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Optimization design and test of the main structure

of a mini-optical device in space

Xing Yangiu
(Electromechanical and Intelligence Technology Institute, Jilin Vocational College of Industry and Technology, Jilin 132013, China)

Abstract: Aiming at the problems that the main structure of a mini-optical device in space is too heavy,
the ground gravity deformation is too large and the base frequency is too low, the optimization
mathematical model was established with the objective of minimum mass and RMS of the random
acceleration response, the fundamental frequency and the deformation as the constraint conditions. The
topology optimization design of the main structure of the mini-optical device and the engineering analysis
of the optimized main structure were carried out. The results show that the mass of the main structure of
mini-optical device is 12.5 kg, which is reduced by 68.71% ; The fundamental frequency is increased
from 11.18 Hz to 268.7 Hz after optimization; The maximum deformation is 0.3 wm. The magnification
of the acceleration response of the optical-load installation is 1.2 which is better than system specification
1.5. Mechanics and thermal experiments were carried out to examine the performance of the main
structure of mini-optical device. The detection results meet the overall index, which proves the main
structure has good performance, the optimization method is effective and feasible.
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Tab.1 Material parameters of main structure

Parameters TC4
Modulus of elasticity/GPa 110
Poisson ratio 0.34
Density/kg - m™ 4400
Size/mm 400x2 800x85
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Tab.2 Analysis results of initial main structure

Mass/kg 39.96
First order 11.18
Second order 11.25
Modal/Hz
Third order 36.53
Fourth order 73.65

Deformation along Z—direction/mm 0.1862
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HARART A A R BR an&l 1 s . Tab.3 Iterative optimization results
9 908 A~ 7 &, 42 904 > I [ 14 FL T Mass/kg 12.12
First order 265.7
Modal/Hz Second order 292.7
Third order 936.4
Deformation along Z-direction/mm 0.000 28
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Fig.1 Main structure model before optimization
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Fig.2 Material distribution model after optimization
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Fig.3 Iterative optimization curves
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Fig.4 Main structure model after optimization design
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Fig.5 First four order cloud formation of main structure
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Fig.6 Gravity deformation cloud of Z direction of the optical device
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Tab.4 Engineering analysis results of the main

structure after optimization

Mass/kg 12.50
First order 268.7
Second order 291.5
Modal/Hz
Third order 926.9
Fourth order 965.3
Deformation along Z-direction/mm 0.000 28
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Tab.5 Comparison and error

. After . Overall Relative
Initial L Analysis .
optimization indicators error
Mass/kg 39.96 12.12 12.50 <15 3.13%
First order
11.18 265.7 268.7 =200 1.12
/Hz
Deforma-
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Tab.6 Acceleration power spectrum

Frequency/Hz Power spectral density
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Fig.7 Curves of random vibration response
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