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Active Control of Pneumatic Vibration Isolator with Pressure Observer
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The pneumatic vibration isolator is economical, has no risk of contamination, and attains high vibration isolation
performance by lowering the natural frequency. Pressure feedback control is used to improve the response speed of the
pneumatic vibration isolator and keep the internal pressure of the pneumatic actuator constant. In this paper, the vibration
isolator was actively controlled by estimating the internal pressure of the pneumatic actuator with the displacement signal. A
pneumatic actuator was modeled and its dynamic characteristics were identified through frequency response
measurements. A pressure observer based on relative displacement was designed, and the observer control gain was
adjusted with nominal model and experiments. Pressure estimation performance and active vibration suppression
performance using a pressure observer were verified through experiments. The pressure of the pneumatic actuator was
estimated by the observer, and measurement noise was eliminated effectively. In addition, vibration isolation performances
of direct and estimated pressure feedback showed no difference, verifying the effectiveness of the pressure observer.
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NOMENCLATURE M = Mass of Isolation Table
) = Real and Estimated Pressure of the Pneumatic

A = Effective Area of the Pneumatic Actuator Actuator
c = Flow Conductance q = Volumetric Flow Rate
D = Viscous Damping Coefficient Spos = Displacement Sensor Sensitivity
Jair = Driving Force of the Pneumatic Actuator T, = Time Constant of the Pneumatic Actuator Model
G, = Flow Gain of the Servo Valve T = Time Constant of Pseudo-differentiator of the
I = Current of the Servo Valve Pressure Observer
K = Stiffness of Air Spring u = Control Input
k, = DC Gain of Pneumatic Actuator Model Vo = Effective Volume of the Pneumatic Actuator
Ky s kg, ki = Acceleration Feedback Gain v, Vo = Velocities of Isolation Table and Floor
kg = Gain of Control Input of the Pressure Observer x, X, % = Displacement, Velocity, and Acceleration of
k, = Proportional Gain of Displacement Compensator Isolation Table
kium = Gain of Pseudo-differentiator of the Pressure Xo» %o = Displacement and Velocity of Floor

Observer Yij = Compressibility
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Fig. 2 Control block diagram of pneumatic vibration isolator
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Table 2 Model parameters of pneumatic vibration isolator

20 Ry _ oo Symbol Description Value
—_— > =)
i 0 ] M Mass [kg] 52
i:: é‘ D Damping [Ns/m] 155
40 K Stiffness [kN/m] 12.8
-100
. : . ] G, Flow gain [m*/s/V] 1.6 x 107
10 10 10 10
Frequency [Hz] Frequency [Hz] c Flow conductance [m?/s/Pa] 43 x 10710
Fig. 4 Frequency response from control input u to pressure p B Compressibility [1/Pa] 274 %10
Vo Volume [m?] 2.72 x 107
Table 1 Geometric parameters of the air spring A Effective area [m?] 1.73 x 103
Piston diameter Chamber diam. Chamber height
[mm] [mm] [mm] Pneumatic actuator
44 50 16
c
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Fig. 7 Frequency response of the measured and estimated pressure

Table 3 Gains of the pressure observer

Symbol Initial value Final value
ki 623.8 2573
T, [s] 1.73 x 10 2.69 x 10

k, 1 1
k, 3.72 x 10* 5.81x10*
T. [s] 0.173 0.269

——Mesured p
Estimated p

Time [s]

Fig. 8 The measured and estimated pressure of pneumatic actuator
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Fig. 9 Control block diagram of the active pneumatic vibration
isolator

Table 4 Control gains for the active pneumatic vibration isolator

Description Value
Proportional gain of displacement compensator 5
Proportional gain of acceleration PI compensator 0.05
Integral gain of acceleration PI compensator 1
Acceleration feedback gain £, 12
Acceleration feedback gain £, 2
Acceleration feedback gain k; 5
Proportional gain of pressure PI compensator 1
Integral gain of pressure PI compensator 0.3
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