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Kinematic Design Sensitivity Analysis of Vehicle Suspension
Systems using a Numerical Differentiation Method
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ABSTRACT

A numerical approach for performing kinematic design sensitivity analysis of vehicle sus-
pension systems is presented. Compared with the conventional analytical methods, which
require explicit derivation of sensitivity equations, the proposed numerical method can be
applied to any type of suspension systems without obtaining sensitivity equations, once any
kinematic analysis procedure is established. To obtain sensitivity equations, a numerical
differentiation algorithm that uses the third order Lagrange polynomial is developed. The
algorithm efficiently and accurately computes the sensitivity of various vehicle static design

factors with respect to kinematic design variables. Through a suspension design problem, the
validity and usefulness of the method is demonstrated.
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T : Translational

S :Spherical

U : Universal
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Table 2 SUZbT AL 3

AAE | FE Value Sensitivity %Sen(1) %Sen(®) | %Sen(10)
X 1,493.750 170091E-01 100.02 100.09 100.19
A Y -311.150 - 121631E+00 100.49 10252 105.27
Z 434.000 - 115489E+01 108.96 169.74 559.20
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Z 466.328 -122269E+01 112,69 228.75 ~799.45
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C Y -378.600 .204729E+00 99.26 96.51 93.54
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HEA 7 A7 Fig8d o] EFA Hg 3
L s AN} FARG, VPSS olge o 22)

o

Table 2914 & = e die} Zo] AA N
o] Way} A4 %UREE 1000 HIEe
& Aok

thEAdEAge] A7dest & dANSE HAA
&ol(Table 2914 RA=7 AdHezs & 44
W& A, B, G, Co, By, Fy, F)) 9173%9] 2%
of we} 5mmH WA NF oA QREHN S
Stk F OoAA 9REsN S St F 9
257t AT E A AFsn £2.5mmH

136

9] AAMACR 3719 AFAANZ} Hil=
AA) g ZHPSE & = Utk

6. &4 &

FAH MRS o148 DPERY S8 AL
Siek A28 IS olgsted AR g
A3} AREs} FA0) FAIEE FA0E E3

Zg hgsidich J17Ee 299 westE A
AHTA FEEAE ] BPEAEE =9
ARk 2= FERAAE AANFE olg

Sele



TOE

Y » w—
Tainet - DOegigh
100 ...,.\ 1 100

s0 | )

o
o

fummEaen P

-100 o 3 om0

LW D15 D0 OH0S 0 005 00 O4S 020

Toeldegree]
(a) &
CAMBER
ot Dewgn

RN

a0 Py 1 -s0

AN

2 a9 4 2
Camber[degreel

(b) 78
CASTER
» o— » —
Tari Dasign
rf_— g
100 100

d -100

-5 -4 -3 -2 -1 1] 1 2
Caster[degree]

(c) 7N2H

Fig.8 &atel FEMA IR

3 4 5

3o} HAEFE v]AWEE o83k FAMR
o] 7Fsdhes AU £ e WA ¥
Aol doglel 717 MAE wEHoR £
o T eER ngE Fui WP

Mg 5 ok TN WPER ol gsie] Wy

& WA HAE SPsRen, 43 I
AAVAE FAEL & A

gazd

. Haug, E. J., Wehage, R. A., and Barman,

N. C., “Design Sensitivity Analysis of
Planar Mechanism and Machine Dyna-
mics”, Journal of Mechanical Design, Vol.
103, No., 3, pp. 560570, 1981.

. Haug, E. ], and Wehage, R. A., and Mani,

N. K, “Design Sensitivity Analysis of
large-scale Constrained Dynamic Mecha -
nical Systems”, ASME J. of Mechanisms,
Transmissions, and Automation in De-
sign, Vol. 106, June, pp. 156162, 1984.

. Sohoni, V. and Haug, E. J., “A State Space

Method for Kinematic Optimization of Me-
chanisms and Machines”, Journal of Me-

chanical Design, Vol. 104, January, pp.
101~107, 1982.

. Neumann, C. P, and Murray, J. J., “Li-

nearization and Sensitivity Functions of
Dynamic Robot Models”, IEEE Trans.
Systems, Man, Cybernetics, Vol. SMC-
14, pp. 805818, 1934.

. Balafoutis, C. A., Misra, P, and Patel, R.

V., “Recursive Evaluation of Linearized
Dynamic Robot Models”, IEEE ]. of Ro-
botics and Automation, Vol.,, RA-2, No.
3, September, pp. 146155, 1986.

. BHe, ‘A= E o8 AN T

A G, ¥4 TR, A2d
Al 3%, 1994.

. Haug, E. J., Computer-Aided Kinematics

and Dynamiés of Mechanical Systems
Vol. I: Basic Method, Allyn and Bacon, .
1989.

. Bae, D. S,, and Haug, E. J.,\ “A Recur-

sive Formulation for Constrained Mecha -

nical System, Part II Closed-loop Sys-
tems”, Mechanics of Structures and Ma-
chines, Vol. 15, No.4, 1987.

FAYE A% 2AF WA 71T A% HY 137



