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Fig. 1 Analysis process of thermal deformation prediction method
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Fig. 3 Panel deformation caused by temperature gradient
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Table 1 Thermal and physical parameters of materials

] Density Thermal Conductivity = Thermal Expansion  Specific Heat Capacity
Materials /(kg - m?) J(W-m™ K1) Coefficient/K~* /(T kg™t -K™)
Aluminum 2.78 x 10° 190.0 2.34 x 1075 875
Steel 7.85 x 10° 49.8 1.116 x 1075 465
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Fig. 5 Panel deformation diagram under uniform temperature load; (a), (b), (c), (d), (e), and (f) are panel deformation
diagrams for uniform temperature loads of 24 C, 26 C, 28 'C, 30 'C, 32 C, and 34 C,

respectively, with deformation in unit of m and magnification of 500.
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Table 2 Deformation results of panel and back frame under different temperature differences

Panel Center Panel Center
Panel Frame Panel Frame
Deformation Deformation
Temperature/ C Temperature/C Temperature/C Temperature/C
Value/mm Value/mm
36 35 0.620 42 35 0.846
38 35 0.695 44 35 0.942
40 35 0.771 46 35 0.997
H 2 H 19 A5 T 0 BT 0 TR RR 45 48 2 1A] 1 AZ = 0.03879AT; + 0.03778AT, , 9)

IRZEBOK, ARt &L, ERA2WM0) N Ap, AT NHAR ST 20 % (C).
N, M Z R A AT LUK B AR 5 T 28 2 1R R 2= (c) TR 7 2 T it 2 3 P T AR e
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Table 3 The deformation results of the panel’s upper and lower surfaces under

different temperature differences

STP/C USTP/C Panel Center Deformation Value/mm STP/C USTP/C Panel Center Deformation Value/mm

36 35 0.597
37 35 0.613
38 35 0.628

39 35 0.644
40 35 0.659
41 35 0.675
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Table 4 Three factors and three levels table

Factor
Lever
AT,/C AT,/C AT;/C
1 0.6 0.8 5
2 1.2 1.6 10
3 1.8 2.4 15

x5 EXRERITHR
Table 5 Orthogonal experimental design scheme

Factor Panel Center
Experiment
Deformation
Number AT,/C AT,/TC AT,/C
Value/mm

1 1 1 1 0.23389

2 1 2 3 0.65158

3 1 3 2 0.48808

4 2 1 3 0.63064

5 2 2 2 0.46714

6 2 3 1 0.30363

7 3 1 2 0.44620

8 3 2 1 0.28270

9 3 3 3 0.70038
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Fig. 6 Temperature field distribution of a single panel at different local times, where (a), (b), (c), and (d) correspond to the

temperature contours at 8: 00, 10: 00, 12: 00, and 16: 00 local time, respectively.
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Fig. 7 Thermal deformation cloud diagrams of a single panel at different local times, where (a), (b), (¢), and (d) correspond to

the deformation contours at 8: 00, 10: 00, 12: 00, and 16: 00 local time, respectively.
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Fig. 8 Comparison diagrams of deformation results for the two models at different local times, where (a), (b), (c), and (d)

correspond to the comparison plots at 8: 00, 10: 00, 12: 00, and 16: 00 local time, respectively.
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Fig. 11 Deformation diagrams of the aluminum plate at different times, where (a), (b), (c¢), and (d) correspond to the
deformations at 14: 28, 14: 33, 14: 39, and 14: 55 local time, respectively.
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Table 6 Experimental results T 00 R 4T 4> A5 L P 1 B R 40 T
Panel Frame Ambient  Panel Center
Temperature Temperature Temperature Deformation Solar temperature field of antenna
/C /C /C Value/mm |
54.9 40.1 34.9 0.462 Temperature difference betw.een different
components and the environment
45.5 37.3 35.1 0.362 l
44.3 36.4 33.5 0.353 | Linear regression relation |
38.1 35.1 34.6 0.251 | Single panel deformation H Barnes interpolation
K13 8% K& TR AT A R oo Y , HF Deformation field of main
N . £l f
Z i & & 4 i (Panels of the Main Reflector, i i
PMR)F17¥ 4245 8 (Back Up Structure, BUS)ZH K, B 12 WA S
Wj % 6}’ jEIJIJ ;l‘% }Eﬁ SHELL63$‘ 7_"[] 5 BEAM188$ 7_"[] iﬁ Fig. 12 Calculation process of panel deformation field
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Fig. 13 Finite element model of QTT
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Fig. 14 Temperature distribution of the 110-meter antenna structure at 8: 00, where (a) shows the temperature field of the

main reflector, and (b) shows the temperature field of the back frame.
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Fig. 15 Temperature distribution of the 110-meter antenna structure at 12: 00, where (a) shows the temperature field of the

main reflector, and (b) shows the temperature field of the back frame.
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Fig. 16 Temperature distribution of the 110-meter antenna structure at 18: 00, where (a) shows the temperature field of the

main reflector, and (b) shows the temperature field of the back frame.
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Fig. 17 Deformation field of the 110 m antenna reflector at 5: 00 local time
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Fig. 18 Deformation field of the 110 m antenna reflector at 9: 00 local time
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Fig. 19 Deformation field of the 110 m antenna reflector at 15: 00 local time
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A Fast Prediction Method for Thermal Deformation
of Large Aperture Antenna

LEI Zhen QIN Zhan-peng
(School of Mechanical Engineering, Chang’ an University, X¢ an 710006)

AsstracT In order to solve the problem of low computational efficiency of thermal deformation of
large reflector antennas, this paper proposes a method to quickly predict the thermal deformation of
antennas. Firstly, the thermal analysis model of the single panel of the antenna is established. Then, the
deformation law of the antenna is analyzed by numerical calculation under different temperature
differences between the upper and lower surfaces of the panel, the back frame and the panel, the back
frame and the environment. Finally, a linear regression relationship is fitted to realize the rapid
calculation of the thermal deformation of the structure. The regression relationship is used to predict
the deformation of the antenna structure. The predicted results are in good agreement with the
simulated deformation results. At the same time, the linear relationship between temperature difference
and thermal deformation is verified by experiment. This method is applied to the thermal deformation
calculation of 110 m reflector antenna. The results show that the structural deformation under sunshine
is mainly the deformation of the back frame.

Key words techniques: large—diameter antenna, Sun, thermal effect, methods: thermal deformation
test, digital photogrammetric
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