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There is a variety of methods and standards for measuring bending properties of

fabrics. Some of them are based on fabric deformation under its own weight, the
others are based on measurements of force, moment or energy producing bending
deformation. In this study the comparison of the bending results obtained on two
widely accepted methods (KES-FB and FAST) and one novel instrument (TH 7) is
presented, using fabrics with different finishing treatment and fabrics differing
inweave type. Linear dependencies are obtained between the bending rigidity and
stiffener concentration in FAST, KES-FB and TH 7 experiments as well as between
bending hysteresis values and stiffener concentration in KES-FB and TH 7 ex-
periments. Good correlations were defined comparing parameters obtained by
three different methods, such as bending rigidity, bending hysteresis and coer-
cive couple.
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1. Introduction

Bending stiffness of fabrics is an
important mechanical property that
influences its handle and formabili-
ty [1]. A thorough understanding of
fabrics bending behavior is impor-
tant for the textile research and in-
dustrial applications, i.e. for auto-
mation of handling and manipula-
tion process of textile garment pie-
ces [2,3].

Bending properties are determined
by the bending resistance of threads
lying in the direction of bending,
some — usually unspecified — inter-
action between the threads and fric-
tional restraint; weave type of the
fabric and finishing treatments ap-
plied are affecting these parameters
[4,5].

There is a variety of methods or
standards to measure woven fabric’s
bending rigidity that could be divi-

centration, weave type

ded into two groups: first—based on
deformation measurement under its
own weight, second — when defor-
mation is applied measuring the
force, moments or energy produc-
ing the bending deformation. These
instruments are generally designed
to produce the moment-curvature
relationship of fabrics [5-7]. The
most widely accepted method be-
longing to the first group is cantile-
ver method first introduced by
Peirce in 1930’s and based on the
formula which describes the pure
bending theory of an elastic beam
bending within the limit of linear
strain. Most of today’s methods for
the static measurement of bending
rigidity are based on this Peirce’s
theory [8]. FAST (Fabric Assurance
by Simple Testing) bending tester
[9] is the most popular commercial
tester of this group, but FAST mea-
sures only the resistance of fabrics

to bending deformation and not the
recovery of fabric from deformation
[10]. The most widely used pure
bending tester belonging to the se-
cond group is KES-FB (Kawabata
Evaluation System) bending tester
[11]. KES-FB apparatus is undoub-
tedly a standard tool for a thorough
evaluation of textile fabrics defor-
mability. It is unique by its possibili-
ty to characterize fabric behavior
under low loads and reliability of
the results, typically difficult to
work with on standard mechanical
testing machines [12]. In this case
fabric sample is subjected to a mo-
notonically increasing curvature
and the corresponding moment ac-
ting on fabric is recorded. This tech-
nique enables the measurement of
the actual nonlinear bending beha-
vior. Increasing the curvature, the
slope of the moment-curvature re-
lation exhibits a large value at an
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early stage of the bending process
and later changes into a less sloped
straight line. This proves that a
greater moment to overcome the
friction between the yarns is need-
ed to bend the unit curvature at an
early stage [13]. Bending rigidity
and bending hysteresis — the param-
eters characterizing fabrics bending
behavior — are measured by KES-
FB bending tester. Bending rigidi-
ty represents the resistance of fab-
ric against flexion and bending hys-
teresis can be considered as a meas-
ure of fabrics ability to recover.

However the KES-FB equipment is
comparatively expensive and the
measurements performed by it are
time consuming. These are the lim-
iting factors to use it. As an alterna-
tive much cheaper instrument TH 7,
developed in Czech Republic
(standard: CSN 80 0858) is chosen
to investigate bending properties of
fabrics. The measurements by TH 7
are based on recording the forces
required to bend a sample to a cer-
tain angles.

The objective of this study was to
compare the results obtained by
three different bending testers:
widely accepted FAST and KES-FB
bending testers with novel instru-
ment TH 7, analyzing fabrics of
various weaves whose bending
properties were changed applying
different finishing treatments i.e.
stiffening and softening.

2. Materials and test
methods

Three sets of fabrics were chosen
for the investigation. First group is
obtained from plain weave fabric
treated with different concentra-
tions of PVA (polyvinyl acetate)
stiffener. Second group consist of 5
fabrics differing in weave type and
yarn count, third set consists of the
same fabrics as in second group that
are treated with commercial che-
mical softener according to manu-
facturers specifications. Properties
of'the investigated materials are pre-
sented in Tab.1.

Tab.1 Characteristics of investigated cotton fabrics

Fabric Weave type | Count (dm™) | Area density Treatment | Thicknes
Warp | Weft (g/m’) (mm)
Co 0 Plain 137.8 - 0.43
Co 5 . s 0.43
Plain 236 | 232 138.1 5 g/dm’ PVA
Co_10 Plain 138.5 10 g/dm’ PVA 0.43
Co 15 Plain 142.0 15 g/dm’ PVA 0.43
FPI Plain 344 | 236 120 0.32
FP2 Plain 344 | 285 125 0.34
F P3 Plain 344 | 344 140 - 0.34
F C3 Combined 344 | 344 140 0.41
F Sé6 Satin 6 344 | 344 150 0.44
TF P 1 Plain 344 | 236 125 0.32
TF P2 Plain 344 | 285 135 0.34
TF P3 Plain 344 | 344 150 Softener 0.34
TF C3 Combined 344 | 344 150 0.41
TF S6 Satin 6 344 | 344 150 0.44

The cantilever bending test was
performed according to a FAST
standard method where the over-
hang length of fabric stripe reach-
ing plane inclined at 41.5° was
measured.

Bending hysteresis was investigat-
ed using two different bending test-
ers. The moment-curvature rela-
tionships were obtained by KES-FB
bending measurements, that are
perhaps the most widely cited in lit-

Fig.1 Working principle of: a) KES-FB, b) TH 7
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Fig.2 Bending hysteresis obtained by: a) KES-FB tester, b) TH 7 apparatus
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erature. Force-angle relationships  hysteresis width at curvature 1. In Couple

were obtained by novel Czech in-  addition to standard parameters the :
strument TH 7. couple required to restore zero cur- B i
In KES-FB bending test the speci-  vature OF, denoted the ‘coercive | . N
men (1) is mounted into two clamps ~ couple’ is found from the hystere- | 04 clmmr;
(Fig.1a): a fixed one (2) and a sis graph (Fig.3) [15,16]. -

movable clamp (3) that follows a  From the force-angle dependence

prescribed orbit turning it’s head at  obtained by an instrument TH 7 two

an angle so that the uniform curva-
ture is maintained on the sample
through a bending cycle and the
bending hysteresis curve (variation
of couple with curvature) is plotted
(Fig.2a) [11]. A fabric sam-
ple is bent through a range of cur-
vatures between -2.5x10? m! and
2.5%10% m!, bending test is con-
ducted at rate of curvature equal to
0.5x10% m'!/s, the test sample is
mounted vertically to prevent the
effect of gravity influencing the
experiment.

The operating principle of the in-
strument TH 7 is presented in a
Fig.1b [14]. The specimen (1) is at-
tached to an upper clamp (2), which
can turn by 90° in one direction and
by 60° in the other direction. Speci-
men is hanging freely between the
two sides of a U shaped lower clamp
(3). The lower clamp is a clamp-sen-
sor that measures the force required
to bend a specimen until a certain
angle. This way the force-angle
curve is obtained (Fig.2b).

Bending rigidity coefficient B in
mN-m was calculated from a FAST
method.

Standard parameters obtained by
KES-FB method were B — bending
rigidity per unit width in Nm?/m,
that is calculated as the mean bend-
ing stiffness of two slopes and 2HB
- bending hysteresis value in Nm/m,
that is obtained by reading the

parameters were measured: maxi-
mum value of force, that could be
taken as a bending rigidity evalua-
tion of fabric and hysteresis value §
in mN° that is taken as an area of
hysteresis curve calculated between
the angles of 20 and 90° according
to a formula [5]:

S:[i(x, —m)-mj
i=1 2

In FAST method the samples of
150%x 50 mm were tested in warp and
weft directions. In KES-FB test
method standard samples of
200x200 mm were tested (actual
size used for testing: 200x 10 mm)
in principle fabric directions.
Square samples of dimensions

B,p,Nm

Fig.3 Typical bending hysteresis curve

50x50 mm were used in TH 7 appa-
ratus to perform bending test. The
same specimen was investigated in
both warp and weft directions.

3. Results and discussion

3.1. Results obtained by FAST
method

Bending rigidity values were found
for all tested fabrics using FAST
bending rigidity tester based on can-
tilever bending principle. They are
presented in Tab.2.

Fig.4 represents the changes of
bending rigidity coefficient chan-
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Fig.4 The effect of stiffener concentration upon the bending rigidity

Tab.2 Bending rigidity values obtained according to FAST method

Bending Fabric Code
rigidity B, 2 ‘g| N N o & & o 4 A~ & A~ “ @,
(uN‘m) © © ol o b b = E = = E =
Warp direction | 13.12 | 26.99 | 4446 | 62.37 | 31.78 | 21.93 | 24.49 | 3525 [ 26.62 | 1541 | 16.20 | 2549 | 11.99 | 8.06
Weft direction | 6.19 | 15.01 | 27.89 | 37.30 | 11.14 | 11.15 | 1840 | 22.77 | 1594 | 6.57 | 11.81 | 17.04 | 10.09 | 6.61
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Tab.3 KES-FB bending hysteresis parameters for fabrics treated with PVA stiffe-

ner
Coercive couple | Initial bending Final bending hBZ?e(ileI;%s
Fabric M, 107 rigidity By 107 rigidity B 10 2YHB 102
(Nm/m) (Nm*m) (Nm*m) (Nm/m)
Warp | Weft Warp Weft | Warp Weft Warp Weft
Co 0 -0.126 | -0.100 | 0.75 0.34 0.088 [ 0.061 0.129 | 0.089
Co 5 -0.149 | -0.135 1.18 0.52 0.150 | 0.113 | 0.215 | 0.144
Co 10 | -0.196 [ -0.148 1.40 1.06 0.229 | 0.199 | 0.302 | 0.237
Co 15 | -0.242 | -0.176 1.66 1.33 0243 | 0.225 | 0.327 | 0.254
*Co 0 Couplex10 2, Y
ACo_15 Y 0e
_ R -
0.4 - }
A4 AA
0,2 { MA & s o
.
g% -t * . % oo **
-3 2,000 ¢ 12 > 025 2
‘: “‘Ax" L4 :;1‘ A Curvature, cm !
s N
'y A 4
A A :
4
[ R AMk 06
AA

Fig.5 KES-FB bending hysteresis curves for limiting concentrations (in weft

direction)
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Fig.6 KES-FB bending rigidity dependence upon curvature (in weft direction)

ging concentration of stiffener
from 0 to 15 g/dm? by the steps of
5 g/dm®. Linear dependencies be-
tween bending rigidity B and con-
centration of stiffener C were ob-
served in all tested directions and
linear tendency was checked intro-
ducing samples treated with addi-
tional mediate PVA stiffener con-

centrations of 2.5, 7.5 and 12.5 g/
dm?.

3.2. Results obtained by KES-
FB

In KES-FB experiment bending
hysteresis curves for fabrics treated
with different concentrations of

PVA stiffener were obtained. Coer-
cive couple M,, bending hysteresis
value 2HB , initial B, and final
bending rigidity B values in warp
and weft directions obtained from
bending hysteresis curves are pre-
sented in Tab.3.

In Fig.5 bending hysteresis curves
of limiting concentrations i.e. un-
treated fabric and treated with 15 g/
dm’ concentration in weft direction
are presented. Untreated fabric gives
a much narrower and less sloped
curve. Increase of concentration
gives wider and steeper curve with
higher bending rigidity and bending
hysteresis values (Tab.3). Nonli-
nearity of bending rigidity for limi-
ting concentrations is presented
in Fig.6; bending rigidity vs. curva-
ture is obtained differentiating the
moment-curvature relationship.
The initial bending rigidity is from
6 to 8 times higher than final ben-
ding rigidity in warp direction and
from 4.5 to 5.7 times higher in weft
direction. Increasing stiffener con-
centration percentage increment
value of initial and final bending
rigidities is very similar. The in-
crease of stiffener concentration
results in higher coercive couple
value. Coercive couple is almost
twice bigger in a case of 15 g/dm?
concentration in warp direction and
a bit less than two times — in weft
direction comparing with untreated
samples. The mediate concentra-
tion gives mediate values of all
characteristic hysteresis parameters
(Tab.3).

3.3. Results obtained by TH 7
analysing a set of fabrics
treated with different
concentrations of stiffener

Bending hysteresis curves obtained
in TH 7 apparatus for fabrics treat-
ed with different concentrations of
stiffener are presented in Fig.7.

The same as in bending curves ob-
tained by KES-FB the increase of
stiffener concentration gives steep-
er and wider curves. Relatively high
errors are obtained between angle 0
and 40° going backwards, because
of the breadth between two sides of
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Fig.7 Bending hysteresis curves obtained by TH 7 apparatus increasing stiffener
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Fig.9 Bending hysteresis dependence upon the concentration of stiffener
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Fig.10 Experimental points and calculated values of hysteresis curve measured

on TH 7 machinery

05

U shaped clamp, when the speci-
men stops pushing the clamp-sen-
sors side that gives positive value of
the force and moves to the side of
negative value.

Graphically the changes of bending
rigidity and hysteresis values ob-
tained at certain concentrations on
TH 7 and KES-FB machinery are
presented in Fig.8 and 9.

As it is seen from Fig.8 and 9 both
bending rigidity and bending hys-
teresis values obtained on TH 7 and
KES-FB show a linear tendencies
increasing stiffener concentration.
Good correlation of bending rigi-
dity values obtained for the same
fabrics on TH 7 and KES-FB was
found (7=0.89). Even better corre-
lations of bending rigidity values
were found between measurements
on FAST and TH 7 (»=0.98), also
between FAST and KES-FB
(=0.92).

The correlation between the coer-
cive couple measured on KES-FB
and the force at the zero angle val-
ue measured on TH 7 is »=0.96.

Bending hysteresis curves obtained
on TH 7 were analyzed dividing
them into two parts: first—the curve
from the beginning of experiment
up to the inclination of upper clamp
equal to 90°, second — when upper
clamp goes backwards from +90 to
-60°.

Using the least square method it was
found that the first part of the hys-
teresis curve could be approximated
by third order polynomial equa-
tion with high precision (Fig.10).

3.4. Results obtained by TH 7
analysing 2 sets of fabrics
differing in weaves and final
treatment

Bending properties of two sets of
fabrics were investigated on TH 7
apparatus: first set - five fabrics of
the same yarn linear densities (three
plain weave fabrics differing in weft
yarn densities, one - combined
weave fabric and one satin 6 weave
fabric); second set - the same fab-
rics with softener treatment. The
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Fig.11 Bending rigidity values of fabrics differing in weave and final treatment
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Fig.12 The correlation between the bending rigidity values obtained by differ-
ent methods based on different measuring principles

Tab.4 TH 7 hysteresis values of two sets of fabrics

fiber friction what means lower
bending recovery.

Correlation between bending rigidi-
ty values measured in cantilever ba-
sed FAST method and TH 7 test met-
hods for 3 sets of fabrics differing in
treatment and weave types is presen-
ted in Fig.12. High correlation coef-
ficient value (+=0.92) is obtained.

4. Conclusions

Increase of stiffener concentration
showed a linear increase of bending
rigidity values obtained on FAST,
KES-FB and TH 7 instruments. In
spite of different measuring princi-
ples of different apparatus correla-
tions between these values are high.
The initial bending rigidity meas-
ured by KES-FB is from 6 to 8 times
higher than final bending rigidity in
warp direction and from 4.5 to 5.7
times higher in weft direction.

Increase in fabric stiffness gives the
increase in bending hysteresis va-
lues. Bending hysteresis values
measured on KES-FB and TH 7
increases linearly increasing PVA
stiffener concentration.

Increase of stiffener concentration
increases coercive couple value due

Fabric Code
Hysteresis value S _ . . - 2 : 8 ;
o A~ A~ A © » [ [ I I I
(mN°) o o) o) y o) = = = =] B
Warp direction 238.38 204.68 330.88 280.59 2153 239.77 262.25 363.31 212.36 163.88
Weft direction 106.31 136.34 200.53 191.89 165.58 112.88 149.46 211.51 168.94 96.64

values of bending rigidity are pre-
sented in Fig.11.

Analyzing the results, decrease of
the bending rigidity values after
treatment of fabrics with 4A in warp
direction varies between 11 and
23% for plain weave fabrics and is
equal to 35% for combined weave
and 30% for satin weave. In weft
direction slightly lower drop is ob-
served for plain weave fabrics -
11+16%. The increase of bending
rigidity values in weft direction is
explained by fabric composition,

i.e. by the increase of weft yarn
density.

Hysteresis values of two sets of fab-
rics differing in weave type and fi-
nal treatment applied are presented
in Tab.4.

Bending hysteresis values in weft
direction are from 1.2 to 2.2 times
lower than in warp direction. In-
crease of hysteresis values for plain
weave fabrics treated with different
finishers in weft direction is due to
the increase of yarn density the lat-
ter results in higher value of inter

to increase of inter fiber friction.
High correlation is obtained be-
tween the coercive couple measured
on KES-FB and force value at zero
degrees of upper clamp inclination
in TH 7 apparatus.

Increase of hysteresis values for
plain weave fabrics treated with
different finishers in weft direction
is due to the increase of yarn densi-
ty what results in bigger value of
inter fiber friction what means low-
er bending recovery.
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