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Mechanisms Study for Motor Actuated Laparoscopic Surgical Instruments
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Laparoscopic surgical instruments have been used widely since 1980s and they are still important tool to the medical field
as the surgical robot systems spread. In this study we devised three types of motorized mechanism to reduce the user
hand fatigue. We detailed the mechanism of each type and compared the performances with several indices such as a
bending angle, response time and number of mechanical components. And also we show the movement relationships
among the jaw joint, passive gimbal set and motors in the case of MPDG (Motor Drive with a Push Disk and Driven Disk
of Gimbal Mechanism) type during the typical jaw joint motions. MTPS (Modified Two Parallel Semicircle Guide Mechanism)
type excels others in response time and number of components while showing the increase of load and kinematic
occlusion during the diagonal movement. MBDG (Motor Drive with a Ball-Screw, Link and Disk Type Gimbal Mechanism)
type shows the medium level bending performance with slow response time and large number of components. Lastly
MPDG type excels in jaw joint bending performance with an unstable rotation motion transfer between pushing disk and
driven disk at the large disk rotation angle.
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Fig. 1 Laparoscopic surgery and instruments: (a) Instrument'® used
in our study, (b) Various end effector types, (c) Surgical
environment with a instrument and a laparoscope
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Fig. 2 Primary (1st) bending coupler of Fig. 1 with four wires for
bending transfer to distal jaw joint at end effector
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Fig. 3 Distal jaw joint (2nd) bending coupler structure of Fig. 1(a)
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MTPS (Modified Two Parallel Semicircle Guide Mechanism)
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Fig. 5 MBDG type mechanism with a ball-screw, link, driven disk
and motors
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Fig. 6 MPDG type mechanism with a push disk, motors and a
driven disk of gimbal
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Table 1 End effector motion by gimbal mechanism and motors of MPDG type

Case 1 Case 2 Case 3 Case 4 Case 5
Causal . . X, Y axis Resulting in Resulting in
ausa XT‘““S YT“‘S combined End effector axis Tool Shaft axis
Motion urm um Turn rotation rotation

End effector
Motion
Gimbal Set
Motion
3. Rotation 1. Bending
_ = Motor Mator
Working e ) = % dg
AT "2, Rotati _|_ = H
Motors ! % Vs Motor | = gl
1. Bending = =
Mot [ E

2. Rotation
Motor

Fig. 7 Prototype of MTPS type laparoscopic surgical instrument: (a) 3D CAD interior view, (b) Assembled prototype interior view, (c)
Assembled prototype exterior view, (d) 3D CAD control panel with joy stick
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Table 2 Key features of three type mechanisms

#of Average bending angle [°] Std deviation of
Type © Response time [s] bending angle [°]
components -
Min. Max Avg. Std. Dev.
MTPS 30 3 30° 70 544 10.54
MBDG 79 23 50 80 66.4 9.61
MPDG 50 5 81 90 86.2 2.80
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Fig. 10 Unstable motion cause of MPDG type push disk (right) and
driven disk (left) with a varying distance between two disk
pivots
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Fig. 11 Overall bending test results of three types (MTPS, MBDG,
MPDG) of mechanisms
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