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Optimized design of a micro-motion stage with zero stiffness
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Abstract: To address the movement pair gap, assembly error, friction, and wear of the traditional
constant-force mechanism, a constant-force micro-motion stage based on a compliant mechanism was
presented. The goal of the design was to acquire zero stiffness of the stage by using the positive stiff-
ness of a straight beam and the negative stiffness caused by the buckling behavior of a bistable beam.
The stage consisted of a symmetric straight flexible beam, bistable beam, and rigid connection block.
The straight flexible beam and bistable beam were connected in parallel by using the rigid connection
block. A method that combined the presido-rigid-body and elliptic-integral was proposed to establish a
theoretical model reflecting the mechanical properties of the constant-force mechanism. The analysis
results verified the appropriateness of the theoretical model by comparing the results of the finite ele-
ment simulation. An optimal design method for improving the constant-force motion range was pro-
posed based on the established mechanical model. A prototype of the stage was made, and the me-

chanical properties of the stage are tested experimentally. The experimental results show that the
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stage can maintain constant force of about 48 N in the output displacement range of [0.6—1. 7] mm.

In addition, they illustrate the feasibility of the design idea, the accuracy of the proposed model, and

the effectiveness of the optimization method of the stage.

Key words: compliant mechanisms; Constant-Force Mechanism(CFM) ; pseudo rigid body; zero stiff-

ness; elliptic integral method
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Fig. 1 Design principle of constant-force micro stage
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Fig. 4 Pseudo-rigid-body model of straight beam
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