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A Study on the Effects of the Flexibilities of Suspension System
of a Vehicle for Handling Performance

4 A EFE O F 7 2 0¥y @A
S, J. Song, H. K. Moon, B. K. Cho
ABSTRACT

An analysis of handling performance including the compliance effects is performed.
Using the primitive design data of suspension systems, a kinematic model and the three
kinds of compliance models are developed. The wheel alignments curves are obtained with
the multibody dynamic analysis program ADAMS. The compliance effects of each model
are discussed. Since the proposed analysis only requires the raw design data, the better
prediction of wheel behaviors is possible in suspension design stage.
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Table 1 Suspension geometric points of

multilink type
GEOMETRIC POINTS X Y Z
WHEEL CENTER (B) | 2%, ™0, %0
TIRE CONTACT POINT (R) | 26%, 752, -346
LWR-FRONT ARM, BODY (AD)| 23, 956, -50

LWR-FRONT ARM, KNUCKLE (A) | 2621, 680, -130
LWR-CENTER ARM, BODY  (B0)| 2691, 306, -1%
LWR-CENTER ARM, KNUCKLE (B) | 269, 655, -1515

LWR-REAR ARM, BODY (T) | 2850, 270, -86
LWR-REAR ARM, KNUCKLE  (H) | 2840, 686, -14
UPPER ARM, BODY O 2615, 520, 30
UPPER ARM, BODY {Cr)| 2852, %4, 339
UPPER ARM, KNUCKLE © | 2690, M3 M
S/ABS UPPER, BODY (Su)| 2728, 549, 583
$/ABS LOWER, KNUCKLE (S| 27145, 600, 10

R 3 BAEE 84 F AN TR
e gat v golw #j4el bsd
o ge] A3ATS FAs) fiste] Add g
oloje] FHR) WA (translationa) ZJE, B
H(planar) Z0E, THRQIES AE dAdz ¥
APsla HAFJAE HHE FRc

188 F44, 287, 299




Kinematic

—.——v/.

Whee! alignments(deg)
1

camber
25— —@— toedn

a0 T T T T T T T
50 £0 40 -0 0 20 40 ] a0 100

Wheel travel(mm)
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analysis
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Table 2 Bushing stiffness of multilink type

spring rate
translational rotational
[kgf/mm] [kgf-cm/deg]

axial radial axial radial

LWR-FRT ARM, BODY (A0) 12 ref. 1 9.0 ref, 1

LWR-FRT ARM, KNUCKLE (A) 95.0 400.0 18.0 190.0

LWR-CTR ARM, BODY (BO) 95.0 400.0 18.0 190.0

LWR-RR ARM, BODY (T 95.0 400.0 18.0 190.0

S/ABS UPR, BODY (Su) ref. 2 250.0 2.0 10.2

S/ABS LWR, BODY (S 270.0 20 10.0

"UPR-CRT ARM, BODY cn 1,089.0 115 190.0

UPR-CRT ARM, BODY (Cr) 1,089.0 115 190.0

tatioal X -
vertical stiffness e (_) 3.Okgf-cm/deg
translational 48kgf/mm
ref. 1 o rotatioal 18.0kgf-cm/deg
arm direction (A0-A) | disp.tmm) | 00 60 | 100
stiffness translational
force(kgf) 0.0 190.0 | 860.0
rotatioal 0(due to bearing)
axial direction stiffness -
ref. 2 ., . ] disp.(mm) -74 | 00 4.0
(‘- means tension) translational

force(kgf) | -1,000.0| 0.0 400.0
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Fig.12 Control arm bracket deformed shape
of unit displacement of Z

Fig.13 Control arm bracket deformed shape
of unit rotation about Z
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med shape of unit displacement of Z

Fig.15 Shock absorber upper bracket defor-
med shape of unit rotation about Z
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Table 3 Suspension geometric points of
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S/ABS LOWER, KNUCKLE (D) -4, 620, -40
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Table 4 Bushing stiffness of MacPherson type

spring rate
longitudinal lateral vertical radial
[kgf/mm] [kgf/mm] [kgf/mm] | [kgf-cm/deg]
LWR-FRT ARM, BODY(AQ) 50 800 800 10
LWR-CTR ARM, BODY(BO) 25 ref. 1 70 5
S/ABS UPR, BODY  (Sw)| 150 150 ref, 2 0 {due to
bearing)
ref. 1 disp.(mm) -4 0 4 - 10 16
force(kgf) -300 0 200 600 1200
ref. 2 disp.(mm) -4 0 5 10 16
force(kgf) -350 0 400 1000 2000
kinematic
o ~ == - bushing 024
- -0_.1 —
g’ 05 _’gf
E ‘Ié 0.2 —
8 &
7 Kinematic
a5 — ox - - - - bushing
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Wheel travel(mm)

Fig.20 Camber curve in MacPherson suspension

A3 Sgkiu|et ZA(DO), DEEDH AA(AQ,
B0)e] Adye] 25 3709 P48 AHSATh
o] FoA &¢aHg AA(DO), VESUF 2}
A(BO) Ateloll ARZH 2709 FAE HIHY &
#E DAt FH AT 4FxAEd ¥=
~EHE AXEHAT AHH B9 =S
Table 49} #th ojg} Zo] 747 EdE M
3ted ADAMSeIX £33 si4& FHsiict

3.3 M 24
7178 43 By AP EAE o1 Y

A0 -80 -40 -20 Q 20 40 80 B8 100
Wheel travel(mm)

Fig.21 Toe-in curve in MacPherson suspension
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