY o wad F VA¥thw ot

T 9;1% 7)4\011.‘_]-' 80 90 100 110 1200 130 140

B Vehicle speed(km/h)
4.3 FHHAAZC HE

Fig.11 Comparison between

orxe] ATV Fo 10RHFE AQATEE experimental and numerical
Azdel B AHAAR®E A0S LA analysis(unbalance mass : 30)

Ao ALY AL AXEPge] w2 g

AFPFE Figl3, 140 vepiddch 5, 1) 4 THEE GRS ZAYrE T AN 5 A7

Aol EAMY) ALHE EAYsE & B-HI), A ZASel] disid e HFLARS AP

2) AH BARFRSE=L UAnEEE] FT} glo] A4ste] o ks BlAsIYITh Fig 132

&5 482 EAYFZ & AN, 3) A EAESHo] AEHA 2 Aol @& A7}
g BERRA(Y myde] dFdH) ¥ 2 Age AHAAZRL AP wo =g

140 - 98-



160 10
150
- /D.-"B- & '\
— [}
140 \E' .
g 3
£ me-8
ES tu:? a4
ol u
g 10 g
$ 100 - S
b g .01+
il 90 —8— exparimental =
= —t— numerical g
w80 g
£ 3]
§ 70 - < 0ot 4
q‘. T T T T T T T
&0 600 800 1000 1200 1400 1600 1800 2000
Engine RPFM
50 T T T T T .
8 @D 100 110 120 130 140 + Before optimal ——— Transmitted force
Vehicle speed(km/h) —— Ganeralized coord. of body —— Gear box
Fig.12 Comparison between experimental Fig.13 Response of steering wheel for
and numerical analysis the three optimal design cases
(unbalance mass : 30g) (lgnore the torgue roll axis)

9 AFFdE vepd Zolx Figlds E=
E50] AEHAE A9 AR A
et 23] AFPelth

HHYMA FPH) 27] XL E HAe
71E AFe AAE ol83H7] Wil =%
Y Aegart F Fow 23 Ale gor)
7R AFAREHAN FEHAES &
F 3tk &, dAnEES] XA A3
He7t 700~800rpm$] A-$ol mslA Axkd
Fiolr®, o] Hdoox AFEEE viASR
B EAERE s @t A$(Figl3)de
A BAYRT ARG A9 AYsm —
F7|A R 250 2958 o 4= Rl‘jr. B3 600 800 1000 1200 1400 1600 1800 2000

10

Acceleration of steering wheel{m/s%)

58 2% FHFiglals A7 BT, Frsine REM
- _ - Before optimal === Transmilted force
H’ IH) =T }‘B}EQ‘] ﬂ%}] 7‘:}0" _'ﬁ_}'.}-&} 0‘:]% —— Generalized coord.of body - = 'Gear-box

& ok ol A}AHNFE EAGez A

Aske (0, Mel fese e Jdaas

T oM E £ Fuz Ag 4 gk Fig.14 Response of steering wheel for
the three optimal design cases
(Apply the torque roll axis)

o) Ry QA0 E HHAALS] HE 41



5. € &

zgAe @M aEn AAset A &%
o] XY= Hr} AN ARwIH 435
o 2o AFYANS Avington olg A
Ae] A¥Ae wmste] 1 o] FAMEE
¥ 5 Uk olzRE WAY HAGE
v A% ATEAL 4 ANEBHo|Me 9%
ZoAYS 23 AT F Y=L At
102HEe) AR/AARDNA T ARk
Eo AFAARS AP B3 H3:Y 297
4o z3 2de) HgsR Az g
A%E Zoly d rldstm ge FAY +
gsich w3 e aFan T & £ gl
ASo] EAZEHL 1P A% nheES
HAAAGo] 2B AR EZHAYS A
g + YAtk Qe M9 HeHS
2R AR A B DT A
AT MRS BAYST M)
Ao] 2gPe] AFALIE $FS & 4 g
on ZgE Bok ol HXe} FanE
B9 FFo 9% AL Zo)7] YHME AA)
A%e AZHETE dAnkeEo] HHMAZL
AR Zlo] Yasih

ARvleEL AHLARS 7 JaM &
B 1022 mdH o2 dinkeEe] I
AAAZE I d o] Be AVES d&
& Qow g AN 71 FAe| ‘e 5
AR wXE JPL Zoly) YME S
299 AE/ET HES ANUIHEE o|8)d]
EAgRR Y 5 AES 3o, old) o)
F HARAPARS Ade 5 Q=2 FHPck

% 1

[ =]

5[t
e

1. " =B B o ERE EHK
fEdy, SR, ZET ~fFallr BN, A
i, 1992.

2. Den Hartog “Mechnical Vibrations”, Me-
Graw -Hill Book Company.Fnc. pp. 170
~224 1956.

142 EEERCEID

10.

11.

12.

. Hiromichi

. Yasuhico Fujiwara and Miki Nakayasu,

“Analysis of Vibration Mode of Vehi-
cle Steering Mechanism”, SAE 710627,
pp. 116, 1971.

. Morita, I, Nozawa, Y. and Arai, K.

“On Noise and Vibration from Engines
Transversely Installed in Front Wheel
Drive Cars”, JSAE review, Nov, pp. 24
~31, 1983.

Eishma, Keiichi Harnano,
Yoshiki Tanaka and Yoshoriobu Ku-
mata, “Method of Front Wheel Drive
Car Body Shake Reduction of Engine
Idling”, SAE 870630, pp. 1~7.

. Joong Hee Kim, Seung Gyoon Jung,

Ki Sei Kim, “An Investigation of the
Steering Wheel Vibration and Its Re-
dution in Passenger Cars”, SAE paper
No. 852267, 1985,

v g, “zHAlY] SAHRFE 2w
47)F A nFoLES HRLA", d=A}
E2-7es), =27, A6H AlE pp. 16
3~181, 1998.

. Thomas D. Gillespie, Fundamentals of

Vehicle Dynamics, Society of Auto-

motive Engineers, Inc. 1992.

. H. B. Pacejka, "“Analysis of the Shi-

mmy Phenomenon”, Modeling of the
Prieumnatic Tyre and Its Impact on
Vehicle Dynamic Behaviour, i72B, A7.
Donald Bastow, Car Suspension and
Handling, Pentech Press, 1987.

Mounir M. Kamal and Joseph A. Wolf,
“Modern Automotive Stuctural Analy -
sis”, Van Nostrand Reinhold Company,
1982.

James, C. Davis, “Modal Modeling Te-
chniques for Vehicle Shake Analysis”,
SAE 720045, pp. 1~11.



[~ ]

Arpax=X|— I'é/Q( ( - l)iaggai + a33ai)

ATy = Yi_l‘B/Q(" 1n6i—an(— l)iCaZi) — I A/mPi
=Y (xa)ai(t) = Ya(xa)dqa(t) +1sin 8- &(xa)p(t)

araz=zi—rpp(—ana;~ap(— 1)iC,zi) +ra/py®i

—Z(x )r(t) —lcosf - &(x4)p(t)
Argx=x;— 1 (— D'agfi+apa)

Argy =vi—Te(— 13 i —ap(—1)'Cizi) —Tg/md;

=Y (x¢)ai(t) = Yo{xclaa(t) +1siné - &(xg)p(t)

argz=z;—rgp{ —aga;~ap(- 1iC.zy) +rgmydi

— Z(xg)r(t) — lcos @ - B(xg)p(t)
Aoy = Xj‘l‘ as ‘ Zi5

Arcy =Y (x)qi(t) + Y, (xcdas(t) —1 sin &
C &(xp(t) —yi+(—D'ay Z;,

Ateg=Z(xcr(t)+1cos b+ Hxcp(t) —zi—an Z;,
ar-$=sx;+(— D" sy + (53— Calrarss

+8;Calraryz; +(s;11a1s —sslrar)e

(=D sylran+splran)fit (=D sy,

Ao RAg7 dAekeE A A HE 143



