"m Check for updates

164 https://doi.org/10.7746/jkros.2021.16.2.164

%% 27 W7

Journal of Korea Robotics Society (2021) 16(2):164-171
ISSN: 1975-6291 / eISSN: 2287-3961

e EFE AT Yol F7HD

ALA] HIALIZ B o] 2 YA A

Continuum Mechanism with increased force and Optimal
Design Method for Manually Controlled Endoscopic
Surgical Instrument
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Abstract: This paper proposes a continuum mechanism for manually controlled endoscopic surgical
instruments. The wire-driven mechanism is typically adapted for endoscopic surgical tools because
motors cannot be embedded to the joints due to the size limitation. However, the conventional
wire-driven mechanism has inherent problems caused by redundancy, such as deflection and low
precision. It does not have operating force and manipulability for surgery. Therefore, a method to
increase the force of the continuum mechanism using a multi-wire with simple mechanical structure is
proposed. Moreover, for intuitive operation, a hand-controller mechanism that can manipulate the
length of the wire without complex process is proposed. Finally, we show that the proposed
mechanism and methods are applicable to endoscopic surgical tools through simple experiments.

Keywords: Endoscopic Surgical Instrument, Continuum Mechanism, Wire-Driven Mechanism
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[Fig. 1] Concept of manually controlled 1DOF continuum
mechanism
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[Fig. 2] 1DOF continuum mechanism
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[Fig. 3] Concept of Continuum mechanism with multiple wire
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[Fig. 4] Analysis of wire length for operating slave module,
(a)5-module continuum mechanism, (b)wire length fixed to
Mj, (c) wire length fixed to A/,
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[Table 1] Value and Optimal parameters

M, Module index Q, Pulley index
g Angle of slave O Angle of master
Length of left Length of right
Ly Ly
SoslhL wire(slave) Soo MR wire(slave)
Length of left Length of right
Mol wire(master) Mok wire(master)
Starting point for End point for wire
K, K, K, K,
4D wire length oD length
b=k Distance between A Distance between
L™ origin(0) to A, 3™ origin(O) to K,
Point for shape of Distance between
P Py, <
pulley origin(O) to P,
4 Contact point C Contact point
i K, — pulley i K, — pulley
Length between Length between
Ly, P, K and contact Ly 7, K and contact
point A, point C;

|:| Optimal parameters




[Fig. 5] Analysis of wire pulley, (a)wire length calculation,
(b)(c)shape of the pulley to consider in design
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[Fig. 6] Optimization Result for Module-3 (14), (a) wire
length, (b) ¢,,=50°, (¢) ¢, = 0°, (d)¢,,= —50°
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[Fig. 10] Experimental results, (a)deflection for ¢o,=0°,
¢, = 0°, (b)deflection for ¢,=100°, ¢,,= 50
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