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Optimal Design of Vehicle Suspenion Systems Using Sensitivity Analysis

ABSTRACT

A method for performing dynamic design sensitivity analysis of vehicle suspension systems which have

three dimensional closed-loop kinematic structure is presented. A recursive form of equations of motion

for a MacPherson suspension system is derived as basis for sensitivity analysis. By directly differentiating

the equations of motion with respect to design variables, sensitivity equations are obtained. The direct

differentiaion method is computationally more efficient in parallel processing environment and easy to

generalize for the application of multibody dynamic sensitivity anlaysis. Based on the proposed sensitivity

analysis, optimal design of a MacPherson suspension system is carried out taking unsprung mass, spring

and damping coefficients as design variables.
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Table 1 Mass and inertia for each body
body mass inertia(Kg-m®)
v:Key I Ty l. Iy | I
chassis(1) 4490 100.0 555.0 650.0 75 40 05
arm(2) 30 0.028 0.028 0.028 0.0 0.0 0.0
wheel(3) 433 0.72 114 0.72 0.0 0.0 0.0
strut(s) 20 0.009 0.009 0.009 0.0 0.0 00

Table 2 Variation of performance measure v with 1.0, 2.5, and 5.0% change of each design parame-

ter

s W Ay* Sy* (Ay/&y) *100
58.(1.0%) 2.672089%-1 —2575512e-3 —2.616267¢-3 98.68
88:(1.0% ) 2.694596e-1 —3.248370e-4 —3.370762¢-4 96.30
5Bs(1.0%) 2.718507e-1 —2.066273e-3 —2.070865¢-3 99.94
8p.(25%) 2.634278¢-1 —6.356638¢-3 —6.525483e-3 9741
8B,(25%) 2.690883¢-1 —6.961378¢-4 —8.426892e-4 82.60
8:(2.5%) 2.749369-1 —5.152412%¢-3 —5.177164e-3 99.52
53:(5.0%) 2573460e-1 —1.243854e-2 —1.305094e-2 95.30
5B:(5.0%) 2.687759%-1 - 1.008585¢-3 —1.685378e-3 59.84
80:(5.0%) 2.800444¢-1 - 1.026040e-2 —1.035433e-2 99.09

*y,=y(b), v, =y(b+8b), Ay=vy,—vy,, dy=(dy/db)8b

Table 3 Variation of performance measure vz with 1.0, 2.5, and 5.0% change of each design parame-

ter

8o Vp Ay Sy (Ayfay)*100
83:(10%) 2916538e-1 —5.386738¢-5 —5.330221e-5 101.06
5B:(1.0%) 2917236e-1 — 1.587597e-5 —1.560434e-5 10173
8ps(1.0%) 2.916839%-1 —2.386895¢-5 —2.390276e-5 99.86
8p,(25%) 2915730e-1 —1.347278e-4 —1.332559e-4 101.09
8p2(2.5%) 2917460e-1 —3.825956¢-5 —3.426892¢-5 98.07
8pa(25%) 291648%e-1 —5.958478e-5 —5.97555 e-5 99.72
88:1(5.0% ) 2.914361e-1 —2.715613e-4 —2.665187e-4 101.89
8B2(5.0% ) 2.917795¢-1 ~7.177974e-5 —7.802351e-5 92.02
8B:(5.0%) 2.915888¢-1 —1.188922e-4 —1.195098e-4 9948
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