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On Hydraulically Locking Structure of Robot Joint
for Minimally Invasive CT-guided Surgery

LIU Da, TANG Can
(Robotics Institute, Beihang University, Beijing 100083, China)

Abstract: The development status and existing problems of the joint locking mechanism of minimally invasive surgery
robot guided by computerized tomography (CT) are analyzed. The principle of robot joint friction torque and the influence
factors on friction torque are discussed. According to the deficiencies existed in the locking structure of current medical
robot, three locking structures of minimally invasive surgery robot with CT navigation are presented based on joint friction
theory, and their working principles and realization forms are expatiated respectively. Experiments are made on different
structures to compare their performance, and the locking structure of robot joint with exterior friction ring is determined.
It is validated that robot system with the presented structure can meet the requirements of clinical operation for minimally
invasive surgery with CT navigation.
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2 KPHEENKEFERIE (Principle of joint
friction moment)
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Fig.1 Sketch of hydraulic locking structure of joint

3 KXTHELEMIEIE (Principle of locking
structure of robot joint)
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Fig.2 Robot joint with friction cone
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Fig.3 Robot joint with inner friction ring
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Fig.4 Robot joint with exterior friction ring
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Fig.5 Test for robot joint locking characteristics

4 5235 % 4 #7 (Experiment and analysis)
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Fig.6 Characteristics chart of joint locking for friction cone
M B R A R 4. () BUR ARt

MR 3 Th m i oK 2) BEERHE M AR, B fE
BZE, EHEA RN, A5 EBG (3) BEHRHE LT R KL



302 I N

2008 -7 H

M, QTR RE T, SR DR REHRAE 5 TP
ARRIWCAR 5 (4) AN [R) R S 41 & 4 PR A0 i ) 4 dm ok
B F Bk K
42 REFIRHIRLE

P JEE 5 A 5 1 R G B e ) S & R LR
1, X HURZEBEAR S s A R N BE A 1 D D 2
VA JEE 5 T AN R B L B 5 R DL G T Al S £
111 AR g @ AR 2 R KM L, A5 A 1) A
7 AR TRL G, S5 W) S5 20 B 4 P S AT UK 182 . AR A

UL T ORI A A A i R ) AR AT
ek, W 7. T DA R 458 (1) EHLK
IR B AR AN AR I 4 4F R, ANBAR 1Cr17Ni2
FACE I EERE R T A H62; (2) AN AR X A A g
AR K, it [ 5 200 BB T, B
TT 5 R 5B A R 4 A X MM S AR B s (3)
T BT % 12 MPa IRRTER T, JC 1T B 5K RE ) &
KA I RIS B SEBR 2K 5 (4) BEH S G5 A3 4
SR FH B A 5 R ER TG A5 1 B R A R IR AT

R ANRVBIUE SRR RE G B P RE 1052 i

Tab.1 Influence on locking performance with different locking structure and material
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Fig.7 Characteristics chart of locking for exterior friction ring
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Fig.8 Topological structure of CT-guided robot
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Fig.9 Prototype model of CT-guided robot

43 HMNEEIRHIE KW

HT b T P R B A S TS T AL BT 2K
PRI T SR R BT S5 4. F St T — Flopr AL i
FEBBUR T 5, W 4 Pros . 4G 2 454 1 5% 7 8
SRR LR LRI 7. XL AT DR B R IR R (1)



5 30 55 4 0] XK CT FHURLESMEHIL A A G170 B 5 45 BT 5 303

LARIEMRIC , JLE RGO, s
TR EE A s ) ABIIAE A
SCRT AR IR RE 0 E T BB R RL, R e X
MR LERCK B 3) gt AE ek T
7R B JEE A ) I B R A B AR AR, TR
TGS BEAL S A ST I BIUE -

Moo 1 AT A R R KA CT A%
QUANRILAS NI 41 Sk, 252 L [a) (1 A7 A0
LERENL, FLIR AN A DL 8. A BE A R X . 1Y
CT SN EI AR NFEHL LT 9 P

5 %52 (Conclusion)
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