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Simulation of thermal deformation of mesh antenna and
experimental research based on solar simulator

CHEN Xu, YANG Xiaoning, WANG Jing", QIN Jiayong, Bi Yanqiang, JIANG Shanping
(Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract: For improving the antenna’s performance, it is essential to accurately predict the antenna’s on-
orbit temperature and analyze the factors affecting the antenna’s thermal stability. A finite element model is
established for simulating the temperature field and the thermal deformation of a mesh antenna. With this model,
the temperature field and the thermal deformation on the carbon fiber main reflecting surface, the support rib
assembly and other mechanisms are determined under the conditions of the side solar incidence with two levels
of irradiance. And in the vacuum and in the low temperature environment, the solar simulator is used to test the
thermal deformation of the mesh antenna. It is found that the calculated results based on the simulation model are
in good agreement with the experimental measurement results. Because the collimation of the heat flow has a
significant influence on the experimental results, the radiation error compensation should be made in the thermal
simulation according to the collimation of the incident heat flow.

Keywords: mesh antenna; solar simulator; incident heat flow; thermal deformation; simulation analysis;
experimental research
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Fig. 1 Structure of the mesh antenna
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Fig.2 Configuration of measurements for simulated thermal
deformation of the mesh antenna

2 RERBFATEDHT

FIH Simcenter 3D HFRu/oHrst, T35 1 &=
BT ()30 5 25 A X6 R R 2R 3 AT 5B 15 54T

21 HRTHER

N T S RIC T TSR, AR R
BEAT W0 & BRI S R B

DA PR IG5 T T L FRAEAK U AT A L3R & i
B UER T, AR LA IR FLE AR & A 1
R, PR G A I 5 A SCHE AR 5 R 2625 i
ZIRVRIMRFL BRET S5 /N AR A5

2) TR 2T 2 i 23 A W FLARAR /DN, oIk hs il 2 A

DR I 4l 2 4 9 s S T 194 7 L 40 40 T ] 4k D S
AR
K 3 Fos NASCITR K AR R 2 PR

B3 RARREA PR TR

Fig. 3 Finite element model of the mesh antenna
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Fig. 4 Complete finite element model for the simulation test
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Table 1 Thermophysical properties of the antenna parts

2 SRAH | IvEC | REE | KB
gt iE wmKH| dkg" K e |Wiklta
M 69.0 712 0.42 0.46
ESVSQ B 69.0 712 0.90 0.90
B 2 /8
Fatar: 155.0 712 0.90 0.90
R 96.3 1130 0.90 0.80
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Table 2 Thermal coupling coefficients of main connection

parts
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Fig. 5 Temperature field under different solar radiation
intensity
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Table 3 Performance parameters of materials
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Fig. 6 Antenna deformation field under different solar
radiation intensity
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Table 4 Specifications of the KM3E’s solar simulator
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Fig. 7 Layout of antenna deformation photogrammetry test
system
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temperature measurement points
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Table 5 Comparison between simulated and measured values
of typical surface temperatures of the main reflector
under condition 1

WS | EAE/C | R/ C | =X B/ C
T1 -20.6 -20.5 0.1
T2 -10.8 -7.5 3.3
T3 -13.4 -18.1 4.7
T4 -21.4 -22.4 1.0
T5 -67.9 -65.9 2.0
T6 -62.5 -62.5 0
T7 -62.4 -60.1 23
T8 -68.6 -65.8 2.8
T9 -8.5 -13.6 5.1
T10 -5.7 -9.4 4.7
T11 -8.8 -12.7 3.9
T12 -48.6 -52.4 3.8
T13 -22.3 -26.8 4.5
T14 -8.4 -12.4 4.0
T15 -76.2 -80.2 4.0
T16 -77.8 -81.1 3.7
T17 -719.4 -84.4 5.0
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Table 6 Comparison between simulated and measured values
of typical surface temperatures of the main reflector
under condition 2

Wi | PiEfE/C | WEH/C | WmZEdxi{E/C
Tl 16.4 20.5 4.1
T2 28.9 36.5 7.6
T3 25.5 21.6 3.9
T4 14.5 17.6 3.1
T5 -39.8 -345 4.7
T6 -32.8 -29.9 3.1
T7 -31.8 -28.1 3.7
T8 -38.0 -35.1 2.9
T9 33.9 33.2 0.7
T10 38.2 39.7 L5
T11 414 374 4.0
T12 -12.5 -14.5 2.0
T13 15.8 18.1 23
T14 36.8 40.5 3.7
T15 -55.2 -52.7 2.5
T16 -56.7 -52.6 4.1
T17 -60.4 -56.5 3.9
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Fig.9 Comparison between simulated and measured values
of deformation of the main reflective surface under

condition 1
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Fig. 10 Comparison between simulated and measured values
of deformation of the main reflective surface under
condition 2
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Table 7 Comparison between simulated and measured values
of deformation of the main reflective surface under
condition 1

TiH i EAE/ | MEAE/ | w2 dastE/

mm mm mm
ERMBLFmax | 0.943 0.935 0.008
FRxm A Fmax | 0.213 0.212 0.001
F XA Hmin | -0.184 | -0.180 0.004
FRyMAFEmax | 0.156 0.160 0.004
FRyEAHmin | -0275 | -0.268 0.007
F Rz Emax | 0.284 0.286 0.002
F Rz Hmin | -0.876 | -0.870 0.006
ERAEAERMS | 0.251 0.246 0.005

#*8 TH2ERTHMAEEMUESEILL
Table 8 Comparison between simulated and measured values
of deformation of the main reflective surface under
condition 2

5iH i EAE/ | WEAE/ | fmZE a5t {E/

mm mm mm
R FEmax | 0.885 0.908 0.023
F kx4 max 0.207 0.212 0.005
ERxEAFEmin | -0.142 | -0.150 0.008
F Ry A Emax 0.130 0.140 0.010
FRyMAEFmin | -0254 | -0.260 0.006
F Rz max | 0.253 0.260 0.007
F Rz Hmin | -0.822 | -0.801 0.021
ERMEAILRMS | 0.231 0.239 0.008
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Fig. 11 Area affected by uncollimation error
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