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using the method of combining software which compensated the hysteretic behavior of piezoelectric actuator and notch
structure.

Abstract A fast steering mirror based on novel piezoelectric actuator was designed. The size of the mirror was 20
filter circuit which restrained the structure resonance of the scanner. Accordingly. the triangle wave with high rate
Key words

mm X 15 mm. The optical scanning angle reached £ 0.7°. The first step resonance frequency was 1872 Hz. Fast
steering mirror was based on two amplified piezoelectric actuator . The structure was analyzed by finite element

IR

analysis software., and the frequency response was measured. The linearity of open loop scanning was improved by

—

scanning was achieved. The sine wave with high precision scanning was realized by using the digital proportional-
integral differential (PID) controller based on repetitive control principle. Test results shown that the scanner can
filter; repetitive control
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steer the beam at high speed with high precision. The scanner also had other advantages such as small size and simple

laser beam control; fast steering mirror; amplified piezoelectric actuator; structure resonance; notch
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Fig. 1 Amplified piezoelectric actuator. (a) Structure;
(b) work principle. The solid part is the structure
deformed, and the full line part is the structure at
rest. The result was simulated by ANSYS FEA

software
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Fig. 2 Scanner. (a) Structure ; (b) work principle
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Fig. 3 Structure model of the scanner
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Fig. 4 First three steps resonance modes of the scanner (simulated by ANSYS software)
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Fig. 5 Test curve of frequency response
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Fig. 7 Scan curve and the error. (a) Scanning without
software compensating and notch filter; (b) scanning

with software compensating and notch filter
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Fig. 8 Feedback control circuit diagram of the scanner
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Table 1 Test results of the scanner

Optical scanning range 40.7°(£12 mrad)
The first three steps resonance modes 1872 Hz,

(size of the mirror is 20 mmX 15 mm 1960 Hz,

X 1.5 mm,weight is 1. 2 g) 2364 Hz

Size of the scanner 60 mmX50 mmX 23 mm
Drive voltage range 0~100 V
Closed-loop resolution 10 prad
Closed-loop repeatability 30 prad

) 5 1.8 ms (rising time)
Response time (0. 5%) . .
4 ms (settling time)
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