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

N

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
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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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