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Fig. I The 3D model of the reflector
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Table 1 Material properties of the reflector( measured values)

material elastic modulus CTE

M40J/ epoxy ( quasi-isotropic laminate ) E = 120 000 MPa a=10x10"°cC™!

E, = 1MPa a, =23x107°C™!
Al honeycomb

E, = 1 MPa @, =23x107°C!

E,, = 180 000 MPa a, =-50x1077C!
M40J/epoxy (unidirectional tape)

Ey = 6 800 MPa oy, =34 %1077 C!

adhesive film E = 2500 MPa a=50x107C!

T300/epoxy ( quasi-isotropic laminate ) E = 60 000 MPa a=10x10"°C™!
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Fig. 2 The FE model of the reflector Fig. 3 The FE model of the patch
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Fig. 4 Thermal deformation contour of the reflector
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Table 2 Thermal deformation of the reflector with different back frames
RMS X s /m
number width w /mm height A /mm mass m /kg
low temperature high temperature
1 45 55 41.095 9 24.174 1 8.270
2 45 60 36.332 2 21.3719 8.387
3 45 65 32.584 2 19.167 2 8.505
4 50 55 38.659 0 22.740 1 8.387
5 50 60 34.268 0 20.157 6 8.505
6 50 65 30.819 8 18.129 3 8.622
7 55 45 48.449 6 28.499 8 8.270
8 55 60 32.440 8 19.082 8 8.622
9 55 65 29.264 4 17.214 3 8.739
10 55 70 26.756 4 15.739 1 8.856
11 60 50 39.393 7 23.172 8 8.505
12 60 65 27.893 4 16.407 9 8.856
13 60 70 25.5852 15.050 1 8.974
14 60 75 23.751 8 13.971 6 9.091
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Fig. 5 The thermal deformation and the mass of the reflector with different back frame thicknesses

under high and low temperature loads
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Table 3 Thermal deformations in different connection modes of patches

RMS Xpy 7/ pom

connection mode

low temperature high temperature
metal embedded part 34.268 0 20.157 6
direct connection 49.688 0 29.228 3

M3 3 Al AR, X T o 75 2R B e , R FH 4 Js SR 1y i 4 0y 3, O i AR AR TE
RMS i o 4 475 XD
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Fig. 6 The connection mode of metal embedded parts Fig. 7 The FE model for denser patches
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Table 4 Thermal deformations with different densities of patches

RMS X s /jtm

density mass m /kg
low temperature high temperature
initial model 34.268 0 20.157 6 7.551
denser model 35.813 0 21.066 6 7.754
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Thermal Deformation Analysis and Structural
Optimization of High-Precision Reflector
Engineering Models on Satellites

LI Yanyong', WEI Juanfang', JIANG Wenjian®
(1. Space Structures Research Center, Zhejiang University,
Hangzhou 310058, P.R.China;

2. Xi’ an Institute of Space Radio Technology,

Xi’ an 710100, P.R.China)

Abstract: The finite element modeling method and material parameter valuing method were
presented for a 2 m diameter satellite reflector engineering model, including the honeycomb
sandwich structure, the back-frame tubes and the patches connecting the back frame and the
reflector. The thermal deformation and the variation of pointing accuracy in unfolded work con-
dition of the reflector under extreme high/low temperatures were analyzed. Based on the princi-
ple of minimum in-orbit thermal deformation, the optimal design values of the parameters, in-
cluding the section parameters of the back-frame, the thickness of the back-frame tubes, the
connection mode and the density of patches, were obtained by means of the discrete data com-
parative analysis method. The structural optimization of the reflector engineering model was ful-

filled.

Key words: satellite; reflector; thermal deformation; structural optimization
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