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Soft compact valve inducing self-excited vibration and its application for a mobile robot
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This paper describes the development of a new valve that switches the pressurized modes by self-excited vibration
instead of using electricity. Recently pneumatic soft robots are developed actively which can move narrow
environments by taking advantage of its flexibility. Generally, solenoid valves are used to drive pneumatic soft robots,
but they are hard to be used in environments where explosion-proof performance is required such as a chemical plant.
Therefore, we developed a new valve and checked its function by experiments. Then we show the effectiveness of our
method by realizing the propulsion of a pneumatic mobile robot in which installed the valve.
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Fig. 1 Soft compact valve
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Fig. 2 Basic structure of the mechanism
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Fig. 3 Basic Principle of the Self-excited Vibration
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Fig. 4 Self-excited vibration
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Fig. 5 Relationship between frequency and flow rate

3. BiES/ LT ORS
3.1 YIBEHORE

RL-BMREHSEZ, X6 O X ic—EEIEIHED
f,m&#a%vyﬂ%ﬁﬁ%K@D§z5Aw7kLfﬂ
AT 5. ZOB, %7 7 F oo —Z QERE)EIZ 5 LT 2]
BRIENOBRFN ML 2 5.

BIEIE N OFRETFIEIC DN TR~ S, K 7 O X5 IRFEF
2— T DIEE, W, ZEESOES &t @l L, MsOBA
MO, BAOm S &d, hy &5, BN 72 B B O
ENE ) ETDE, BAaPBEIT 5O psaitcnE
X 7 ODIREG DI ODHE NG, (DD X HITKRES.

fm(t) - fm(d —t- hm)

DPswitch = 01 (1)
=
pressurize
Fig. 6 Basic concept of the valve
m Flat tube
| | / pressurized
T M
r-\‘\ Magnet Restraint
S l
>

o

Fig. 7 Dynamical model

3.2 ST DS
WCEBIER L= s 7 2oy, KD HEIEE SN
swwﬂ&ﬁéib CHENINTA—=HEEDT. ik, EEEER
LISRT. MREEN D2 < Ra X FTRETE, /Ml
BTh5b.

Output
<= L]

<4

Side view

Top view

Magnets Flat tubes

=Va

Restraint

Zoom view

Fig. 8 Over view of the valve
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Table 1 Specification of the valve
Weight 1.2 [g]
Size 55X 7 X8 [mm]
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Fig. 9 The valve alternately pressurizing actuators
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Fig. 10 Experimental results of measuring pressures and flow rate

BREREIIEN L TWD0, 60 [kPalZ W E & LT, —
EDENHETT 7 Fax—FPBEILCTNDZ L E2MHBLE.
£72, BEIn AR v b & U E— b CEB) S BB, fiaoE
FREERET D Z LT, TOWBOEESHNS, Y1 EbY
DR %GR T X, BEHE, B OREN i TH D &
EZzohb.

YIRENNEF LI L v mL o TV DRI E LT, F
2a—T7DEERICLDZEENEZ OND. FHEBIZIEWVERSY
TEF 2a—7OBENLESND L, BAz5 EEET 5
For@ ey, Ko THESZEmEIZR 7 OFET ALY B/
SWnEEZBN, ZOREUDBRIICETLHENINEL otz
EEZHND.

4. BEOKRY FADIGE
41 BEARyY FMERL
WIEL7-B# Ry b2X11IZRT. BEINCEELZ 22
D WTA &, VA Y—% AW CTEENCEFEE2RT-E7-3 o
DS E > TR STV 5. 2 5D WTA 5 BT fihfE
RIS Z LT, K 1I2IRT LI A 7 ToixHEET
5.

Legs with frictional anisotropy

Fig. 11 Basic structure of the mobile robot
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Fig. 12 Basic principle of the propulsion
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Fig. 14 Propulsion of the mobile robot
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Fig. 15 Propulsion of the mobile robot by dry ice
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