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The Effect of Fiber Shape and Geometrical Configuration on
FUKURAMI of Silk Weaves

Mitsuo MATSUDAIRA

Abstract

In order to investigate the effect of shape and geometrical configuration of silk single fiber
on FUKURAMI (fullness and softness) of a silk weave, silk fibers were taken out of that weave
and characterized preciseiy. The fiber assembly structure of these silk fibers was discussed in
relation to the mechanical properties of the yarns and the fabrics. The following results were
obtained. The crosssections of the silk fiber varied in shape and size. The longitudinal small
crimps and distorted ridgelines were recognized and shown to be randomly distributed. All of
these factors contributed to the high bulk of their fiber assemblies. The above variations and
randomness of the silk fibers influenced the lateral compressional properties of the yarns and

brought about the softness. The same above factors influenced fabric tensile and compressional
properties and could explain their high FUKURAMI.
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Table 1 Details of Fabric Samples

No. Fibre Density ( /m) Counts (tex) Thickness Weight

Warp Weft Warp Weft  (mm)* (&/m?)
1 Silk 5600 3200 6.2 9.8 0.215 817
2 polyester 3800 3900 4.7 57 0.137 62.6

*The thickness is measured under the pressure 49 Pa.
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Fig. 1 Longitidinal (left) and cross - sectional (right)

views of silk fibers.
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Fig. 2 Longitudinal (left) and cross - sectional (right)
views of silk - like polyester fibers.
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Fig. 3 Shapes of successive cross - sections of silk (A - K) and silk - like polyester («,B) fibers in long range.
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Fig. 4 Shapes and succesive cross - sections of silk (A

- J) and silk - like polyester {(«,8) fibers in short

range.

Table 2 Mean Bending Rigidity of a Fiber

Fibre Silk Silk - like Polyester

Cross sectional Area (zm?) 100.8 1064
Moment of Inertia (um*) 754 793
Young's Modulus (N/m?)  16.5x10° 14.2x10°
Bending Rigidity (N-m?)  1.24x10~" 1.13x10°"
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Fig. 5 Three dimensional model of two typical
examples of silk (left) and silk - like poly-
ester (right) fibers.
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Fig. 6 Tensile (left) and lateral compressional (right)
properties of silk and silk - like polyester
yarns.*; force / yarn unit length, D, ; diameter

at the force 2 N / m.
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Fig. 7 Mechanical parameters and primary hand
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Fig. 8 Appearance of fiber assembly model of silk

(left) and silk - like polyester (right) fibers;
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Fig. 10 Mutual desposition of fibers in a fiber
assembly model of silk (above) and silk -

like polyester (below) fibers.
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Fig. 9 Illustration of fiber assembly model of silk
(left) and silk - like polyester (right) fibers.
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Fig. 11 Cross - sectional photographs at the cross -
over point of warp and weft yarns for the

silk and the silk - like polyester weave.
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Table 3 Space Between Fibers in Fibers -

bundle Model and Actual Yarn in
Woven State

Silk  Silk - like Polyester

Fibers - bundle Model 42% 11%
Yarn in Weave 27% 16%
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Fig. 13 Cross - correlation coefficient of the crimp
wave of adjacent two silk fibers for three
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Table 4 Crimp Wave Model of Fibers by Flexible
Wires 5 & =%
Model Amplitude (mm) Pitch (mm) Porosity
Max. Mini. Max. Mini. %E ﬁﬁﬁ@mﬁ&fﬁﬂ &%Z;lkbxjﬁm‘s‘ < i) A 0:&03
a 00 00 00 00 02 TENRE U LT B 72, SR
b 1.0 1.0 21.0 35 0.88 5 4 7'_1_::]);_;(7_}1/%%; ')HSU)Hij:ﬁz,%Em
c 10 10 350 200 0.82 SR 238 A s L,
o 50 10 100 100 0o BARERBL, 2150 BEL TAOTILS
e 25 01 100 100 0.85 CEDEEAERTLIEICEY, UToHR
f 15 15 200 200 0.77 5487,

Fig. 14 Appearance of crimp wave model of
fibers by flexible wires.
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Appendix Descriptions of Mechanical Characteristic Values

(BRC#), 25

Property Parameter

Description

Unit Apparatus

Tensile

LT

Linearity of load/extension curve
Tensile energy

Tensile Resilience

None

nm/m?

KES-FB1

Bending rigidity

Hysteresis of bending moment

Shear Stiffness
Hysteresis of shear force at shear angle of 0.0087 rad

Hysteresis of shear force at shear angle of 0.0872 rad

Linearity of compression/ thinckness curve
Comperssional energy

Compressional ressional resilience

Coefficient of friction
Mean deviation of MIU

Geometrical roughness

Thickness

Mass

Fabric thickness

Fabric mass per unit area

KES-FB3

Balance




