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Abstract

The plate-shaped components of spacecraft represented by SAR satellite antennas are widely used
in the aerospace field. The influence of thermal strain of this type of components caused by on-orbit
environment on the measurement accuracy of spacecraft cannot be ignored. In order to compen-
sate for the measurement error of spacecraft caused by on-orbit thermal strain, an on-orbit ther-
mal strain measurement method of plate components based on fiber grating sensing network is
proposed. On the basis of expounding the measurement principle, the thermal strain simulation
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analysis is carried out by using ABAQUS, and then the on-orbit thermal strain measurement sys-
tem based on fiber grating sensing network is designed, and the measurement experiment is car-
ried out. The results show that the relative error of the proposed method is less than 5%, which
can realize the high-precision measurement of on-orbit thermal strain of spacecraft plate compo-
nents.
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Figure 1. Schematic diagram of SAR satellite at different orbital positions
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Figure 2. Fiber Bragg grating structure and its sensing principle diagram
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Table 1. Thermal analysis material properties of titanium alloy plate
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TiH ZH
# ¥ (gem ) 4.43
MK ZBU(x10°0Ch 9.1
W KA E/GPa 110
ELVN =S 0.342
£ 5%/ (WmmK™) 7
Ee /g tC) 0.546
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1) MR, £ ABAQUS 2RS¥ R AT Bl S Hifi, W HAHN T2 E@ e, faiRBm ik
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2) TR E . WIIES TP IR R — N AR G T, e B BN RS T

3) BT E . HEE S 3R BiE N E N 40.0C. 50.0°C. 60.0°C. 70.0C. 80.0°C. 90.0CC
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4) WAERI Gy o FEFPFEAE, IR R IESE 5 mm, BOCRALERRIE - MM E, RoniEd
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Figure 3. Strain nephogram at 90.0°C
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Figure 4. Monitoring point strain with temperature change curve
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Figure 5. The variation trend of path strain of monitoring points at different temperatures
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Figure 6. Experimental system
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Figure 7. Calibration of grating layout schemes with different coefficients: (a) Kr; (b) S,
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Figure 8. Coefficient linear fitting results: (a) Kr; (b) S,
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Figure 9. The comparison between the measured value and the simulated value of the measuring point: (a) Measuring point
2; (b) Measuring point 3
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Figure 10. Relative error between measured value and simulated value: (a) Measuring point 2; (b) Measuring point 3
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Table 2. The relative error between the simulated value and the measured value
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