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Optimizing the Topology of a Displacement-amplified Piezoelectric Actuator
for a Fast Steering Mirror Based on a Dynamic Model
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ABSTRACT

In this study, a structural design approach is presented to improve the dynamic performance of a
fast steering mirror (FSM) based on dynamic modeling and topology optimization. Although FSM
systems used in laser weapon systems, satellite optical communications, and precision optical systems
require both high bandwidth and sufficient steering range, these measures of performance inherently
exhibit a trade-off relationship governed by structural stiffness. First, a dynamic model of an FSM
was established based on the moment equilibrium of the system comprising the mirror and its flexure
mount. The results showed that increasing structural stiffness improved the natural frequency while
reducing the steering range. To address this limitation, displacement-amplified piezoelectric actuators
(APA) with rhombus- and bridge-type amplification mechanisms were comparatively analyzed under
identical stroke conditions. These results showed that the bridge-type downward mechanism provided
higher stiffness and superior dynamic performance compared with the rhombus-type mechanism. The
topology was optimized based on these findings using an equivalent stiffness-based sub-model to
reduce computational costs while preserving the accuracy of the analysis. The validity of the proposed
sub-model was verified by comparison with the results obtained with the full model. The optimized
structure achieved an improvement of approximately 37.9 % in the first natural frequency while
maintaining the target steering range of 4 mrad. Thus, the findings demonstrate that structural
optimization of the mechanisms of displacement amplification using the proposed design approach can

effectively enhance the dynamic performance of FSM systems.
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Fig. 2 Schematic model of the APA-based FSM
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Fig. 6 Comparison of APA-type amplification mecha-
nisms

Table 1 Comparison of structural performance

Type Stroke Blocked force | Stiffness

[pm] N] [N/mm]
Rhombus 400.0 50.9 125.1
Bridge downward 400.0 63.0 155.6
Bridge upward 400.0 56.9 140.0
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T —

Fig. 8 Deformation result of the sub-model

Fig. 9 Deformation result of the full model

Table2 Comparison of driving angle between full
model and sub-model

Type Angle
Full model 4.1345 mrad
Sub-model 4.1266 mrad
Error rate -0.1911 %
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