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Optimization Design of Supporting Backplate for
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Abstract According to the requirements of ultra-light and high thermal stability of a space camera, an integrated
backplate structure is designed so that the supporting backplate is not only the backplate of the main mirror, but
also the main bearing plate of the space camera. The SiC with high specific stiffness and high thermal stability is
used as the backplate material. The layout of back ribs is determined by the variable density topology optimization
with the addition of a minimum size constraint. The size optimization design is completed by a multi-objective
optimization model with Non-dominated Sorting Genetic Algorithm II (NSGA-II), integrating the mirror surface
shape and the mass of the backplate. The mass of the backplate is only 0.591 kg and the minimum rib thickness is
2.1 mm. The dynamic and static performances of the optimization results are finally analyzed by the finite element
analysis. The results show that the root-mean-square value of the mirror shape in the mirror assembly is 0.158 nm
under a temperature rising load of 5 °C, which means good thermal stability. The root-mean-square value of the
mirror shape is 1.169 nm and the peak to valley value is 5.403 nm under the X-direction gravity load (the direction
perpendicular to the optical axis/the direction of detecting surface shape). The first-order intrinsic frequency of the
mirror assembly is 397 Hz and the random vibration response value of the sampling point of the mirror edge is less
than 16g. These mean the requirements for space application are satisfied.
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Table 1 Performance parameters and comprehensive quality factors of commonly used spatial structural materials
Elasticity Thermal Coefficient of Specific
Density o ) ) ) Thermostability  Quality
Material ‘ modulus conductivity linear expansion stiffness ‘
/(gecem™?) ) /(10° W+ m %)  factor
/GPa J(Wem™' «K™) /(10°m-+°C ") /(Netex ')

Al 2.70 68 167.00 22.50 25.19 7.42 186.97
Ti 4.40 114 7.40 9.10 25.91 0.81 21.07
MgAl 1.80 40 201.00 25.00 22.22 8.04 178.65
4J32 invar alloy  8.90 141 13.70 0.65 15.84 21.08 333.86
35 % SiC/Al 3.00 100 155.00 16.00 33.33 9.69 322.88
55 % SiC/ Al 2.94 213 235.00 8.00 72.40 29.38 2126.75
SiC 3.20 400 155.00 2.40 125.00 64.58 8072.92
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Fig. 1 Model of primary mirror
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Fig. 2 Flexible supporting part
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Fig. 3 Boundary dimension parameters of backplate
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Table 2 Designed variables and optimized results

Range Initial value Optimization
Variable
/mm /mm result /mm
B, [2,4] 3.0 2.0
H [9.13] 13.5 9.6
T. [2,4] 5.0 2.2
T [2,4] 3.0 2.2
T [2,4] 5.0 2.1
T, [2,4] 5.0 2.5
2.1 mm ,
0.591 kg, X RMS 1.169 nm,
, 3 mm
s 10 o
10 . (@) ;3 (b)

Fig. 10 Supporting backplate model after optimization.

(a ) Obverse side ; (b) reverse side
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Fig. 11 Displacement cloud image of mirror surface

3
Table 3 Surface analysis and accuracy comparison
Face shape precision
Load RMS /nm }I)Jefk to valley /nm
25°C 0.158 0.781
Fy 1.169 5.403
F, 4.069 17.620
Fx+25°C 1.221 6.181
F,+25°C 3.953 18.190
3 , 5T (
) 1 nm,
o (SiC
\4]32 \SiC )
, ,
, ,
) RMS
4.069 nm, A/50(A 632.8 nm);
X
, o X
1.169 nm, A/50,
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Table 4

First three order modal information of mirror assembly

Swing around Z axis /Hz Vibration along X axis /Hz

Vibration along Y axis /Hz

Mass of supporting backplate /kg

397 409 410 0.591
( 150 Hz), 5
) 12 )
b Y b
SiC s
o b
5°%C
RMS 0.158 nm, X RMS
1.169 nm;
397 Hz, 0.591 kg,
0
" 63% . :
Fig. 12 First order intrinsic mode shape of mirror assembly ’
4.2.2 ) |
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