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B Introduction

The use of fabrics is mainly dictated by
their properties. Where they are used as
decorative materials, their appearance is
the most important. On the other hand,
if they have a protective function, then
the strength properties will be important,
e.g. resistance to mechanical loads, tem-
perature and others. It is often required
that fabric features are combined, for
example, their appearance with specific
properties. This combination is very of-
ten required in clothing, where the visual
effect of the ready-made product must be
combined with high parameters related
to comfort or practicality. Practical fea-
tures are most often associated with ap-
propriate clothing design, for example,
additional pockets, comfortable putting
on as well as equipment with additional
reflective systems.

In the case of properties related to com-
fort, we can mention here the following
properties: thermal insulation, water-va-
pour permeability, moisture absorption,
air permeability etc. [1-4]. The require-
ments for clothing properties are con-
stantly increasing. In addition to the pos-
itive features, an important aspect related
to the properties of fabrics is to reduce
the negative effects that most often oc-
cur in the contact of clothing with human
skin. Such properties include mechanical
and chemical irritation, hazards of elec-
trostatic discharge and others [5].
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Abstract

At present, seersucker woven fabrics are increasingly used for the manufacturing of clothing.
These fabrics are created in the weaving process as a result of the different tension of two
sets of warp threads: basic and puckering. Seersucker woven fabrics applied in properly
designed clothing have an ability to massage the body while wearing such clothing. In
order to conduct a detailed analysis of the massaging process during the clothing usage,
it is necessary to examine the phenomena occurring during the massaging. Friction is one
of the most important phenomena influencing the massaging process. Due to the nature of
seersucker woven fabrics, measurement of the friction coefficient is difficult. This paper
presents the problems related to measurement of the coefficient of friction for an exemplary
seersucker fabric. The work contains a description of the measurement method proposed
and the consequences resulting from its application.

Key words: seersucker woven fabrics, measurement, friction force, friction coefficient.

One of the main causes of mechanical
skin irritation is incorrect sewing or im-
proper fitting, especially too tight cloth-
ing. However, in addition to the above,
the friction between fabric and human
skin should be included in the features
that increase skin irritation. The fric-
tion force between the human body and
clothing is not always associated with
negative features. It can give a positive
effect. It is possible to design clothing
for massaging individual parts of the
body. With this type of clothing it is im-
portant that it adheres to the body. Then,
through the movements performed by
the wearer, it will massage individual
muscle parts. For instance, this principle
is applied in anti-cellulite clothing [6],
where the movement of the body caus-
es micro-movements of fabric fragments
against the skin. Depending on the size
of these displacements and the frictional
forces between the skin and the fabric, it
creates a certain amount of heat that is
partially absorbed by the human body.
This causes a slight increase in the tem-
perature of the skin layer and thus accel-
erates fat burning.

The massaging effect of fabrics adher-
ing to human skin was utilised in some
kinds of anticellulite clothing already
present on the market [7, 8]. According
to the producer’s declaration, such a kind
of underwear improves blood circula-
tion and removes liquid from the body.
At the Textile Research Institute (Lodz,
Poland), innovative woven fabric for
anti-cellulite clothing was designed [9].
The seersucker woven fabric developed
ensures the mechanical micro-massage
and stimulation of blood circulation due

to the convex — concave structure and
special surface properties of the fabric.

In the application of clothing as a mas-
saging tool, the main role is played by the
surface properties of fabrics. The basic
surface properties of textile materials are
the surface friction and roughness. Sur-
face roughness is a measure of the tex-
ture of a surface, quantified by the verti-
cal deviations of the real surface from its
ideal form. Roughness is typically con-
sidered to be the high frequency, short
wavelength component of the surface
measured [10-12].

Friction is defined as a force resisting
relative motion between two bodies in
contact. There are two classical laws of
friction for a solid surface in contact.
The first law states that the frictional
force F is proportional to the load N
acting perpendicularly to the surface.
The proportionality constant x is called
the coefficient of friction. The second
law states that the frictional force is
independent of the geometric contact
area of bodies that are sliding on each
other [13].

Fabric friction is considered to be a prop-
erty of textile materials which has con-
siderable importance in the field of both
technological and subjective assessment.
The friction of a fabric on itself or on
another fabric has a significant effect on
fabric performance and the user’s tactile
comfort. The sensation is related to the
mechanical interaction between the fab-
ric and human skin. The friction prop-
erties of textile materials are significant
components of the fabric hand.
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Figure 1. Concept of textile friction measurement.

Investigation showed that the coefficient
of friction is constant for many solid ma-
terials, but it is generally not constant for
textiles. Howell and Mazur introduced
a friction index for textile materials and
showed that it depends on the geometry
of the asperities covering the surface and
on the nature of the deformation that the
surfaces undergo [14]. Studies reported
by Wilson [15] showed that the dynam-
ic friction between fabrics in contact is
related to the apparent contact between
them. Moreover experiments confirmed
a decrease in the friction coefficient with
an increase in the normal force. Frydrych
and Matusiak demonstrated that the stat-
ic and dynamic friction coefficients are
affected by the raw material, weave and
way of finishing of woven fabrics [16].

Two main ways are generally used to
measure fabric friction [17]. The concept
of the first method is shown in Figure 1.

In this method ablock of mass m is
pulled over aflat rigid surface which
is covered with the fabric being tested.
The line connected to the block is led
around a frictionless pulley and connect-
ed to an appropriate load cell on a tensile
testing machine. This method can meas-
ure the force F required both to start the
block moving and also to keep it moving,
thus providing the static and dynamic co-
efficients of friction from the relation:

u=—- M
mg
where:
w1 — friction coefficient,
F — force,

m —mass of the moving block,
g — gravitation acceleration.

This method can be performed using
a standard tensile tester.
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The second method used for measuring
fabric friction is the inclined plane (Fig-
ure 2).

Ablock of mass m is initially lying on
an inclined plane covered with the fabric
tested. The angle 6 of the plane is con-
tinuously adjusted until the block starts
to slide. At this point the frictional force
F is equal to that of of the block mass
parallel to the plane, according to the
equation:

F =m-g-sinf 2)

The normal reaction N is equal to that of
the mass perpendicular to the plane ac-
cording to the formula:

N=m-g -cosH 3)

The static friction coefficient above is
equal to the tangent of the 6 angle:

1 =tan 0 4)

The coefficient of the dynamic friction
may be measured by determining the an-
gle at which the mass block is in contin-
uous motion.

Nowadays both surface properties of
fabrics: roughness and friction are usu-
ally measured by means of KES (Ka-
wabata Evaluation System) — module
KES — FB4 [17]. The KES is a system
for the complex evaluation of textile ma-
terials. The system is applied to measure
the low stress mechanical and surface
properties of fabric, such as fabric exten-
sion, shear, bending compression, sur-
face friction and roughness. It consists
of four specialised moduli for measuring
the tensile, shearing, bending and com-
pression properties as well as the surface
friction and roughness of fabrics [17].
By means of the KES — FB 4 module,
the following surface properties can be
measured [17, 18]:

Figure 2. Textile friction measurement using an inclined plane.

coefficient of friction (MIU),

mean deviation of the coefficient of
friction (MMD)),

geometrical roughness (SMD).

Some problems can occur while meas-
uring the surface properties of fabrics
with a developed — textured surface.
Seersucker woven fabrics can be an ex-
ample of such a kind of fabric [19]. They
are characterised by the occurrence flat
and puckered strips in the warp direc-
tion (Figure 3). Especially the puckered
strips can cause problems during meas-
urement of the surface properties using
a KES — FB 4 instrument.

The KES — FB 4 uses a single wire probe
for surface roughness measurements
and a finger-type probe consisting of 10
single wires for friction force measure-
ment [20]. Both sensors move over the
surface of the sample measured, register-
ing changes in the thickness and friction
force. The puckered strips of the seer-
sucker fabric may impede the movement
of the sensors on the sample surface and
influence the results. Moreover the coef-
ficient of friction is always determined
for a given pair of materials. The KES-

Figure 3. Example of seersucker woven
fabric.
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Figure 4. Test stand for friction measurement [21].

Figure 5. Picture of the investigated fabric.

FB 4 uses steel piano wire as a friction
sensor, which means that it measures the
friction coefficient between the fabric
and steel. For different applications it is
necessary to determine the friction co-
efficient between the fabric and another
(not steel) surface.

Matusiak and Fracczak [21] investigated
the friction of seersucker woven fabrics
using the linear module MLAS16-0600-
20EX (001). It is based on an aluminum
profile and linear guide with a ball screw
drive system. The screw drive was pow-
ered by a Maxon Motor 378536 electric
motor controlled by an EPOS2 24/5 con-
troller driven by a Matrix MPS-3005D
lab power supply. Measurement of the
friction coefficient was carried out using
data collected from a 6-axes SI-40-20
Mini 40 F / T force sensor, mounted on
the trolley of the linear module via an an-
gle bracket. The measuring tip mounted
on the sensor moves over the surface of
the material tested that has been fastened
between two clamping jaws (Figure 4).

The authors applied measuring tips

made of different materials: aluminium,
brass and plastic. It allowed a compari-
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Table 1. Basic structural properties of fabric
investigated.

Parameter Unit Value
Weave —warp | - plain
Weave — warp || - rep 2/2
Warp density cm-! 12.7
Weft density cm-! 1.4
Mass per square metre g m?2 212.9
Take up —warp | % 8.3
Take up —warp Il % 49.8
Take up — weft % 71

son of the values of friction coefficients
between the seersucker woven fabrics
and the tip’s materials applied. The au-
thors based their research on measuring
the forces acting on the probe during its
movement along the fabric. Thanks to the
rounding of the probe, the authors meas-
ured the friction forces along both the
puckered and flat strips.

Results obtained allowed to assess differ-
ences between the frictional properties of
the puckered and flat strips of the seer-
sucker woven fabrics. However, from the
point of view of the application of seer-
sucker fabrics in massaging clothing, it is
important to consider the frictional prop-
erties of seersucker fabrics as a whole
material. Thus it was decided to continue
the studies on the coefficient of friction
of these fabrics in order to obtain results
characterising the massaging ability of
the fabrics.

The aim of work was to develop a method
of measurement of the friction coefficient
of fabrics characterised by a textured sur-
face. In order to do so, seersucker woven
fabric was applied as an example of such
a kind of textile material.

M Material and method

In the work presented, seersucker woven
fabric made of cotton was the object of
investigation. The fabric had been man-
ufactured on the basis of two warp sets
made of 20 tex x 2 cotton yarn. The same
yarn was applied in the weft. The fabric
had been designed in such a way as to
obtain puckered and flat strips of pre-
determined width of both puckered and
flat strips in the warp direction: puckered
strips — 5 mm and flat strips — 8 mm (Fig-
ure 5).

The basic properties of the fabric investi-
gated are presented in Table 1.

As mentioned earlier, the coefficient of
friction is always determined for a giv-
en pair of materials, which will be dif-
ferent for a pair of leather — fabric, steel
— fabric or aluminium — fabric. It is also
worth emphasising that this coefficient
will also be different for a given fabric
and, for example, for different species
and skin finishes. Due to the fact that the
investigation considers the potential act-
ing of the material as a massaging tool,
in the Authors’ opinion it was necessary
to measure the friction coefficient of the
seersucker fabric in contact with skin.
In order to do this, cowhide leather with
a chrome finish was applied as one of the
materials being in contact with the fabric
investigated while measuring the friction
coefficient.

The measuring stand is presented in Fig-
ure 6.

The measurement was carried out in
such a way that a suitably cut sample of
the seersucker woven fabric tested was
placed on the flat bar (4). Then it was
gently stretched by hand to smooth the
unevenness of the fabric that could influ-
ence the measurement of the coefficient
of friction. Smoothing was delicate and
did not cause the straightening of the
puckered strips. Then the fabric was left
free to return to its natural position. One
of the ends of the fabric was attached so
that it did not move during the measure-
ment. Next a cuboid was placed on the
fabric, which was attached with a light-
weight and non-stretchable cord to the
force sensor (6). The orientation of the
cuboid relative to the sensor was such
that the cord was horizontal and that the
cuboid lay freely on the fabric measured.
Then the cuboid was moved a distance of
10 cm. Thanks to the rigid attachment of
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one end, the fabric remained motionless
and the cuboid slid on its surface. During
the movement, the sensor measured the
value of the force with which the cuboid
was pulled. In order to avoid statistical
error due to inaccuracy in mounting the
force sensor (setting the measuring axis
of the sensor contrary to the direction
of the pulled parallelogram), the value
measured was determined by means of
the following equation:

fi =Vxi2 +yi?
where:

x; y;— force measured in x and y direc-
tions.

)

The coefficient of friction was deter-
mined for seersucker woven fabric in
a pair with 4 different technical materi-
als: aluminium, steel, silicone and cow-
hide leather.

For each friction pair 10 measurements
were made in two different fabric posi-
tions where the cuboid was drawn both
in the warp and weft directions. For each
direction, the coefficient of friction was
determined separately.

@ Results and discussion

Exemplary results are presented in Fig-
ures 7 and 8, presenting the course of
changes in the friction force in time.

As can be seen in Figures 7 and 8, the
course of values of friction forces as
a function of time is not linear. You can
distinguish 5 stages on them. The first and
fifth are stages where the forces measured
are equal to 0, i.e. before the start of the
movement and after the end, and remov-
ing the cuboid from the fabric (step 5).
Stage 2 is associated with the start of the
movement. On the basis of large changes
in the force, it can be noticed that in the
first phase there is a significant increase
in the force, and then the value of the
static friction force is exceeded, which
causes a sudden drop in the force. In ad-
dition, in Figure 7, the step changes in the
force measured follow each other, which
is related to self-excited vibrations that
occur when the rectangle is accelerated
and the puckered strips are lying under
the cuboid. Such violent changes in the
force stabilise after some time. The next,
stage 3, is where the cuboid was drawn at
a constant speed.

During measurement in the weft direc-
tion (Figure 8), periodic increases in
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Figure 6. Measuring stand applied in the measurement of the friction coefficient of seersucker
woven fabric: 1 —laboratory power supply, 2 — Maxon Motor EPOS2 servo motor controller
with motor, 3 —signal amplifier and data converter, 4 — flat bar on which the fabric is placed,
5 — force sensor, 6 — grooved angle fixing fabric on one side.
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Figure 7. Exemplary course of measurement of the friction force in the warp direction.
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Figure 8. Exemplary course of measurement of the friction force in the weft direction.

strength are visible, related to pulling
the rectangle over the puckered strips.
It is worth noting that in this study the
puckered strips are perpendicular to the
direction of movement. The frequency
of occurrence of force increases is the
same as that of the puckered strips over
which the cuboid was moving. Hence the
number of force increases is the same as

that of puckered strips which the cuboid
encountered during movement.

On the other hand, in the warp direc-
tion (Figure 7), periodic increases in
the force do not occur. However, larger
changes in force values are clearly visi-
ble in the warp direction. These changes
are similar to the measurement noise, but
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Figure 9. Friction coefficients in warp direction.
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Figure 10. Friction coefficients in weft direction.

Table 2. Values of friction coefficients determined in the experiment. Legend: O — warp
direction, W — weft direction, Aver. — mean value.

Friction coefficient

1 2 3 4

O | 022 023 | 023  0.23
Steel

W | 023 022  0.23 | 0.22

O 020 020  0.19 | 0.19
Aluminium

W 019 019  0.19 | 0.18

O | 117 | 117 | 117 | 1.16
Silicone

W 109 110 111 | 1.11

O 028 028  0.28 | 0.27
Leather

W | 0.31 | 0.30 0.30 | 0.30

they are caused by dragging the cuboid
on the puckered strips, which are irregu-
lar and cause chaotic changes in the forc-
es measured.

As the last part of the experiment, step 4
should be specified, where there is a frag-
ment on which the drawn rectangle prism
has already stopped. It can be seen that
there is a sharp decrease in forces, but
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5 6 7 8 9 10 | Aver.
022 023 | 022 023 | 023  0.22 | 0.225
022 | 0.22 | 022  0.22  0.22 | 0.22 | 0.222
0.19 | 0.20 | 0.20  0.19 A 0.19 | 0.19 | 0.194
0.18 | 0.18 | 0.18  0.18 A 0.18 | 0.18 | 0.183
118 | 117 | 115 | 115 | 1.16 | 1.16 | 1.164
111 111 111 111 111 111 1107
0.28 | 0.28 | 0.28  0.28  0.28 | 0.28 | 0.278
0.30 | 0.30 | 0.30 ' 0.30 @ 0.30 | 0.30 | 0.300

they do not decrease to 0. This indicates
that during the test, the fabric is stretched,
and when the cuboid stops, the internal
stresses in the fabric affect it, which is
visible in the form of forces measured.

The analysis above shows that only the
measurements from step 3 can be taken to
determine the friction coefficient value. It
should be emphasised here that these val-

ues must be averaged due to the changes
in forces caused by the puckered strips.
Thus the friction force measured can be
expressed by the following equation:

F=Y.fi (6)
where: i = [,2,...,n are measuring points

occurring in step 3,
n — is the last measuring point in step 3.

Then the coefficient of friction was de-
termined by means of the following for-
mula:

n=y=a @)
where:

N — the pressure force with which the
cuboid acts on the fabric,

m — the mass of the cuboid,

g — the gravitational acceleration (in the
tests it was assumed that g = 9.81 [m/s?]).

The friction coefficient was determined
separately for the warp and weft direc-
tions. Results of the measurement are
presented in Table 2.

Figures 9 and 10 present a comparison
of friction coefficients determined for
different pairs of materials, according to
the plan of the experiment.

The next figures (Figures 11-14) present
a comparison of values of friction coeffi-
cients in the warp and weft directions for
particular pairs of materials.

The tests show that the highest value of
the friction coefficient was stated for the
friction pair: seersucker woven fabric
and cuboid covered with silicone: 1.16 in
the warp direction and 1.11 in the weft
direction, respectively. The lowest value
occurred for the fabric-aluminium pair:
0.18 in the weft direction and 0.19 in
the warp direction. It should also be stat-
ed that the coefficient of friction for the
fabric — steel pair was higher than for the
fabric — aluminium pair and lower than
for the fabric — leather pair.

Measurement of the coefficient of fric-
tion for seersucker woven fabric is not an
easy matter. Many factors have to be tak-
en into account, such as the stretchability
of the fabric and the ability to hook the
cuboid drawn on the puckered strips. In
the tests carried out, the first problem was
solved by pulling the cuboid a long dis-
tance — 10 cm. The second problem was
solved by cutting the edge of the cuboid
(Figure 15), thanks to which it could
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Figure 11. Friction coefficients between the seersucker woven fabric
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Figure 13. Friction coefficients between the seersucker woven fabric

and silicone.

gently slide on the puckered surface of
the seersucker fabric.

Based on the results of the experiment, it
can be stated that in most cases a higher
coefficient of friction occurs for the di-
rection of the warp than for that of the
weft. An exception here is the friction
pair cowhide leather — fabric, where
a higher coefficient of friction occurred
in the weft direction, which is a very im-
portant point taking into account that the
friction between the fabric and leather is
the nearest to that between the fabric and
human skin. Other results for the follow-
ing pairs: fabric — steel, fabric — alumini-
um and fabric — silicone do not reflect the
friction between the fabric and human
skin predicted. The results for silicone,
steel and aluminium can be interesting
from the point of view of other applica-
tions of seersucker woven fabrics.

B Conclusions

Within the framework of the work pre-
sented, a method of measurement of the
friction coefficient between seersuck-
er woven fabric and other surfaces was
developed. The method was checked for

FIBRES & TEXTILES in Eastemn Eurgpe 2019, Vol. 27, 3(135)

—u— Weft

one variant of cotton seersucker woven
fabric with a predetermined width of flat
and puckered strips. Results obtained
showed that the values of friction coef-
ficients depend on the direction of meas-
urement: warp and weft. Moreover very
important is the material of the surface
adjacent to the fabric during the meas-
urement. It was stated that the highest
value of the friction coefficient occurred
between seersucker woven fabric and

Figure 15. Cuboids applied in measurement.

TRV Warp

—u— Weft

Figure 14. Friction coefficients between the seersucker woven fabric
and cowhide leather.

silicone, while the lowest values of the
friction coefficient were noted for metal
surfaces: steel and aluminium adjoining
the fabric.

In order to assess the friction between the
fabric and human skin, it is necessary to
apply material of surface characteristics
close to those of human skin.

The investigations presented are prelim-
inary. Next the method will be applied

41



in the measurement of other seersucker
woven fabrics with a different repeat of
the seersucker effect. It is also necessary
to compare the results of measurement
using the method described with those of
another method applied in the measure-
ment of the friction coefficient of textile
materials. This will be the subject of the
next publication.
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