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Abstract: In this study, we focused on finely adjusting the angles of optical space instruments under vari-
ous conditions. A symmetrical overconstrained compliant steering stage driven by a piezoelectric-electro-
magnetic composite was designed. Utilizing an elastic beam, pseudo rigid body theory and a transfer ma-

trix, we established rotational stiffness analysis models for the compliant steering stage. The accuracy of
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the analytical rotational stiffness results obtained for this stage was validated via finite-element methods.
The mapping relationships among the material and important geometric parameters and motion characteris-
tics of the stage were explained by theoretical analytical equations. To enhance the overall characteristics
of this stage, particularly with respect to the transmission ratio and natural frequency, we conducted topo-
logical optimization on the initial structural design. We also compared and examined the effects of load
change on the motion performance such as tilt/tip angle, transmission ratio and cross-axis coupling of the
stage. Finally, an experimental processing prototype was used to test the performance of the hybrid-driven
steering stage. A finite-element simulation and experimental results revealed that the natural frequencies of
the topologically optimized structure in the functional direction were 168.99% and 170.00% greater than
those of the original structure. The average angular stiffness increased by 15.33% , and the maximum par-
asitic coupling ratio decreased by 20. 29%. Moreover, the energized coil could effectively adjust the deflec-
tion angle toward the stage and resist the deflection loss caused by the load. Combining the finite-element
method and the experimental results, the proposed design scheme for the target stage achieved both a high
working frequency and high-precision positioning performance.

Key words: overconstrained configuration; electromagnetism; piezoelectric actuated; topological optimi-

zation; precision steering
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Fig. 1 Structure of compliant steering stage
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Fig. 2 Working principle diagram of compliant steering stage
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Fig.3 Structure of main motion functional module
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Fig.4 Unified compliance modeling for variable types of flexure elements
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