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Thermal deformation simulation of high precision mirror structure in

quasi—optical feed network
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Abstract: Millimeter—wave and sub—millimeter—wave detectors, when operating in geostationary
orbit, are influenced by environmental thermal radiation in the performance of their subsystems. Based
on in-orbit temperature field data, finite element analysis is employed to simulate the thermal
deformation of the quasi-optical feed network; the GRASP software is adopted to fit the positional and
surface parameters after the device's thermal deformation, and to simulate the changes in electrical
performance when the quasi-optical feed network is subjected to on-orbit environmental thermal
radiation. The results show that environmental thermal radiation has a certain impact on the electrical
performance of the quasi—optical feed network, and by adopting temperature control measures, it is
possible to avoid performance changes caused by temperature variations in orbit.
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Fig.1 Quasi—optical network structure
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(a) ellipsoidal mirror (b) plane mirror

Fig.2 Quasi-optical network structure
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Fig.3 Mirror fitting in GRASP
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Tablel Simulation comparison using mirror fitting in GRASP

channel/GHz simulation status -15 dB half beamwidth/(°)

beamwidth change compared to pointing compared to direct

direct modeling/% modeling/(°)
ideal 1.6422 - -
425 140 points 1.642 7 0.048 4 0.022
280 points 1.6422 -0.030 7 0.003
ideal 3.044 8 - -
118 219 points 3.0389 -0.1953 0.014
439 points 3.044 9 0.002 8 0.001
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Fig.4 Finite element modeling of quasi-optical system Fig.5 Thermal deformation simulation of quasi—optical system
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Table2 Thermal deformation simulation comparison for quasi—optical system

chanel Gz simulion s il bt g compared - poitng compured
ideal 4.0509 - -
54 thermal uncontrolled 4.108 0 1.41 0.029
thermal control 4.0517 0.02 0.012
ideal 1.642 2 - -
425 thermal uncontrolled 1.660 3 1.10 0.033
thermal control 1.644 5 0.12 0.011
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