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Simulation and experiment on the temperature performance of
sensors based on unstressed patch antennas

XUE Songtao'*, YI Zhuoran', XIE Liyu'®, WAN Guochun®

(1. College of Civil Engineering, Tongji University, Shanghai 200092, China; 2. Department of Architecture, Tohoku Institute of
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try of Education, Tongji University, Shanghai 200092, China; 4. Department of Electronic Science and Technology, Tongji University,
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Abstract ;: Wireless sensors based on patch antennas can be used to measure the deformation of a structure, but tem-
perature variations affect the electromagnetic performance of patch antennas. To solve this problem, this study con-
ducts a series of simulation and experiments. Temperature effect theory is adopted to investigate the influence laws
of coefficient temperature coefficients (thermal expansion) and the changes of dielectric constant contrast ( electro-
magnetic field) of thermal expansion. The multiphysics coupling method is used to simulate the temperature effect
numerically. Moreover, the influence caused by the thermal expansion and dielectric constant contrast variation of
substrates due to temperature changes is analyzed quantitatively. On the basis of a numerical simulation, this study
identifies the main factor behind the shift of resonance frequency, that is, the change of the dielectric constant con-
trast caused by the heating of the substrate; such factor is five times more serious than thermal expansion. The
effect of temperature on the resonant frequency is further studied by experiments in which patch antennas are placed
in a thermostat to measure the variation of the resonant frequency at different temperatures. Simulation and experi-
ment results show a linear relationship between temperature change and shift of resonant frequency, with the linear
fitting coefficient being higher than 0. 93 and with the average detection error of the model simulation being lower
than 20%. Such findings indicate that the temperature compensation mechanism can be used to correct the deforma-
tion measurement values of unstressed patch antennas. Hence, this work provides a technical foundation for the ap-
plication of sensors based on unstressed patch antennas.

Keywords : patch antennas; deformation sensors; temperature compensation ; structural health monitoring; resonant
frequencies; coupling effects; dielectric constant; thermal expansion
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Fig.1 Patched antenna with overlapped sub-patch
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Fig.2 Concept figure for the thermal expansion
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mon dielectric board in patch antenna
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Table 2 Parameters of the patch antenna with overlapping

sub-patch
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W2 SR 3 Fis
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Table 3  Parameters of the copper sheet and dielectric
board made by RT/duroid 5880
240 {51
E, \E,.E,/(N:mm™) 1070
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Fig.4 Return loss curves caused by thermal expansion
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Fig. 6 Return loss curves impacted by electromagnetic field
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