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Force sensing based on string vibration for multi degree-of-freedom forceps
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This study challenged the difficult Eroblem of force sensing of surgical
robotic forceps by measuring the cable tensions by string vibration. The proposed method is
applicable to cable driven forceps. It induces vibration of the drive cables with a rotating
protrusion; estimates the cable tension from the vibration frequency, and then estimates the
external force applied to the forceps. An experimental device was developed and a satisfactory
accuracy of the tension measurement was verified. The study also developed three degree-of-freedom
forceps and verified the accuracy of the contact force measurement. The physical contact between the
cable and protrusion caused wear of them. The amount of wear was measured after the cable was
plucked one million times assumin? one million plucks during one operation. The result showed that
the wear was minimal and not problematic for practical use.



B X C—19, F—19—1 (Jtm)

HFZEBR AR 4 4] D75 B

@ SR TFIN 72 Sl s Bl ARy NEET O TIImRO TEEL <, KRE L
TREKRTHD. %Lwﬁmio%@%wf%a (1) BIEEWE 25T OWHRIT 8 mm
L 5mm TH Y, HFImiEE T 2720 NUERKLETH D, & 512, HREE % BrE)4
B0 A ¥ EBMANCH DT HS THT 5. (2) ANOEEIZELEBEETHY, MikRED
ARSI, ﬁ”%}%ﬁ%#ﬂiﬁw/4zw%$ﬁé (3) 10 EMEHT 5 Z LA EHREL
o TEY, ZOTOIZIEEFEE N AR TR E R b 20, @ttt nETHD. (4)
=529 /N éok%@fﬁwhﬁﬁ%&w

BEME— B SN TWAHIEIL, SBRET 7 F 2o —F OFREIE 7 5 B ) 2 HEE
THHIETHDZD, JJOERAENLEWE ZATHAT 20T, BYOBEBOEELZIT5. &
HHBEET OBRENC 1LY A YEREIN — M TH Y, TOEELZFIHT L Z EDNBEKRTHD. £ZTK
FETIE, IR LD U VIEDEZFHIT A Licky, FiinRy hoikr v 780 )
HERNICHRER T 2. ZNETOIIFLEAEDHETIE, hEBICEBTREREZRA TSN, #
T Al D 2 ENRERRETHD. AERXOFRITZD XD REERZH V2N
ETHD.

2. WHEDOHBY

TR L DU A YIEDFHEZIT) 2N TEX 2 Riinry MElhd 2885228,
EERAET 52 &, ERMERIET A Z EDRAMAEDOHNTH S, FEAMEICELTE, V1%
ZERERIC L VW TIRE S 5720, MBI EERIC LD U A P L RETICERENE LS. T
DIEAMIZIER WD ZRAET AMERNDD. ZNOZMRIETA27ODRELZRBTLHELD
2, A% 8mm & bmm OV A YEREN3 A HER 7 (U v OB EEZET) ZHFEL, T
SeimlZnb 548 = HEET 5.

3. WrgED ik
Elﬁﬁﬁﬂ%%T.%%@tbl%%bﬁﬁwfwﬁwﬁ,%%%Kﬁ%ﬂ%?%é.74
YiOWRH%ET,ET5H L, 2K®94%@%ﬁ$n WX BEEABRENT 5. RN TOFENT

FZLLHELWZ L E2E L, KAMNIIRS ZR T 5. %ﬁ%ﬁﬁwv4kwﬁé%Lf%ﬁﬁmk
T 5L, TIRENO B EEIT

_ 1 |T; 1
fi= AR €9)
LRED, LoT, WREEREAFHNTASZLIcky, EBHEHTETAIZENTES. EHITE

NS BNNFET NV ERO T RSIERT 204N EZHETHZENTES. M1 OFITIE
SEF = (T, = T)rJITHE SRS, Z 2T, 1B S Bl £ COMERE, a2 B o8

L35, xen
s = SHF
@/@ EHT, l
) -
l
——

X1 ZEENCX DIty 7 OFEEK

QIIASREZRAET H7-DICB LEETHY, (IR0 BEE, (b) ITIEROIEKE
BT, TAXYORNZ 7+ —A7—, 9 IS, BENhE 52 57200F—2 BNENR - T
W5, B Z LI BAEBEAERBTAEDICVAVIZiE T A ara—T 4 0 U ALY EGEHL
72 (£20.45 mm, £20.36 mm DAT LV AIAVIZa—FT 47, Kfka—rue—7). 14 nm
VNIREE SR IO AERBEAEEND D .

X 2 U%%W%ﬁ%&% (&R EE, (LIRE
M3nkolz, BEMGEr Yy FEREEET 2 Z EICKY, BEEHNY A ¥ 2iRkx 8L RIT,



EETHEET 52 IC L V. AR T A YOEDL FIFEETS. QDX 5 ICARDN/ NS W
A, BETHEHN/NESL, 74X TWVENWSIENELSD. —F, b)D X HIZARN
KEWEE, VA VYaEb BT 2BIGREIZRED N0, SEEFT CRE REBRINAEL, 5
AL T Z 2N TEARVWEWIHIRIENEL D, £ Z THIEZRARD KE S 27

RACEB(FZ L) UV iﬂ@w)

>
:
‘v

w
X 3 74’%7@13[1?}@5/1‘: a) ARSI NE WS, (b) AR RE WS

T A IR OEEEIFEZ 100 ms & L7z, RWFIED )7 4 — Ky 7 O BIL, #EFEIC %
RTHZETHD, 7774—F‘/<y7ﬁ%ﬂiﬁﬂ+%1‘%ﬁiﬁ“é ETIE R, X"=F LU T UT ¢
?%&wtb,NOmﬁﬁﬁ@ﬁ%w?%+ IZEWEEBZ OGNS, IREIOFMINICIE, v/ 71
7 F 0 BEEEFHAIE, 74 M U2 T T RIZE DD 2 2&i AT, L5 D
H&ﬁm %HW%%VT%WL BRD AT VB Z RO JE A A RB) A S e L7z,

FEFEIZBA L CiX, 1RIOFI Tk b REHT 2 SIRET 5 &, ZZEEHIXTY A V&K 100 )7
FINET 2 & RG22 &N TE S (3 HHEMHIZEAT 254, BEEIY A VIiX6 RIZRDH0D
T, HUAYIL16.6 FEIHREEND). £Z T, 100 SEIET HERICA U 5 EREL -,

4. WHERE

B EI0EEHEZERL, EIERARETR. flE LT, 649 nm, 815 pm OZELH T
BN, 16 N ORICE T HIREME SO BT O 77 7 22T 4 (a) & (b) I
R ZOFITIE, %@Eﬁ%v4ﬁﬂ7ﬁ/%ﬁmfﬁﬂbﬁ fedhZ T — 27 R OUHE,
REdh X E W S (Hz] T 5. 815 pum OZEEE D 7T 7 IIRE AW O ' — 27 BEHIN > T\ D, —
7, 649um ORI DT T 71X ) A X T LE->TWD., v 7 a7+ R0 E
1%, AR 815 pm 7> 5% 300 pm K& WEFAS FHANCIE LT\ 5 2 &R0 7z,

x 1076 X 107*

e )

o P N W A OO N ®
o kB N W ~ g o

| ,
3000 1000 2000 3000
[Hz] [Hz)

(a) (b)
X4 AREDONRT =27 FLOF] 0 (a) Ah = 649 um DA,  (b) Ah = 815 umD A

X 512 100 HEIOIERIZ DU A Y RE DG E %2 /7. JRFER DS ZEEEE & B U, IER O
FA Ly a—F 4 L ERICENR LN DD, 2 UWEEEST 1 ¥ 2T 5 E 0k
SN TV DOETIIMR SN oT-. F, SFFHINTER T Rbil, Thice®s 525 &
I IREALIFE Ul o T2, X 6 ITIERTE DZEEHES (Polyoxymethylene ) DEHEZ /R, 24
ERORE 1%, 1950 pm 72°5 1936 pm &K 20 um EEEERN R Sz, Loy L Z OFEFERIT 300
pm % K& FEl->TERY, 100 HEIOFRMIZZERATETHD Z EBMIETE 2.

X5 100 JFlEHERT () &% (H) © X6 10O0MER (&) &% () DOZEEE
U A YK

FEITIE (1) RO BURIZREE ITIIRRSL L2 VW0 T, BN L IEBEEEOBEGEE v ) 71—
WX VRO DIVE NS D, X 7I1XES EIREBER OB TH S, FOENT 7 +— A7 —



VICEVWRE L. ZOBBREHCT, BEEEESIEDEHEE L, 74— A7 — U TEEH
FELFREDERET A LICk, MEAZRIELIZE ZA, FEHHEEIT0.16 N LW ) HERE25
7.

y = 559.97x0.4898

0.00 5.00 10.00 15.00 20.00 25.00 30.00
Tension(N)

X7 EHEESHEEEOXY VT L —a v

WENEHANC~ A 7 7+ IRV 74 A V2T 722 LT-%E121E, SN g KiE
W EESED 2 ENTE . ZOME, Hb LFREIZX VKRS THIREFEHINTE S 2 &,
BEFEREIT S BRI TE D Z RNy oiz

X 8 IX[FIHEAEIC L 2 4ME 8 mm @ 3 HEEH+TH Y, X9 IFFMBAFHIZL MR 5
mm O3 HHEHFTHD. M5 mm O LD RO -121E, #EEOE/LDT-0I
EHAREET L 0 b R BEIEI A E LTV d. K1 01K 9 0 3 | T4 v CHEfil 1 0
FERGEA T2 TH Y, Bl 7 + — 27— CEPEAIE L7 8eil )y, #tsh TR & 5k
MOHEE LizgEfii hTh 5, ©y Flldim o)) Tl KidzE 0.18 N, FHJiE7E 0.092
N, = —Hl5m ol Tldi Kig7% 0.13 N, FHJFE7£0.084 N L WO FERTH 7=, »
TG B NERZETINE > TV D Z R TE

S A L R

(a) (b)
X8 [FHAEIENIC K H4ME 8 mm 3 HHEM T : @2EREE, b)INEL

(b)
B9 FRKBIEIC L 54ME b mm 3 AT : @Q&EFE, (o) KB

—

z Z

51 o e ®

& & ’

E 0.5 3 0.5 .

: :

Z 0 Z 0

K 0 0.5 1 = 0 0.5 1
Measured force [N] Measured force [N]

(a) (b)
K10 FEMAOBERGE : (@t v FHmoh, (b)a—HFmosEfhs



8 0 0
5 mm

2022
2022

2021
2021

2021
2021

2020

2020




2021

2020 2021

2021
2020 2021

2019
2019

2020

2020




2021-093402 2021
0
STAR
https://search.star.titech.ac.jp/titech-ss/search.act
2023 2023 8 24 25

2023 12 14




