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Analysis and research of double tendon-sheath transmission
under nuclear magnetic environment
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Abstract; In the magnetic resonance imaging environment, it is difficult for breast biopsy robot to obtain high-quality scanned images
and precise biopsy needle interventions due to material and drive compatibility. Therefore, a double tendon-sheath flexible system with
lebus grooves used on the robots, that could meet the requirements of nuclear magnetic compatibility, long-distance and large-stroke
transmission is proposed in this paper. Firstly, the friction analysis of the single joint is implemented for the double tendon-sheath
remote transmission system with lebus grooves. A bidirectional coupling transmission model is formulated based on the analysis of
nonlinear coupling characteristics of the single-joint double tendon-sheath transmission. The experimental platform of single-joint
bidirectional coupling transmission is established, and the analysis and compensation experiments of single-joint bidirectional coupling
transmission are carried out. Secondly, a multi-joint breast biopsy robot experimental platform with double tendon-sheath transmission
is built. In addition, the analysis of bidirectional coupled motion error and compensation experiment are performed on the multi-joint
breast biopsy robot with double tendon-sheath transmission. After compensation, the average error in the X, Y, and Z directions of the
needle tip entering the tissue are 1.39, 1.89, and 1. 60 mm, respectively. Experimental results verify that the multi-joint breast
biopsy robot with double tendon sheath transmission can meet the precision requirements of breast biopsy under nuclear magnetic
environment.
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Fig.1  Structural compatibility design of breast biopsy

robot in nuclear magnetic environment
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Fig.2  Schematic diagram of breast interventional robot

driven by double tendon-sheath under MRI

KE AR 8 LA/ IMIUBE LR (2 T AR
FRENZ B 52 J3 73 Hr B , 4 LB BT A6 o R AR . 7 2
XUBERE AL A% 3 5615 1) e 2 8 R g 8 75 Ul 3 i
7, Bl 4R 0 22 e SREL, i M\ Bl i 42 35 A7 BEIRZL
R ] LUGRIE P ML s e 1AL s 7 ) — Btk . LR /e 2
Gefe s w R, URE B R 22 Dl £ y CHUBE Hh 0o 26
551 Bl A i A T B AP T 22 (8] F) e A ) 72 e B 4% B R IR
st o R T I ETHE AT 2 )2 M58 A2 U i 37
B SR TTAEARLEE, ARSCE UL R Ay e
BENE SR IRE A & SREAELMAE N B, hIXFTLZ
JRYEGER L AT A, U SRR S , S8 e 1] 5 3 4k Ay
& J7 1) SR R A A FE AL S Fe AT~ 2, WU (W A1y
LSRR IRNE S ¢ KO, g SEIn R 2 WU R A
LS f & SRR . MR VIS (e 1L B
AR WU BT 52 B BE SR B S . N T
JPE A AR SCR % 1B 22 J2 WU 9 58 i i v 1 AL
R EL A A8 73 T 7 A AR BE T

BHY
[ ][
i I T ]
NEN

3

K3 A TR S SR RS & R AL shn B R
Fig.3 Schematic diagram of the transmission of the double

tendon-sheath coupling system with lebus grooves
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with arbitrary curvature and the force balance of a tiny

segment of the tendon-sheath
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Fig.7 Experimental device of single-joint double

tendon-sheath transmission
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