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BEEFENRICBWTEERIEEZZITOI D, BERA~=FP2 LV —FBHERINTEL. EL, Fifiv
S22 L—FIZBWTHTFEROARFERIEBLLRVHEER D 5. Bl F0BE, Sz bk I
5LEDMIBETELYICV. =R YOBRE, EFHFMEBESF B COMENR R
5. INHDFREEE LT, $HFroMEVWERICER L, MFEHFHEORIMERER X OBEE - BEOERAS
LW lizhd. TEHRYBMRLENT, ZhoOMBEEZHERTIONEE LY. KoT, XA
THRREBEREHAVDI L E2RETS. BEMNIC, RESEET2EE 0%, [DfFE:
LHT B REEGEORFE] , TOEISA/NMRFIBEER] oW TRR3.

QETIIE S FOBRIMEMZM ELE®DED, HTFERERFFRACEHEBESEZOORFFELRRE
T 5. I T EMARE I 22D BN THBEIRAVWLOND. ZOFETIE, AL FITH
EDTHERBIBRE, AL TOBRBERS. Zhicky, RS ZTORMERE W &S L T LR
ATHRBRBEMT D, 20D, BEMM I EERLBTTOAEZ (RLLLA) BEKRKTSH. b5
b, BEEPSERIER TS FIAF v I A TOFERICLVMER M IZETIFH2ZENTELY. LM
L, 77RAF I RALTIEERNRATIZHARY UV TEMENTZDREVAIEGELS, RUhAIEKRT
5. BE NN ZTIFA70IC, AL TREBOATEMTIONBREELY. 207D, AL T
MR DRBNNRS TOBMBRE TEHRY —FKTHhIZLW. 22T, WA 7O # TR
HZ RFTHCEL S, AR TOBIBREFAET 2 HELZRET D, AL A3 viABzE AN
TR Z2AET S, SmmefFE5mmiif F Ty I =2 b—v 3 %, 5mmiifF TIX X 5 iZex-vivoER
EITWAFEOERSMLHERT S, St FEWMIZ20 NmMmIN 272 & &, 8 mméitF(Ti-6Al-4V)Tith Uh A
234.30 deg, 5 mmgifF(SUS304) Cixha U A 328degt 72 v, EAMBRMETH D Z & 2R L. ex vivo
ERTH, BEHTEZBOLA—, BHEA, BLKICHFALZOLBLER M 7 EZHELE. ZORE
EBRETD5.1NMmM 5 55.3,5.4,3.8Nmm ZZhEFhEMLE. 5L, A FRLBEEFEALE
LERTZLEEDHLE M ZII5INMMTHo72. THHD MAT OEINZH4IZ/hEW. &5IT, KE
BT A ORG TRV RRREEICT O I LR S.

BETIHZODOREEAZ AV - OMELZEZTESHT IFEZRRETDS. —RICERaR Y
FAAR Y TR#FRFLI A EM/I M THOHPEGENE & FMESRRS. 22T, ARIXTEZESY
AY7 7 LEECERTD. FAY 77 2HEMEZARTNI, BFEHFWORIMEIZEMCEFLRE L
2%, L2 L, REFAORIMEIIERICEKFES, WMOFA Y77 L0RED2/L25. Lo T,
EETRFELN, FA4¥7 7 LoMEBRTHFELIROMNMELZRETNIE, BRICOMELZEFLTES.
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BFFRCAZNT R EERXRANETTED, FA4A¥ 77208 ARDEAREZAND. EL,
BEADEFRBEINR LY aA ik b FARIZ, DEABORLLNIZELDZ LD THE. 0, BF
FEIZHENT D EMFERPIMELS. Lo T, HELZMBI T 27200 FAFMEMMERHEST S. 5mm
gt FL1ommet F T Iab—ard, 10mmetFTIIESICEREZITY. 5 mmélfF(Ti-6Al-4VHE
A)TIXEEBAKHE RS M ToOMBELEHFLTE I L 2mRB LE. —F, 10 mméHtF (SUS30MEH)
TIIEEBAREEREN 12 MM ToOMRELZE L TEE I L2HIDL. RREREZHIET 7D, 400
WRIZ DB L CTHAN TS, Wizt EOEME2 V—VFEMFCEHAIL, A0 L SEEN
BEHEINDZLE2HR L. HEEOREORREE LTMIRELHEEL, BEMSECTMIRAELEN
Wi, b, ERECTOFEAZRHL, BRERABMbo72L &R by RTERERINT A Z LD
WTEBET 5.

AT AERADRRIERAOER~ =P a L— 2 CERBRBERLZTERATIZ LIZonTRRD. K
2, BRIRERIAT DL EDORADRFIBRDOND. £ZT, VA YORLTHRIABMEZIT) v ==
LV ZRETD. VA VICKVEME - BEEZIMZ, WEGELLTL RS, BIARCZY A Y OEEH
TFTRENDTD, AT TUAL YORFLROREZMFT 5. AREBLEFERELZHEAGDOLT, K
DEZRATEDLZLZHRB L. £z, MARORAVBRERICRISND Z EbEND. EbR
5, BEEZ R LS5 0B FI IO P OBRAEBEICOVWTHRETS.

SHBORBEL LT, EREFELZinVivoER, BIUE/EEOEMRHS.
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Thisthesis consists of the following five chapters. In chapter 1, thisthesis presents the introduction and
objective of this research. In surgical manipulators, force sensing and force transmission still remain
problems. In arc-shaped for ceps, friction significantly increases a torque to rotate itsgripper. In aforce
sensor installed at thetip of a forceps, the force resolution in the axial direction is worse than that in the
radial direction. A slender shape of a surgical manipulator causes difficulty of reducing friction and also
causes difficulty of adjusting flexural rigidity in the radial direction of the manipulator, which resultsin
these problems. To solve them, this thesis proposes the use of flexural structuresfor surgical

manipulators.

In chapter 2, thisthesis describes a method of reducing the friction torque for an ar c-shaped for ceps that
employs a concentric pipe structure consisting of inner and outer pipes. Generally, the shape of the bent
inner pipeisdifferent from that of the outer pipe. This causes contact between the outer and inner pipes,
resulting in friction. Thisthesis proposes a procedureto fit a metal bent inner pipeto the outer pipe by

adjusting theflexural rigidity of the inner pipe with slitsto reduce thefriction.

In chapter 3, thisthesis describes a method of equalizing force resolutions for forceps for ce sensor, which
employs a double diaphragm structure. The distance between the two diaphragms can adjust the rigidity
in theradial direction without changing therigidity in the axial direction when the thickness of the

diaphragm is constant.
In chapter 4, thisthesis describes a force feed-back method for a radioactive seed insertion manipulator
of oral cancer. Theinsertion manipulator employs a bicycle control tube, which can transmit the

insertion forceto the operator.

In chapter 5, thisthesis presents conclusion and future work.
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