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A Finite Element Model Updating Method for Thermal Deformation of
Antenna Plates
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Abstract:In order to meet the requirements for in-orbit thermal deformation measurements of satellite antenna
panels, an accurate finite element model is required to simulate the thermal deformation process of the
antenna panels. As the main structure of the antenna panel, the honeycomb sandwich panel usually needs to
be simplified in the finite element modelling process, resulting in discrepancies between the finite element
calculation results and the experimental measurement values. To address the above problem, thermal
deformation experiments of the antenna plate structure under high temperature environment are carried out to
obtain the temperature field distribution and thermal deformation displacement matrix. The finite element
model thermal load is obtained by fitting the temperature field to it. On this basis, a method of finite element
model updating based on the multi-island genetic algorithm is proposed to modify the model material
parameters and boundary conditions using the root mean square error of the out-of-plane displacement
measurement matrix of the antenna plate finite element model and the experimental model as the correction
target. The prediction accuracy of the modified finite element model is significantly improved.
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Table 1 Finite element material parameters
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Fig.6 Displacement measuring points
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Table 2 Experimental thermal deformation displace-

ment measurements mm
15 9 fir B
i
B 1 2 3 4 5 6 7
1 —047 —1.79 —2.43 —3.24 —2.69 —1.93 —0.67
2 0.02 0.22 029 0.09 0.13 0.04 —0.10
3 0.10 1.16 1.77 1.86 1.58 1.01 —0.04
4 048 263 3.59 407 332 221 0.19
5 0.19 1.59 209 234 202 1.35 0.02
6 0.01 036 029 0.29 0.38 0.24 —0.07
7 —043 —144 —2.20 —2.47 —1.99 —1.40 —0.42
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Table 3 Cold surface temperature measurement position

and measured values

x/ o/ wmol x/ y w2/ i
mm mm E/C|lmm mm &F/C|mm mm &/C

409 45 27.44| 758 755 38.83| 758 2385 40.91
758 45 27.13||1152 755 41.11|1152 2385 40.02
758 106 32.04||1470 755 33.88| 364 2732 40.82
758 287 38.76| 45 1570 39.50(1152 2732 39.62
136 408 39.31| 364 1570 41.16|1379 2732 37.61
364 408 40.29| 758 1570 39.52| 758 2853 39.16
758 408 38.92|1152 1570 39.59| 758 3034 32.24
1152 408 39.64|1470 1570 33.89| 409 3095 27.00
758 528 39.79| 45 2385 40.71| 758 3095 26.76
45 755 39.41| 364 2385 41.29|1106 3095 26.56
364 755 39.31
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Table 4 Locations and measured values of the temperature difference between hot and cold surfaces
x/mm  y/mm  ARWEIRE/C RERE/C O EZE/C || »/mm y/mm  AWIRE/C O HWERE/C HEE/C
350 750 41.24 71.34 30.10 1150 1562 36.14 69.33 33.19
1150 750 36.66 69.76 33.10 350 2 375 40.23 75.06 34.83
350 1562 40.75 73.49 32.75 1150 2 375 36.91 69.78 32.87
750 1562 37.69 72.50 34.81
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Table 5 Finite element measurement point displace-

ments before updating mm
fr Bl
i
- 1 2 3 4 5 6 7
1 —0.15 —1.81 —3.02 —3.77 —3.01 —1.83 —0.19
2 0 —0.16 —0.46 —0.67 —0.44 —0.13 0
3 —0.05 073 099 1.07 093 0.69 —0.05
4 —041 172 241 262 213 1.47 —0.39
5 —0.11 088 1.03 076 081 0.7 —0.1
6 0 0.02 —0.38 —0.95 —0.48 —0.06 0
7 —0.21 —2.07 —3.48 —4.45 —3.32 —1.89 —0.18
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Table 6 Parameter symbol description
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Table 7 Multi-island genetic algorithm parameters
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Table8 Comparison of results before and after correction
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e 1.23X1077 1.24x10°  0.81

I i @y 1.23X10° 0.94X10° 235
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Sy 100 000 14555 854
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(Nemm ) g 100 000 4709 95.3

S 100 000 4349 95.7
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Table 9 Finite element measurement point displace-

ments after updating mm
7 IR A
i
= 1 2 3 4 5 6 7

1 —0.71 —1.69 —2.52 —3.1 —2.66 —1.96 —0.85
2 016 021 013 0.06 0.16 0.22 0.16
3028 1.21 1.64 1.9 1.74 135 0.28
4 044 237 343 409 349 255 031
5 03 147  2.04 2.3 2.0 1.52  0.24
6 0.19 0.32 0.3 0.2 0.25 0.29 0.18
7 —0.59 —1.29 —195 —24 —20 —14 —06
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Fig.10 Error histogram before correction
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