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ABSTRACT

The friction between the skin and fabric surface is an important parameter characterising the comfort performance of garments. In
this study, the effect of moisture on the friction coefficient of knitted fabrics containing different elastane ratios was investigated. The
measurements were carried out by means of the FRICTORQ tester, a new patented measuring instrument developed at the University of
Minho and based on a new method of determination of friction coefficient of fabrics. It was found that with increasing moisture level in
fabrics, the friction coefficient increases as well, but just to a certain limit. The level of friction coefficient becomes stable over the mois-
ture regain value of 40%. The fabrics which contain elastane yarn in every alternating course and the tight structures exhibit the highest
fabric friction values.
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OZET

Kumas yiizeyi ile deri arasindaki siirtiinme, giysilerin konfor performanslarini belirleyen 6nemli bir parametredir. Bu ¢aligmada
farkli oranda elastan iceren 6rme kumaslarda nem iceriginin siirtinme katsayisina etkisi arastirilmistir. Olgiimler Minho Universitesinde
gelistirilip patent alinmis, kumaslarin siirtiinme katsayisinin belirlenmesinde yeni bir metoda dayali olarak 6l¢iim yapan FRICTORQ ci-
haz ile yapilmistir. Kumasta artan nem miktar ile siirtiinme katsayisinin belirli bir limite kadar artmakta oldugu tespit edilmistir. Yak-
lasik % 40’1n iizerindeki nem degerlerinde siirtiinme katsayisi sabit hale gelmektedir. Yari elastan iceren ve en sik yapidaki kumaglar en

yiiksek stirtinme degerleri vermistir.

Anahtar Kelimeler: Siirtinme katsayisi, Elastik rme kumasglar, Nem, Siklik .
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1. INTRODUCTION

Interaction of fabrics with the human
senses is an essential performance
property (1, 2) as most textile materials
are used near or in contact with the
skin. When a fabric is moved along the
skin, this contact is increased and the
perception of fabric roughness or
smoothness is evoked. The friction
between fabric and skin during contact
is the key factor for this perception of
roughness and smoothness. The fric-
tion resistance is mostly (but not al-
ways) lower for a fabric with a smooth
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surface than for a fabric having a
rougher surface. Moisture at the skin
surface can alter the intensity of fabric
roughness perceived. As moisture
content increases, the friction and
displacement of skin increases, which
triggers more touch receptors (3). At
higher moisture levels, it causes higher
friction, bringing a feeling of discom-
fort.

Friction coefficient is one of the factors
contributing for the so-called parame-
ter fabric hand and its importance
justifies the number of contributions

given in the past to this problem
(4,5,6,7). That is why various
researchers focused on the invention
of new methods and instruments for
the measurement of friction (1,4,8,9).

Fabric friction has been affected by
many factors such as the type of fiber,
type of blend, blend proportion, yarn
structure,  fabric  structure  and
compressibility. A. Das, V. K. Kothari
and N. Vandana (6) investigated
fabric-to-metal surface and fabric-to-
fabric frictional characteristics of a
series of fabrics containing 100% pol-
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yester, 100% viscose, and PES/Cotton
& PES/Viscose blends with different
blend proportions. For all the fabrics at
different levels of normal load, the
kinetic friction and the static friction
values were measured. They found
that fabric-to-metal friction is less
sensitive to fabric morphology and
rubbing direction, whereas fabric-to-
fabric friction is highly sensitive to
these factors. According to their results
PES/Cotton and PES/Viscose blended
fabrics show higher fabric-to-fabric
friction than 100% polyester or 100%
viscose. PES/Cotton blended fabrics
show higher frictional resistance than
that of PES/Viscose blended fabrics
for the same geometrical parameters
of the fabrics. In PES/Cotton and
PES/Viscose blended fabrics, the
frictional force increases as the
cellulose fiber component increases.

S.G. Vassiliadis and C.G. Provatidis
(7) measured woven and knitted fabric
roughness data using the Kawabata
Evaluation System for fabrics. Single
jersey, double jersey or interlaced
structures were produced using
conventional and compact cotton
yarns. The specimens were subjected
to laboratory surface roughness tests
in three different stages: raw form,
after the dyeing procedure and after
the application of a softening agent.
The surface roughness data have
been processed using the sliding
window averaged FFT method and the
wavelengths of the main spectral
components were detected. The
results showed a very good stability on
the geometrical roughness
characteristics of the various samples
belonging to the same knit group. The
coefficient of variation between the
wavelengths of the main spectral
components within each group is very
low, between 0.7 and 2.3 per cent. The
low values of the CV indicate that the
different yarn production technologies
and the different finishing stages do
not influence  significantly  the
wavelength of the main spectral
component of the geometrical
roughness.

L. Hes (10) measured thermal conduc-
tivity, thermal resistance, water vapour
permeability and air permeability of
cotton, cotton/PA, PP and cotton/PES
woven fabrics both in dry and wet
state. He investigated the effect of
structure and composition on these
comfort properties. The results showed
that with increasing fabrics humidity,
the thermal resistance, water vapor
permeability and air permeability de-
creased; whereas the thermal conduc-
tivity and total cooling heat flow (due to
water evaporation from the wet fabric
surface) increased.

Unlike previous researches, in this
study the effects of elastane and mois-
ture on the friction coefficient of single
jersey fabrics were investigated.

The use of garments made from
knitted fabrics in casual wear, sports
activity and also in working life has
been increased in recent years due to
the demand for fabric elasticity. But the
recovery forces in single jersey fabrics
after stretching are generally low, and
therefore elastane is increasingly used
to impart a greater level of stretch and
higher dimensional recovery than can
be achieved with cotton alone. The
use of elastane has resulted in fabrics
with better body fit like a second skin
and offers good shape retention
without any deformation throughout
the garment lifetime (11, 15).

Papers describing the effects of the
elastane in knitted fabrics are
generally related to dimensional
properties of the fabrics (12, 13, and
14). A. B. Marmarali (15) investigated
the  physical and dimensional
properties of elastic single jersey
fabrics, and A. Marmarali, N. Ozdil and
S. D. Kretzschmar (16) studied the
effect of the elastane content in fabrics
on their thermal properties and relative
water vapor permeability.

2. THE MODEL OF FRICTORQ

FRICTORQ Il instrument was used to
determine the surface friction coefficient
of the samples. This model went
through various development stages

(17,18,19). Figure 1 is a schematic
representation of the latest model
named FRICTORQ II. The laboratory
prototype of the instrument is shown in
Figure 2.

i

Figure 2. FRICTORQ Il laboratory prototype

The rotary action remains, but the
contact is now restricted to 3 small
special elements or feet, disposed at
120°. Providing a relative displacement
of approximately 90°, it is assured that
a new portion of fabric is always
moved under the contact sensors. For
this model, torque is given by:

T=3Far (1)

Being, by definition, Fa = uN and from
Figure 1, N = P/3, where P is the verti-
cal load, the coefficient of friction is
then expressed by:

_— 2
H Pxr

Previous exploratory work led to the
establishment of some design parame-
ters, namely contact pressure and
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linear velocity in the geometric centre
of each contact foot, the latter set to
approximately 1,57 mm/s.

For dynamic friction the data collected
between 5 and 20 seconds of the test
is used. As well as other well known
methods, such as KES, this one is not
covered by any standards. The contact
surface is made of standard and com-
mercially available steel needles of 1
mm diameter joint side by side in a
square shape as it is seen in Figure 1.
Therefore this surface is well charac-
terized and easily reproducible.

3. MATERIAL AND METHODS
3.1 Materials

In this study the fabrics knitted with Ne
30/1 ring spun cotton and 44 dTex
elastane yarns that commonly used in
the market were tested. Knitting proc-
ess was carried out on a Relanit 3.2
(28 gauge, 32" diameter) Mayer&Cie
circular knitting machine. During the
knitting process 50 feeders were used.
Three separate single jersey samples
were produced: one with cotton alone
and the other two as half plating cot-
ton/elastane fabrics (elastane in alter-
nating courses) and full plating cot-
ton/elastane fabrics (elastane in every
course). Full plating samples were
obtained at three different loop length
values representing a range of tight,
medium and loose fabrics. An IRO
MER2 system was used to feed the
elastane and yarn tension was chosen
at 6 cN, as proposed in previous pa-
pers (14, 20 and 21). The samples
were dyed in accordance with current
manufacturing practices.

3.2 Methods

The samples were cut with a circular
template in 100 cm? area. Then they
were put into oven at 105 °C for one
hour and weighted. This value was
accepted as the dry weight of the
sample and was used in the formula
which calculates weight of the samples
in various moisture regain values
(20%-40%-60%-80%-100%), given
below:

W;-W
Moisture regain (%) = ------------ x 100 (22)
W

Where:

W= Weight of oven dry specimen, g.
W, = Weight of specimen as received, g.

The samples were kept in distilled
water for one hour, then dripped water
was taken out with a tissue and sam-
ples were left in standard atmospheric
conditions. As soon as the desired
moisture regains were obtained, ki-
netic friction coefficients were meas-
ured using FRICTORQ Il instrument.
As for the performance of the
FRICTORQ instrument, this has dem-
onstrated to be a good tool to deter-
mine and differentiate friction in fab-
rics, both in dry and wet state. This
equipment also shows no influence
from external factors, such as operator
skills.

The photos were taken using a Leica
projection microscope to see the sam-
ples surface structure. All tests were
carried out under a conditioned at-
mosphere of 20 £ 2 °C and 65 + 4 %
RH.

The test results were evaluated using
SPSS 13.0® for Windows statistical
software. To determine the statistical
importance of the variations, ANOVA
tests were applied. To deduce whether
the parameters were significant or not,
significance value (p value) were ex-
amined. If p value of a parameter is
greater than 0.05 (p > 0.05), the
parameter will not be important and
should be ignored.

4. RESULTS AND DISCUSSION

4.1 Effect of fabric structure on
surface friction

4.1.1 Effect of elastane

Figure 3 shows the effect of elastane
ratio on the surface kinetic friction
coefficient. The results of statistical
evaluation indicate that half plating
fabric containing elastane yarn in
every alternating course has
significantly higher fabric friction value.
But the differences between the kinetic

friction coefficient of the samples with
full plating and the samples without
elastane are not statistically significant.

0,4000
0,3750 K/
0,3500 ——

0,3250 f/J\.—.’_“

0,3000

H kinetic

0,2750

0 20 40 60
Moisture regain (%)

Figure 3. Kinetic friction coefficient diagram
for different elastane and mois-
ture levels

Textile fabrics are rarely balanced in
terms of surface appearance and it is
known that the friction between skin
and fabric is greater with fabrics
having a rougher surface than with
fabrics having a smoother one. As it
can be seen from Figure 4, the
structure of half plating fabrics causes
an unbalanced surface appearance
and threads which are in courses
without elastane become bulky in
every alternating course. As a
consequence, the surface of half
plating fabrics has a rougher structure
and wavy surface than surfaces of
fabrics knitted using elastane in every
course or without elastane. That's why
the half plating fabric exhibits the
maximum friction coefficient value as
mentioned in previous research (22).

(a) (b) (©

Figure 4. The surface images of fabrics
with different elastane ratios

a- full plating cotton/elastane fabrics,

b- half plating cotton/elastane fabrics,

c- without elastane

4.1.2. Effect of fabric tightness

Figure 5 shows the effect of fabric
tightness on the surface kinetic friction
coefficient. It can be seen that, as the
fabric tightness increases the surface
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kinetic friction coefficient increases as
well. In other words loose structures
possess lower friction values. Statisti-
cal evaluations showed that only the
differences between tight and loose
structures are significant for all mois-
ture levels.
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—a—Tight

H kinetic

0,2750

0 20 40 60 80 100
Moisture regain (%)

Figure 5. Kinetic friction coefficient diagram
for different tightness factors and
moisture levels

This situation can be explained by
increased contact area as mentioned
by E.P. Bowden and D. Tabor (23).
The size of contact area directly
affects the coefficient of friction. A
tighter structure creates a greater
contact surface area and this will
increase the number of contact points;
therefore contributing to a friction
increase.
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Bu arastirma, Bilim Kurulumuz tarafindan incelendikten sonra, oylama ile saptanan iki hakemin goriisiine sunulmustur. Her iki hakem

yaptiklart incelemeler sonucunda arastirmanin bilimselligi ve sunumu olarak “Hakem Onayli Arastirma” vasfiyla yayimlanabilecegine

karar vermislerdir.
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