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and Its Engineering Application, J. HTSJ, 43, 179,
26-31 (2004)
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012078, 2009

4) J. Noma, H. Abe, T. Kikuchi, J. Furusho, M. Naito :
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J. Mag. Magn. Mater., 322 (2010) pp. 1868-1871

5) Y. Nonomura, R. Saito, A. Takahashi : Friction at
fingertip surface during water contact process, Bull.
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Leg press(leg extending) Lift off{leg bending)
Quadriceps femoris Illiopsoas Tibialis anterior
A
a4 »/)/}
Nll &2_)"

Gastrocnemius Hamstrings

Gluteus maximus <:‘ Load direction

|:> Exercise direction <:|

1 Full concentric exercise
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Power unit Handle

Drive link

K2 Prototype robot
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g VEENCET 2 HEAMEIE DS E20%IC
e LTz,

F—=Y 73V NoRtEE 2 AZFEAIE L, 3
H AR TEE24 R4 Uz, BHABREICHN T 230 R 7%
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BET 0 Je R 777 70, I BT R e Jre 9 0, IS BRI Je R 7 7,
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MR, 77 > 7> a ) —FZHllE L.

—— Robot training === Weight machine training

10 100

(sec) ™)
5 50
0
3 months 3 months
o Hip flexion
5m walking time Muscular force

3 Functional improvement

X 31T HRERERAG R OREH & LT, 5 mB THE
1136 X O R BE R dh i ) OE B i % O IR 72 7R
9. S5mSBTEEICDOWVWTIE, 5mEHITTS
DICET ZPERETH O, B ITHB T3 E O
WZ EZERLTWS., Ry MHEDH—29.0% &
w0, MatPICE EEEH (p<0.05) ZRLUTk.

 WRE0% 94 (90.0%) ISBTEE DI A
- RAbN —, MERETIE—53% &40, HiE

MR b NEh - Tz, REAEI ORI e
R FHETIE+56.0%, SHEHETIE+75%&7%0,
Eiam b (mRy M p
<0.01, XIMHE: p<005) Z/RLTz. £/, ©
Ry FETRERHEBRELI0MRE (100%) 12, X

CBTEOBNTH (TT8%) TN I L

MDEONTz. Ry FEECIE, V7 A T78EEICE
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*1 Specification

Load 20N ~ 2,000N
Stroke 400mm (Leg exercise)
600mm (Arm exercise)

Power ~ ACI00V (50/60Hz)
Size 1,800W, 900D, 1,250Hmn
Weight ~ 2,500N

Display Handle

Step

4 Outward appearance

BABIZTTIEL, PR &R hiRs O D251

L—FZ A L7z, MRIAT L—Fh 549 %4
iz B FNBET 5 F 2 — > - A0y FERH)

Drive chain

Arm shuttle

Power-assist motor MR fluid brake

5 Structure

Leg shuttle

MRiFAAT L—Fi&, K619 LI, MR
MRFHRIC W2 5 2 %
a4)b, MRIIADFEET 2 12T B EA NV
MERRKENTWS. MRIAICIVERD S 1855 2
A % LW DFREIC)S U THIAH TORL TV 2 1

WSS D, TDY T AR AT KD

BT 2RO GiZamE LTHIHT 8D THS.
X 71 A VBRSNS 2 Bkt 2R 9.
AMIFERICIZIEHAIT 5 L L Bic, 1.5ADH

RTEREMBSNERET 5T ENDING.
MRS L—3 375 2 S ORI L 2

b~ BRREEROR ST & U T SONFEEE D N faf 708

MR fluid / Piston Rod
[ | XITX I/ :
<> | B D I <—
Cylinder Coil

E6 MR fluid brake
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7 Load characteristics
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8 Load characteristics (Time progress)
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I 7R E1C K O ARSI R EHARSHEDME F U 7z Sifkn &
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1) NETH SENESREEH L -2 JCGT. XHlE
—, EMEARE, pp 10-15, EEEBVARLBH, 2004

2) BRRE : MREAORREIREBOMFEE & 7 OHlfLE
ENOICHICEY 2%, BAREKEZESE, 110, 1062
(2007) 356

3) BHiE, HRIRFHE, BIH, SELE—B: HHML—
—> 70Ky hORE%, BHAOQOKRy hESEE, 26, 8
(2008) 872-873

4) Si2H—EB, AHF—E, EBEERFBIEIH,  NETFBHOI:
HDFLWIRL—Z2 T2 ORFEEHRIREE, 5
23[E B AEEN2RFIF S, 156 (2011) 156

5) Bie—E ELEEICLZOKRY FEfTEELIL L
g FFh, J. of Clinical Rehabilitation, 24, 11 (2015)
1101-1107
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LA AT R, KT A

BEE &7 55 RN R 2 ORISR L,
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g 25 IC BRI fIC CRAME XS Nz, LUF T
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2. K. Sanada (Yokohama National University),
“Speed Control of Marine Diesel Engine by DDVC
Fuel Injection System” Tl&, fffilif7T « —¥L T
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Ralb—ya VRERZRE LTV S.

[85=% >3] Pneumatics and Functional
Fluids, Chair : Prof. K. Takemura (Keio University)
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1) K S Nagesh and Ravi Jai Prakash, Proceedings of the
Technical Seminar, Fluid Power Technical Seminar
2016, Fluid Power Society of India, p. 26/43, 2016

2) Lingaraj V V, et. al., Design and Development of
Hydraulic System for Mobile Recovery Vehicle,
Proceedings of the Technical Seminar, Fluid Power
Technical Seminar 2016, Fluid Power Society of India,
p. 61/75, 2016

3) Renukaraj Y M, et. al., Advances in large electric-
drive dump truck Hydraulic System, Proceedings of
the Technical Seminar, Fluid Power Technical
Seminar 2016, Fluid Power Society of India, p. 88/93,
2016

4) K. Sanada, Challenges for energy-saving of oil-
hydraulic technology, Proceedings of the Technical
Seminar, Fluid Power Technical Seminar 2016, Fluid
Power Society of India, p. 135/141, 2016
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Hydraulic control by flow control valve using particle excitation

Takahiro UKIDA, Koichi SUZUMORI Hiroyuki NABAE,
Takefumi KANDA, Shoki OFU]JI

In this paper, we report on hydraulic characteristics of the particle excitation control valve, which was originally
developed for a flow rate control of pneumatic actuators. The orifices are opened and closed with particles excited by the
vibration of the orifice plate and the fluid force. This results in more simple and compact structure, and higher flow rate-to-
weight ratio than conventional pneumatic valves. Because the traditional hydraulic valves are bulky and heavy, the
purpose of this study is the development of a small and lightweight hydraulic valve by applying the working principle of
this particle excitation valve to hydraulics. We have focused on two characteristics affected by changing the working fluid
from air to oil. One is the vibration of the orifice plate, and the other is the movement of the particles. As a result, it is
found that the inertia of the working fluid reduces the vibration velocity of the orifice plate to 24%, and the viscosity of the
working fluid raises the operating voltage of the valve to 167% by the influence on the movement of the particles. In
addition, when silicone oils are used as working fluid, whose kinematic viscosity values are lmm?*/s, 2mm?/s, and 3mm?*/s,
maximum volumetric flow rate of the prototype valve are 891ml/min, 887ml/min, and 838ml/min, respectively. These
experimental results indicate the potential of the proposed valve for hydraulics.

Key words : Proportional Control Valve, Hydraulics, Flow Control, Piezoelectric Element, Micro-Mechanism
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Fig.1 Working principle of the valve using particle
excitation.

Table 1 Silicone oils used in this study®.

No v u p Speed of sound
© [mi/s]  [x10°Pa-s]  [kg/ndi] [m/s]

#1 1 818 818 9013

#2 2 1,700 850 —

#3 3 2610 869 —

#4 4 3540 834 —

#5 5 4480 897 —

#6 10 9350 935 9665

#7 30 28700 955 —
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Fig. 2 Schematics of the orifice plate. The arrow in left
figure indicates the direction of flow.

Table 2 Specifications of the flow control valve.

Item Value
Diameter [mm] 100
Height [mm] 90
Weight [g] 25
Number of orifices 12
Orifice diameter [mm] 04
Number of particles 12
Particle diameter [mm] 08

Working fluid

Orifice plate

Central part of|
orifice plate

Lo

Fig. 3 Quarter model of the valve for FEM analysis.

-~ Electrodes

\ Piezoelectric
elements

Nut
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(b) Working fluid : #1, Number of PZT : 2
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(¢) Working fluid : #1, Number of PZT : 4

Fig. 4 Analytical results of vibrational mode, for three
typical conditions.
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THIEICXDI4KHAKLF L (Fig 4a)k (b)), HE
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L—H¥—Fv 75 —REEF (Polytech#tHOFV-3001) &
O WS M i 2 (NFALBIFRA-5095) % vy, 41
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Table 3 Experimental conditions.

Item Value
Working fluid Air, Silicone oil
Impressed pressure [MPa] 01,0305
- 10, 20, 30, 40, 50, 60, 70,
Driving voltage [V,,] 80,90, 100
Kinematic viscosity of silicone oil [mif /s] 1,10, 30
Number of piezoelectric elements 2,4

Ambient temperature

Fluid temperature (18 + 2°C)

_3_
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Table 4 Measurement results of resonant frequency,
vibrational velocity, and quality factor in each

setup.
Setups
Silicone oil:
king flui Ai

Working fluid T 1 inTablel
Number of piezoelectric elements 2 2 4

Results
Resonant frequency [kHz] 1798 1773 1751
Vibrational velocity [mm /s] 822 197 624
Quality factor 244 69 52
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(a) Influence of the working fluid.
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Fig. 5 Vibrational velocity at the central part of the orifice
plate vs. driving frequency.
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Fig. 6 Relationship between resonant frequency and
applied voltage.
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Fig. 7 Relationship between vibrational velocity at the
central part of orifice plate and the applied voltage.
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Fig. 10 Schematics of experimental setup.
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Fig. 12 Driving state of the prototype valve.
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Fig. 13 Relationship between volumetric flow rate,
impressed pressure, and applied voltage. Error
bars show standard deviation. Upper, middle, and
lower figures show the results of different silicone
oils (#1, #2, and #3 in Table 1, respectively).
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