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Influence of working fluid viscosity on driving characteristics of flow control valve
using particle excitation
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Hydraulic actuators have been applied to legged robots due to its high power-weight ratio and backdrivability.
However, the hydraulic servo valves which control the actuators are large and expensive. The compact and simple
structure of the flow control valve has the potential of improving their disadvantage. This valve is driven by the
excitation of particles in working fluid. Therefore there are some influences on the operation owing to increasing
viscosity. In this paper, we describe the characteristics of the proposed valve with various viscosity. When silicone oil
was used as working fluid and the kinematic viscosity values were 1 mm?/s and 3 mm?/s, maximum flow rates were
890 ml/min and 840 ml/min, respectively. This result indicates that the drop of flow rate is less than 10% by increasing
kinematic viscosity. On the other hand, the minimum voltage to open any orifices rises approximately 80% by

increasing kinematic viscosity.
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Fig. 2 Structure of the valve.
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Table 1 Silicone oil as working fluid.

No. | Kinematic viscosity Density [kg/m®]
[mm?s]

#1 |1 818

#2 | 10 935

#3 | 30 955

#4 |3 869
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Fig. 3 Relationship between the frequency and the vibrational
velocity for three types of kinematic viscosities (1, 10, and
30 mm?/s), when the impressed pressure
and the applied voltage are 500 kPa and 100 Vp-p.
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Fig. 4 Relationship between the impressed pressure and the
minimum voltage to open any orifices, when the values of
kinematic viscosities are 1 mm?/s and 3 mm?/s.

4. EBMEOCERFRAZAVEREDHE

F LIRTHL, #4 DY a—F A VEERRE L Li-4
U7 4 ANHL 7o DI E R RRBMEE T & HUNEE 2 #0
SHDHZ LI DMEOEERE L. SBIREIZ X SE)
MEN E AV 7 4 AR BARIMEBTL OBIR A K 4 127577,
ZOFERED D, BREORINC X 54V 7 0 ADBE < RAKE)
TEBEITR K 29V THY, 80%DENN & A o7-. BRI &
HIRENEE ~DOFEN 10%L FTHoT2Z &0 n, ki 0
FRICAER T 2B EOREBRRENEEZILND. ZOZ
EVE, ERE ORI COEMEL, RIKBIEBLEN EmELET
HDHT-OICENMENRAREL 70D Z & 2R L TN 5.
WAZEREEEAS 1 mm2/s 16 LT3 mm¥s 1230 S EVINE B D
EUINEBE & MEOMGZREZX 5 1R, HUNENR X OEINE
JEDEENN LR EIZHEN L, FINE 7323 500 kPa D 5FI2E
W, BREEEEAS 1mm?s TIE, HUINEED 120 Vep D & &, %
K& 890 ml/min & 72 ¥, EhbEEAY 3 mm/s TiX, HIMNELEN

(@)

- 500 kpa\
g 300 kPa
E, 600 |
] 200 kPa . i .
=] N
L 200 } j
0 ot "‘ 1 1 1 1
20 40 60 80 100 120 140 160
Applied voltage [V ]
(b) 1000
500 kPa\
"= 800 | 400 kPa\ F
g 300 kPa
E, 600 r N
g 200 kPa . _ .
:
T 200 | 100 kpa /,/*‘ ;
0 ;>{Wwwwwf |

20 40 60 80 100 120 140 160
Applied voltage [V, ]

Fig. 5 Relationship between the applied voltage and the flow rate:
the kinematic viscosity values are (a) 1 mm?/s and (b) 3 mm?/s.
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Fig. 6 Relationship between the applied voltage and the flow rate,
when the values of kinematic viscosities are 1 mm?2/s and 3 mm?/s.
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