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Fig.2 Components of tested actuator

(a) View of'tested actuator

(b) Principle of operation
Fig.3 Tested bending actuator
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Fig.6 Definition of bending angle
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Fig.9 Improved bending actuator (Pattern 1)

Fig.10 Improved bending actuator (Pattern 2)

EOIT, GIVAD Y — L OFENTHERIAR EEET
MEFRDID 20D/1F =L DT IV Fax—F5BIEL
fo. NF—=1 (®9) T, YI0ARRESE—FEICL, 9]
D IAHIREENG % 40%, 60%, S0%D=FBIFED bDEEYEL7-.



52 #SESE - EHBHER - AR

RE—22 (K10) T, FEROBEBOY 0 IARESEIS % 80%
WCEEL, i R DHEDOE) AZIESEIS % 80%LL
TEXDZET, S DRI TREITENEL 72
57— RGNV A% A, E10 ABERESEIS % 80%~40%,
80%~60%D FEFD & DA EUE L7z, 81V IADLIIPAR 12mm,
SME 14m DF = —7 & PR 12mm, SME 15mm DF 2 —T DY
Ho Y ARSI EIG EFRRIZ L.

42 SEHEE

BB U T 7 F 2o —F OFEAGEL U THHEES
EEX TR EDREINCDOWTIR . FERAFIEIRE L F
¥BThD. FBRTIE, BT 7 Faxz—F DY ARESE|
BHEN RIS RE —2 1 D 40%, 60%, 80%, /SF—1 2 D 8%
~A40%, 80%~B0%D HLDE AT, HAESN A L
Tz L, RILISDRT LI, PR 12m, FME 14m
DYED (Fa—7T1 LIER) TIIHREHZELTHLE0Y
RAIIF—r 1, ’F—2 2 EHIEET S &V ) RIENE
Uiclzsh, BHAICE Aehot-. Zhud, BEZR/NESL Lz
DEEDMEL 2207272 ThH D, KIZ, PR 12mm, HME 15m
DHD (Fa—7 2 EMRE) 720, /58— 1 D 8% TEE
OEERREANEX 72238, ZOMOLOTIIAE LD -7

Pattem 1 (80% and 60%)

Fig. 11 Buckling of the improved actuator (Tubel)

(X 12 (ZHEFRES & LT 0kPa 2> 500kPa T 100kPa £
MELEED, R 12mm HME 15 mDF 2—7'2 V-
BET 7 F 2 x=—Z OGRS L RBAEHDOBRE Y. K
DiEe, B, A, O, AZZTNENT 7 Fax—20YY
ABEEEIE DN QB G — 1 D 80%, 60%, 40%, /3%
— 2 D 80%~60%, BUh~A0UDBEAETYT. K12 &b, 3
&= 1 D 80 CIIERRIENAE UT- 7= 34178 2 WSS
BITIEANL TV VU D3, MDD T 2 IRBEEEI SN
LTWBZ Ebhd. -, DT 7 Fax—2 LRL
£ DIV IARBIGE B K E < 72D LIMUDFFRIEORIMES
BL22Y, 77 Fax—8 i CORENIVNESL 2B T
EDoHD. FERTHR LR RFEATNT 80%~40%DYHAH
DA 19.3N Thotz. RIEOT 7 Fax—F LHETHE
4. 6N L7odd, Z ZCTO)0AKLEGE, R 5ThOE

7 7 Fax—LORES AN BE) [THEYT R0, #
INBEINUT=Z &2/ 3.

Slit depth ratio
—— 80% A
—A— 60% /
-G 40%

~—E=— 80%~60%
—f= 80%~40%

N

Generated force (N)

8
4
000 200 300 400 500

Input pressure(kPa)

Fig12 Relation between input pressure and generated  force of
improved actuator (Tube 2)

43 b

R LI T 7 F 2 =— & OHHREANH B ik A
ERDERONEIRE L FRTHB. K13 12 0kPa 22D
500kPa % T 100kPa FHIBHEEN 2B X T35 5 DE# 7 F
2T—4% (NE 12m, #ME 14m OF =—7 1 2E/H) Oft
FREA L BHAORRERT. RP0LEe, B, A, 0O,
ADFENENT I F 22— F DY) D IAHRIEIGIE Y A
FpoRF—2r 1 D 80%, 60%, 400, /35— 20D 80%~60% 80%
~AMDBEETRT. ZORMNS/F— 1 TGN ALE
BVKREL 2D LBMANKE D, ZhuE, Fa—TD
AEIMEL 227D THD. FERTII ¥ —> 1 DY AR
REEIBDHS 80%DBFETHRA 100deg. , 237 —2 2 DENYIA
FHIREEIE D 80%~60%DHA TEK 104deg. Th -7, FI
DT I F ax—8 OERBHA 116deg. & Hid 5 L0 L/
DY IABEIS 5T% (105deg. FRED) #E % B L&
LEZB. F, K9 EHI0OTRHIOEERERZ R THND &
NS, Y=V BEZD L THIREBIOE RONS.

Slit depth ratio
20r—=35%
)

—tr— 40%

80 pre 809 ~60%
iy 80%~40%

Bending angle (deg)

0 100 200 300 400 500
Input pressure (kPa)

Fig. 13 Relation between input pressure and bending angle of
improved actuator (Tubel)



TANLH RN FRERT 7 Foa -y ORELIEH 53

THUTIRE =21 E3F—2 2 THRUE GRITRD DORENE
DBDTHB.

WIZ, 14 (2 0kPa A% 500kPa F T 100kPa fHZHHHEEA
PEXIBEDEMT 7 Fax—% (PR 12m, HME 15m
DF 2—7"2 Z{EH) OGS LB AOERE TS K
FOEEe, B, A, O, AIFFRTNT 7 Fax—F0Y)
DIABIREEIE DN 0 AF 57— 1 D 80%, 60%, 40%, /%
Z—1 20 80%~60%, 80%~A0UDIZFEERY. ZDEDH/R
F—1, RF—2 EBITHVIARESEIGNKREL 2D
LEBHANKELRBILENDIS. FRTIIIZF— 1D
Y0 ABIRSENE DS 80UDIFE TN 102deg. , 734 —22
DY) IAHGREENE D 80%~60%DEEA THRK 105deg. TH Y,
PR 12mm, AME 1dm DOF 2—7" 1 & EREEDE#AIED
niz. LaL, RIBITRTLSIL, "F—1 &2 D
REBICKERDEVNIR LN DT 2L, Fa—TDE
F I JEL L7zl=bREOBENE 720, L LogIniA
HES DB TIIEH R RIE S A VoD TH 5.

Slit depth ratio
80%

o Ffrumren w

e 40%

80 % ~60%
80 % ~40%

pary
N
o

100

Bending angle (deg.)

100 200 300 400 500
Input pressure (kPa)

Fig 14 Relation between input pressure and bending angle of
improved actuator  (Tube2)

Fig.15 View of bending state (Tube 2)

44 Fa—TEYYAHSDRASHE
MR LT T & F 2 m— 220V, A L iih
FE2 SO CRHITT 2 &, AR DPVE 12m, SME

Mm (Fa—7'1) TIEF2—T ORMEAMES FEESE L S
TR 12m, MR 15m (F2—72) OF 2—THSEEIT
0D, WIZENIABFZONTIE, F2—72 THEIV AR
G —2 1 DY IAFRESELEH 80%D & D TRIENAE L B
1o, BEREHEL GO ECEMET D &, Y1iABF—1 2
DY IABIRSENEHS 80%~60% DB & TRATE i F A
106deg. &72Y, BAFENG 16.3N LRBZ 0D, N
NIZAWST I Faz—& L LTFa—7 %R 12m, FMR
15mn DHEDIZL, TIVALTTEEN 2B E—2 2 DENV A
FHELETR 80%~60%D LD RE N Z B,

5 FORY M\ FAOIEE

BB LB T 7 Faxz—F%, LAFa2—aRy bay
7 A NCTHWAREIRR Y hoFdko v MISA L. [16
IVAF2—FI— (FI7) BEIRICERS L-Fdkn R
Y MU RETRT. 2O RidHih 5 60deg BT 6 D
T Faxz—4 @EOF2—7 2) ZHEHRIEREBEL, =
BEVE AR L= ¥ I Y OfE, mlE mErXi5L5
126 HRMHEL S BRHATL D LSTE S, B0, 72
F a2 T—F DIRERDINBF I ¥ L DEEREET X TN D78,
F IV AR DDNEMZ D Z L722<, HEREEHS
T&5.

Fig.16 Application of the bending actuator

17(2), OIFLAF2—aRy MEELHIES 2T L0
HRRETRT. rRy by RREIE 2 -0k 27
L2ERUEL, Ry MERICEE L. B17TOISRTES
12, HH 2T ATBEKERE AT b L EKEE L AT LD
ZOOESIRIND. B ATAEBIZ, 1/0 F— N iE
L, vf7uarta—2CaElMESa A AT 4 v 2b
DPMIEEHH T hEh, ZOMICHE, T—F LHEER
89 5.

FEBEILAXa—mRy b T2 b (2008 4E8 AT
THAE) ([CBIMUTAER, T 7 F 2o —F % f0 V=
BRy "V RIEE I Y2 LS BB UIET5 = & 43
TE, E2fLtinofc. £, BT/ Faz—FEmAN-
TR REEH L 28onRy M, AADRy 222
25 [R2 haRy M) 22 L~



54

# SESE - HEHJRREE -

a) Rescue robot with flexible hand

i Jectric drive system

unit , Micro-computer

:
0 drivar s
PWM 7 R
driver Y
— :
Vo driver E
. =I= ¢ driver :
Valve :
IC
ri#ﬁm il
..... '
s :
*
T
Preumatc) ?
.................... " T :
Preumatic dnve system | ]

b) Pneumatic and electric control system
Fig.17 Control system of the tested rescue robot
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Recent years, with rapidly growing number of nuclear families, the homes which only have the senior married
couple and elderly person who lives alone are increasing. So the development of a human-friendly-robot which can
take care of human daily life is strongly desired. This robot has to work just like a human, so it is needed to have a
dexterous soft hand in the robot. Therefore, we have developed an artificial soft gripper in our laboratory. This
robot hand has five fingers and it is made of silicone rubber. The hand can grasp some objects that have the
different shape and stiffness. However, the soft gripper could not generate a larger force; less than-3N. In addition,
it needs longer time and skill to produce the finger.

In this study, we proposed and tested a bending actuator that could be easily constructed by putting the rubber
artificial muscle into the flexible tube. We also investigated the generated force and bending angle of the actuator. As
a result, the generated force of the actuator was improved about 8 times as large as previous one. We also improved
the bending actuator with two kinds of pattern and investigated the effects on the generated force and bending angle
by changing the tube or the pitch of the flexible tube surface. As a result, an artificial finger with a diameter and
generated force as large as human finger can be realized. And finally, as an application of the bending actuator, the
tested actuator was applied to a flexible robot hand in the rescue robot contest and it showed the good performance.

Key words: bending actuator, pneumatic actuator, robot hand, McKibben artificial muscle

55



