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Performance Sensitivity Analysis of Feedback System
for Adaptive Control of a Vehicle Suspension
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ABSTRACT

A linear quarter model of a vehicle suspension system is built and simulated. Especially the
so-called sensitivity analysis is conducted in order to show its applicability to design problems,
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.

Typical performance measures, namely, sprung mass acceleration; suspension deflection,
and tire deflection are examined. The vehicle model is analyzed for its performance sensitivity
as a function of the system’s feedback gains. The variable feedback gains are selected as the spring
and damping coefficients.

Frequency response, RMS response, and performance index of the performance evaluation
variables are considered and- three-dimensional and contour plots of response surfaces are formed
to examine output sensitivity to suspension feedback. Performance trade-offs over the entire
frequency spectrum are identified from the FRF, and that between ride quality and handling
characteristics are examined from the RMS responses. '
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Quarter model of vehicle suspension

Table 1 Design parameter of 2DOQF vehicle

suspension
model name |symbol | unit value
Sprung mass g ke 240
UNSprUng mass m, kg 36
suspension ¢s |Nsec/m| 1000
damping
suspension ke [N/m |16 000
stiffness
tire stiffness ke N/ m- | 160,000

Table 2 Model parameters of the passive

system
system modal Ist mode |2nd mode
o parameter
undamped
natural 1.25Hz { 11.02H=z
frequency
damping ratio | 0.2233 0. 2054
Passive| modal decay | —1.75 | —14.22
System rate
damped patural | 1. 22Hz | 10. 79Hz
frequency :
1. 004+ 0.00{ 1.00-+-j0.00
mode shape | 0.08+4§0.04| —6.23+
j 15. 36
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