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Compressional Properties of Fiber Assemblies

Part 1 . Parametric Representation of the Compressional Curves of Fabrics

Mitsuo Matsudaira and Qin Hong

Graduate School of Natural Science and Technology, Kanazawa University, Kakuma —machi, Kanazawa

Abstract

As the first step in a series of studies on the compressibility of fiber assemblies, here were sought a small
number of parameters which can represent reasonably the compression and decompression (recovery) curves of
fabrics. The followings were obtained : the compression has three characteristic stages, in the first and third of
which linear approximations are valid, and in the second of which exponential ones valid ; in the recovery, the
stress decays first linearly and then exponentially to arrive finally at zero leaving a strain which does not vanish
instantaneously ; the increasing rate of stress in the second stage of compression may be related to fabric
structure, friction between fibers and/or yarns ; the decreasing rate in the second region of recovery may be
related to ability with which fibers and yarns can regain their original states against the mutual frictional
restraint ; these two rates play dominant roles in the whole process. An analysis of principal component, which
was done on the parameters characterizing these stages for various sample fabrics, suggests that the two prin—
cipal components are representative of almost all information on the compressibility, and that first of them may
be related to the compressive compliance and softness, and the second to the compressive rigidity and
recoverablity.
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Fig. 2 Calculated curves obtained from equations
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Table 1 Details of Sample Fabrics

Sample Texture. Flbelr yarn count End-uses
No. material (tex)
1 Ponte-de-roma Wool (100%) Both:25 (1,740) Ladies’ suits
2 Plain weave Aramide (55%) Both:14.8 (40,/1) Outdoor sports
+Polyester (45%)
3 Tricot . Nylon (80%) : Both:Nylon;5. 6 Swimming suits
+Polyurethane(20%) (50d,17 f ) X Polyurethane ; 4.4 (40d)
4 Plain weave Polyester (100%) Both:10 (90d) Ladies’ Dresses
5  Satin weave Polyester (100%) Both:15 (135d) Ladies’ suits
6  Plain weave Pélyester (100%) Both:23.3 (210d) Ladies’ suits
7 Twill weave Wool (100%) Both:20.8 (2 ,/748) Men’ suits
8 Satin weave Silk (100%) Both:2.3 (21d) Ladies’ dresses
9  Twill weave Cupra (55%) Both:Cu;9.8 (607 1) Jackets
: ' + Acetate (45%) X Ac;8.3 (75d)
10 Tubular Cotton (100%) Both:9.8 (60,2) Sports wears
11 . Plain weave Rayon (100%) Warp:13.3 (120d) Ladies’ dresses
v _ Weft:19.7 (3071) v
12 Plain weave Cupra (100%) Warp:8.3 (75d) Blouses
Weft:13.3 (120d)
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Fig. 3 Compression between the experimental
(solid line, by KES) and calculated (dashed
line) compressional curves of some sample
fabrics
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Table 2

Results of regression constants and characteristic
compressional properties for four representative
samples

AR F 2

Parameter

Unit Sample 1 Sample 2 Sample 3 Sample 4

- 14.18 10.58 38.90 20.24

- 24.12 34.80 28.06 42.21
b, - 760.3 1540 979. 6 1363
b, - 1707 3116 1897 2468
b - 31.25 55.79 48. 06 57.07
LC - 0. 666 0. 488 0. 753 0. 697
wWC gf cm/orf 0.234 0.152 0.166 0.127
RC % 60. 35 51.78 63.387 69. 67
T, mm : 1.2182 0. 761 0. 439 0. 390
To—Tax mm 0.242 0. 250 0.120 0.112
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Table 3 Eigen Values and proportions estimated
by the principal component analysis

No. Eigen Value Proportion(%) Accumulated(%)
1 4,5731 76.2 76.2
2 1. 1867 19.8 96.0
3 0. 1430 2.4 98.0
4 0. 0955 1.6 100. 0
5 0. 0016 0.0 100.0

Table 4 Eigen vectors estimated by the principal
component analysis

Parameter Z, Z, Z Z, Z
b, (X)) 0.4383 —0.2698 —0.1703 —0.5667 —0.5275
by (X,) 0.4369 —0.3049  0.1369  0.3745  0.6159
LC (X9 0.2917  0.6850  0.5951  0.1874  0.0457
WC (X,)  —0.4382  0.2803 —0.0247 0.5445 —0.2825
RC (X3 0.3567  0.5341 —0.7445 —0.0554  0.1428
To-Tw(Xe) —0.4611  0.0348 —0.2081  0.4518  0.4901
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