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Method for Controlling Master-Slave System with Force Feedback Mechanism using Elastic Elements
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Master-slave systems have been applied to various fields including remote operation in extreme-
environment and tele-surgery. Previously developed systems based on bilateral control methodology have
enabled dexterous manipulation on tele-robotics by giving force feedback between slave manipulator and
arbitrary object to the operator of the system. However, those mechanism and controller become
complicated for controlling position and force at the same time. We propose a new type of control
methodology for master-slave system in this paper. It gives passive force feedback to the operator and
realizes operation with sense of force by simple mechanism and controller using ultrasonic motor, clutch
and elastic elements. The methodology is based on control by switching position and force according to
contact condition of slave manipulator. Driving tests and sensory evaluations using experimental devices are
conducted in order to confirm the effectiveness of this method.
Key Words: master-slave system, tele-robotics, ultrasonic motor, control, haptics
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Fig. 1 Bilateral control methodology
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Fig. 2 Proposed control methodology
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Fig. 3 Outline of proposing system
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Table 1 Switching of control

non-contact contact
clutch Release hold
ultrasonic controlled to controlled to
motor 6=6 (60 &)=k2-(00 6)
control position control force control
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Fig. 5 Slave device
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Fig. 6 Result for position control (non-contact period)
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Fig. 7 Result for force control (contact period)
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