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Parametric optimization design of rectangular reflective

mirror and flexible component
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Abstract: In order to improve the design efficiency of the space camera reflective mirror subassembly, a
parameter optimization design method was proposed taking a rectangular reflective mirror subassembly as an
example. Focusing on the research of the mirror and the flexible component, the optimization design process of its
structural parameters was explained in detail. Finally, the optimized subassembly was simulated and analyzed.
The results show that the RMS value reaches respectively 1.60 nm when gravity load is applied in the directions
of Z axes, and the RMS value is 6.70 nm when the mirror subassembly is under the load condition of uniform
temperature rise of 5 °C, which are far less than the requirement of RMS<1/50 (4=632.8 nm). In addition, the
mass is 2.58 kg and the fundamental frequency is 274 Hz, which meets the dynamic stiffness requirement. To sum
up, the parameter optimization design of the mirror subassembly structure can better meet the index, and the
structure parameter optimization iteration by the computer can significantly improve the design efficiency.
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Fig.1 Explosion chart of reflective mirror subassembly
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Tab.1 Material properties of reflective mirror subassembly

Part Mirror Cone sleeve Flexible component Backplane
Material SiC 432 TC4 SiC/Al
Density p/kg-m™ 3200 8100 4440 2940
Young’s modulus £/GPa 400 141 109 213
E/p/m 125x10°° 17.4x10° 24.5x10°° 72.4x10°
Thermal expansivity a/K™' 2.51x10°° 2.41x107° 9.21x10°° 8.01x10°°
Poisson’s ratio 0.14 0.25 0.34 0.18
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Fig.2 Original geometry structure of reflective mirror
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Fig.3 Flow chart of multi-objective optimization

3 i3>72 3140

3490 3343 3111 3109

& 4 i a2 Al

Fig.4 Schematic of distribution of ribs
http://www.cnki.net

20200493-3



I Gk A2

% 84

www.irla.cn

' Bl HyperMorph #4: 1i 2 SC ] ik /NS 800 SUMERE,
I H A XS EnT 8% HyperStudy #44 BLHR

F2 TR, XA B AR A2 S A T U

i DA e/ N A R S DL AE B AR B B AR AL,
W TR SRR AL T B AT TR A,
BB TH P B8 25 o Ry PP B A A B A A
T T /& RMS 76— & V-85 T (1 5 0 1, 7 28 55 51 i
QLERIFM AL T 5, #1472 BHARLAL? 76 LA
TR AE AR, SR TR RS R R B R bR S R
BT AE Ske DL | B2 P RMS 16 /50 LLIN,
1, # QI ABCHHE bR A M AT B0 E S, AR (1)
N,

1 Mass RMS
[=—
Q 2X( 5 T T12

YRI5 T B Mass =S, RMSn=12 i, QI K
100%. QIYEMAL HFRZEfME T Lk Mass Fl RMS [f] i
P Ae BRI S B0 BRI R, $m 15

)x 100% (1)

R2 &t

ROR, W2 5 SE 4 R TR .
[EIT, 9 T 4%3F QL A& B, DL Mass Fl RMS [
BT PREAE A L H A

Min QI
S.t. Mass<5
RMS < 1/50 (1 =632.5 nm) 2)

AR S o il 3 T K P X 45 A 5 4 S Bk A T
FRIBR A, WL3& 2, 4K 45 2500 QI IS, >R H]
ey R 40 7 B R AT R U 0, SR AR 2 TR,
X QUEIT 15% RELFL IS S BN RS, BB,
HF 42 AR S BUVE v it &, IR DA SR RR
il PRI B8 BTt [ Y 4 S

F ] HyperStudy 1 fF #4745 S84k, R
B A A 1) 4 JRy Wi [0 17 357 (Global Response Surface
Method, GRSM), %531 0k 17 1H1 A5 R B a5, 32
FVEAh . B3 0 SR, DA ITTERAS B A A A5, Ak
4/

EMMALER

Tab.2 Design variables and optimization results

Name Height  Face thickness  Hole thickness  Side thickness =~ Chamfer R1 R2 R3 R4 R5
Ranges [30, 60] [5,12] [5,20] [2, 8] [0, 60] [2, 8] [2, 8] [2, 8] [2, 8] [2, 8]
Initialization 42 mm 10 mm 11 mm 4 mm 33° 4 mm 4 mm 4 mm 4mm 4mm
Effects —47.6% 36.3% 7.2% 47.5% -23.7%  5.1% 11.6% 192%  18.5%  5.6%

Optimization 38.093 8 6 2 36.398 8 6.731 2 2 2
Rounding value 38 mm 8 mm 6 mm 2 mm 36° 8§mm 6.5mm 2mm 2mm  2mm
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Fig.5 Iteration curve of structural parameters of reflective mirror
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Fig.7 Initial model of flexible component
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Tab.3 Design variables and optimization results

Name Hl H2 H3 (D1-D2)/2
Ranges [2,0] [15,5] [20, 5] [2, 8]
Initialization/mm 4 23.5 27.5 4.5
Optimization 4.152 21.625 31.775 2.621
Rounding value 4.2 21.5 31.5 3
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Fig.8 Iteration curve of structural parameters of flexible component
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Fig.9 First constraint eigen frequency of reflective mirror subassembly
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