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Optimum Design of Ultra-light Mirror Series Flexible Support Structure
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Abstract: A series of double-axis flexible support structure is put forward to ensure the surface figure and
stability of the miniature space camera ultra-light reflectors. Taking the ultra-light mirror surface under
multiple operating conditions as the goal, the integrated optimization method is used to optimize the
support structure, and the statics of the optimized structure under the self-weight and temperature
conditions are analyzed. The root-mean-square of each condition is within 3.5 nm, which is far better than
the design requirement. The adhesive strength of the developed mirror assembly was checked and the
dynamic performance was analyzed by finite element method and test. The bonding area of flexible
support structure and mirror is 1 138 mm®. The basic frequency of the X, Y and Z directions of the
mirror assembly is above 500 Hz. The relative error of the test and analysis results is less than 6.5%,
which verifies the correctness of the finite element analysis model. At the same time, it shows that the
series of double-axis flexible support structure design is reasonable, and the integrated optimization
method is reliable.

Key words: Series flexible structure; Integrated optimization; Surface figure; Modal analysis; Random
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Table 2 Designvariables and optimization results
Varia-ble Ranges/mm Initial value/mm Optimization results/mm Round value/mm
H, [4.0,9.0] 7.0 4.98 5.0
T, [1.0,3.0] 2.0 1.02 1.0
B, [5.0,12.0] 8.0 8.95 9.0
L, [2.0,14.0] 8.0 2.013 2.0
L, [2.0,14.0] 8.0 12.48 12.5
2 ’ b ’ b
X.Y.Z b5 C , 3.
3
Table 3 Optimized mirror surface figure
Grav X Grav Y Grav Z
Load case Grav X Grav Y Grav Z Temp 5
and Temp 5 and Temp 5 and Temp 5
PV/nm 12.03 12.66 13.3 10.33 18.29 18.84 8.01
RMS/nm 2.81 2.86 3.18 2.02 3.43 3.49 1.68
3 , RMS 3.5 nm , A/50,
4
4.1
°
Yoder
¢ W,
min ]
W Qg H f~ ’ 2 5 ]
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Table 4 Modal response results of test and analysis
Direction Comparison the results of frequency scanning test with modal analysis
Analysis Test Relative error
X 573.3 Hz 545.5 Hz 4.85%
Y 575.9 Hz 538.5 Hz 6.49%
Z 1669.1 Hz 1572.2 Hz 5.8%
4 . 6.5% ;
) X.Y.Z 500 Hz ,
4.2.2
s
, 5.
5

Table 5 Vibration test condition

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
) X.Y.Z )
6, )
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Table 6 Comparisonof the date of random vibration test with analysis

Comparisonof the results of random vibration test with analysis

Direction - -
Analysis Test Relative error
10 6169, RMS: 22.81 108
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