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Optimum Design and Experiment Verification of Space Coaxial
Reflective Secondary Mirror Support Structure
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Abstract: A sub-mirror support optimization model based on the outer envelope of the traditional
secondary mirror support structure was established, according to the characteristics of the traditional
coaxial reflective secondary mirror support structure. The variable density topology optimization method
was used to optimize the model. According to the topology optimization results, a coaxial reflective
secondary mirror support structure with an occlusion ratio of 0.085 was designed. The finite element
simulation results show that the basic frequency and structural stiffness of the coaxial reflective secondary
mirror support structure are significantly improved compared with the traditional three-wing and four-
wing structures in the case of the same structure shielding ratio and mass. The optimized secondary
mirror support structure was processed and a random vibration test was conducted. The test results show
that the optimized basic frequency of the secondary mirror support structure is 470 Hz, the finite element
simulation result is 477 Hz. and the relative error is within 2%, which verifies the reliability and
authenticity of the finite element calculation model. The secondary mirror support structure is suitable for
use in a coaxial reflective optical system that requires a lower mask ratio and higher stiffness.
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Tablel Self-weight deformation of two kinds of structures
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Maximum displacement/pm 2.70 3.04
1.2 fREFE
P FMI AL 325 53 % SR MO R B A A R FM AR R H R R % S AR ML AR O R
Pyt AR s B vk W BE 25 Rk AE L L b s o R kN B O R DL A AR SR ) S LR A Nastran,
Hypermesh,Ansys 5. 748 % B vk @ CHUEEFIA L0, 1 B A XT 25 BE oo K5 D01k H b F AR XT3 BE o 19t M pR AL
KRR S SR B R 1 s A A T DO ks SR R 78 98 8 1k ) MR SR R M AR Oy

E(x,) =Euutf(x,:p)AE (D
S T S R O ) AR G I B R O A D SR R R K ) R R

K= >} [Eu+f(z,.p)AE]K, (2)

M= 27" [En+ f(x;p) AE]M, (3)

C(x)=2," [Eu.+f(x,.p) AEJUIK,U, (4)

H AE=E, —E ., Eo SR BBHPER G E L o FLIR B0 BSR4 p Sy b I 2% B2 64 R A 25 3
T f (g p) REEPEARH R E E O ARES A s MR 5 s K WM C (o) 430 36 78 2% 48 I 88 66 I J R I R 22
FERBGK, MU, 2353005 5 BT Y I RE AR I oo R M2 3% Ok 4
1.3 fRfetssl
MU =B R B R | H bR sR BRI 2 o S 1 G AR AL T R 1k
minf (X)=f(x1:x5,°°x,)
s.bg; (X)—g; <0 (G=1,,m) &)
Tonin TS T (1=150030)
KX = (v xssa, ) WRITERE; F(X) WEHWRE g, (X)) g, N W LA ;2 F 2 B R
JUAS HE b RN BR T2 ] [ Al sz S 200 B8 S 458 295 ) i B AL 0 114 ik TR 0 P R Ok 3 0 i g 2% 11 R T Y 2
TC » [] B 5 IS T RE e A9 R AR R T A 9 T LA B D, o USR] R Y DR A6 R R OB AR AT LT
TE F) 38 40 B 358 3] 4 0] B ) PR AR AF AR — > T R B o e S 5 1)l 22 T 3 R i 25 2 X6 UL ) S 8
T M DR 0 A R T A o 3 e AR 2 A AV T TR 2 DL — R R B S R 1 R E T LR T
NIX T Al 22 T LASE ST T DA — B A3 R A AR 3 B0 2 R 2 1 5 DA SRR e /s (R BE B 0O g #1140 B AR B 3 04
Y AR 0 A 75 ik A A B %4 M A ) B R ik =R
min C(x)
s.t. =8,
2 Vix, — V<0
0<rpnax; <<l G=1,",n)
K, C(x) NFRERE B, HARE M — B BRI,V RIS SRV, SRS 1 e iR B, o, X
W5 j BATCAE A, i N R TT TR B T BR.

2 REXELHEIMLLEE

AR 5 58 0K B A0 28 2 i S A LA AR B AN AT 1 () BT, I AR 1 D0 A AR A 2l 7 A BR T A i A B ot
BT RUBCER O 41 883, FAITHER A 30 360, WAL 1(b) FIr /R 2 SRR B S #2540 5 7R 07 25 M i 45 1 12 b 1R
ETFLX 17 DAL BE R E A7 40 M AL OB S S5 K TR B R S B 3% 2.

0722003~ 3

(6)



(a) Model

A1

(b) FEM model

AR A

Fig.1 Initial model before optimization
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Table2 Component material parameters

Density/ Young'smodulus Poisson’s Thermal conductivity

Thermal expansion

Assembl Material ;
semby atera (kg * m*) /GPa ratio J(Wem ™' «°C) coefficient/ (10 ° « C 1)
Secondary mirror Zerodur 2530 92 0.24 1.2 0.05
Seat of secondary
. 4]32 8130 141 0.25 13.9 0.1
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Support structure of
4]32 8130 141 0.25 13.9 0.1
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Fig.3 Distribution of mesh density of secondary mirror supporting structure after optimization
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Fig.4 CAD model of secondary mirror supporting structure after optimization
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Fig.5 Three kinds of secondary mirror support structure
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Fig.6 Modal comparison
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Table 3 Basic frequency of three different structures

Three-wing Four-wing Supporting structure
support structure support structure after optimization
Basic frequency/Hz 337.2 273.7 477.9
Weight/g 752 752 752
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Table 4 Self-weight deformation of three kinds of structures

Three-wing Four-wing Supporting structure
support structure support structure after optimization
Maximum
2.70 3.04 1.35

displacement/pm
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Table 5 Random vibration Results

X Y 4
RMS 15.98¢g 15.95¢ 15.92¢g
Amplification rate 1.38 1.41 1.10
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