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Abstract: Aiming at the requirement of monitoring the load-bearing characteristics and the morphological changes
of spatial deployable masts under thermal load, an integrated monitoring technology for the temperature, thermal
strain, and thermal deformation of a deployable mast based on distributed optical fiber sensor is proposed. With the help
of the ANSYS Workbench finite element analysis software, the thermal-mechanical model of aluminum alloy spatial
deployable mast under single-ended thermal load is established, and the distributions and variations of the axial
temperature, thermal strain, and thermal deformation of the deployable mast under different local thermal loads are
obtained. On this basis, two kinds of methods for calculating the axial thermal deformation of the deployable mast
based on the finite element analysis and the heat conduction theory are proposed, respectively. A distributed fiber-optic
sensor monitoring system is constructed to monitor the temperature and strain values at several key positions of the
deployable mast in real time, and then the continuous change information of the temperature and strain fields along the

axis direction of the structure is retrieved. The results show that the axial thermal deformation errors of the deployable
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mast calculated by the finite element method and the heat conduction analysis method are 5.256% and 3.556%,

respectively. The related results can provide technical support for the monitoring and identification of future spacecrafts

in orbit.

Key words: spatial deployable mast; fiber Bragg grating (FBG) sensor; thermal conduction; thermal strain;

thermal deformation
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Fig.1 Sensing principle of the FBG sensor
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Tab.1 Material parameters and dimensions of the
deployable mast
s | K/mm | S /mm | #5/mm | gmm | R
it /GPa
A4 | 500 30 30 1 71 0.33
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Fig.2 Distributions of the axial temperature, thermal

strain, and thermal deformation at 200 °C
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Fig.3

Variation curves of the axial temperature, thermal strain, and thermal deformation of the deployable mast
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Fig.4 Deployable mast diagram based on three-point

strain sensing
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Fig.5 Deployable mast diagram based on two-point

temperature sensing
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Fig.6 Test system for monitoring the temperature, thermal

strain, and thermal deformation of the deployable mast
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Fig.7 Distributed fiber optic sensor layout on the surface

of the deployable mast
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Tab.2 Comparisons of the temperature simulation values of

the deployable mast and the measured values of the

fiber optic sensor under different temperature loads
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Fig.9 Comparisons of the inversion curve of the axial temperature and the finite element curve of the deployable mast
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thermal deformation of the deployable mast
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Tab.3 Comparison of the calculated and simulated values of the axial thermal deformation of the deployable mast at

different temperatures

W/ C 80 120 160 200

i FLIAAR LA /mm 0.151 0.246 0.342 0.440

HE T 43 A AOG LR il 52 I e (A BAE ST 1 T BT A VIR JE /mm 0.152 0.254 0.360 0.461
BT 43 A 2OG LR PR AR ) S (8 09 A7 BR T30 A v TR IT AR A JE /mm 0.158 0.257 0.365 0.463

x4 FRBETHREMARERGEESIHEERENL

Tab.4 Error comparison between simulation and test values of the axial thermal deformation of the deployable mast at

different temperatures

i % /°C 80 120 160 200 SR X R 22
e SR AT T ST AR AR X IR 22/ 0 0.94 3.17 5.26 4.87 3.56
A BROCIL S BT R BT AR AR X R 22 / 0 4.57 4.67 6.63 5.18 5.26
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