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Pressure Control of a Piezoactuator-Driven Pneumatic Valve System
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Abstract

This paper proposes a new type of piezoactuator-driven valve system. The piezoceramic actuator
bonded to both sides of a flexible beam surface makes a movement required to control the pressure at
the flapper-nozzle of a pneumatic system. After establishing a dynamic model, an appropriate size of
the valve system is designed and manufactured. Subsequently, a sliding mode controller which is known
to be robust to uncertainties such as disturbance is formulated in order to achieve accurate regulating
and tracking control of the desired pressure. The controller is experimentally realized and control
performances for various pressure trajectories are presented in time domain. The control bandwidth of
the valve system which directly represents the fastness is also evaluated in the frequency domain.
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Fig.1 Flapper-nozzle control valve
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Fig.2 Piezoceramic flapper
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Fig.4 Experimental configuration for pressure control

Piezo Valve
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Table.1 Experimental parameters of piezo valve

Natural | Damping | Flapper |Supplying! valve
frequency |coefficient | to nozzle | pressure |character-

of flapper| of flapper | gap istic value
Wy g X P.v VA
191 hz 0.279 | 0.15mm 3 bar 1.34

-s 02bar, e 06bar, —a— 1.0bar

Magnitude [dB]

10
Frequency [Hz]
Fig.5 Bode plot of piezo valve
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Fig.6 Pressure regulating control results (measured)
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Fig.7 Pressure tracking control results (simulated)
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Fig.8 Pressure tracking control results (measured)
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