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The medical and bio-engineering fields have been increasingly using
information and communication technology.To introduce robots into surgical procedures, data on
surgical operations are required.Several studies have tried the creation of data on living tissues
for mechanical actions, which makes determining the mechanical characteristics of living tissues
vital .Micro force sensors are necessary for various manipulations requiring careful operation.
Unfortunately, the measurement accuracy of sensors tends to reduce with the reduction in sensor
size.

However, a micro force sensor using a hydraulic-driven micro mechanism can obtain a large output
even when it is small. Our system uses Pascal’ s principle to measure small forces acting on the end
effector. A hydraulic-driven micro device pushes an object and measures the reaction force and its

displacement.



B X C—19,. F—19—1, Z—19 (i38)

1. WFZEBAAR S W) DT 5

(1) EEE THREIROBA X, BEESEEMN O PSR EOM BB £ TLILIZHE S 23, ik
O wuR Yy bOWEMIL 1980 FRICEEMT — L8 e R > b 2 RARFITNCIEH Lz &
VIGED. ZO%, vl y MIFZIGH UTok % 22 PSR IEE BCK O H 72 5T B ARIZEB W T
HEIR &S N7=A3, 2000 FECLAREIL Surgical System £ DaVinci A HRAICEZFRICE L L, F
FEEOREREH & e o TN D,

(2) DaVinci ZIZHW LN TV AETNIEEICe Ry N7 — A5 BT 7o i L, ~ A%
— A LA T K DHIEEANC KB TE 528, BUROFMREE IR TERELZ AT DD
OIFTIE STV, EEOERN T TIT ) P CIIHRREOMIZ, ER-CERR E DK 1%
FInAELTRUD I ENTE D720, ZORANC L0 1EZEIRRESC, ARDOFHEMZE L DR %
THoTWD., v=F a2 b—¥EHWEHEEICETRADREONTIEEZITO DI, ZhHEE
RICAERDIREDIIEN NI TH D .

2. Lo HB

(1) ARHFZETIE, RERBIZ2FH LB B L OB A2 HE TE S~ A 7 vt Ik
T, ERFT D AEMRD L IOMMERYUR E ORI R E 2 BTG L, 2 8ET 241 —%
WCHEEFR R OIREER, WHMNEL 2 LIERE TE 2~ a2 L—X L L D22 BB TE 5Tk
BIOVATLAOEEEZBNE TS, ik H3a@s, w5 0cxtd 23t Y OmEfE
ORI L, BHEZER O 7= DI/ NRE, WiMEEIT ZEH AR L, RENME T D4
Wafa9 5. —J CHFRAREEDRE T 2 KBRS CIXR B/ M5 2 & T, LV H
1% AR S BRI 21 E S8 b =— 7 it 2 F o,

(2) Rz = R T =7 2 L LT, ZRE2ENT 72O T S Lo fibia#i L v
WIRZHE L, LR 2 B2 b O Th 5. 20 & SHFHEITND 21 135 %4/ L
THREHGEM T O IRELB N E LS. Z OMRELE 2 HHEEI TR 5 &, TD I AL
NOFEIZL Y = P27 =7 2 LRSI O FERE O Wi A IC K- THlE S D, #F%E
REE BIE, THE TR L7 ERHAE I X 05K 1000 5 ORI 2 SR8 LT, i oHEr
(2 &> THEREEIINR ) 2 5H 4 DB 2 928 L7z,

(3) Atz SO/ 2 28T, JFH RIT XD SEEREFHR T, XV EHERT
RHEREFL LN TELHLEZXAOND. SOIIABEI= R T =7 M) LBzt
PYHVATHET S Z LN TE 5720, EREMICISWTHERMOLEIR ) LB M2 ) TV 2 A
LTHIET S Z L3 TE, R OEMARHEZ @5 0 SRIRFICHUG T 5 2 LR TE 5.

3. WHEDTIA

(1) SFCFETIE, WkERYE  TIRIEEZ AT 2B MRV AT LD EZIT> 7. HF%ER
RFNIATHIZEIC W T, HRIERRENEMS 2 F O R R 2 B S U, (G E & NIEEE) 2 31
LCT 7 Fax—2IZhhrd ) b BREERE S 2 FEZMILL T D, OB A RITARK
W T Oliggs e DIFF 2 B 5 AT 2 DR ORME 2 T o 7o, FERFEEEBRICRB WL TAK
WIZHB T D RIEFBRZAT 5 72121, BUWE L7 2 RIS 2 B0 & 720, MBS
ELTT—bmRy hEHHIZHEALL.

(2) &2 BT, ARz HWIBRFER ATV, EERO HHIERNC & 2 KRBT —
272 EOMAVREZIE L, Znaftr Lz, EBFER IV AERE L XV m LS5 080
A Crzized, BIERCROMT & AT LT, BMOWR 21T 7. EREEBROMITRIR L0 B
A= PAHRLAR D BERRAY R 22 [F)E L7z

(3) 403 6EHECIE, BRI (LA HE L T AR 7 L ORIERATY, ARORMIOTFIE
B BHERE T2 Al 5 FTRERELS DU TR AT > 7. IRHZ AR 513 5 Hekao R
TN O EAT T

4. WFFERE
(1) AT LV AT AT, 2D 727 ZIHERATDHHE, = RmT727 40

NOFEHEHNT, = 2727 ZIHEHT NEOELERD D Z L TRBSND. LiTiF
BINSNEFHRTHZENTED., = P BIIBWTC Y R 7 =7 ¥ OB#ENHZIZ= b



YT AR m— X% DTV, KEFZET
IO R~ /7 a o —XER¥EL, Z
NET R T7 2 XDT7 7V Faxz—%EL
THWE. & —X3ESHNTICEY =y
FIVTHERR U=, Moo n T 5k & el LT, A
IR NS R IR N ER E NS GAICH
HThHy, BESIZHREDOR o — XL 5[
DLAMT @ ORI & 7 - 7= R RE Clih 5 1A 12 B H
(CfE S D Z ENTE ., SHELZ4 R
— R 3AHME 6. 35mm, PNAE 3. 81mm Th-o7=.

(2) X 2IZBA% S Tk EBREh e 2 o~
COHEEITRIC L A EFE B S LT
BEXNTBY, 77Faxz—4%, n— Kk,
BENE—XANESCERE S, I L R
N —=ZXRRO TS, 20250~
N —X%Fa—7TEFELTEY, Fa—TNHN
WK EFRBEISHE TS, 207D, 7T7F 2=
— X OERENZ KV e — X0MEdE L,
BT 2. ok X, hEaNELELE LTE
HWARETH D, F£72, T/ Fa2xz—Z DR
NS ENHEENARETH D

(3) K3ITARY AT ORISR ZRT. BEE)
WEE I R—YFrarta—Z XD HIEE

n, B EIT O TV F oo — 2 BERET 5.
Tz, ZOBRIZHIREFA S Y U XTI vz
EN' LD READIE N ERET D L
XY, = R 77 X IZEZbndikE L
ENEEZEZT, =2 R 7 =7 ZIThind
NEHEELHIITS.

X1 4&iilvtrao—%Hn-

TR

Metal bellows

Force sensor

Metal
bellows

X 2 JEEBEENC K 2 BT BREh A E 0> S8

Position command

PC In storage

Holding force

Water supply machine End effecter
Pulse
Holding
Force object

Bellows

sensor Forceps

Internal

Linear
actuator
Displacement | pressure I Displacement

pump

Quantity of water Bellows

X3 AIEEOHIE S 2T A

(4) BAFE L7 rBIC X 2R FERO L 5> T2 X4 12T, Fiiddge Ry NH~vA 7=
TNARZEN 2 R T =27 O LD AEEREHE LT, ZOBONI) FIN] ZFH15
5. X5 ICHRFRI R & 7 B KRB OB 2R T, A% 10 EREDZ v hZ2HV, ZOlE
(4, Oofise, Bk, BFi7e &) oUIR Z8 - CHRT A Z & T, HEHENE L. K624
i 2 AEEF L7ZBR O O &, ERFEBRO X 5 T 2739, ZoENS, HESNDIE
FENIZ L0 PR 0E N RIS Z e TE 2. K6 A1+ ColEfifk 2 e LT g
E99ThHY, AFOER TSR RE R IE25T. DEOREXY, AL
TR LIV AT LA TIE, FORENE2ED 2 LI X o> THEKOBBRBEEDENEE S Z &

MNTXT.



|
Metal
bellows

Passage
’!
1|

3

Metal
bellows

B 5 AfaE D4
B4 S-S X AR EER O X H T

0.15

0.1

0 .

Liver Heart Kidney Brain Spleen

Maximum Gripping force [N]

The heart of the rat

6 ERBUEZ W EREBRR EZDO L DT

<5 3CHk>

[1IM. T. Gettman et al., “Robotic-assisted laparoscopic partial nephrectomy: Technique
and initial clinical experience with DaVinci robotic system” , Urology, 2004, 64,5,
pp. 914-918.

[2]Hongo, K. et al., “Microsurgery-assisting Robotics (NeuRobot): Current Status and

Future Perspective” , Japanese Journal of Neurosurgery, 2011, 20, 4, pp. 270-274.
[3]Kobatashi, E. et al., “Development of Naviot for Minimally Invasive Surgery” ,
Journal of Robotics Society of Japan, 2005, 23, 2, pp. 168-171.
[4]Fujie M. et al., “Development of a multi-DOF brain retract manipulator for
minimally invasive surgery : Third report -Development of a total model for clinical

application” , 2002, Journal of Japan society of computer aided surgery, 4, 3,

pp. 2556—256.



[6]Hockstein, NG. et al., Robotic microlaryngeal surgery: A technical feasibility study
using the daVinci surgical robot and an airway mannequin, LARYNGOSCOP, 115, 780-
785.

[6]Garg A. et al., “Tumor localization using automated palpation with gaussian process
adaptive sampling” , 2016, IEEE international conference on automation science and
engineering, pp. 194-200

[7]Sasaki, T. et al., “Hydraulically driven joint for a force feedback manipulator”
Precision Engineering, 2017, 47, pp. 445-451.

[8]Ikuta, K. et al., “Study on Hydraulically Driven Active Catheter for Safe
Operation” , Trans. of the JSME(c), 2010, 76, 766, pp. 1553-1559.

[9]Kawata, Y. et al., Measurement of blood vessel characteristics for disease detection
based on cone—beam CT images, IEEE Transactions on Nuclear Science, 43, 6, 3348-
3354,

[10] Sasaki, T. et al., “Improving accuracy of hydraulic-driven forceps”
Proceedings of the 16" international conference of the FEuropean society for
precision engineering and nanotechnology, 2016, 2.07

[11] Sasaki, T. et al., “Force measurement of blood vessel gripping by hydraulic-
driven forceps” , 2017, Procedia CIRP (3rd CIRP Conference on BioManufacturing)
65, pp. 84-87



4 4 4 2

Sasaki Tohru Fujiwara Yudai Tachikawa Kaoru Terabayashi Kenji Dohda Kuniaki 14

Hydraulic Micro Device with Force Sensing for Measurement of Mechanical Characteristics 2020

International Journal of Automation Technology 625 632
DOl

10.20965/ijat.2020.p0625

Tohru Sasaki, Kaoru Tachikawa, Atsushi Murakami, Bilal Ahmed Mir, Yudai Fujiwara, Kenji

Terabayashi Mitsuru Jilndai and Kuniaki Dohda

Micro Device with Force Sensing for Manipulate System of Palpation 2020

Proceeding of euspen’ s 20th International Conference & Exhibition 1CE20204
DOl

Tohru Sasaki, Yudai Fujiwara, Kaoru Tachikawa. Takuya Wakashima, Kenji Terabayashi, Mitsuru

Jindai, Kuniaki Dohda

Measurement of Mechanical Characteristics Using Micro Devices with Force Sensing 2019

Proceeding of EUSPEN 19th International Conference & Exhibition P4.14
DOl

Yudai Fujiwara, Tohru Sasaki, Kaoru Tachikawa, Atsushi Murakami, Hiromu Niwa, Kenji Terabayashi

and Kuniaki Dohda

A Proposal of Mechanical Characteristic Measurement Method Using Micro Forceps with Force 2019

Sensing - Evaluation Using Simulation -

Proceeding of 3rd World Congress on Micro and Nano Manufacturing WeAT1.6

DOl




2021

2021

2019

2019

PME 6 2019

2019

PME

2019




HP MIRDC 2019.12.2
http://enghp.eng.u-toyama.ac.jp/labs/me08/2019/12/23/389/

http://enghp.eng.u-toyama.ac.jp/labs/me08/




