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Kinematic Design Sensitivity Analysis of
Suspension Systems Using Direct Differentiation
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ABSTRACT

A method for performing kinematic design sensitivity analysis of vehicle suspension systems is
presented. For modeling of vehicle suspensions, the multibody dynamic formulation is adopted,
where suspensions are assumed as combination of rigid bodies and ideal frictionless joints. In a rel-
ative joint coordinate setting, kinematic constraint equations are obtained by imposing cut-joints
that transform closed-loop shape suspension systems into open-loop systems. By directly
differentiating the constraint equations with respect to kinematic design variables, such as length
of bodies, motion axis, etc., sensitivity equations are derived. By solving the sensitivity equations,
sensitivity of static design factors that can be used for design improvement, = can be obtained.
The validity and usefulness of the method are demonstrated through an example where kinematic
sensitivity analysis of a MacPherson strut suspension is performed.
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Table 1 System definition data(transforma-
tion matrix )

1 0 0
C|z: 01 OJ C,4=|:O 0 1]

Clsz 010

0.4150 0.9098 0
Ca= [— 0.9048 0.4127 - 0.1050]
—0.0955 0.0436 0.9945

Table 2 System definition data.( joint attach-
ment vectors)

Index x Sy z
§ 1 0.5189 1.7956 0.7800
s 0.3322 1.9961 0.1684
§s 0.0250 1.9180 0.5194
§n 0.0445 | —0.0203 | —0.4634
§ u 0.0619 0.0864 | —0.1760
§ 3 —0.1610 0.0599 0.2184
§ 1 0.0595 0.1190 | —0.0639
s 3 0.0176 0.1135 | —0.1895
§ 0.8636 | —0.2478 0.0294
s 0.3355 0.0290 | —0.2227

performance sensitivily(Camber Angle)
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Table 3 Design variables

A7) G oo BT

Index Design variables Meaning
1 S 12m Sy § 12 strut mount and chassis contact point
2 S um 8 1y § e lower arm and chassis contact point
3 § 150 8 15y 8 152 tie rod and chassis contact point
4 & un § 2y & 2 vector form strut and chassis contact point to strut
' mount and knuckle contact point
5 S s & uy 8 vector form strut and knuckle contact point to lower
arm and knuckle contact point
6 & 51 53y § 52 vector form strut and knuckle contact point totie rod
and knuckle contact point
7 " aan S 38y 30 vector form strut and knuckle contact point totie and
knuckle contact point
8 S 380 8 38y S 380 vector form tie rod and chassis contact point to tie
rod and knuckle contact point
9 N x-axis angle of lower arm
10 B y-axis angle of lower arm
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