Thermally-Stable Passive Antenna Sensor for Strain and Crack Monitoring
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antenna sensor. Incorporating nonlinear constitutive properties in
the model can improve the accuracy of the simulation results on

INTRODUCTION e Multi-Physics Simulation e Crack Sensing
An RFID patch antenna sensor can be used to wirelessly measure the Mechanical simulation with linear constitutive properties and nonlinear Surface crack, from 0 to 40 milli-inch, is generated by an emulated crack
strain and/or crack on a structural surface through the shift of its constitutive properties is conducted. Resonance frequency of deformed device. At each crack level, the resonance frequency of the antenna
electromagnetic resonance frequency. According to electromagnetic antenna sensor is then calculated. Strain sensitivity is calculated as —944 sensor is measured. The antenna resonance frequency is shown to
theory, the resonance frequency fr of a patch antenna has an Hz/ue using linear constitutive properties, and —865 Hz/ue using nonlinear reduce gradually when the size of the crack opening increases.
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Previous design of antenna sensor with Rogers RT/duroid® 5880 — S M = P
substrate Is sensitive to temperature change. A new RFID patch Strain distribution . Surface Current ’i
antenna sensor with thermally-stable substrate material Rogers T 903 Onf;:izst:rt;ace
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RT/duroid® 6202 is designed and tested through both numerical e < 000 sl sttt il 5 s 25 70
simulation and laboratory experiments. A new RFID chip with much . S § | —s— Nonlinear g y Crack width (mil)
smaller footprint is adopted in the new design. B 3 902.6 Experimental Setup Resonance Frequency Change
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SlISElE *  Substrate : | S f=-0.000865 ¢ + 902.036 A thermally-stable passive antenna sensor has been developed for
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a | |  (RT/duroid®6202)% ¥ %00 600 400 200 O measuring strain and surface crack on structures. Extensive numerical
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N ’ REID chi | > S i - B D Finite Element Model Resonance Frequency Change * The sensor with RT/duroid® 6202 substrate Is shown to be more
Nl SLBSlOO'; NE SL381001”233 _ _ stable under outdoor environment disturbance compared with
lf & | v e Strain Sensing previous sensor with substrate material RT/duroid® 5880.
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£ / Ryl VN | Compressive strain is generated from zero to —750 g, at an increment of Multi-physics simulation can accurately model behaviors of the

—50ue per step. At each strain level, an interrogating device wirelessly
sweeps the interested frequency range for power threshold measurement.

Previous Design New Design From each curve, the resonance frequency is extracted. The strain . ?‘ttzzmazteen:rllt;v'xnsor s capable of estimating small strain changes
sensitivity IS measured as -874 Hz/ue. The approximately linear
METHODS & RESULTS relationship between resonance frequency and strain is experimentally on structures. The resonance frfeq_uency_ of the antenna sensor
e Outdoor Temperature Test confirmed. . Increases as the compression strain is applied.
| | | | E - o « The antenna sensor can detect surface crack. As crack propagates,
Thermal influence on the new substrate material RT/duroid® 6202 is NN 232 e the resonance frequency of the antenna sensor reduces as
iInvestigated through a day-long outdoor test. Frequency change caused 2 - - 451 g expected.
by temperature fluctuation is much less than previous sensor with e 10 .
substrate material RT/duroid® 5880. S gl REFERENCE
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