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The opposite of limp
conformability

Frimarily relates to bending stiffness.
Fabric with a compact weave structure and made from
springy and elastic yarn results a high koshi value.

A feeling coming from a combination of bulky, rich, and well-informed
impressions. A springy property in compression and thickness,
acoompanied by a warm feeling reflects this quality.

A feeling coming from a crisp and ridged fabric surface.
Observed in density woven fabrics made from hard
twisted yarns. The fabric gives a cool ouch feeling.

Influenc:

Kashi . ; n
N (Anti-drape stiffness) Fukurami
|Stiffmess) (Fullness and softness)
CHand axprstion S .
~. Kishimi
Shari (Semopy and silk-like feeling)
{ Crispne. Shinayakasa

ss)
(Saft, flexible, and smoath feeling)

Hari

Influenced by fabric thickness, weight, tensile,
shear, and surface properties.

:

ed by bending, shear,

and compression properties.

4.5 Primary hand expressions and related fabric properties.

10
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Sty S,

FABRIC HANDLE
KAWABATA EVALUATION SYSTEM OF FABRIC (KESF):
1. KES-FB1 ® Tensile and shearing
2. KES-FB2 ® Bending
3. KES-FB3 ® Compression
4. KES-FB4 ® Surface friction and variation
Total 16 parameters explained showed in the table and

explained in detail below,
‘ ' ‘

4/11/2013
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Tensile LT Linearity of load extension curve

WT Tensile energy
RT Tensile resilience

Shear G Shear rigidity
2HG Hysteresis of shear force at 0.5°

2HGS Hysteresis of shear force at 5°
Bending B Bending rigidity
2HB Hysteresis of bending moment

Later compression LC Linearity of compression thickness curve
wcC Compressional energy
RC Compressional resilience

Surfce MIU Coefficient of friction

characteristics

MMD Mean deviation of MIU

SMD Geometrical roughness

Fabric construction W Fabric weight per unit area

To Fabric thickness

JLM’SJ )‘> Lfo‘) G¥gm plysy 5o

KES-FB 1:

Stressed up to 500¢f/cm -------- > 500gf/cm load
Sample is clamped between 2 Jaws with effective test area of 5/L cm x 20/W cm and subjected to
a constant tension of 10gf/cm by a weight attached to the drum on which one jaw is mounted.

° Constant tension is applied by allowing the drum to rotate freely.

The shear force is measured by a transducer connected to the other jaw which moved sideways to
apply the shear deformation and the shear strain is detected by potentiometer

4/11/2013
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B
(a) WT = Tensile energy = J L dE
0

= Area under the load - extension

(b) Linearity (LT)

f
WL _ (LdE/OSL,E,
AOAB 3

RdE
Area under recovery curve

x100 =
(c) Resilience (RT) Area under load curve

€ Py by

%100

LdE

© Py by

(d) Shear Rigidity G slope of curve between 0.5° and 2.5° shear Angle

(e) 2HG = Hysteresis of shear force at 0.5° shear angle

g Pl 5SS

KESF -1

Sheat strain dectector

Shear force detector

ForccF— —— >

> Extension(E)
Tensile mode graph

Slide for shear force

application

Tensile strain detector

Fabric speciricn

A¢ j\ \\)
P

Tensile force detector

Drum fdr tensile force
application

13
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KES-FB-2:
Fabric sample is bent between the curvatures -2.5 and +2.5cm™1

(g) B = Slope between 0.5 and 1.5cm™1 curvature

(h) 2HB = Hysteresis of bending moment at curvature 1cm™1,

Juy )é L.?p‘) G¥gm plydy J5

TORQUE SENSOR.

FABRIC SPECIMEN

4/11/2013
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KES-FB-3:

The compressional properties between two plates and increasing the pressure while continuously monitoring the
sample thickness upto a max. pressure of 50gf/cm2(0.49N/cm?2).
X
u—ljﬂ&
X'D

Compressional measurement is done by KES-F-3 as shown in Figure. The principle of the apparatus is shown in
Fig. is an example of the recorded curves. The integration of the curve is computed by the computing block
automatically.

The signal from the transducer is passed the filter having prescribed frequency response and integrated to
compute SMD.

Juy )é L.?O‘) G¥gm plysy 5o

(i) LC = Linearity of compression curve

Area under compression curve / Area of triangle (Tg AThe)

”f" cdr

b 1/2(2?) _Tm)Pm

(j) WC = Compressional energy

Ta
cdrT

o

(k) RC = Compressional resilience

il

RdT
Area under recovery curve

%100

Pl P D

Area under compression curve

CdT

—

4/11/2013
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KESF-3

Thickness detector—

Drive for pressure foot

fpecimen

Compressive force
detctor

«<—— Thickness, T , mm

Sty S,

KES-FB4:

(1) MIU = mean value of coefficient of friction,

Hatched area 1 T
= _— |ﬂ— ﬁ |.d1
X Xig

(m) MMD = mean deviation of coefficient of friction (b)

(n) SMD = Geometrical roughness

_ Hatched area _ i.flT—fl.dI
X X3

In addition to these,
(o) W = fabric weight per unit area and
(p) To = fabric thickness

are also reported in KESF system.

16
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Surface roughness

(&'lvcliou system

Friction peoint

Fabric specimen

Drum for fabric
motion

Frictional force

detector

Dead weight

Sty S,

FABRIC HANDLE

FAST SYSTEM (FABRIC ASSURANCE BY SIMPLE TESTING):

Much simpler than KESF system :

1) FAST 1 - Compression meter

2) FAST 2 - Bending meter

3) FAST 3 - Extension meter

4) FAST 4 - Dimension stability test

17
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1. Dried at 105°C and length (warp/weft) - L,

2. Soared in water and wet relaxed length -L,

3. Redried in oven and measure again - L;

Relaxation shrinkage =

L1 x100%

Hygral Expansion=

Li~8 %x100%
L.

JLM‘S" )b Lfo‘) G¥gm plysy 5o

Derived Properties:

Some values of produced by FAST are not measured directly but are calculated using a combination of values from different
FAST instruments and in some cases using Mathematical Constants. These properties are known as Derived properties because
they are not directly measured by any one instrument. Bending Rigidity, described earlier, is a derived property because in
addition to the Bending Length, fabric weight is brought into the calculation. The measurements obtained from FAST-3 are
important in calculating two further derived values, Formability and Shear Rigidity.

Formability:
- - - —
\ Formability is calculated using values obtained from both FAST-2 and
4 FAST-3. It can be described in scientific terms as "a measure of the ability
- S - s of a fabric to absorb compression in its own plane without buckling".

In practical terms, this type of compression is imposed upon the fabric by a combination of thread size, needle size, thread tension
and stitch rate; a fabric which buckles easily under these types of force will form Puckered Seams. Formability is a direct indicator
of the likelihoed of Seam Pucker occurring either during or after sewing.

4/11/2013
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Sl 0 Sy I
Seam Pucker
= CLL LL L. L
Formability o 03 04 05 06 07 08 09 1.0 1imm
F-2 | G | G|

Shear Rigidity:

Shear Rigidity is a measure of the ease with which a fabric can be distorted in a "Trellissing" action and is calculated from the Bias
Extensibility measured on FAST-3.

N T[]/
— L1717

/////

Low Shear Rigidity means that the fabric will be easily distorted in laying-up,
marking and cutting.

JLMJS" )é LEO‘) G¥gm plysy 5o

Moulding

Sleeve Insertmn

Lo ]
Saex it FH 05 6 M

High Shear Rigidity means that the fabric will be difficult to form into smooth three-dimensional shapes, causing problems in
moulding and sleeve insertion. Drape may also be affected.

FAST-4:

FAST-4 is not an instrument but a test method, used to calculate the Dimensional Stability of the fabric.

In the test (which requires a laboratery oven), the fabric is subjected to a cycle of drying, wetting and then drying again. After
each stage the fabric’s dimensions in both warp and weft are measured. The results give valuable information to the garment
maker as to how the dimensions of a fabric will change when exposed to moisture. The test method enables the Dimensicnal
Stability properties of the fabric to be split into to clearly identifiable components whose cause and effect are quite different.
These are: Relaxation Shrinkage and Hygral Expansion.

19
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Hygral Expansion is the reversible change in the dimension of the fabric that occurs when the moisture content of the fibres is
altered. Using FAST, Hygral Expansion is defined as the percentage change in dimensions of the relaxed fabric from wet to dry.

Hygral Expansion:

One of wool’s inherent natural properties is that it grows when exposed to moisture, a phenomenon known as Hygral
Expansion. This property is reversible, so when the fabric is moved into a drier atmosphere it returns to its original
dimensions.

Panel Dimensions
Constrainod by Soams

=

Exporure lo Moisture
Causes Hygral Expansion

Fabric [T 3

Scams .

Juy )é L.?O‘) G¥gm plysy 5o

Relaxation Shrinkage:

Relaxation Shrinkage is the irreversible change in fabric dimensions (shrinkage or expansion)
that occurs when a fabric is wet out or exposed to steam. Relaxation Shrinkage is caused by
the release of cohesively set strains which are imposed on fabrics during the late stages of
finishing. In the FAST system, Relaxation Shrinkage is defined as the percentage change in
dry dimensions after release in water at room temperature.

During finishing, most fabrics are dried under tension, which is not released until the fabric is

next exposed to moisture. This typically takes place at the final pressing stage of garment
manufacture. The result is that the fabric reverts to its original dimensions and shrinkage

takes place.
l DRYING

FINAL PROCESSING

20
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This effect displays Its most serious consequence as loss of appearance. Panels constrained by seams try to grow but have
nowhere to grow Into, with resultant loss of shape and in extreme cases, bubbling and delamination of fused panels.

This type of problem typically occurs when garments are made in areas of low humidity, such as the UK, and exported to or
worn in very humid climates such as those in much of Asia. Fabrics with high levels of Hygral Expansion also cause problems in
pleating.

Where L; = Length of dry, unrelaxed fabric; L, = Length of wet fabric, after relaxation in water; L; = Length of dry, relaxed
fabric.

L1_L
Hygral Expansion = — 2 x100%
3
Pleating
Puckering
Hygral HHl | | | | | | ’
Expansion 2 - 012345 0%
me2| | | | | [ | |
Juy > ‘57}‘3 gy plysy 550

During finishing, most fabrics are dried under tension, which is not released until th
fabric is next exposed to moisture. This typically takes place at the final pressing
stage of garment manufacture. The result is that the fabric reverts to its original
dimensions and shrinkage takes place.

If this shrinkage is excessive, cut panels may well change their original dimensions,
leading to garment sizing difficulties. In addition, excessive Relaxation
Shrinkage may well result in the formation of puckered seams in final pressing.

Most garment makers require a small amount of Relaxation Shrinkage to be
present in a fabric in order to shrink out any residual fullness in the garment during
final pressing. If a fabric is to be pleated then a certain amount of relation shrinkage
must be present in the fabric in order to prevent buckling in the pleat formation
process.

Where L; = Length of dry, unrelaxed fabric;

L, = Length of wet fabric, after relaxation in water;

L; = Length of dry, relaxed fabric.

4/11/2013
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Fusing
Pleating Sizing
RelavationR5-1 | | | | | |
Shinksge - 1D [ 2 3 | 5 %
D
RS2 | | | | I
I,-L
Relaxation Shrinkage = e Wil < = 1009%g
Slbg yo &=l
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FABRIC ASSURANCE BY SIMPLE TESTING [FAST]:
Developed through research by CSIRO, Australia

Unlike KES methods, FAST only measures the resistance of fabric to

deformation and not the recovery of fabric from deformation.

FAST system is much cheaper, simpler and more robust than KES system -

More suited to industrial application

FAST consists of three instruments and a test method:

FAST - 1: Compression meter
FAST - 2: Bending meter

FAST - 3: Extension meter

FAST - 4: Dimensional stability test

JLM’SJ )‘> Lfo‘) G¥gm plysy 5o

FAST - 1: Compression meter:

° This instrument measures fabric thickness at various loads and surface thickness

° The fabric thickness at two different pressures enables the accurate measurement of surface layer thickness
Thickness is measured at a pressure of 2 gf/em?2

° Surface thickness Is the difference in thickness of a fabric measured at pressures of 2 gf/cm? and 100 gf/cm?,

This gives information about the hairiness or surface bulk of the fabric (closely related to surface treatment like
brushing, singeing)

° Released surface thickness is the measure of the surface thickness after the fabric has exposed to steam or water

FAST - 2: Bending meter:

° This measures the fabric bending length according to BS 3356-1961.

o The bending length is converted into bending rigidity, which is directly related to fabric stiffness - an important
component of fabric handle

o The operator error in aligning the sample is eliminated with the use of an optical sensor

o The main problems associate with bending rigidity occurs in fabrics that have low values. These fabrics due to the
ease with which they bend, would be difficult to handle and sew.

° Fabric extensibility is combined with bending rigidity to give formability - a parameter related to the incidence of
seam pucker

4/11/2013
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FAST - 3: Extension meter:

This instrument measures fabric extension at various lcads and bias extension

° Extension is displayed as a percentage with a 0.1% resolution
o Extensibility is measured at three loads 5 gf/cm (Es), 20 gf/cm (E20) and 100 gf/cm (E100).
° The difference between Es and E20 is used to calculate Formability

o E1o0 is used in control chart (Fabric Fingerprint) as the measure of fabric extensibility. If the value is below
approximately 2% then the fabric will be difficult to extend during seam overfeed.

Bias extension is converted to shear rigidity - which is directly related to fabric /ooseness - another important component of
fabric hand

Shear rigidity below 30N/m, the fabric deforms so easily that it may give problems in handling, laying up and sewing.

Conversely if it is above 80N/m then the fabric can be difficult to overfeed, mould, etc.

FAST - 4: Dimensional stability test:

@ This measures relaxation shrinkage and hygral expansion
@ The test is completed in less than an hour as compared to the conventional one-day test

6 A forced convection oven, a template and a ruler are the only equipment required to do the test

S glem !

F A[;{Ic'n [ FABRIC I@Two v

Thickness Thickness

100g/cm

Stiff fabric bends more slowly Limp fabric bends quickly

24



4/11/2013

S 0 2, I

USE OF FAST:

FAST can tell ane how well a fabric will perform

Abnormal FAST Fabric Fingerprints point to potential problem areas

Fabric Fingerprints can be used for

Fabric specifications

Developing new fabrics

Comparing fabric finishing routs
Assessing stability of finished fabrics

Predicting tailoring performance

(66844

Final garment appearance

JL“"’?’ 2 L.'>"'.">‘) g plyny 5SS
Broad areas of Use of FAST:

I) Fabric Finishing (Using FAST-1):

Change in fabric surface characteristics after finishing process can be measured.

II) Tailorability:

a) Formability and seam pucker (Using FAST-2 and FAST-3):

@ Sewing operations, especially thase involved in overfeeding, imposes strains on the fabric.
@ Stiff fabrics resist buckling

@ Extensible fabric accommodate overfeed

b) Laying up and cutting (Using FAST-3):

Very extensible fabrics, which move around while being cut, cause problems with sizing, pattern matching and sewing
stage.

c) Sewing of long seams (Using FAST-3):

Very extensible fabrics are difficult to match over a long seam length.
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d) Steaming and pressing (

Using FAST-4):

Pressing operation rely on amount of fabric shrinkage

Garment appearance is

affected by fabric shrinkage

e) After care (Using FAST-4):

Care must be taken when dealing with the fabrics which exhibits excessive shrinkage

f) Garment appearance (Using FAST-4):

During conditions of high relative humidity, the onset of pucker can be attributed in part to increasing fabric dimension,

i.e. hygral expansion.
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Fabric extraction principle

The fabric extraction principle is not a new idea at all; it has been a common
practice for many years by ladies in certain parts of the world when searching
for a desired scarf at a market. They would take off their rings and pull out a
scarf through the ring, judging the overall quality of the

scarf based on the resistance during the pulling out process [17]. The fabric
is extracted through a specially designed nozzle and the force required
to extract the fabric through the nozzle is measured. During this
extraction process the sample is deformed under a very complex yet low
stress state including tensile, shearing and bending as well as frictional
actions, similar to the stress state when we handle a fabric. The fabric
specimen gets folded, sheared, rubbed, compressed and bent during
extraction. A large number of studies [17, 45-51] have been reported
where fabric extraction technique is used for evaluation of fabric hand.
In one of these studies [50] a circular fabric specimen, 250 mm in
diameter held by a pin, is drawn through a cylindrical nozzle of highly
polished steel, 20 mm in diameter and 20 mm in height.
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!

Traverse at peak
extraction force.

Peak extraction
force

Extraction force

r

Displacement .
The fabric handle behaviour has been defined by two parameters:
(i) peak extraction force and (ii) traverse at peak extraction force. Traverse
at peak extraction force is the movement of the cross-head from where the
fabric sample starts exerting resistance to extraction till the force reaches
to its maximum. Both these parameters can be obtained from force—
displacement curves. Higher peak extraction force indicates stiffer fabric
and higher traverse at peak extraction force value shows the fabric surface
become smoother. The extraction force is the combination of fabric
resistance to bending, compression, shear, extension and sliding.
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4.4 Fabric parameters affecting tactile sensation

Knitted fabric
Woven fabric

Roughness sensation

Filament diameter

4.18 Effect of filament diameter and fabric type on roughness sensation [52].
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Subjective scratchiness rating

Fibre bending rigidity
4.19 Fibre flexural rigidity and subjective ratings [14].
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Clinging sensation

Flexural rigidity of fibre

4.27 Relation between clinging sensation and fibre flexural rigidity [14].
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