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Wearable Flexible Strain Sensor Based on Principle of Spider-web Resonance
Sensing and In-situ Detection of Cotton Stalk Pulling Force

Zhang Jiaxi'? Li Xiaofeng'? Wang Yichao'® Xing Chunxiao"® Li Jinming'> Shen Shilong'"
(1. School of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgqi 830052, China
2. Xinjiang Key Laboratory of Intelligent Agriculiural Equipment, Urumgi 830052, China)

Abstract; In response to the problem that the pulling force during cotton stalk removal cannot be
accurately obtained, based on the principle of spider-web resonance perception, a type of wearable bionic
flexible strain sensor for cotton stalks was developed to conduct in-situ detection of the pulling force. Two
types of web bionic structures were designed using Solidworks software, and the optimal geometric
parameters of the web structure (radius gradient of 36 mm, 38 mm, and 40 mm, line width and spacing
of 1 mm) were determined through finite element simulation. Using thermoplastic polyurethane (TPU) as
the elastic substrate, the flexible sensor was fabricated and encapsulated by screen printing technology,
and a data acquisition system was set up to test the sensor’s sensitivity, response time, drift, and
stability. The test results showed that the sensor’s sensitivity coefficient ( GF) was increased linearly with
strain, the response time was 250 ms, the recovery time was 590 ms, and after 100 stretching cycles, the
resistance change exhibited good stability, with a maximum hysteresis error of 3. 6% within a strain range
of 0% to 12% , and the electrical signal change was weak when the temperature fluctuated between
—15°C and 25°C. Through the static load calibration test of the sensor and cotton stalks, the force signal
of the cotton stalks was converted into an electrical signal, and the output signal change trends of both
were consistent. A tensile force — resistance change model (R’ = 0.998) was established, and the

average relative error of the verification test results was no more than 4.78% . The field test results
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verified that the sensor could accurately monitor the dynamic changes of the pulling force during the

cotton stalk removal process in real time. The research results can provide data support for the

optimization and improvement of cotton stalk harvesting equipment and offer a reference for the application

of flexible sensing technology in-situ detection of various crops.

Key words: spider-web resonance; flexible strain sensor; bionic structures; in-situ detection
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Tab.1 Measurement result of cotton stalk moisture

(c) HARM &
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Gi%  THWE/e  FHRERE/  BkR/%
1 23.45 17.77 24.21
2 26. 12 19.12 26. 80
3 24.83 18.52 25.41
4 25.67 18.95 26. 17
5 23.92 18. 16 24.09
6 26. 85 19.56 27.15
7 24.37 18. 09 25.78
8 25.23 18.78 25.56
9 23.18 17. 68 23.73
10 26. 38 19.23 27.10
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Tab.2 30 sets of calibration results

23 A/ S 3 AR A H BH b 2/ %%%ri
AL /kQ kQ A5 RE %
50 0.47 0.013 2 2.79
100 1.22 0.040 0 3.28
150 1.89 0.0525 2.78
200 2.45 0.065 7 2.68
250 2.74 0.0202 0.74
300 3.18 0.0442 1.39
350 3.68 0.0423 1.15
400 4.59 0.077 6 1.69
450 5.65 0.106 1 1.88
500 6.67 0.061 4 0.92
550 9.35 0.1056 1.13
600 12.35 0.090 2 0.73
650 17.31 0.080 6 0.47
700 21. 83 0.1348 0.62
750 25.86 0.3335 1.29
800 29.43 0.3012 1.02
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signal relationship curve
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SLFR{E/ T fE/N - 249 4 X

N HA L HAR2 A3 HA4 RS RE/%

200 192.03 189.85 209.94 190.30 210.03 4.78

350 365.36 332.81 360.20 354.29 337.12 3.43

450 435.66 461.73 467.83 433.36 451.21 2.75

500 510.89 481.47 475.60 515.63 488.77 3.23

620 630.21 637.06 595.15 644.58 605.46 2.95
750 716.14 760.44 765.41 723.07 727.61  2.91
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