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hER, £z, BMELTOENE S DO

L—Fiil LI MO T A > - ISR

Laoad cell

K angular
BENSOT

MR Muid

brake

Load switch

1 BFEULMR-SPCOMARREEDIEE
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SRS« IERM VR iR EORGERMD 5755,
2.1 BEEHIE (Controlled by Optional Motion)

B 1 O EFRICBNT,
IZ & D Wiz N\EE > TV 7y OBBERRL 7z

2RSS, iz, WiiZzaigIic#o 7ehma
WONWRET B, ZORAN I ZEEE Y 7y b

Y ORICEE L — FUic &> THRIIL, 20
(FEIC & > THERRFEOMBRIIOITh 2 2L E g |

KWV DONARRICE T ZHERETH 5.
0— RFbld, ZREERISHD B H11%75 ANOE D
KB E—AY MAREICK 2 EEMEZMHIES
5T LIC&-T, FifRTMNDYE AW O
TEBHE5CLTHB.
2.2 INEMRFETL—FDREF

BT OEPURE LT, BMRTHAERYTZOD

BWTH BN, &M72lzd &R HRENTVE,
728, I/ DOMRIIA T L—F DOBFRZIT-
fo. ZTORARNEHEEEZK2I1CRT. TL—F7
L— hEZESMINCECE L, T AV - =T 2ZFDN
EBICEdE U Tz,

B30 1mE LTWa. BRHESHENTY 7 & TIMAG)
IC KBS T ORER (K 2) » SMRif A%z FEIH
27 L—FTL—
F51, MRFADMRER K O EIIE T 1=0.3AT

#121.15Nm OfE) MV 7 BMEENB T EWFHT |

X7,
UL UGS, FEERIC MV ZEEOREBRZTT- 7

Analytical magnetic field
i (=03A)

K2 MRREAFAITL—F

| P
VB S, RIICE U TR O i
(LTS T L

M S TIAA90.7 TOREIATE A

LRSS, 55N ML 2IE 1=03ATHI13.2Nm & i
KD B D ENEE o b, BINERICIZE
YT O BT PR
2.3 sHAREROEE
By, VA MU I L TR ANOR AN
3z0

LEBILCHIBY MV o R B C AR T E Y.

X 31cik, MR-SPCOMABEF & DEHIHIER &
DT O RRMKZ /R, i Loo— Rl
Exofotry (BHERTY, Eiht Yk
E) hoDIEHEA Y R—T 2 —RAZ@BL T/
NTHUD A, HIEY 7 k7 2 7 CRIEEIC LR %

ATV, 2 OBEFASROE S R IMESZ LT

MRIRAT L—FICERE L THIME 5. MR

FESHREA C IR T LB L T

ELT 5.
HEREICEL TlE, £t o Pick > TR

RSN R B L, T T
HilE) ML 7 K E S HIIERODENT L—F 0 |

Free& U, VA TIEMES Loo— RV THREE

- MBBERE ST, %%L%mﬁ%ﬂitﬁ
. 1CLock& UMRififA 7 L— #kmwT
Y B, LEOELFORA
; W%&U%ﬁﬁ@ﬁ@ﬁékiofﬁi%ﬁ@mﬁ
7 L—3F7L— FESPCCHO.3m%
AL, ESTRC — 236k, 7L— kOB
24 UVIL&BR - BT EELE

{}IL%EU

L~V (&) ZMR7 L —FICEHIN U CYielding
2RSS,

WHE ORI E NS ERENE, Fasm
IKIREETH BT, KL Try 7 &7k

RETYfiR L o B O E T IR T LES.
BB
- MOFHT D OBTORIC TN TOLE LTl
- OWEAEEETHS. T, MERIL %

MR- SPC(I)M Prosthesis
f

F DD NS VAWM EDIcL L,

Laptop eomputer
®3 MR-SPCOMKERZEDETRIHIEZR
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& o BRI e R i AN RIS il U TR 2321 %

CLINTE D & I I & S B B R Y

D ANTz.
3. T - EifESKER
3.1 T - SESERS KURRR

MR-SPCOMAME # J2 72 i 1] L 72 HehR & 1 #4724
RUC, RPN, FERBICIGEDS
DR T R TR T, TOBIC, WREOEIKD
BEICH O (M e —H—DMEERE S A TS5
J—#t Move-tr/ 3D (E—Y a3 vF ¥ 7F %) I
RICU CEIERENT 21T 5 & & £1C, Zebris FDM-
TDL# & UNITTA F-SCANTI % i\ C RIS & Gl
L. TNHDF—RITHEDOTHT - BifEft %

fio7z.
3.2 {7 - EfESBRDIER

AFSE M LIS, MH#EAED OB TR
BT OB I BV THERICHZLock LIAE |
EBHABTENTEBT LE, ZTORENSLock
DIFERZITS T EMNTE L HEMMRTE . T O
R, K AITRI RIS B EBRIC BN T,
SITRYT &S ICRREDRIF LI OMEZ LI
IS, BfEO®T 2 EEELock LBIfFE I |

BI1%, MEICLockZfi#lrd 5 &N T .

4 WBFICEEBEMEDER
Aurarages Force Digtribution

5 BFICESHECHITDIREENEEMIEDEE)

- sExw

6 RIXRVEDIZERT Y FICKBDHIT

Tz, BERORBICBWTIE, 1EROEAEN
15mDFERICBNT, AD B0 EIERICLEL
CRAAT Y TICKBBITHARETH - 7z,

I HIC, PGEICBWVWTE, K6IKRT KDL,
25 L\ LIRS IRDFH D L [E D Dl 5 TR
HAT v T TOBITNAHETH - /.

4. £ & &

BAT - IR ORER, AFHFEOMRIFAT L —
T K B IRBEREHES 1)) rT2hN & RS, T LT

- R TEROMS &b IC & B AR,

CNETRBEREMAENET L UTE I
ZEER, PRI DRSS A0 — 7 75 & DR

 BUSBOTERIEREERRT T L e, RIS

HEIERICERICh 5 B HZ R TE5 L

AR

DLEDKERN S, AFRISFEE M E O TEhHIH
Z FREERNC AT B & 4T, KERYIW#E DQOLZ K&
I EERSE T ENARFTE 5.

1) FlibifE— : PEEHIEAREZ B hmERHYSCOMBEDEH,
BAZEMBEEZLSEE Vol. 22, No. 3, p. 147-153 (2006)

2) == B, fb: BEERPIRES T HABEEBRHUTF NAL-
Knee MEI%, BAAZEREEFSEE, Vo. 24, No. 4, p.
228-236 (2008)

3) EEARES, FHELE, ME—  SHEBECHEEE TS
BERFETTREE L KBEHEROMRE (45 WEE - OKy
), NMAXADZXLES [N ARXAHZZL (10) ],
p. 247-257 (1990)

4) 5lihifE—, hEFKRE, $HAEH: MEMRREETL—XB#K
FHERAV/-EEREAREE DR, FRUEMETIL—
RINT—2 25 LEEBSHEERE, 12, p. 46-48 (2012)

5) WWAER, DHFHY MR REOEARNAE—RICH
FaLA00—E3MEZ0OHNERETI, BERLAF
O —%4%8, Vol. 30, No. 2, p. 83-88 (2002)

(FEfa={T : 20124E 8 H26H)
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B
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YIRFFRE

() E O\ [0 H
oW X B
TS o A5 T 2 AR
T410-8501 i i W47 A i oK i 3600
E-mail : muramatu@numazu-ct.ac.jp

19894 BRI R A A2 B T 2 HRAHE L8
‘ RBET RE BEeS B EZSEIZ0

MEIRE, BEATIL— RNT—Y RT LAES,
HASEY HAEWMYSR 71~ #HHs
n=8. IT2EL

1. F U &IC

RRICERDRD NS, MWV NZEALIZED

WTHEOEDIRHEIC D > CEEIC, HIT, BIED
OFT, KNisT, BRBEETEO>Rw 7, EREEID
W2 d 52 &Y EFHHEN TS, JIAINIC

ESICIEE S R ARV SR

%. HHENALOZSFRE 2 fE{ECHWTd 20 £ D0

MEDNT IR U Te BODNE S 2D B

% L RS ERIESINI DL RRF T E AL ED.
il & O SAREMNME N9 2 /zidBabng
&, ZEPEEINEEL T 5. T DT-DHIEREDHERT,

HENTVS.

P DLEAZIRFFT 225 ORGIE L REZFIAL, %
OMBEEELIENSHLEMCT S, EBICHED
KT AN B2 R8T 2 BEREZZ BN L 7265 SR D
THNT 5.

2. ITHRIFREDBE L Z DR
X 1 ISR E & C s U TR 2R

¥ COBBRENTEAL, BEFICRIBNTY
- BTFTORUNCVAMHOTTHERTT 2 &0
L ThB. HEEFRCBNTUL D TERNDOR
L BGHETR L T EDREETH B, MHEOE
- USRER G EEAEEOMR S EEA TS,

NIPTRFREEIE L, YARTVH, TUwoR, N—x

ANV, AR SHBHIRERTED, M

EBNICRITENTWSEFETHEDRNVTNS. U

- ZARYR LT I EKE D LA THDER E N
NHEONMOLBEEET B &, M2 DLHAON
CNTIDBH D, FARYADT L—LENIL DR
KSICEHENZDTHS S5 0. LEAMEAEN |
TVBH, HAHEOBSN S, EHRKHAICE |
L TDISEENTV RS wICiE 4 RDZEKED I
- NTHAAZ ) v SNEEE T D L ORICHAE 1
L TV, EKEILATHROEF A Z Y v %
ZEL, D8 LB ICEEE L TR OIRIEZHE

TWb., YAXRVRZIIFEAICS 1 ARADOZESED I

WZDOEPNTVWS., EXEILANTHAZMNET %
&, WERE Y ARV ZADT L —LICEHET 3. F

DHULET R EHATICRIE L TV A, HERiZE

MEhBE, FREILATHRRINGET 52 L b
NI OB AOLSHI, BEIE, MR - B, |
ERIHE U THRET BT Lick DERENTY

B ATNCIEIRT 5. T OPRAMOE &k
TR LT, 22T L ANLHRET9 O Ol

CBRIIL, JU o SHMERT .
FiEE LT, BLEHEEI VS EONBHS. HE

L REREE T B &, AREI N ORETH
D& BT & ONEMHE RS, BEKmAICERD
Wb e, BBIGEHENTVWED, To#ipazl |

K 21R9 K1, HIRENTWAE D EDDIAL

D, ENMEELMETICZRIANYTVEEDNS.
PERE T EDORATH D, TR—-ZZ[ L

- OBEICOY, EORENEFHICESL, AT
C RBBZEOPASTVR A v EEOTVS. M
- HiOBEESEL, AREDT BT EICK YT
iR K OEER HI L U TR OBIFAE

PVEZ CHEIEEENME R LRz i 2. =7

TR CHIICER LICREE, $ b B
TTTAMTE, EESHHIZED TS, 1

KoTW5h., 5, d—27N 2D CTHENED
{75 eEBIFFTTHTAIIRREICLTWS. C

§ NHIC K O PBERE S BHLIIC S AREREDME T L7z
B LS. WGP, SEOEEEEORE
. ICRombergZ#A T 5, T DLBDIRMER 20/
MRS B,
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X 3 EHRE DT DLBE 20D E ST b &
DEFLEOBBING S 7ab b ELBEE 7T, & |
DEHERFOREE EOPLI B HOREE, + |
X FTEI RS E O AT, £y DS |
DL & eI, K 3 @ISR s
LEWEATHY, K3OIEAREEEEEESL
IR aTHS. 2R, AHREEERD Z ) w0
AT LA TR TS 0 2R AL TV, |
WHREOERDE |
REHNERE RNEDZM, fifEsmEess:
BTaL, TORNEDDRIEDTS. ORI |

NIRFERIE 7 2E LR WA,

EDDOPEREICBNTLHERTE 5.

Suspender

* Frame
+ Pneumatic
artificial
rubber muscles
Gripper
= Casing

* Pneumatic

artificial
rubber muscles

Preumatic

artificial

rubber muscle

stopper
Stabilograph

1 IMUREREZRE U SEnE

- i 38 kg ik 5.2 kg
- WEE TI0~1120 mm ©ofE 1080 ~ 1290 pm
< W £00mwm - HE 460 mm
- WiTE  1020mm + BiTE 310 om
=
At srfir fRFr AR I R

2 MURFEREDLEER

3. I(IRFEREOHEEEEN

ST TN (RS B SRR LSS
TERDOBIC, HITHENOEEODICELEEL |
BT BN R TH B b TV, £
T ORI A R B U e, KR
DI (1 72U b & R —DEGET |
LATHIAEEHCH 1 ADBENT NS, KHDZE |
KIETLATHINICHR L IBIFRNC A LIz 2D |
DHEREEVInZR 4153, FMPICEKET LA |
THIROMFHOKEZ X THB. FEHBM |
EENFIL, DEOORIESBTHS. Fi)e |
(i) Cld 2 ADZET LA THRIZENIC L B2
% L, U & 7o 3RO IREN I T LTV 5. B

(i) & (v) Tld D22 50E 3 LN TN i S I
Ui KD RS THERE 2 KIS W T 0 5. KO
DZELE T LN TR ERRZE DM E RN T
HIRRIC R > TWa. 225U+ O LN LRI RS
Ol VWEET bbb D & X, HGT )
0.5MPa (gauge) TZEXETLANLHREEEED
14.8% DffE, Z25F I L LA O HUl T T
11ION DG [RAIDEL S.

Front

Back

y €m
o o R O B A Oh

(@) IIRIFRESDRU

Front &
5
4
E 3
= -
2
1
Back © |
=2 1 0 1 2 3
Left e Right

(b) IIffREEEEDY
X3 ZE|0EE

X 41k U T2 381 B # B0 O SR REE
FR5IRT. B S 05 5R N HERE N2
%, ELEFEETO ETREMTNEIC 2 &AL, W
IDERD B FHRO T AN EHADMRN S . R B0
THREDOEAKIIX 5 LD 5 (KKEETTM) 1
<.

DEICK AR LIRS 52 YV, Z850E T L
ANTHRZRE LT, KA S D5[5R) 172 #ERE )
2T TG E ORI 38U B FEHUL O Z X 6 1
R BBV AR E 2 S LTS, A
REFEEE 2 28 U T s OEHE MDD & Th S
B 3 (DNCEEXT, X6 O#ERE NS [5E1 72520 75
&, EFLOH SOOI R Z D, x HAcE
WEIRE 2. TO x HRDOZENITE R 17254
2T LNTHROIMERE K O /NS L, EAD
HOBFOINBDOI=DICIFE SICUBIRETHS.
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VinV

VinV

Minimum length
[Tal
)
& O
o %
Natural length

wy
]

Minimum length
[T

)
% {éj.b
5
Y Matural length
0 5 10 15 2
ts

Ly
™~

(i)} (i} (iii) [iv)

5 SIRNZERIFIEELSHmEDSH

Front 3
2
1
E o - |
e 1 ..
2
3
Back ~ , 2 1 0 1 2
Left XL Right
®6 SlERAPMERUESDEDLEIE
4. 8bhHh Y IC

AR TRV RFEE O & Z ORhER, Bl
AEIC DWW TR L7z, 5%, AREEDERT & #hE
WAL T, 2Bz ETRINT > ZADFIE
NI B A L OFHEICIRII DL H I E 5
WKHBZMA T TETHS. RIS, HERICIH
NznizioniziddE sy (IARBEE & T3
RBNCEH 2 KT 5.

Sk

1) il 2, EREfE SEM— EIZH:4A—-FX
NDxzx>A03—, 59> KT 5 vk, p892-893
(2012)

2) 2R B, AL % XEBHBEEOEEESE EiE
RS, p.220-221 (2012)

(FEfas4+ : 20135 8 H30H)
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SEAD25[CBITDTIL—

RIND —Hiin DR ZREN

R BR DAL 22
T faEp
BEME AR

T223-8522 MET VAL HE 3-14-1
E-mail : takemura@mech.keio.ac.jp

2002FBEABREABTRIEET. 2002FEX
W TERBF (FH), 2003 ~ 200848 T K
EETAMAMBTF, B, 2008 ~ 20124 X
BRTEREEFEME AT, 201265 & Y ERI,
BEICES. BARIIL—RIT—S T LER,
BA#HES R EORE. Bt (T%).

1. (¥ U & IC

201345 H15 ~ 1 7THICHR R T IV NEEIC T,
go5h TEWIE#EOZXAFI T X] Y VRYY

Dynamics, SEAD25) MBS N7z, KV RIY

L EAHEE 2R - FERIRIEET, T

EPEEIHEM, BXUTHARAEMZE S HE L,
HE, BSELEPFHHBEOD TEMHL TS, KE,
25 HOHIH &M 2 oA S VR D7 Id HASHER

SERE MBI A), 138D —fikaEiHIC
MAT, TNETOYYRIY LORELICDHND D
RO DR ARETE, AR Rl .

2. SEADDHESRRETIL—RND—ED
Rtk

DULE BN L TEAFIT A T 3
BOBFOWMREN—EICEL, fmd s Eick->

fEENTWS. K, HAKW SR, &R, H
RAEMYERICHTE T 25 E DTN T DNy &
o0y ReEh LIizfibi s Lick,

ISR, B, BT, MR AR B,
Wz EZdcHizn, ST )V— T —E LD

N N= Y=Y
P&, BRXTR,

bl & B AN B LTS A T 2w 7 THE
(75 AT L ST B R ZAR I L T, B
(1) R B

X BEEICEREN TR AT Iy I BV AT LER
BT 3D EEEMENTOD EDTHB. TR
L DY T TS5 Y REFRICT B 3 DEARN IR
- TBRAYVRYY LG, BR - FRERSHROG L

LCEETHD, T)I—RRNT—ROFHZICES

| ROBFEMREOL Y MMEENBETES .
;3.%%%&8&@%%%&

K VRID LT 1 FORRIEEEE & 2 DSk

AEREE N,

RERIGE B AR OARF e i K 5 Tt

- Y — 5 — 71— O L PERE) THo T H
- FROBRE, BRGNS LFEHIABEICIBINT
L X ofehd, R EBEN AN R D
L BBUE, VT3S HBOBIRENETH A
L. (The 25" Symposium on Electromagnetics and e

9.
1 1 H O EGREA IS IR A D I & JeEIc K
% NREFEDOY VRIT L 2RDIE->T) &
Lt D TH-oTz. 25HDHTHDHMEICSES DL
<, AV VERDY LOFENS TR ENTRHSE

LRI X BRI ST ORIBOELTH - I
PEHEN I - FPRIEETIA EL (AT RAR

- B [RA=R=T L7 LEhRe— 2 ORI
T THB. NI NUBRCIED BHE— R D
L DO FHAEREBIRES , T b— RST—

2 ¥ H ORLFREEII R KA O IEASEEIC X

CEME—ZZHIET S ETEEZLDORBRICEAT

0B i, BT XITBT S IR OEHELO
- RSIEIC I B HADIIFIC B L CEH 2R 5 3 NE
[ERNBHO R A F IV A LRI DAY VR

L RYHTERETELNE.
ORI RES s LTl | Al ARy Y3y
40 2FERORE

LRIBIY T, 52 RHE A 7 E B S 0O B

FITBAR T2 & S, KV RIY L3 H AR
HARAEMZEE NS 2728, & v
Va3 VIZIEOFIChiES. IRICA—HF AR
KRbwyarvo—&xEid#d 5.

1-1  FEREVERRL - EREARL
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1-2 WEPERIR, W -
2 7UFax—%
2-1 FEWTVF 11—~

22 B -WEVI/FaT—&
2-3 WEY 7 F a1 —~2

2-4 AT F )AL
2-5 ZHMEET—X -#H77FaT—X
(3) a7 BE S F E Al

3-1  WEAUF EHh

3-2 VT RoA 7 Hfh

3-3  REAUHAZ T & 7 0 BEE R
3-4  [AlfiERERf

3-5 NAARAH=ZZ A

3-6 #HEN - TT A

3-7 BIEEZ DI

3-8 BRI & Z DI
(4) FEREIBEEIOD )12 & BERENE O
4-1  REh & il

4-2  MROBRERHE & O
(5) FHMIE T - EE0

5-1 FEREIERIEET A

5-2 (SHULEL - ZHT

5-3 2t - GHHEL
(6) RN, 2 2 L— 3 Uk
(7) mRw b o EEEAG
(8) EEAUHBNEL, EREEARAIRS BN

AU PE A

PEDXS5A—HF A ARy av iRz E,
RGBT L U CREMERIASOWS - BRI
KA DIED, 77 F 2 T—REWRTIAY
LR, EARR E O HADISHA SN T
Woin%. iz, IREIHIEE S0, BRI,
Eoica Ry b ERHRALSH R E & 7 — RS
TU—Y AT LT B AN E . DURIS, W
- OWAERERNICHES DR HICEA L, WEDOR
- EERINE RIS S B AT RO
4.2 HMERE, KR ESHEREFCSDZHR
- THB. ABETET Y R 2—LEBDAS A
REVERIK, W& - BRRSIERKO Yy >3 v TlE
TD5 L, WM
fk (Magnetic Fluid, MF) 1B % &DAY5 fF =79,
KU RIS TR 2O L
T SRS B A
L CESE B T bIC & o TN R ST
RESURE TR R (Magnetorheological

JOHE 7 )— KRR —ICBE#EOEVEEETH B T &

LDhDYy v a YIRS T )I— R —OWZEH)
mMEELHs.

B
RO OHEA TN,

i <R & i A& (Magnetic Compound Fluid, MCF)
BT B e 0N 2 HY,
(Magnetorheological Elastomer, MRE) IZPH9 % &
D2 1#5), 10)y
Fluid, MRF) 1CB9 % & DA% 1 1 Th > 7.
SEWRY A MCEF K51, MRk (MP)
(CBE9 2 T I3 EL N A AR BN BT I B RN 5
T SR T B R IC RS B IR IC B K ATV S, X

| e, 10nmARFEDBRREMER ¥ & pmA — X — DR
PERITAICR S L RAR Bk (MCP) 1
- RREROTIE S AR HAB SN TS, —
L MR TIRR & O ORI BRI (L
| FREKRBEMEGR (MRE) OBFEERBH, <17

OFEFEB P X S —ICHHENT VS, AR
(MRF) 1B U T ik iAH T O DI fEREIC

OLTRHEN, 45 AL & B EHEREHEOZ
e

K VRIT LTI ERANCHIEICISE I % bhE

MRS B VIR EORETH D, BEN
| OBEPERIKIC T BRI R BN 1.
;43 ZEHEET—Y - H7IF1I-9ICBITS

JIb— RN —DHRRENE
ZHHEE—X - ¥V Faz—20Dkyay

BV TIE, ECRHRIEIE W LT/ b— 2 I ¢

ra7 7 F 2 T—2"VICET RREND T, EE

g RNAFRE R ENDISHDARFEND Y T T
L FaT—va VAT LONUCH LT, BRI
. itk (Blectro-conjugate Fluid, ECF) &MEMS™Y

ObEABBEAT ST LICES>TRVEY TV AT I
EEDTIVUEN R TEB LR LTz,

44 RAT0-FIANZRLEBEIBTI—K

IND—DHRREE
RATA «F /A= AXLDE Yy Y3 BT
&7 )b— R —BE O EER I N, fHS
W$F /2=y g VR ERERE < A 7 i
FNNA AP mRE L. hiinmA — X — DM
A= E R R IILY 3 VAR, E

D, T)—RRU—Hiio#HzEeHTEERAS.
F77, MgSE~ A 7NV kB AT Tk
Tt ANOEAER ICOWTEE Uz, 2 FiE

UTAST: & O/ NFA Y AT LS BV TH Rl
T4 VTNV TEEFEL, AT THROLRE R
U £z, FELEREANTH T 7 F 21—
R DR — IE O WEY L L TSR SR 2 5
TRAENDWAT ZH, NTHC b 7 VR & 155

EHT LR
5. 8bYIC
ARiTI3H25m TEBRABEEO XA F 37 X

VUYL B BBERIA AR L. AR
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MR, BRER, ARAEMYRIMEOAR S ¥ K
DY LOMN L, E, 29, KEY AT LT
PG IIG S B AR L T2 < 07, RIS

E%T%%%ﬁﬁ%ﬁ%ﬁﬁ%%@l%ﬁﬁ%ﬁbﬁ

K VRIT LBV TCEEELZF—T— ko
TW5. £, YVRIT LR ZBLTRET V7

F 2 T— X RUMNMEOBEN L <, W, ZEE,

IKIEREAC 1) 2 BEREAT & OBEII R, ATV
R LOESBE THS 570 « MEMAR
EWVIFHICHEARATE, TIL—RNNT—2 X7 LICH
YT DERRICE > TEEHRRENY VR T LTIRR
WinkES.

S 30k

1) 245, IEEBEREEHMREZ AV E/NELHSERE
BEXIEE, $250 [EWHBEECSFAFIVR]
PRI LEEERIE, 164-165, (2013)

2) BEHES, $HHRKABAICEK > THER S h EBEERER
BOSNEREIG IS T 228, 5250 [ERHEEDS
1F IV R] PRI LFEBERIE, 166-167, (2013)

3) BHES, EWFEHAEEAVAIVF1-TRHER
ZHROEMEFERSETA, 250 [EHAEDS
1F3IVR] 2RI LEERE, 168-169, (2013)

4) BEAS, MCF&FIAL kA EHORA, $25E [E
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ISO 6430 : 1992 [JIS B 8368-1 : 2012 (MOD)]

Pneumatic fluid power — Single rod cylinders, 1,000kPa
(10bar) series, with integral mountings, bores from 32m to
250mm — Mounting dimensions

ISO 6432 : 1985 [JIS B 8368-3 : 2012 (MOD)]

Pneumatic fluid power — Single rod cylinders — 10 bar
(1,000kPa) series — Bores from 8 to 25mm — Mounting
dimensions

ISO 6537 : 1982

Pneumatic fluid power systems — Cylinder barrels —
Requirements for non-ferrous metallic tubes

ISO 8139 : 2009 [JIS B 8403-1 : 2005 (MOD)*1]

Pneumatic fluid power — Cylinders, 1,000 kPa (10bar) series
— Mounting dimensions of rod-end spherical eyes

ISO 8140 : 2009 [JIS B 8403-2 : 2005 (MOD)*1]

Pneumatic fluid power — Cylinders, 1,000kPa (10bar) series
— Mounting dimensions of rod-end clevises

ISO 10099 : 2001 [JIS B 8377-1 : 2002 (MOD)]

Pneumatic fluid power — Cylinders — Final examination and
acceptance criteria

ISO 15524 : 2011 [JIS B 8368-4 : 2012 (MOD)]

Pneumatic fluid power — Cylinders — Single rod short-stroke
cylinders, 1,000 kPa (10bar) series, bores from 20mn to 100mm
ISO 15552 : 2004 [JIS B 8368-2 : 2012 (MOD)]

Pneumatic fluid power — Cylinders with detachable mountings,
1,000kPa (10bar) series, bores from 32mm to 320mm — Basic,
mounting and accessories dimensions

ISO 21287 : 2004

Pneumatic fluid power — Cylinders — Compact cylinders,
1,000kPa (10bar) series, bores from 20mm to 100mn

ISO.“TR 16806 : 2003

Pneumatic fluid power — Cylinders — Load capacity of

pneumatic slides and their presentation method

IDT : identical (—#0) JISOFHHINAHISO & —.
MOD : modified (I&1E) JISOEAHINEHISOD SIEIE.

*1 JISB8403-1, -2ldGT1EH.
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Simulation on Steady Pneumatic Flow in Tube
(Adiabatic tube model)

Eiji MURAYAMA, Takeshi SHIRAISHI, Yukio KAWAKAMI, Kazuo NAKANO

Fanno flow has been considered as an example of a model for pneumatic internal flows. In this paper we present simple
methods for calculating approximate characteristics for the Fanno flow in consideration of the dependency of the friction
factor on the Reynolds number. We also proposed a simulation method for obtaining a conductance related to a ratio of
total pressures at both ends of tubes. The usefulness of the simulation is shown by comparing the simulated results with

the experimental results. It was confirmed that the flow characteristics could be estimated from the physical constants of a

fluid, geometrical values of tubes and boundary conditions.

Key words : Pneumatic pipe line, Compressible internal flow, Fanno flow, Simulation
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Development of a Pneumatically-Driven Forceps Manipulator
Using a Flexible Joint
(Improvement of Joint Mechanism and Theoretical Models)

Daisuke HARAGUCHI, Kotaro TADANO, Kenji KAWASHIMA

This paper presents an advanced prototype of a pneumatically-driven forceps manipulator with force sensing capability

using a simple flexure joint. Structural design of the integral-machined spring employed for the joint has been improved to

prevent harmful buckling of the central backbone. This improvement successfully leads to performance enhancement of

the joint position control and the external force estimation. In addition, theoretical models of the joint have also been

improved : kinematic model considering backlash of wire-actuation and dynamic model considering non-linearity of

frictional and elastic forces. Finally, an external force estimator based on a strict continuum model is designed, and its

effectiveness is experimentally verified for one-DOF and combined two-DOF motion.

Key words : Medical Equipment, Pneumatics, Forceps Manipulator, Flexible Joint, Force Estimation
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Fig. 1 Overview and joint mechanism of the forceps ma-
nipulator
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Fig. 2 Shape of the machined springs in previous and cur-
rent version
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Table 1 Properties of the machined springs in previous
and current version

Previous Current
Material SUS303
Outer diameter 10mm
Spring length 22mm 20mm
Bending range +60deg +90deg
Bending stiffness | 38X 10*N-mn’ 2.9x10*N - mn’

Fig. 3 The flexible joint bent by 90 deg.
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Fig. 4 Schematic of one-DOF tendon drive system
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Table 2 Parameters of the dynamic model
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Fig 9 Experimental results of joint position control during
the bending motion: joint position (upper), cylinder
positions (middle) and cylinder forces (lower)
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Fig. 10 Experimental result of joint position control
during the rolling motion: joint position (upper)
and bending angles in tendon drive system (lower)
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in Section 5.2: the bending motion (upper) and the
rolling motion (lower)
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