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Fig. 1 Heat transfer diagram of a radio telescope
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Fig. 2 Self shading effect of reflector
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Fig.3 Surface radiation shape factor
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Fig. 4 Diagram of the antenna deformation analysis
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Fig. 6 Accuracy evaluation and subreflector repositioning
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Fig. 7 Antenna reflector model

x1 MRS

Tab.1 Material parameters

L/ et/ TMARY

2 -1
(kgm?) (kg KH Wm' K" RIPIRAAC

Rkt

o 2.78x10° 875 190.0 2.340%107

W 7.85x10° 465 49.8 1.116x107

T E RS
|

v v v
FUBIIED | | s AspR
[ I J

v
AU LTS
I

v v v
HfL T B

v
FLAR A
v
RIS
v
BN

8 R&EANE IR
Fig. 8 Thermal-mechanical coupling analysis process
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Numerical Study on Solar Thermal Error and its Compensation of Large Radio Telescope
LEI Zhen'?, NING Liang', CHEN Haoxiang', ZHAO Wulin®, XIANG Binbin®, LI Dongwei

(1.School of Construction Machinery, Chang’an Univ., Xi’an, 710006, China;
2.39 Inst. of China Electronics Technol. Group, Xi’an 710016, China;
3 Xinjiang Astronomical Observatory, Chinese Academy of Sci., Urumgqi 830011, China)

Abstract: Radio telescope is widely used in the fields of radio astronomy and navigation. The electromagnetic performance of radio telescope is
heavily affected by the structural thermal deformation due to solar heating as the working frequency and aperture increases. To understand the sol-
ar thermal behaviors of the 110 m telescope to be built in Xinjiang, we established a thermal-mechanical coupling model to simulate the temperat-
ure/displacement fields at different solar times and wind speeds, and concluded the spatial and temporal characteristics. Then we evaluated the re-
flector precision using the best fit parabolic method and revealed the law and mechanism of antenna thermal deformation by the trend in sub-re-
flector’s position compensation. Results show that large wind speed leads to uniform expansion and thus high reflector accuracy when the solar
heating causes thermal deformation error. The decrease in reflector accuracy is largely attributed to the non-uniformly deformation of antenna
structure caused by non-uniform temperature filed. Larger temperature difference results in more non-uniformly deformation and thus lower re-
flector accuracy. For the antennas with the same attitude but different wind speeds, they have similar reflector error distributions that can change
with the position of sunlight direct incident point. However, the magnitude of deformation varies with the sunlight intensity and speed. The re-
flector precision increases with the increasing wind speed and has a similar law of variation for various attitudes. The thermal error can be greatly
compensated by the sub-reflector repositioning. The approach and results of this paper will provide valuable guidelines for the design and con-
struction of large radio telescope as well as its thermal error control.

Key words: radio telescope; thermal error; thermal deformation; reflector accuracy; thermal error compensation
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