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Pneumatically driven multi-degree-of-freedom forceps manipulator using an elastic
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Kenji KAWASHIMA, Tokyo Medical and Dental University

In this study we developed a pneumatically-driven manipulator of the master-slave-type surgical robot. The
manipulator has dual flexible joints and be capable of grasping and bending the tip in two degrees of freedom by two
pneumatic cylinders. Considering the interoperability in real surgery , we proposed a mechanism so that the clean
forceps part can be easily attached to and detached from the filthy drive unit . To verify the tracking performance , we

actually conducted an experiment of the master-slave-system with

the proposed manipulator .
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Fig.1 Manipulator using dual elastic body
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Fig.2 Displacement magnification mechanism

Fig.3 Forceps unit
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Fig.4 Mechanism of the drive unit
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Fig.5 Overview of the proposed manipulator
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Fig.6 Proposed driving unit

23 BREDU VF 2 EXERWERSHE
WERDOWSE[4TIE, 2 BHEOEMHAFEIRT L7201, 4
ARDZERET Y Vv ZHANWTAKRD Y A ¥ & EHEERE) LT
Too ABFSE T Fig. 4 IR T X D ICHE T 0> v 7 MTEREL
[ EAR ., 14 i 2 Ak BE T L2 SR e B A A L. B o [
EWR & RhRZ 2 KD ZERET ) X TEE . ZOMiEIC X
DB S — « By FEITS, ZAUT XD Hlin ZHk B
DEE U, Sedm oo Zak BRI 23wl 2 B AT 5

UL, BEfilcR—ATad s b TUY U 2T D L,
SRR R R S A b & L CERE e — A LT LE D
MIEMNEL 5,

2ODHEBNT 7 F 2 m—X & T E dE & Ui R
WIERZ B E L TR S 7 o — 9 —ETHOAH
[ SHE[6] DRSS HAL D, BREIAMSLOH T & Rk
RO — VEEBINA T L WIHBERH Y, a—/LiE
FEWMAT DY 7 EZBINT 5 E TR LTV ER, 2
DY 7 QBN L IHERREBIEIML TWD, AL T,
Fig.b 0Ly vyaf 3D, Fyrnya b
1OFMAEDEIY U7 BEEICL Y, BliRRN Y7 b &
SN Dl = Rl VISR B AN ol 3 e 7 S Y

1A1-E05(2)



WIZ, ZZRJET Y VA OBEICHONWTIRRG, Py
a A v b SERAERA B 20[deg]i /R S TZBRD T Y L F DL
EHELEZEZA, A ba—203 18[mmLEE e Z L3500
72 ARWFZETIHANE 10[mm], A hu—2 30[mm] K ERE)
S U & (SMC A8 . CI2XM10-30Z) #3|E L7z, ZE4A
E Y U EOEMIFA b —27 R2[Imm| DY =T X A FORT
Vg A—H (T)V7 AES RDC10-320RB) THtH L, Z2&JE
) U EDOWEDEANTESE Y (SMC #44 : PSE-510) %
AWTHRHE L TW5, BREIROTEIT T 180[mm], RElE
60[mm], 7 & 50[mm]. Ef 250[g] & 72> T D, AVELTBE
B % Fig. 6 12T,

Fig. 7 (2”7 X 2 I AR ME N TV W ERED 2R Y
OBy ROEE &l BMRAMENW RO ZERES Y
1 DAL, ZERET ) v F 2 DEN K, ) 7 O ~TE
Zyo. zo& LTZHE, JEMIROBE AEa, pL2E]ET Y ¥
DIENLy . dy & DN FEHEEM TS LU T O X 5 72BRA
NS AON

d; = \/Zyg — 2y cosa +13 + 21, cos% 2y% — 2yt cosa +

sgn(a)ly )

d, = ng + 2sgn(B)lyzo cos asin B + 2z3(1 — cos B)

) 3
T2 Tsgn(IFHF R TH D.

P EoBFRRE 0 B OAEa, fEMRATDHZ LT, &2
KEV U U HIZERINDA ha—27 B3 o5hnd, £z, X(Q2)
IZBWCaZ ZB5EV U VA OEME DB EZ 7oy b L
TY I 71T LM% Fig. 812, RE)ICHEWTa, p&ERE
VY UHEMEDBMRE T Ty b LIRER % Fig. 9107 T, &
NOORERLY, EXKESY U FDOEMIZE > TURITHIBIZ
AENEAT D2 0D, BAUZ L > THIEENR K E < B
LT ENIRNZ RN D, RIELEMT~=talL—%%
Fig. 10 (27”9,

Fig.7 Relationship between the angle of the position
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Fig.8 Relationship between the joint angle and cylinderl
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Fig. 9 Relationship between the joint angle and cylinder2

Fig. 10 Transmission unit
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Fig.11 Overview of control system
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Fig.12 Block diagram of the joint control system
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Fig.13 Block diagram of the pneumatic force control system
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Table 1 Gain parameters used in the experiment

Kp,p[N/mm] 5.0

Kpg[N-s/mm] | 0.03
Kap[V/N] 0.1
Kai[V/(N - 5)]

Kaa[V-s/N] | 12

0.05

Measured
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Fig.14 Result of position control of cylinderl
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Fig.15 Result of position control of cylinder2
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