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Mechanical Synthesis for Nonlinear Stiffness using Closed Kinematic Chain and
Its Application for Impact Absorption

o000 OO0D0DO(CDO0)

*Jun TAKEISHI and Masafumi OKADA (Tokyo Inst. of Tech.)

Abstract—Realization of mechanical softness is an important issue for a safe and adaptive control of robots
in the real world. However, because the robot also requires stiffness for task execution, the simultaneous
realization of softness and stiffness is necessary. In this paper, we design a nonlinear passive stiffness using
closed kinematic chain. Because the proposed mechanism utilizes linear spring and nonlinearity of the closed
kinematic chain, we can easily design the nonlinearity of the stiffness by changing the link parameters of
members. The proposed mechanism is used for the leg of a robot and the mechanical parameters (length of
members) are optimized so that the impact force on landing is reduced. The effectiveness of the proposed
mechanism and optimization method are evaluated by simulations and experiments.
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leg mechanism
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Fig.1 Designed mechanism with four-bar link
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Fig.2 Motion of the leg mechanism
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Fig.3 Mechanism with defined parameters
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Fig.4 Desired force for impact absorbtion
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Fig.5 Obtained ground force
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Fig.6 Model of the mechanism
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Fig.7 Simulation results of the ground forces

Fig.8 Prototype of proposed mechanism
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Fig.10 Ground force of the prototype
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Fig.11 Experiment results of the force of bodies
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