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Performance Improvement of a Vehicle Suspension
by Sensitivity Analysis
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Abstract

Optimal design parameters are estimated from the sensitivity function and performance index
variation. Suspension design modification for performance improvement and basic materials for
practical applications are presented. The linear quarter model of a vehicle suspension is analyzed
in order to represent the utilities of sensitivity analysis, and sensitivity function is determined in
the frequency domain. The change of frequency response function is predicted, which depends on
the design parameter variation and the property is verified by computer simulation. As an
investigation results of sensitivity function for the vibrational amplitude of sprung mass to road
profile input, it is shown that the most sensitive parameters are the suspension damping and the
suspension stiffness. In order to identify the effects of these two parameters to the performance
of suspension system, the performance index variation according to the changes of parameters is
considered and then optimal design parameters are determined. It is verified that the system
response is improved noticeably in the both of frequency and time domain after the design
modification with the optimal parameters.
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SENSITIVITY ANALYSIS

!

l Eigen value & Eigen vccloﬂ

!

fScnsilivity Function ]

!

[ Determination of control parameter ]

'

L

Validity Examination

!

}_____

Dectermination of optimal design parameter

'

MODAL ANALYSIS

Table 1 Design parameters of 2 DOF vehicle
suspension
Model name Symbol Unit | Value
Sprung mass s kg 240
Unsprung mass Mu kg 36
Suspension | . |
. \ Cs ‘Nsec/m‘ 1,000
damping ‘
Suspensi o
uspension
> ‘ ks N/m | 16,000
stiffness
Tire stiffness r ke N/m 160,000

'

[ Eigen value & Eigen vcctoi’

!

Decoupling by the coordinate transform
( using orthogonality )

'

Solve the decoupled differential equation
( RUNGE KUTTA METHOD }

!

Solution of the physical coordinate system
by inverse coordinate transform

L

Response Evaluation

(RMS, FRE )

Fig. 2 Flowchart of this study
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Table 2 Comparison of modal parameters
System Modal parameter 1st mode 2nd mode
Undamped natural
P 1.25Hz 11.02Hz
frequency
Damping ratio 0.2233 0.2054
. Modal decay rate -1.75 —14.22
Original system
Damped natural
P 1.20Hz 10.79Hz
frequency
Mode shape 1.00+.!0.00 1.00+J. 0.00
0.08+j0.04 —6.23+j15.36
Undamped natural
P " 0.41Hz 10.50Hz
frequency
Damping ratio 1.0000 0.2100
M d t - -
Optimal system odal decay rate 2.57 13.86
Damped natural
P ra 0.00Hz 10.27Hz
frequency
Mode shape 1.00+30..00 1.00+% 0.00
—0.0099+j0.00 —2.574+)15.48
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