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Design and optimization of a strain sensor based on rectangular
micro-strip patch antenna

He Cunfu, Yan Tianting, Song Guorong, Lv Yan, Wu Bin

(College of Mechanical Engineering and Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: Load-bearing structures are the most common structural components in high-end equipment. The loading and stress
concentration easily initiates cracks, leading to structural failure. Meanwhile, the real-time monitoring of strain is essential for the health
evaluation of structures. In this paper, the influence on the natural resonant frequency by the size of the Rectangular Micro-strip Patch
Antennas (RMPA) is revealed, based on microwave nondestructive testing technology. Furthermore, the interaction mechanism between
the resonant frequency of RMPA and the strains is explored. RMPA can radiate at one or two resonant frequencies. The resonant
frequency shifts as the length or width of RMPA varies. Thus, when a tensile stress is applied on the grounded metal sheet of RMPA, the
geometrical dimension changes, which induces the resonant frequency shift. This phenomenon can predict the strain of the grounded
metal sheet inversely. This is of great importance to the strain and crack monitoring of key load-bearing structures.
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Fig.1 Diagram of a rectangular micro-strip patch antenna
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Fig.2 Electric field lines
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Fig.3 Two types of feeding location of micro-strip

patch antenna
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Fig.4 The photo of sensors with different sizes
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Table 1 Design parameters of RMPA

MU EE/mm AR CTE R /mm B

Al RO

A 13,14,15 - 21 12 fio
T 1/2 4k
B 12 13,14,15,---,21 Jor
c 13,1415, 21 12
Fiil 174 b Sio A for
D 12 13,14,15 - 21

2 BRMEERITEE
Table 2 The calculated theoretical values of

resonant frequency

S

S BB fE/ GHz Jor BB {H/GHz

13 6.25 6.77
14 5.81 6.77
15 5.42 6.77
16 5.08 6.77
17 4.79 6.77
18 4.52 6.76
19 4.28 6.76
20 4.07 6.76
21 3.88 6.76
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Fig. 5 The testing result of RMPA% radiate unit

in center feed
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Fig. 6 Influence of length/width of sensor radiation

element on resonant frequency on center feed
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Influence of length & width of sensor radiation

Fig. 8

element of resonant frequency in 1/4 feed
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Fig.9 Diagram of cantilever
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Fig. 10  Experiment system of strain measurement
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