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ABSTRACT

A laser weapon is a directed-energy weapon system that uses a high-energy laser to target and
destroy the enemy. To precisely control laser to the target, the FSM (fast steering mirror) is an es-
sential component in the precise control strategy. FSMs are optical devices that accurately aim a la-
ser beam using the mirror's reflective surface and typically require large deflection and wide
bandwidth. However, since a piezo-based actuator is utilized to drive the FSM, the dynamic charac-
teristics of the actuators affect the overall system. In this study, static and dynamic performances
were predicted by establishing a piezoelectric coupling analysis model of an FSM that amplified the
piezo actuator. The performances in static and dynamic operation were subsequently calculated.

Jl s ddg

. Elastic stiffness at constant electric field
: Electric displacement tensor

: Piezoelectric coupling coefficient

. Electrical field tensor

: Piezoelectric stress at constant strain

: Number of piezo layers

: Radius of mirror

: Strain tensor

: Stress tensor

: Displacement in Y direction
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€ . Dielectric coefficient at constant strain
Ominor  : Angular displacement
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Fig. 1 Schematic diagram of fast steering mirror
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Fig. 2 Detailed information of FE model
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Table 1 Material properties and design domain size
for caliper topology optimization

Specification sl Error
result
Max. free displacement| 678 ums 675.0um |-0.44 %
Blocked force 44.00 N 44 15N | 034 %
Stiffness 65 N/mm | 65.1 N/mm | 0.18 %
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(free-free)
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Il Stroke direction
—
; —
Expansion N Piezoelectric stack

Fig.3 Working principle of APA600MML
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Fig. 4 Detailed information of FE model
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Table 2 Static analysis result

Model 1 Model 2

Onmirror 6.83 mrad 7.03 mrad

ye @ Initial condition| -218.2um -216.7 um
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