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Structural design and bandwidth characteristic of a fast

steering mirror with large travel range
CHEN Guo-zhen, XU Si-qiang, LIU Pin-kuan™ , DING Han

(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)
* Corresponding author, E-mail: pkliu@sjtu. edu. cn

Abstract: For a Fast-Steering Mirror (FSM) driven by Voice Coil Motors (VCMs), the coil of the
VCM touches the stator as the FSM achieves a broad range of motion. A novel FSM was developed to
prevent the occurrence of undesired contact between the coil and stator. A compliant decoupling mech-
anism was designed to minimize the transverse displacement of the coil of the VCM. Moreover, for
the FSM with a broad range of motion, the force-displacement relationship was nonlinear, which re-
sulted in variable resonant frequencies at different motion positions. We developed a variable notch fil-
ter to eliminate the variable resonant modes, and a Proportional-Integral(PI) controller was designed
to achieve closed-loop control. Compared to the fixed notch filter, the resonant frequencies of the vari-
able notch filter were a function of the motion positions of the FSM. The bandwidth of the FSM was
studied by finite-element analysis and experiments using {ixed and variable notch filters. According to

the experimental results, as a fixed notch filter was applied, the bandwidth of the FSM varied in dif-
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ferent motion positions. When the motion position is less than 15. 2 mrad, the bandwidths of the FSM

along the 0, and 0, axes are approximately 95 Hz and 110 Hz, respectively; when the motion position
is 18. 2 mrad, the bandwidths of the 0, and 0, axes drop to 47. 92 Hz and 57. 1 Hz, respectively. As a
variable notch filter is applied, the bandwidths of the FSM along the 0, and 0, axes are stable at 95 Hz

and 110 Hz, respectively; this result illustrates the need and effectiveness of applying a variable notch

filter in an FSM system with a broad range of motion.

Key words: fast steering mirror; voice coil motor; compliant mechanism; broad range of motion;

notch filter
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Tab.1 Structural parameters of compliant mechanism
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Tab. 2  Specification of voice coil actuator
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Abstract: In order to predict online the subsurface damage depth of the specimen induced in grinding of
hard-brittle material, a theoretical relationship between the cutting force of the diamond tool and the
subsurface crack depth of the specimen was established. This relationship was based on the statistical

analysis of abrasive height using probability and statistics. First, based on the indentation fracture
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