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Modeling and Transfer Function Identification of Piezoelectric

Fast Steering Mirror System
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Abstract: The piezoelectric fast steering mirror (PFSM) is widely used in the high precision tracking system. In
order to ensure that the PFSM system can work more stably and precisely, the transfer function model is deduced.
Combined with actual measured data of PEFSM’s amplitude frequency response characteristics and phase frequency
response characteristics, the exact transfer function of the PFSM system is obtained by carrying out piecewise fitting
for different frequency characteristics which uses the nonlinear least square curve fitting method. Compared with the
actual measured result, the error of the transfer function obtained by identification is less than 0. 1 dB in magnitude
and 1° in phase within the low and intermediate frequency. The dual two-order filter assisted PI control algorithm
which is designed based on the identified transfer function effectively eliminates the mechanical resonance. The
amplitude margin of the PFSM system is increased by 10. 94 dB, the phase margin is increased by 47. 2°, and the
open loop cut-off frequency is increased by 181 Hz with the designed control algorithm. The results show that the
PFSM model established by theoretical deduction is reasonable, and the identification method is feasible and highly
accurate, providing the basis for the design of the complex controller of the PFSM system.
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Fig. 2 Fast steering mirror driven by four piezoelectric stacks
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Fig. 3 Equivalent model of piezoelectric stack
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Fig. 4 Simplified model of mechanism
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