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AT, BHEPRET S (N —y T bRy b EWOFizzaRy hooh, (EROEEMHaRY b
FOBEREGEL L U TR T, BOVEATERE AR [iRE ), BLOT —AemiczEi o
VTTGATUANET D (o0& iAo Ry hOEBRICEHLEZ., Z0kH5R0—y 7 bRy
FOBENCE LZmH Y 7 T 7 Faxz—2 L LT, ALY EWEDEHIITE S IEEMMERIAE AV
FiE~ y TR A THICER Lz, AFRCTiE, Thstis) & TRenE] oG 2z - 272attom
WA —Y 7 bRy hOEBEZMEHE L, BEANLHREIIBEEG T ims) & IFehE ) 2E8T5
AHZANLFOREOHHE, BIORZH LA S Sicm T A5 REELZ S8 UHIEFEORSE, »
SLHMEARTY—Y T FaRy FOEFELEBRICK Y, TOWEEEIGREL T,

B 1ETIE, MR s L RATFE CORUE, b NIARIFZEED BRIZOW TRz, [RXT—y 7 haRy )
DL L ARMFED BAE, ZBE~ v TN TRAICEIT 58 T0FE &/ KE~ v T8N T AR EIY
DHATHIFEIC DWW THERDAIZER £ & 7. EEOK/MEANTHAKRBEES 2R o2 BHRE R > b OB
FELZWED, ZHEBREOK/MENTHABR Y FOEBEINERIITKRAES TRV 2D Bk &2k~

2 FETIE, BT ICERYE LI ANED B WA HEHERRAL A 30 BEDHENTHPIC SV TR 7-. 2o AT
X, VEBIFRIAIT 5.0 MPa THAHKI 2800 N OULHE N & RATE, /WL 7 ZE2HDIRETHNOEMIZH L Ta v
TIAT VARG DZ EaRLT-. £z, WEALHRIZ L 2EHRBfoOTEEs vARELE. T L E
HANWTHOOEEEFIET 52 & THEE MV 26 TE, SOIEHENEZGHIEHT LI Tar T o4 T
ALPHECEDLZERR L. F2, ZEANTHRBEE & DRV ERN S, JEEMRIERAEZ A7 EA
TAFNBE DR EB ~DEENMEN DI B EANTHR LV ZETH L L2 FEAELT-.

%3 BECIE, FEPBEIN Y — ARV TRERIEIC W TR e, ZERE S B2 B OB D Y T —
RSV THER & T 2 T NAY =R VTR O BT & T2 BRMIZI oIz Uiz, o 7 —R oL 7k
IR NETENLTWDD, T a7 P —R VTR TIILESS L7 264 2 REICZ#Hmea s 7947
VAL TEL L RFEIEL. AT, FEHEEIZEMETICAR & RO OGN & R S8 5 RO RE -
EICXDIREN A BAE LT WA, 47— "—=F v TP =RV T EEORZLESZIH TE D2 L E2RLT-.

B AETIE, avy 7 T4 7 A HEEIFEREREOFREEZRIHL, 71— &/ =X 2l E N )
R HEFEEZREE L. ZoFEE, BBfkoZ®a s 7747 R v E—F U R ililiE G D
HAHZ LT, BHENMBEICHA N TBREITES L)1 b. o, LWMOEEMNE T L THLEEMHOEEO X -
AT BN D Z Lidin. —J, BELEEAIOSCTAT A—F 2845 2 L T, BRI 108000
SR, P2 SR Z LIV EELZFSIT A L LB, MDA OFEN E— 27 %% FEIK
BWTE, MNOWAY 27 2> TE D LERLTE.

55 ETIE, MEATHRNOMREZRARICEET S LW HIBET, ML R ARIbFIE L ESH LUWVE
EERRELE. TaTl Al +—F = @8t 2l L, EAZER/MIBEORH Tk & B 2 e 2 182
L7e. EZER/MIBIZBRIEOBESMNE & AL HROEINLEI L MV BN RKRIZRHAE T, B/
FEAMFE AL A BT O Z O E I FERIMIE N R /MEIZ 2 D L) RIRETH Y, TTREMEEZFIN L CE B 2 R/IMET
A ENER/IMIBIZT ST A2 LT, M IRBEHEMEELIENTES. KAFEOLD, 7—LAE2KIZ
KL T MV R OB HEGR I T,

F6ETIE, THHEDOARU—Y T baRy O, BLXOKBEEOFEIC OV GRA 2. SafiEhT & 5
JFORERMNS, AVEEERBERENO AT —Y T huRy hO 25 kg OB EL BEMEESHITICEE TS5 L)
REWHHEER, BIOHBEORVIRRETH AMAHEHAES Ce Ry Mz B8 c& 5 1 m/N 28
AL FIGATUANET A L EFEIF LT, KIZ, MLV BRI EIREREEND, TEEAFIALT ML
I RMOBIRER, BLO29 AOFRICHTZ B RARITE ORI RE MR Lz, &k, miEgmER, EiksE
BE IOV EEERND, AuRy NORWEREMNE, 207 T4 7 v AR KOS A SERE L7z,

EITTTIE, H2ENLHE 6 BOREPOEONHBRAEEL, AFENMMEELZY—Y T bafRy bO
BEIRICEE L= 2 E SR SN, KemslE ThssEs) & TFonE] 2kl 2 =R e iEANTHR Z2
AW T—y 7 baRy hO/N—Ro = TR EHEFERCER 2R EZIRET 250 TH D 2 & 2l .
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Power soft robots are novel robots driven by powerful soft actuators, achieving both powerfulness and
softness. The hydraulic McKibben artificial muscle is an approach to actuating a power soft robot. This study
aims to realize a multi-DOF power soft robot with “powerfulness”, meaning high payload capacity, and
“softness”, meaning sufficient passive compliance, with a lighter structure and simple control methods than
conventional industrial robots. First, we investigated the mechanical realization of “powerfulness” and
“softness” of antagonistic joints driven by hydraulic artificial muscles. Then proposed control methods that
further improve these characteristics, considering the features of the hydraulic muscle and the antagonistic
actuation.

The first chapter describes the background and the objectives of this study. Chapter 2 describes the
characteristics of newly developed high—pressure 30-degree braided hydraulic muscle, modelling a single
antagonistic joint, and conducted comparisons with a joint driven by pneumatic ones. Chapter 3 describes the
dual/single zero/overlapped servovalve configuration comparisons for controlling an antagonistic joint.
Chapter 4 describes a proposal of impedance control with a braking method to enhance the “softness” of an
antagonistic joint using its passive compliance. Chapter 5 proposes a new control method for maximizing joint
torque margins that utilize redundancy to reinforce the “powerfulness ” of a multi—-DOF power soft robot.
Chapter 6 describes the design and analysis of the developed 7T-DOF power soft robot driven by 29 hydraulic
artificial muscles and the results of demonstration experiments. In Chapter 7, we summarize the results from
Chapters 2 to 6, which confirm the realization of the power soft robot envisioned by this study.
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