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Simulation Analysis on the Profile Accuracy of Parabolic Antenna with Honeycomb

Sandwich Structure
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Abstract: Satellite-borne parabolic antenna will generate large thermal deformation when it works around the
earth. In order to obtain an engineering method for the profile accuracy simulation of full-size reflectors in a near-ground
service environment, the ABAQUS finite element method and the least square method are used to calculate the
thermal deformation and root mean square (RMS) values of the small-sized honeycomb sandwich antenna with a
diameter of 1.2 m and analyze the factors such as the thermal expansion coefficient (TEC), the honeycomb height, and
the number of skin layers. The results show that the TEC in the honeycomb height direction is the most important
factor affecting the RMS values. When the honeycomb height is 65 mm and the number of the skin layers is 12, the
RMS value of the profile accuracy fulfills the design requirements. Finally, the thermal deformations of the full-size
reflector at the temperatures from — 80 °C to 120 °C are calculated based on the actual assembly conditions. It is found
that the fasteners and embedded parts can effectively reduce the thermal deformations of the working plane, and the
RMS value of the full-size reflector is 40.45 pm. The research results can provide a basis for the design of the antenna
structure of the rigid reflector with satellite-borne honeycomb sandwich structure.
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Tab.1 Material parameters of MS5 carbon fiber laminate

M55 —80°C —30°C 20°C 70 °C 120 °C
E,/GPa 138.37 143.21 150.48 157.75 162.60
E,/GPa 138.37 143.21 150.48 157.75 162.60

12 0.11 0.11 0.11 0.11 0.11
G1»/GPa 9.91 9.10 7.94 8.04 8.11
G3/GPa 3.83 3.90 3.97 4.03 4.10
G3/GPa 3.83 3.90 3.97 4.30 4.10

X )i TEC/C! 1.870<1077 1.780x<10°¢ 1.024 <1077 2.569x10°7 3.906 X107
Y JjIa] TEC/C ! 1.870<107 1.648x10¢ 8.010x10°*% 2.671X10°7 4.330X 1077
ZJim TEC/C! 4.392X107° 4.502X107° 4.638X107° 4.877X107° 5.005X 107
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Tab.2 Equivalent elastic parameter of the honeycomb core

25 HfE
E/MPa 0.067 5
E,/MPa 0.067 5
E;/MPa 800.2

Mz 0.33
G2/MPa 0.040 5
G13/MPa 112.15
Go3/MPa 168.225

TEC/C™ 23X10°°¢
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Fig.1 Finite element model
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Fig.2 Boundary constraints and temperature loads
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Fig.3 Thermal deformation contours of the reflector

working plane
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Fig.4 Effects of the TEC on the RMS values
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Fig.5 Effects of the honeycomb height on the RMS values
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Fig.6 Effects of the layer number on the RMS values
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Tab.3 Material parameters of T700/cyanate

e Kl
E,/GPa 130
E,/GPa 10
G1,/GPa 4.2

u 0.27
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Y(Z)Ji 1 TEC/C ! 44.9%10°6
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Tab.4 Material parameters of the invar steel
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