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Flexibility Control of Hyper Redundant Closed-Loop Robots Having Elastic Elements

Daisuke MATSUURA, The Ohio State University, *Nobuyuki IWATSUKI, Tokyo Tech, Masafumi OKADA, Tokyo Tech

Abstract — When hyper redundant robots are used in complex and unpredictable environments like human
living space, they should deal with various contacts between surrounding objects. Robots thus should plan
and optimize applying force to the object surface and its distribution among contact area. This paper defines
the ability to optimize stiffness distribution of a number of contact points as "Flexibility" and proposes elastic
closed loop mechanism which has a serial chain of revolute joints with torsional coil springs as a lightweight
and supple hyper redundant mechanism. Output stiffness is formulated based on the minimization of
potential energy, the balancing of internal force and the velocity constraint to construct a closed-loop
mechanism. Joint inputs to obtain the desired stiffness distribution and desired output position simultaneously
are derived from partial derivative of the output stiffness and compensation by a learning control scheme.
Motion control experiments with a 10R elastic closed loop robot show the effectiveness of the proposed

control scheme.
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Fig.1 Elastic redundant closed loop mechanism
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Fig.2 Closed-loop constraint among the output velocities
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Fig.3 Flexibility control to achieve stiffness distribution
while holding output position of certain control point
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(b) In case of the second stiffness distribution
Fig.4 Output stiffness distribution of the two configurations
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(b) Grasping of Styrofoam octagonal block
Fig.5 Result of the object grasping experiment
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