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Enhancement of Penetration by Using Mechenical Micro Needle in Textile Strain Sensor
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Abstract

Recently, interest in and demand for sensors that recognize physical activity and their products are increasing.
In particular, the development of wearable materials that are flexible, stretchable, and able to detect the user's
biological signals is drawing attention. In this study, an experiment was conducted to improve the dip-coating
efficiency of a single-walled carbon nanotube dispersion solution after fine holes were made in a hydrophobic
material with a micro needle. In this study, dip-coating was performed with a material that was not penetrated, and
comparative analysis was performed. The electrical conductivity of the sensor was measured when the sensor was
stretched using a strain universal testing machine (Dacell Co. Ltd., Seoul, Korea) and a multimeter (Keysight
Technologies, Santa Rosa, CA, USA) was used to measure resistance. It was found that the electrical conductivity
of a sensor that was subjected to needling was at least 16 times better than that of a sensor that was not. In addition,
the gauge factor was excellent, relative to the initial resistance of the sensor, so good performance as a sensor could
be confirmed. Here, the dip-coating efficiency of hydrophobic materials, which have superior physical properties
to hydrophilic materials but are not suitable due to their high surface tension, can be adopted to more effectively

detect body movements and manufacture sensors with excellent durability and usability.

Key words: Biological Signal Monitoring, CNT-based Sensor, Dip-coating Micro Needling Effect, Smart
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Fig. 1. Fabric used in this paper (PE90/PU10)
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Fig. 2. (a)(d) Progress of conductive specimen fabrication
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Table 1 zﬂz}
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¢) Needled Spicemen with 2 dip coating process
d) Needled Spicemen with 3 dip coating process

Non Needling 2 time Dip-coating Resistance

(Unit: Q) 1 2 3 4 5 6 7 8 9 Average
Ry 15703 15697 15687 15928 15751 15943 16074 15795 16076 15850.4
R¢ 18127 18028 18162 18162 18372 18480 18452 18603 18537 18324.7
AR 2424 2331 2475 2234 2621 2537 2378 2808 2461 24743

Non Needling 3 time Dip-coating Resistance

(Unit: Q) 1 2 3 4 5 6 7 8 9 Average
Ro 4514 4476 4556 4586 4564 4580 4700 4643 4646 4585
Ry 5654 5626 5655 5740 5873 5879 5865 5940 5903 5792.7
AR 1140 1150 1099 1154 1309 1299 1165 1297 1257 1207.7

Needling 2 time Dip-coating Resistance

(Unit: Q) 1 2 3 4 5 6 7 8 9 Average
Ry 709 714 719 717 720 724 729 728 734 721.5
Ry 859 870 866 872 872 874 877 874 884 872
AR 150 156 147 155 152 150 148 146 150 150.4

Needling 3 time Dip-coating Resistance

(Unit: Q) 1 2 3 4 5 6 7 8 9 Average
Ry 285 289 291 291 291 292 293 293 294 291
R¢ 326 326 328 327 329 331 331 330 331 328.7
AR 41 37 37 36 38 39 38 37 37 377
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Table 2. Baseline drift of sensors

(Unit: Q) Non Needling Non Needling Needling Needling
’ 2 time Dip-coating 3 time Dip-coating 2 time Dip-coating 3 time Dip-coating

Ro 19000 4476 751 307

Ry 27338 6208 764 317

AR 8338 1732 13 -10

BD 0.439 0.387 0.017 0.032
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