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Abstract: To solve the problem of excessive random vibration response of a micro-scale mechanical-
sensitive component of an optical instrument for a space station, micro-scale and fine modeling of the
component was conducted, its mechanical properties were studied, and effective measures were adopt-
ed to suppress its random response. First, the boundary coordination of the micro-scale model and the
variation problem of the micro-scale finite element were discussed. On this basis and according to the
characteristics of the micro-scale structure, four models were established. A system-level random vi-
bration simulation was performed, and the characteristics of the four micro-scale models were studied.
Following analysis and comparison of the random response, including the acceleration, displacement,
and stress, the micro-scale modeling method was discussed in-depth. Then, random vibration re-
sponse suppression and a simulation were separately conducted. Finally, mechanical and thermal tests
and a testing experiment were performed. Results reveal that the optical instrument has normal func-

tions, the root mean square of the acceleration response of the micro-scale structure is reduced by
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42.4%, the stress is reduced by more than 20% , and the stress safety margin is far greater than zero.

The maximum relative error of acceleration response for the simulation and test is within 10%. The

study thus showes that the proposed four-element modeling method for a cross-section of a micro-scale

structure is accurate and reliable.

Key words: micro-scale; fine modeling; random response; optical instrument; mechanical-sensitive

component
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Fig. 1 Micro-scale boundary connection model
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Tab.1 Number of fine model

Items(number of
Model 1 Model 2 Model 3 Model 4

elements)
Single group pins 40 320 160 32
Unit-module 65 416 193 65

Mechanical-sensitive

14 756 148 234 65 580 28 588

component
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Fig. 5 Random response result of micro-scale model
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