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Fabrication and Evaluation of Hydraulic Particle Excitation Valve
Vibrated Perpendicularly to Direction of Flow Path

Takahiro UKIDA, Koichi SUZUMORL Hiroyuki NABAE, Takefumi KANDA

We introduce a new particle excitation control valve that is driven by a vibration of a different direction from the
previous particle excitation control valve. Conventional small hydraulic servo valves have some disadvantages such as a
complex structure and waste of hydraulic energy. As a way to solve these disadvantages, we study a hydraulic small
control valve using a piezoelectric vibrator. We confirmed that the proposed control valve was operated with low viscosity
fluid in our previous research. However, the control valve was not operated with high viscosity fluid, because a force
required to open the valve is increased due to rising of the viscosity. In this paper, we fabricate a new prototype valve
driven by the perpendicular vibration to the flow direction in order to achieve the operation of the valve with the common
hydraulic oil, and evaluate the characteristics of the valve due to changing the valve seat shapes. As a result, we found that
the taper angle of the valve seat has an optimum value. When the taper angle of the valve seat is 100° , the prototype valve
was opened by the lower voltage than the other taper angles. In addition, when the silicone oil was used as the working
fluid, with kinematic viscosity values of 30mn/s, which is nearly equal to the kinematic viscosity of the common hydraulic
oil, we have succeeded in opening the valve at 0.8MPa. Since the previous particle excitation valve cannot be opened in the
high viscosity working fluid, these results indicate the possibility for operating the proposed valve with the common
hydraulic oil.

Key Words : Control Valve, Hydraulics, Piezoelectric Element, Micro-Mechanism
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Fig. 1 Principle of the previous model
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Fig. 2 Principle of the proposed models
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Fig. 3 Relationship between the contact angle and the inertial
force required to open the valve
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Fig. 5 Relationship between the contact angle and the
impulse on the particle

Table 1 Parameters for Fig. 5

Item Value
Fy, [N] 1
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Fig. 7 Schematics and photo of the proposed valve

Table 2 Specification of the prototype valve

Item Value
Diameter [mm] 100
Length [mm] 497
Mass [g] 251
Orifice diameter [mm] 10
Particle diameter [mm] 15

Resonant frequency: 126.9 kHz
Large

Vibrational
direction

Particle
Valve seat

Fig. 8 Analytical result of the vibrational mode

20184E 1 H CPI%304E)



14 HART V= K87 — 3 27 N 2aim sl

[mm]

Fig. 9 State of the contact between the particle and the
valve seat

Table 3 Dimension of the particle and the valve seats
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| W |

(a) Pressure source (Air compressor)
(b) Air filter QD ®
(c) Pressure regulator
(d) Pressure gauge (2 u-----:
(e) Air-oil tank = |

vyl

(f) Colioris type flowmeter
(g) Prototype of the control valve

(h) Tank [ 1]

Fig. 10 Schematics of the experimental setup

Table 4 Appropriate driving frequency of the each valve seat
obtained by experiment
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to open the valve, impressed pressure, and
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Fig. 15 Relationship between maximum flow rate,
impressed pressure, and kinematic viscosity of the
working fluid
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