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Abstract: Facing the flexible support problem of the ultra-light mirror for micro-remote sensing payloads,
a flexible support structure with folded-arm beam was proposed. According to the structural
characteristics of the mirror, a parametric model of the flexible support structure is established. The
second-generation non-dominated sorting genetic algorithm is used to establish a multi-constrained and
multi-objective parameter optimization model. The key parameters of the flexible structure are optimized.
The minimum size is only 1.30 mm. The strength of the bonded area is checked and the safety margin is
3.6. Finally, the engineering analysis and mechanical test of the mirror assembly are carried out. The
flexible structure designed can ensure that the surface accuracy of the ultra-light mirror is better than
3 nm, when it is under the gravity and temperature is changed by 4°C. The relative error of simulation

analysis and mechanical test is less than 10%. Finally, the mirror surface accuracy of the mirror
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assembly was detected. Before and after the mechanical vibration test, the surface error RMS of the
mirror is 0.020A, indicating that the mirror assembly has good stability. The feasibility of the design
method and reliability of the flexible support structure with folded-arm beam proposed in this paper are
verified.
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Fig.1 Ultra-light mirror
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Table 1 Material and performance parameters of mirror assembly

Material Elasticity Poisson’s ratio  Density/(g + cm ™ *) Thermal expansion
modulus/GPa coefficient/ (10 *m « C 1)
Mirror SiC 350 0.27 3.05 2.70
Flexible support  4j36 invar alloy 140 0.25 8.10 2.70
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(a) Local detail graph (b) Global graph
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Fig.2 Structural scheme design of mirror assembly
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Fig.3 Parametric dimensions of flexible support structure Fig.4 Finite element model of flexible supported structures
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Table 2 Optimization results of design parameters

Design variables  Value ranges/mm Initial values/mm Optimization results/mm Structured values/mm

L 1~7 3 4.527 4.53
Lo 1~7 3 3.519 3.52
L 3.0~15.4 4.5 12.331 12.33
Ly 3.5~15.4 4.5 6.848 6.85
h 1~10 6 1.881 1.88
th 0~19.6 1 1.316 1.32
[a%] 0~19.6 2.5 1.497 1.50
tv 0~19.6 2.5 1.296 1.30
ty 0~19.6 2.5 1.762 1.76
b 0~7.6 3.6 3.061 3.06
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Table 3  Surface error of mirror under various load cases

Load cases G, G, G. At G, &Ar G, &uAr G. & A
RMS/nm 0.26 0.28 1.19 2.38 2.49 2.55 2.95
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© -4.50-003 ~4.69-003
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-8.09-003 -1.14-002
-9.29-003 -1.37-002

(a) Surface nephogram under 1g gravity (Y direction) (b) Surface nephogram under 1g gravity and 4°C temperature rise
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Fig.7 Mirror surface nephogram
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Table 4 Random vibration test conditions

Random vibration input conditions (X, Y, Z)

Frequency range/Hz 10~80 80~800 800~2 000
PSD/(g* « Hz ") +3 dB/oct 0.01 —6 dB/oct
GRMS/g 3.56
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Fig.8 Dynamics test of mirror assembly
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Table 5 Comparison of simulation analysis and test results

Direction X Y Z
Analysis/Hz 635.6 634.8  1735.4
Comparison the results of frequency
i . . Test/Hz 627.3 625.9 1700.1
scanning test with modal analysis
Relative error/ % 1.3 1.4 2.0
Analysis/g 12.8 13.1 15.6
Comparison the results of random
. . . . Test/g 13.4 14.2 17.1
vibration test with analysis
Relative error/ % 4.7 8.4 9.6
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Fig.9 Surface detection of mirror assembly
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(a) Surface nephogram before mechanical vibration test (b) Surface nephogram after mechanical vibration test
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Fig.10  Surface nephogram detected by optical interferometer
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