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Abstract

Clothing pressure has close relation with clothing comfort and depends on the pattern and properties of
textile fabrics. Choosing a suitable clothing pressure is an essential factor for designing functional clothing
such as the foundation for reshaping of a body contour or medical items for burn patient, and etc.
However, it is hard to measure pressure values at the curved surface of a human body correctly. Recently,
an air pack type pressure sensor, which has relatively excellent performance has been used to measure
clothing pressure, however, it is still inconvenient to apply because it is a contact- type sensor. Therefore,
in this paper, we suggest an indirect method that can measure clothing pressure without touching the
subject by improving the equation of Kirk and Ibrahim (1966). However, confusions have been occurred
when someone use the equation since the definition of parameters are somewhat vague. Furthermore, the
estimated clothing pressure obtained by the previous method are quite different from the real values
because this method does not consider the 3D effect of a human body and property changes of a
transformed fabric. In this paper, the direction of principal stress and the radius of curvature in the
principal direction were searched in the 3D image of the deformed girdle to get more accurate clothing
pressure. The estimated clothing pressure was verified by comparing the result of the air pack type
pressure sensor. It was found that the accuracy of the pressure estimation was improved by considering the
3D curvature of human body and the directional characteristics of textile fabrics.
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Fig. 1. Scope of the experimental
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Fig. 2. Tensile stress on a sphere surface
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P: pressure (gf/cmz)

T: tensile stress (gf/cm)

p: radius of curvature (cm)

u: horizontal direction

v: vertical direction
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Fig. 3. The guidelines on the girdle surface
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Fig. 5. Experimental method for the measurement of tensile stress depending on the angle of force
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Fig. 6. Air pack type clothing pressure sensor AMI
3037-2

Table 1. Specification of air pack type clothing pressure
sensor

Model AMI 3037-2

Point 2

Range (gf/cm’) 0.0-300.0

Accuracies (gf/cmz) 0.0-99.9: £0.5, 100.0-300.0: £1.5
DC Output 1 gffem? (10mmH.0) — 10mV
Battery charger LR6(AM3) 1.5Vx4

Dimensions (mm) | H45xW92xD162

Weight (g) 500
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Fig. 7. Load elongation curve with various angles

Fig. 8. Original and transformed curves and axis
{before transformation axis are orthogonal
in vertical and horizontal direction, however,
after extension on the body surface, the
major axis and minor axis of circle has been
moved by 61 and 62 the original axis)
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Table 2. Comparison of the radius of curvature mea-
sured by the improved method of the study

and previous method

Radius of curvature (cm)
Position

Improved method Previous method

Major Minor Horizon Vertical
1 11.30 10.50 20.04 46.27
2 14.00 13.40 19.05 33.40
3 12.90 12.10 14.62 [7.9%
4 11.50 11.50 13.34 30.24
5 15.03 11.00 17.81 36.32
6 12.00 9.50 15.40 40.20
7 10.83 12.00 11.87 50.00
8 11.60 10.04 11.89 24.40
9 9.80 8.20 21.49 11.21
10 10.50 10.10 11.00 40.00

Fig. 9. Positions of clothing pressure estimation and
measurement with the air pack type pressure

sensor
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Table 3. Change of the angle and length in major and minor axis

Position Change: of th.e angle in Chang§ of th'e angle in Increase':d 1ength in Increa§ed length in
major axis (61) major axis (62) major axis minor axis
1 12° 17° 1.64em 0.76cm
2 13° 28° 1.70cm 0.55¢cm
3 14° 25° 1.58cm 0.40cm
4 9° 15° 1.60cm 0.33cm
5 14° 14° 1.66cm 0.52cm
6 6° 9° 1.76cm 0.56¢cm
7 5° 17° 1.70cm 0.32cm
8 1° 11° 1.73cm 0.53cm
9 14° 10° 1.50cm 0.50cm
10 9° 3¢ 1.80cm 0.83cm
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Table 4. Comparison of load and tensile stress measured by the improved method of this study and previous method

Load (gf) Tensile stress (gf/fcm)
Position Improved method Existing method Improved method Previous method
Major Minor Horizon Vertical Major Minor Horizon Vertical

1 320.00 160.00 378.74 177.80 62.75 31.37 74.26 34.86

2 340.00 130.00 392.44 129.85 66.67 2549 76.95 25.46

3 330.00 120.00 365.04 95.60 64.71 23.53 71.58 ‘18.75

4 320.00 70.00 369.60 79.62 62.75 13.73 72.47 15.61

5 340.00 110.00 383.30 123.00 66.67 21.57 75.16 24.12

6 370.00 90.00 406.14 132.14 72.55 17.65 79.63 25.91

7 350.00 90.00 392.44 77.34 68.63 17.65 76.95 15.16

8 370.00 120.00 399.29 125.29 72.55 23.53 78.29 24.57

9 330.00 110.00 346.77 118.44 64.71 21.57 67.99 23.22

10 360.00 180.00 415.27 193.79 70.59 35.29 81.43° 38.00
Table 5. Estimation of clothing pressure and measured metA <Table 4>9] Exto) siFdle SHzka
clothing pressure at 10 positions <Table 2>9] BRo) s} 3§ ulAZ 0T 105

Position | Estimated pressure Measured pressure l<Fig, 9>ollA] 2 ERFS of| 2362 2 A= <Table
1 8.54 gffem’ 7.64 gfiem’ 5>¢} 7t} ’
2 6.66 gficm’ 9.56 gffcm’

3 6.96 gficm’ 9.91 gflcm’ 4. 9|29} Oj|ZA|0] H=
4 6.65 gffem® 7.41 gfiem®
) 2
g o gren 0.8 gbem el gENeR TR A3} B Aol A
6 7.90 gffcm 11.24 gficm Hh 6 25} opel 7hal ZHILO 8] S
= 7 = © =] :
7 7.81 gffem? 11.39 gffem? PHo 2 o5 oF b 2Yke Hlaslw <Fig
8 8.60 gflem’ 9.26 gffom’ 10>3} 2tk <Fig. 10>004 B wie} ho] & A
9 9.23 gffcm’ 8.93 gflem’ oA A o R S o S3HH 712 Wy
10 10.22 gffem’ 15.08 gf/cm’ o] ¥l&) Szt 7Y A AL & F Ut
20
18 4 —=— Clothing pressure estimation by this study
—@— Clothing pressure estimation by Kirk & Ibrahim
16 4 —%— Clothing pressure measurement using air pack
type pressure sensor
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Fig. 10. Clothing pressure by the improved method of this study, previous method, and the air pack type pressure

sensor
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