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A semi-active suspension_ cqntroller adapting to
road variation

Dong-Rak Lee’ - Ki-Bong Han™ * Shi-Bok Lee™

ABSTRACT

In this paper, a semi-active suspension adapting to road variation which also
considers the frequency sensitivity of human is proposed, First, a road adapting
controller composed of system identification and LQG control is designed. Using the
extended least squares method, the road property is estimated by system
identification as it varies, and the LQG controller considering the estimated road
property and the frequency sensivity of human is designed. Next, the semi-active
suspension is made, which tracks the performance of the active suspension with the
road adapting controller. Through numerical simulation, the performance of the
proposed is compared with that of a non-adaptive
semi-active suspension with frequency-shaped performance index. As a result, we

semi-active suspension

see that the road adapting semi-active suspension has better performance.
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Table 1. Design parameters of 1/4 car model

A AF (M) 240 Kg
A& AF (M) 36 Kg
WA 22y A4 (K) | 16000 N/m
Elojo] ~X Y A4 (Ko | 160000 N/m
7R 74 A (G 980 Ns/m

- 342 -



ke x(t)

7
Fig. 1 1/4 car model

PSD|dB ]|
\
.
)
'—:E;_

Fig. 2 Output feedback control system 0 1 10 100
frequency | rad/s |

( start ) (a) paved road

O .
i
mot plant transfer function o) e ’ . "‘."1._
select Aq , Br, Bq weighting parameters a1 - -, K |" .
and A forgetting factor E . ' :'I'.‘( ,
} » b rw
BG controller delign—l A -100 — ! a
Yes No
stability check
0 1 10 100
frequency [ rad/s ]
IL“) = Ct °(‘)| Lu(t) = cC,. e(tﬂ . (b) unpaved road

¥
roN Y

V’// __\ o W&\;‘
I

extimate ‘h B.
using ELS algarithm

PSD[dB|
5
|

=

4] 1 10 100
Yes @ No frequency [ rad/s ]
(¢) poor road
Fig. 3 Road adapting control algorithm Fig. 5 Power spectral densities of road input

-343_



road hight | m |
acccleration | m/s™ |

0 10 20 30 0 10 20 30
time | s ] time | s ]
(a) Ist process (a) passive and proposed semi-active suspension
— 25
- «
£ £
z E
= s
= 5
2 8
0.2 - 8
0 10 20 30 0 10 20 30
time [ s ] time [ s]
(b) 2nd process (b) compared and proposed semi-active suspension
Fig. 6 Time histories of road input Fig. 8 Acceleration responses of the sprung mass
— 25
=]
=
£
=
5
(8]
“
2
0 10 20 30
time | s ]
(a) passive and proposed semi-active suspension
— 23
E
=
8
=
5
8
g
0 10 20 30
time { s ]

(b) compared and proposed semi-active suspension
Fig 7 Acceleration responses of the sprung mass



