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Analysis and test on the response of primary mirror flexure under
random vibration

Li Zongxuan
(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: The large aperture primary mirror (PM) is the key component of space remote sensor. The
mirror's stiffness and strength effect on the image quality crucially. In the early days of structural design,
FEM analysis and dynamic test were performed on a ®750 mm primary mirror assembly (PMA) to predict
its maximum stress response under random vibration for safety margin. Firstly, the dynamic environment
undergone was discussed by the space remote sensor and the equivalent sinusoidal load for random
vibration. Then, the FEM model of PMA was built up to simulate the dynamic response using the
equivalent loadcriterion. Finally, the dummy primary mirror made of Al alloy was manufactured and
dynamic test was performed to acquire the stress response. The analysis and experiment results show that
the maximum stress of PMA flexure under random vibrationare is 102.3 MPa,99.5 MPa,104.3 MPa, differ
from the analysis result by 10.8%. The analysis accuracy is verified by test results, indicating that the
flexure design is reliable to have a safety factor of 2.07, and the PMA can satisfy the design demands.
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Tab.1 ASD description of random vibration for PMA

Frequency Load time

IHz ASD RMS /s Direction
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Fig.1 ASD spectrum for random vibration test
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Fig.2 Diagram of Gauss signal in time domain
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Fig.3 Schematic of PMA

Base plate

X[' =
o |
— L — Mass point

RBE2 —

4 EHANEN I3 200 WA R OTAR 2
Fig.4 FEM model of PMA for dynamic analysis
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Fig.5 Stress fringe of dynamic analysis of flexure
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Fig.6 Equivalent max stress analysis results of PM is plotted with

respect to different Q
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Fig.7 Virtual prototype and FEM model of dummy PMA
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Tab.2 First 6 modes of PMA and dummy PMA

Anal result of PMA Anal result of dummy

Mode No. f/Hz Mode fIHz Mode

1 237.1 Rotate about x 222.1 Rotate about z
2 237.2 Rotate about y 237.7 Rotate about x
3 291.6 Trans along y 237.7 Rotate about y
4 291.6 Trans along x 261.9 Trans along x
5 295.0 Rotate about z 261.9 Trans along y
6 306.5 Trans along z 306.3 Trans along z
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Fig.9 Strain gauge and the bonding process
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Fig.10 Dynamic test layout of PMA along X/Y axis
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Fig.11 Dynamic test layout of PMA along Z axis
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Fig.12 Sweep sine response curve under X/Y vibration
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Fig.13 Sweep sine response curve under Z vibration
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Tab.3 Comparison between simulation and test
§ results of PMA under random vibration
é Vibration Anal results Test results Relative error
@ direction /MPa /MPa
X 110.7 102.3 7.5%
-100 Y 108.8 99.5 9.3%
0 20 40 60 80 100 120 140 160 180 200 z 115.1 104.3 10.8%
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Fig.14 Max main stress response under X direction random vibration
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Fig.15 Max main stress response under Y direction random vibration
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Fig.16 Max main stress response under Z direction random vibration [1] Ke Shouquan. Environmental Engineering ad Simulation Test
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