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Development of Hydraulic Particle Excitation Control Valve
Driven by Lateral-Deflection Vibration
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Takahiro UKIDA, Tokyo Institute of Technology, ukida.t.ab@m.titech.ac.jp
Koichi SUZUMORI, Tokyo Institute of Technology

Hiroyuki NABAE, Tokyo Institute of Technology

Takefumi KANDA, Okayama University

Conventional small hydraulic servo valves which can apply to hydraulic robots are expensive. Therefore, we study
a compact and simple control valve using particle excitation by a PZT vibrator. The present study reports the
characteristics of a new control valve driven by a lateral-deflection vibration. The particle which seals an orifice is
excited in a direction perpendicular to the flow into the orifice by the vibration. The direction of this vibration aims to
reduce the influence of the pressing force due to pressure on the driving voltage. When silicon oil was used as the
working fluid and the kinematic viscosity value was 1 mm?/s, the minimum voltage to open the orifice was 94.1 Vpp
at 0.8 MPa. This value was lower than the voltage to open the orifice at 0.1 MPa. This result indicates that the new
structure of the valve reduced the influence of the pressing force acting on the particle.
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Fig. 1 Proposed valve using lateral-deflection vibration. The upper
side is a photo of the prototype, and the bottom side shows the
schematic of a cross-sectional view of the prototype.

Fig. 2 Enlarged drawing of the valve seat.
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Fig. 3 Relationship between the impressed pressure and the
minimum voltage to open the orifice.
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Fig. 4 Relationship between the impressed pressure and the
maximum flowrate.

Table 1 Comparison of the minimum voltage to open the orifice

between 0.1 MPa and 0.5 MPa.

Impressed pressure

0.1 MPa 0.5 MPa Ratio
Previous model 24.0 Vyp 32.0 Vyp 133%
New model 98.4V,, 975V, 99.1%
Bite
ARWFFEO—E01E, AR - A/ X"—va v EFIC LY

ﬂfadéntﬁﬁwﬁn%%%@7m77AmwmnF&

7.

RART 4 7 A Fy LoV I8, BRI RIS 2

BLTEFRENTZHOTT.

(1]

[2]

(3]

(4]

(5]

& 3k

Semini, C., Tsagarakis, N. G., Guglielmino, E., Focchi, M., Cannella, F.
and Caldwell, D. G., “Design of HyQ-a hydraulically and electrically
actuated quadruped robot”, Proceedings of the Institution of
Mechatronics Engineers Part |: Journal of Systems and Control
Engineering, vol.225, no.6, pp.831-849, 2011.

Hirooka, D., Suzumori, K. and Kanda, T., “Flow control valve for
pneumatic actuators using particle excitation by PZT vibrator”, Sensors
and actuators A: Physical, vol.155-2, pp.285-289, 2009.

FHEZ, $hiRMEi—, HEHRITHe, ARRIESC, KAEAEE, “Poki
TR A L D WERIET, AT L— R — X
T LERTER, B AT R, 865, pp.39-46, 2016.

Dohta, S., Akagi, T., Masago, Y., Matsushita, H., Zhang, Y.,
“Development of small-sized digital servo valve for wearable pneumatic
actuator”, International Symposium on Robotics and Intelligent Sensors
2012 (IRIS 2012), pp.97-104, 2012.
BERI R, (LA, EIREGE, ShARERE—, fREESC, U VIR
B & T ok - R 22 & Bl E1 97, Proceedings of the 2014
JSME Conference on Robotics and Mechatronics, 2A1-Q04, 2014.



