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Active Control of Air-Spring Vibration Isolator
Jin-ho Song, Kyu-Yong Kim and Young-Pil Park
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Abstract

Air-spring is widely used in vibration isolation to reduce the table vibration. When a distur-
bance is applied to a table, however, it starts virbrating with a low frequency, but has a large
displacement due to the reacting force of air-spring. In this study, to solve the table vibration
problem, an active vibration control device based on state feedback control using air-spring and
proportional control valves was designed. This device can suppress the displacement of the
isolation table within allowable range, even any kind of disturbances are applied to the table.
Firstly, theoretical analysis of an air-spring isolator was done. Secondly, characteristics of the
isolator was investigated via computer simulation and experiment. Finally, active control of
air-spring isolator was tested using optimal (LQG) and fuzzy control algorithms was performed
to show the effectiveness of the control schems.
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Fig. 3 Observed-state feedback control with mini-
mum order observer
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Table 1 Air-spring isolation table specification

Table weight 210kg
Table dimension 1500 x 1000 mm
Table thickness 200 mm

Air-spring type Diaphragm type

5 kgf/cm?

Air supply pressure
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Fig. 8 Schematic diagram of 1 dof experimental
set-up
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Fig. 19 Acceleration of isolation table, before and
after fuzzy control
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Fig. 20 Displacement of isolation table when air pres-
sure is 1.3 kgf/cm?(using LQG control)
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Fig. 21 Displacement of isolation table when air pres-
sure is 1.5 kgf/cm?(using LQG control)
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Fig. 22 Displacement of isolation table when air pres-
sure is 1.3 kgf/cm?(using fuzzy control)
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Fig. 24 Impulse response of isolation table when air
pressure is 1.3 kgf/cm?
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Fig. 25 Impulse response of isolation table when air
pressure is 1.5 kgf/cm?
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Table 2 Dynamic characteristics of 1 d.o.f model

Natural . Damping
Magnitude ..

frequency coefficient
Uncontrolled 48125 Hz | -6.8032dB 0.02
Optimal control 4.7500 Hz | -12.335dB 0.17
Fuzzy control 45625 Hz | -17.851dB 0.31

Table 3 Dynamic characteristics of 2 d.o.f model

(case 1)
Natural Dampi
atura Magnitude am'pfng
frequency coefficient
48125 Hz | -3.4284dB
Uncontrolled 0.02
5.6875 Hz -2.1017
48750 Hz | -13.0984 dB
Optimal control 0.12
58750 Hz | -7.8520dB
49375 Hz |-15.8712dB
Fuzzy control - 0.16
6.000 Hz |-10.1014dB

Table 4 Dynamic characteristics of 2 d.o.f model

(case [)
Natural . Damping
Magnitud
Frequency agnituce Coefficient
49375 Hz | -8.9664 dB
Uncontrolled 0.02
56875 Hz | -4.1860 dB
Optimal control 58125 Hz | -9.3209 dB 0.12
Fuzzy control 58125 Hz | -8.7984 dB 0.16
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Fig. 27 Transfer function of a 2dof model of isolation
system (case )
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Fig. 28 Transfer function of a 2dof model of isolation
system (case 1)
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