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㸦論文博士㸧 

        論   文   要   旨  㸦和文2000Ꮠ程ᗘ㸧 

 

 報告番号 

 

 

  乙 第        号 

 

 氏    ྡ 

 

㔝田 幸矢 

 

㸦 要  旨 㸧 

ప侵襲手術࠾࡟い࡚複雑࡞作業ࢆ行うࡵࡓ，医療用࣐ニࡀࢱ࣮ࣞࣗࣆ開発さࡋࡔࡓ．ࡓࡁ࡚ࢀ，手術࣐

ニ࠾࡟ࢱ࣮ࣞࣗࣆい࡚鉗子先端ࡢ力ࡀ手元࡟伝わ࡞ࡽい問題ࡀあࡿ．彎曲鉗子ࡢ場合，先端ࢆ回転さࡏ

࡞異ࡀ横手方向࡛ศ解能࡜場合，長手方向ࡢࢧ力セン࡞くい．一般的࡟ࡾ伝わ࡟手元ࡀࢡトࣝࡢࡁ࡜ࡿ

ࡀప減ࡢび摩᧿࣭慣性ࡼ࠾剛性調整ࡢ横手方向，ࡋ起因࡟細長い形状ࡢ鉗子，࡚ࡋ࡜原因ࡢࡽࢀࡇ．ࡿ

㞴ࡋい࡟࡜ࡇあࡿࡁ࡛．ࡿ限ࡾ簡潔࡞技術࡛，ࡢࡽࢀࡇ問題ࢆ解決ࡀࡢࡿࡍ望ࡋࡲい．࡚ࡗࡼ，本研究

ࢆศ解能ࠕ，開発ࠖࡢ彎曲鉗子ࡿࡍ回転ࡀ先端ࠕ，࡟具体的．ࡿࡍ提案ࢆ࡜ࡇࡿ用いࢆ柔軟構造体ࡣ࡛

等方化ࡿࡍ力センࢧ起歪体ࡢ開発ࠖ，ࠕ口腔ࢇࡀ小線源治療ࠖࡘ࡟い࡚述べࡿ．  

 

2章࡛ࡣ彎曲鉗子ࡢ操作性ࢆ向ୖさࡵࡓࡿࡏ，鉗子先端ࢆ長手方向࡟回転さࡢࡵࡓࡿࡏ設計手法ࢆ提案

力࡟イプࣃ内，ࡣ方法࡛ࡢࡇ．ࡿࢀࡽ用いࡀイプ構造ࣃ二㔜ࡵࡓࡿࡏ回転さࢆ鉗子先端࡟一般的．ࡿࡍ

ࣃ内࡜イプࣃ外࡜高いࡀ剛性ࡢイプࣃ内，ࡾࡼ࡟ࢀࡇ．ࡿ࡞異ࡀ形状ࡢイプࣃ外，࡜形状ࡿࡀ曲ࡅ࠿ࢆ

イプࡀ強く接触ࡵࡓࡢࡇ．ࡿࡍ，摩᧿トࣝ࡜ࢡ先端࡜根元࡛ࡢ角ᗘ差㸦ࢀࡌࡡ角㸧ࡀ増大ࢁࡕࡶ．ࡿࡍ

࠿ࡋ．うࡼࡁ࡛ࡀ࡜ࡇࡿࡆୗࢆࢡトࣝ࡞必要ࡾࡼ࡟使用ࡢイプࣃࢡッࢳプラス࡞ప剛性ࡘ࠿᧿ప摩，ࢇ

ࡍ増大ࡀ角ࢀࡌࡡ，పくࡶ剛性ࡾࡌࡡࡵࡓపいࡀ率ࢢ比べࣖン࡟イプࣃ金属ࡣイプࣃࢡッࢳプラス，ࡋ

イプࣃ内，ࡵࡓࡢࡑ．いࡋࡲ望ࡀࡢࡿࡍ接触࡛ࡳࡢ端部ࡀイプࣃ両，ࡣ࡟ࡵࡓࡿࡆୗࢆࢡ摩᧿トࣝ．ࡿ

剛ࡆ曲ࡢイプࣃ内，࡛ࡇࡑ．いࡼࡤࢀࡍ一致ࡾ限ࡿࡁ࡛࡜彎曲形状ࡢイプࣃ外ࡀ形状ࡿࡀ加え曲ࢆ力࡟

性ࢆ局所的࡟変化さࡏ，内ࣃイプࡢ彎曲形状ࢆ調整ࡿࡍ方法ࢆ提案ࡿࡍ．内ࣃイプࡣ࡟ษࡾ込ࢆࡳ入ࢀ

曲ࡆ剛性ࢆ調整8．ࡿࡍ mm鉗子5࡜ mm鉗子࡛ࢩ࣮࣑ࣞࣗࢩョン5，ࢆ mm鉗子࡛ࡣさ࡟ࡽex-vivo実験

角ࢀࡌࡡࡣ࡛mm鉗子(Ti-6Al-4V) 8，ࡁ࡜ࡓNmm加え 20࡟鉗子先端．ࡿࡍ確認ࢆ有効性ࡢ行い本手法ࢆ

 ex vivo．ࡓࡋ確認ࢆ࡜ࡇࡿ値࡛あ࡞実用的，ࡾ࡞࡜deg 2.8ࡀ角ࢀࡌࡡࡣ࡛deg，5 mm鉗子(SUS304) 4.30ࡀ

実験࡛ࡣ，提案鉗子ࢆ鶏࣮ࣂࣞࡢ，豚挽肉，豚血液࡟挿入ࡕࡢࡓࡋ必要࡞トࣝࢆࢡ測定ࡢࡑ．ࡓࡋ結果

実験前5.1ࡢ Nmm 3.8 ,5.4 ,5.3ࡽ࠿ Nmm ࢀࡒࢀࡑ࡟変化ࡓࡋ．さ࡟ࡽ，外ࣃイプ࡟豚血液ࢆ挿入ࡋ固

化さࡢࡁ࡜ࡓࡏ必要トࣝ5.3ࡣࢡ Nmm࡛あࡢࡽࢀࡇ．ࡓࡗトࣝࡢࢡ増加ࡣ十ศ࡟小さい．さ࡟ࡽ，滅菌

࣭洗浄ࡵࡓࡿࡍ容易࡟ศ解可能࡞構造ࢆ࡜ࡇࡿࡍ࡟検討ࡿࡍ．  

 

3章࡛ࡣ二ࡢࡘ起歪体ࢆ用い計測範囲࡜ศ解能ࢆ容易࡟等方化ࡿࡍ手法ࢆ提案ࡿࡍ．一般࡟医療ࣟボッ

ト用力センࡣ࡛ࢧ鉗子長手方向࡜横方向࡛力ࡢ計測範囲࡜ศ解能ࡀ異࡛ࡇࡑ．ࡿ࡞，本論文࡛ࡣ二㔜ࢲ

イࣖࣇラ࣒構造࡟着目ࢲ．ࡿࡍイࣖࣇラ࣒間距㞳ࢆ調整ࡤࢀࡍ，横手方向ࡢ剛性ࡣ距㞳࡟依Ꮡࡋ大ࡁく

，࡚ࡗࡼ．ࡿ࡞࡜２倍ࡢ剛性ࡢラ࣒ࣇイࣖࢲࡢ1枚，ࡎࡏ依Ꮡ࡟距㞳ࡣ剛性ࡢ長手方向，ࡋ࠿ࡋ．ࡿ࡞

厚さ࡛長手方向，ࢲイࣖࣇラ࣒間距㞳࡛横手方向ࡢ剛性ࢆ調整ࡤࢀࡍ，容易࡟ศ解能ࢆ等方化࡛ࡿࡁ．
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長手方向࡟力࡟ࡁ࡜ࡓࡅ࠿ࢆ応力ࢆୗࢲ，ࡵࡓࡿࡆイࣖࣇラ࣒ࢇࡏࡽ࡟状ࡢษ込ࢆࡳ入ࡋࡔࡓ．ࡿࢀ，

長手，ࡵࡓࡢࡇ．ࡿあ࡛ࡢࡶࡿࡼ࡟ࢀࡌࡡࡢ部ࢇࡏࡽ，࡟様ྠ࡜ࡡࡤコイࣝࡾࡌࡡࡣ変形原理ࡢࢇࡏࡽ

方向࡟力࡜ࡿࡅ࠿ࢆ鉗子先端ࡀ傾く．࡚ࡗࡼ，傾ࢆࡁ抑制ࢇࡏࡽࡵࡓࡿࡍ方向࡜఩相ࢆ調整5．ࡿࡍ mm

鉗子10࡜ mm鉗子࡛ࢩ࣮࣑ࣞࣗࢩョン10，ࢆ mm鉗子࡛ࡣさ࡟ࡽ実験ࢆ行う．  5 mm鉗子(Ti-6Al-4V使

用)࡛ࡣ起歪体間距㞳6ࡀ mm࡛ศ解能ࢆ等方化࡛ࢆ࡜ࡇࡿࡁ確認ࡓࡋ．一方，10 mm鉗子(SUS304使用)

ࡢࡘ４，ࡵࡓࡿࡍ制作ࢆ本起歪体．ࡓࡵ࠿確ࢆ࡜ࡇࡿࡁ等方化࡛ࢆmm࡛ศ解能 12ࡀ起歪体間距㞳ࡣ࡛

部品࡟ศ割࡚ࡋ組ࡳ立࡚ࡿ．力ࢆ加えࡢࡁ࡜ࡓ変఩ࢨ࣮ࣞࢆ変఩計࡛計測ࡋ，力ࡢ計測範囲࡜ศ解能ࡀ

等方化さࢆ࡜ࡇࡿࢀ確認ࡓࡋ．ศ解能ࡢ誤差ࡢ原因࡚ࡋ࡜加工誤差࡜推定ࡋ，顕微鏡࡛加工誤差ࢆ確࠿

ࡘ࡟࡜ࡇࡿࡍ吸཰ࢆ変形࡛ࣃストッࡁ࡜ࡓࡗ加わࡀ力࡞過剰，ࡋ検討ࢆ使用ࡢ実環境࡛，࡟ࡽさ．ࡓࡵ

い࡚考察ࡿࡍ．  

 

4章࡛ࡣ口腔ࢇࡀ小線源治療用ࡢ医療࣐ニ࡟ࢱ࣮ࣞࣗࣆ柔軟構造体ࢆ活用ࡘ࡟࡜ࡇࡿࡍい࡚述べࡿ．特

ࣗࣆ行う࣐ニࢆ刺入動作࡛ࡋ押ࡢワイࣖ，࡛ࡇࡑ．ࡿࢀࡽࡵ求ࡀ提示ࡢ཯力ࡢࡁ࡜ࡿࡍ刺入ࢆ線源，࡟

ࡀᗙ屈ࡢワイࣖ࡟刺入時．ࡿ࡞くࡍやࡋ伝達ࢆ抑え，力ࢆ᧿慣性࣭摩ࡾࡼ࡟ワイࣖ．ࡿࡍ提案ࢆࢱ࣮ࣞ

予想さࣃ，ࡵࡓࡿࢀイプ࡛ワイࣖࡢ横手方向ࡢ変形ࢆ抑制ࡿࡍ．本装置࡜把持装置ࢆ組ࡳ合わ࡚ࡋ，豚

࡞ࡽさ．ࡓࡵ࠿確ࡶ࡜ࡇࡿࢀ提示さ࡟操作部ࡀ཯力ࡢ刺入時，ࡓࡲ．ࡓࡋ確認ࢆ࡜ࡇࡿࡁ刺入࡛࡟舌ࡢ

．ࡿࡍ検討ࡶい࡚ࡘ࡟活用法ࡢࢧび力センࡼ࠾彎曲鉗子ࡵࡓࡿࡏ向ୖさࢆ操作性，ࡿ  

 

今後ࡢ展望࡚ࡋ࡜，実環境ࢆ模ࡓࡋ in vivo実験，ࡼ࠾び操作性ࡢ評価ࡀあࡿ．  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

備考：論文要旨ࠊࡣ和文2000Ꮠ࡜英文300語1ࢆ部ࡘࡎ提出ࡋࡶࠊ࠿ࡿࡍくࡣ英文800語1ࢆ部提出࡚ࡋくࡔさいࠋ 

Note : Thesis Summary should be submitted in either a copy of  2000 Japanese Characters and 300 Words (Eng ｌish) or 1copy of 800 Words 

(English). 

注意：論文要旨䛿䚸東工大リサーチリポジトリ䠄T2R2䠅䛻䛶インターネット公表されます䛾䛷䚸公表可能䛺範囲䛾内容䛷作成し䛶ください䚹  

Attention: Thesis Summary will be published on Tokyo Tech Research Repository  Website (T2R2).  
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㸦論文博士㸧 

        論   文   要   旨 㸦 英 文 㸧      㸦300語程度㸧 

㸦Summary㸧  

 

 報告番号 

 

 

  乙 第        号 

 

 氏    名 

 

野田 幸矢 

 

㸦 要  旨 㸧 

This thesis consists of the following five chapters. In chapter 1, this thesis presents the introduction and 

objective of this research. In surgical manipulators, force sensing and force transmission still remain 

problems. In arc-shaped forceps, friction significantly increases a torque to rotate its gripper. In a force 

sensor installed at the tip 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 results in 

these problems. To solve them, this thesis proposes the use of flexural structures for surgical 

manipulators. 

 

In chapter 2, this thesis describes a method of reducing the friction torque for an arc-shaped forceps that 

employs a concentric pipe structure consisting of inner and outer pipes. Generally, the shape of the bent 

inner pipe is different from that of the outer pipe. This causes contact between the outer and inner pipes, 

resulting in friction. This thesis proposes a procedure to fit a metal bent inner pipe to the outer pipe by 

adjusting the flexural rigidity of the inner pipe with slits to reduce the friction.  

 

In chapter 3, this thesis describes a method of equalizing force resolutions for forceps force sensor, which 

employs a double diaphragm structure. The distance between the two diaphragms can adjust the rigidity 

in the radial direction without changing the rigidity in the axial direction when the thickness of the 

diaphragm is constant.  

 

In chapter 4, this thesis describes a force feed-back method for a radioactive seed insertion manipulator 

of oral cancer. The insertion manipulator employs a bicycle control tube, which can transmit the 

insertion force to the operator. 

 

In chapter 5, this thesis presents conclusion and future work. 

備考：論文要旨はࠊ和文2000字と英文300語を1部ࡎつ提出ࡍるかࠊもしくは英文800語を1部提出してくださいࠋ 

Note : Thesis Summary should be submitted in either a copy of  2000 Japanese Characters and 300 Words (Eng ｌish) or 1copy of 800 Words 

(English). 

注意：論文要旨䛿䚸東工大リサーチリポジトリ䠄T2R2䠅䛻䛶インターネット公表されます䛾䛷䚸公表可能䛺範囲䛾内容䛷作成し䛶ください䚹  

Attention: Thesis Summary will be published on Tokyo Tech Research Repository  Website (T2R2).  


