Evaluation of surface characteristics of fabrics
using tactile sensor
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Evaluation of Surface Characteristics of Fabrics using Tactile Sensor
Fumiya YOSHIMURA, Toshiyasu KINARI, Hiroshi TACHIYA™ and Kyohei TAKAKUWA

“2 Kanazawa University, College of Science and Engineering, School of Mechanical Engineering,
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Weave, yarn density, yarn count, fiber material and so on of woven fabrics greatly affect their surface
characteristics. Surface characteristics of a fabric are important factor for consumers and textile producers in order to
evaluate its fabric hand. However, there is no simple system to easily measure its surface characteristics. This study uses
a simple tactile sensor that can measure the friction coefficients of fabric surfaces and tries to evaluate their surface
characteristics from obtained values. We traced surfaces of plural fabrics that differ in yarn, weave and yarn density
with the tactile sensor, and measured variation of the friction coefficients with respect to the trace distance. This study
introduces some evaluation values from the measured variation of the friction coefficients and compares them with
results by KES, which is the ordinary system to evaluate surface characteristics of a fabric. As a result, the study
confirmed that proposed method easily evaluates the geometrical and frictional properties of woven fabrics as their
fabric hand, and also can estimate the yarn density of woven fabric by analyzing the oscillation period of variation of
friction coefficient.
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Fig. 1 Tactile sensor [unit: mm]
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Fig. 3 Relations between measured strain and applied forces
Table 1 Proportionality constants of Egs. (2) [unit: 1/N]
a, 9.2x10°
ag 7.2X10°
ac -75x10°
b, -5.6x10*
bg 49x10"
b -6.5x10*
Table 2 Properties of textile samples
Yarn count Yarn density
No. Fiber material Weave Warp Weft Warp Weft
[tex] [tex] [ends/mm] | [picks/mm]
1 Wool Plain 329 325 1.6 17
2 Polyester Plain 9.1 9.1 3.6 3.7
3 Cotton Plain 259 311 2.8 24
4 Polyester Plain 7.1 7.2 44 43
5 Cotton 2/1 Twill 62.4 36.2 25 2.1
6 Cotton 2/2 Twill 272 28.3 2.6 25
7 Cotton 3/1 Twill 25.6 27.0 44 2.6
8 Polyester Satin 8.2 8.0 74 4.0
9 Polyester Satin 6.4 10.1 10.3 42
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Table 3 Measured values of the textile samples by the tactile sensor and KES

Instrument Tactile sensor KES
a Un MIU MMD SMD [um]
No. | Wave
0° 90° 0° 90° 0° 90° 0° 90° 0° 90°
1 | Plain | 0.428 0.503 0.074 0.100 0.189 0.218 0.018 0.021 11.03 10.45
2 | Plain | 0.249 0.250 0.085 0.051 0.150 0.153 0.025 0.022 8.55 5.02
3 | Plain | 0.247 0.262 0.049 0.050 0.144 0.138 0.011 0.015 5.19 4.90
4 | Plain | 0.277 0.247 0.052 0.042 0.143 0.140 0.011 0.008 2.45 1.97
5 | Twill | 0.236 0.297 0.056 0.087 0.143 0.151 0.022 0.040 4.55 8.39
6 | Twill | 0.369 0.373 0.044 0.053 0.202 0.204 0.042 0.012 5.48 4.62
7 | Twill | 0.224 0.259 0.017 0.026 0.135 0.137 0.007 0.012 1.45 2.89
8 | Stain | 0.174 0.312 0.009 0.054 0.167 0.274 0.004 0.012 0.48 1.35
9 | Stain | 0.261 0.397 0.014 0.054 0.250 0.297 0.020 0.015 2.83 3.00
0.6
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Piano wire A Twill 90°
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0 1 1
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Fig. 8 Contact device of KES for MIU and MMD MIU

Fig. 9 Relationship between MIU and 1/



Table 4 Coefficient of Correlation between MIU and 1

Weave Coefficient of correlation
Plain 0.97
Twill 0.96
Stain 0.95
All 0.56
Plain and Twill 0.93
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Fig. 10 Relationship between MMD and £z, Fig. 11 Relationship between SMD and 1z,



Table 5 Coefficients of correlation between MMD and  z¢,

Weave Coefficient of correlation
Plain 0.71
Twill 0.67
Stain 0.18
All weaves 0.48
All weaves except stain 90° 0.50

Table 6 Coefficients of correlation between SMD and ¢

Weave Coefficient of correlation
Plain 0.87
Twill 0.95
Stain 0.31
All weaves 0.83
All weaves except stain 90° 0.89
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Fig. 13 Relationship between estimated yarn density and measured yarn density
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