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When the whiteness of a fabric is measured, the test piece used generally piles up with two
or three sheets of fabric. However, the reason for this piling remains unclear,

This paper examines the effect of the number of piled up fabrics of a test piece on its
apparent reflectivity, which is closely connected to its whiteness, using an analytical model.
Eight plain weave fabrics provided by Nakao Filter Co.Ltd. were prepared as samples. They
were undyed and made of different fiber species. Using a color analyzer model CA-35, produced
by Murakami Color Laboratory Co.Ltd., the reflectional spectra of the test pieces in the visible
light range were measured as a function of the number of piled fabrics.

The results showed that the apparent reflectivity of test pieces increased as the number of
piled up fabrics increased, then gradually tended to saturate for all wave lengths, with faster
saturation rates being observed for lower wave lengths and violet colors. Experimental data
were further analyzed under a simplified assumption of the optical behavior of fabric layered
into a test piece. Thus, characteristic coefficients of reflection and transparency were estimated
for each sample. Previous values ranged from about 40% to 50%, while later values were
about 90%. Moreover, it seemed that the characteristics of reflection were determined by two
components; one might be from the surface area of a fabric, the other from its interior.
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Table 1. Specification of sample
Yarn density (Number Fabric ~ L* measured

Sample Yarn type Yarn count (Tex) ) )
fabric of yarns/2.54 cm) thickness with one

Warp Filling Warp Filling Warp Filling (mm)  sample fabric
Cotton spun yarn spun yarn 32.4 28.2 17.5 18.3 0.276 82.2
Silk filament yarn filament yarn 59.8 40.2 4.0 7.2 0.122 79.0
Wool spun yarn spun yarn 29.3 26.5 18.9 16.6 0. 289 72.3
Rayon filament yarn filament yarn 35.9 23.5 13.3 13.8 0.160 76.5
Acrylic spun yarn spun yarn 32.6 27.8 16.0 13.9 0. 258 74.8
Nylon filament yarn filament yarn 57.8 37.5 6.0 5.5 0.126 69.6
Polyester  filament yarn  filament yarn 82.7 70.7 16.0 13.9 0.111 72.9
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Fig. 1. Plottings of reflectance against wave length
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Fig.2. Plottings of reflectance against wave length for test piece with a varied number of piled fabrics

a: Cotton. b: Nylon. c: Wool.
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Fig. 3; Plottings of reflectance against piling number of fabric for different wave lengths

a: Wool. b: Cotton.
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a: Cotton 400 nm. b: Cotton 650 nm.
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Table 2, Coefficients of reflection (¢) and transparency
(b) calculated from analytical equation and exper-

imental data

Piling number Rayon Polyester Wool
of fabrics a b a b a b
1 0.488 0.891 0.430 0.940 0.433 0.750
2 0.431 0.843 0.387 0.930 0.401 0.713
3 0.400 0.860 0.353 0.931 0.38¢ 0.711
4 0.393 0.86 0.327 0.934 0.375 0.710
5 0.362 0.872 0.309 0.934 0.369 0.712
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Table 3. Coefficient of reflection (e¢) at 550 nm calculated
from analytical equation and experimental data
with mean value of coefficient of transparency (b)

Coefficient of reflection (a)

Rayon Polyester Wool
Piling number of fabrics

1 0.491 0.431 0.439

2 0.420 0. 386 0. 400

3 0. 393 0.351 0.379

4 0. 379 0. 327 0. 369

5 0. 364 0. 309 0. 363

Coefficient of transparency (5) 0.871 0.934 0.719

(653)
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Table 4. Comparison of reflectances calculated to those ob-

served

Piling number

Sample fabric . Calculated Observed
of fabrics
1 0.613 0.612
2 0.731 0.735
Cotton 3 0.787 0.787
4 0.809 0. 808
5 0.819 0.819
1 0. 509 0.507
2 0. 642 0. 648
Rayon 3 0.716 0.719
4 0.758 0.762
5 0.775 0.775
1 0. 455 0.450
2 0. 580 0. 580
Wool 3 0.627 0.629
4 0.648 0. 650
5 0. 658 0. 659

Table 5. Estimated components from open surface (4) and
from inside (B) for coefficient of reflection

Rayon Polyester Wool

Component from open surface (A) 0.154 0.144 0. 094

Component from inside (B) 0. 339 0. 295 0. 347
Piling number of fabrics

1 0.491 0.431 0.439

2 0.412 0. 355 0. 392

3 0. 386 0. 329 0. 376

4 0.372 0. 317 0. 368

5 0. 364 0. 309 0. 363
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