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PWM Control of Hydraulic Active Suspension
with High-speed On/Off Valves

Hironao YAMADA, Yoshikazu SUEMATSU,
Takayoshi MUTO and Shaojun LIU

In this study, a new system of an active control hydro-pneumatic suspension for automobile is
proposed and its dynamic performance is tested. The proposed system is composed of high speed On/
Off solenoid valves, in stead of a proportional valve or servo-valve in conventional use. As a method
for driving the On/Off valves, the pulse width modulation (PWM) method is adopted. Since the
choice of On/Off valves driven in digital mode, such as the PWM method, leads the system to an
economical and reliable one, it is expected that the proposed system can realize high reliability and
cost reduction. The dynamic characteristics of the system are investigated by experiment and digital
simulation. These results are compared with those obtained from a conventional system composed
of a pressure control valve, and the availability of the proposed system is confirmed.
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Fig.1 Conventional hydraulic active suspension
system composed of pressure control valve
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Fig.2 Proposed active suspension system composed of
high speed On/Off valves
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Fig.3 Quarter car test bench system
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Fig.5 Experimental results of the bench system with
On/Off valve
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4,=907x10"m*, 4, =119x10"m?
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Fig.7 Experimental results of the bench system with
pressure controlvalve

— 159 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

3852 A A VEESARHOCTRIET 77 4 T AR v g O PWM &5

6 ——— T T =
.0 N
x | N -
S -6 1 S == L
o 0 0.5 1.0

Displacement of body (x,) and road (z,)

Fig.8 Simulated results of the bench system with
pressure control valve

Xp
E 6 PN T -~ PEIS TTTX,
’ N N P N
~ 0 Z P e =
» N ~ 7 N
A ‘\_’/ -
3 6 i !
(a) 1511z
~ T T T =
SN ”\\ 7 ‘\ VR
S 0 4 LN
» \\\_’/ \\_7" \\\/ \
£ 6 ~-') N/ <~/ Mo
(b) 2.01z
6 Py T T
E RN VY N /’\\ //\\
&3 0 \ \ 7 \
N_/ N/
2 6 - . - L~ y s N
0 0.5 1.0 1.5 2.0
1sec
(c) 2.5Hz

Fig.9 Experimental results with various input
frequency (On/Off valve)
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Fig. 10 Experimental results with various input
frequency (Pressure control valve)
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Fig. 11 Frequency response with On/Off valve
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Fig. 12 Frequency response with pressure control valve
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