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Abstract 

Friction is a very important characteristic of textile materials and the interaction 

between the fibres and yarns in terms of friction determines different mechanical 

properties of the woven and knitted fabrics, such as traction, compression, twisting and 

shear characteristics.  During the processing of the yarn and fabric, they frequently 

move on metal, ceramic and other surfaces, and hence friction force acts between the 

textile material and working surfaces. It is generally recognized that the friction, to a 

certain extent, depends on the experimental conditions under which it is measured. This 

article reviews the principle behind stick-slip phenomenon, different devices used for the 

determination of frictional coefficients of textile surfaces and the principles involved. 

The factors governing the friction between two flat surfaces, the laws of friction for 

textile materials and their deviation for specific cases were critically analyzed.  

Key words: Fabric friction, friction coefficient, measurement of fabric friction, laws of 

friction 
 

1. Introduction 
Friction is very important characteristic of textile materials. Through friction, 

fibres are connected into yarns and the yarns into fabric [1]. Interaction between the 

yarns in terms of friction determines different mechanical properties of the woven and 

knitted fabrics, such as traction, compression, twisting and shear characteristics [1,2]. 

During the processing of the yarn and fabric, they frequently move on metal, ceramic 

and other surfaces, and hence friction force acts between the textile material and working 

surfaces. Many researchers have investigated on the friction between yarn and metal, 

ceramics or glass surfaces using the method of friction cylinder. But it is necessary to 

remark that a yarn can interact with yarn itself, but not many experiments are performed 

about the friction between yarns. Majority of studies are performed on the friction 

between single fibres, sliding with respect of each other [3,4,5,6]. Research findings state 

that many factors influence the yarn friction, among which yarn tension is the main 

factor influencing all dynamic friction characteristics. Friction also depends on the 

bending angle, solid sleekness, temperature, twist of the exploratory yarn, surface 

greasiness, moving speed, yarn roughness, downiness and electrifying properties 

etc.[1,3,4,7,8]. 
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2. Stick-slip phenomenon 
 It is generally recognized that the friction, to a certain extent, depends on the 

experimental conditions under which it is measured.  For example, the static friction has 

been often found to be higher than the kinetic friction in textile materials.  If, therefore, 

one of the sliding surfaces has a certain degree of elastic freedom, the motion may not be 

continuous, but may be intermittent and proceed by a process of “stick-slip”.  The stick is 

due to the higher static friction between the surfaces, and the slip due to the lower kinetic 

friction during sliding.  This phenomenon has also been attributed to viscoelastic effects 

on the basis that, in case of viscoelastic materials (fabrics and other polymers), the area 

of contact would be expected to be time-dependent and increase with time.  Such an 

increase has, in fact, been, observed, but more importantly, the effect also leads to 

dependency of “µ” on sliding velocity, where “µ” decreases as the velocity increases 

[30]. Prevorsek et al described the stick-slip phenomenon as being a result of the energy 

stored in the elastic parts of the system due to applied force in the contacting bodies.  As 

soon as sliding begins, the force applied is larger than required to maintain constant 

speed and the system accelerates, overshoots, then stops, and the process is repeated31. 

3. Determination of friction coefficients of textile surfaces 
Sansal designed a device which is used for determination of friction coefficients 

of textile surfaces based on the inclined plane theory. In the study, wool textile fabrics 

were used as specimens. As a result, it was found that there was an inverse proportion 

between fabric touching and softness, on the one hand, and friction coefficient, on the 

other. As the degree of softness of the fabric increases, its touching improves, and 

surface tension decreases, its friction coefficient decreases [9]. Kim and Slaten found out 

that finishing process hides disorders on fabric surface or burrs at engagement points of 

fibre and threads, which has a considerable impact on handle. At the same time, 

emphasis was put on the suggestion that, when determining the handling features of 

fabrics, friction coefficient should not be taken as a factor on its own; rather, it should be 

evaluated with its physical features [10]. Yokura and Niwa, examined the handling and 

touching properties of polypropylene and polyester-mixed nonwoven fabrics depending 

on their mechanical and surface features. In the study, wet and dry specimens with 

different specifications used in health, hygiene, underwear and interlining applications 

were evaluated by 25 persons. The evaluation was conducted subjectively by touching 

and feeling the nonwoven fabric specimens and was graded from 1 to 5 depending on the 

softness of their surface.  

Roedel and Ramkumar carried out friction tests on nonwoven fabrics produced 

by needle punching method. It was concluded that, as the polyester ratio of fabrics used 

in the study increased, friction values of nonwoven fabrics tended to increase as well 

[12].  Lima et al. applied standard metallic surface-fabric and fabric-fabric friction tests 

on cotton woven fabrics of different types using a newly developed device known as 

FrictorQ. As a result, it has been observed that standard metallic surface-fabric friction 

coefficient is lower than the fabric-fabric friction coefficient [13]. Kalebek and 

Babaarslan examined friction and softness characteristics of nonwoven fabrics produced 

with spunbond and spunlace methods. A conventional universal tensile tester device was 

modified according to the purpose of that study and a new testing environment was 

prepared. At the end of the study, it was observed that high values of friction coefficient 

for spun bond nonwoven fabrics [14]. 

Hertel and Lawson reported a shear friction measurement of textile fibers using a 

simple oscillating pendulum. The energy loss due to inter-fiber friction was calculated 

from the difference between the amplitudes of two consecutive swings, and the normal 

force applied to the top plate of the devise [18]. Studying fiber on fiber friction of cotton, 
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Oxenham and Hassanin used a new test method in which an analysis of compressional 

behavior of a fiber mass was performed. A slip-stick mechanism was assumed and the 

noise of the compressional load versus displacement curve was interpreted as the result 

of inter-fiber friction [19]. The surface friction property of fabrics has been evaluated by 

the coefficient of kinetic friction between fabric surface and a piano wire contactor since 

1970, when the Kawabata evaluation system for fabrics was developed. The measured 

results point out that the coefficients of friction of fabric surface have shown a strong 

correlation with smoothness of textile fabrics. E.Baussan studied the friction between 

skin and sports socks by using a reciprocating linear tribometer [20]. S. Derler 

investigated the friction of untreated human skin against a reference textile with 12 

subjects using a force plate [21]. C.K. Chan investigated the mechanical properties 

including surface friction properties of uniform fabrics in garment manufacturing so as to 

produce high-quality career uniforms based on the Kawabata KES system [22]. Marie-

Ange Bueno described a tribological method for the quantization of sanding in textile 

finishing improving fabric surface friction properties [23]. 

3.1. The concept of friction between surfaces  

The friction properties of fibers are characterized according to the classic definition of 

friction between two flat surfaces (e.g., the frictional force is assumed to be equal to the 

normal force times the friction coefficient). Because of the complex nature of fiber 

friction, the friction coefficient value has been found to be strongly dependent on testing 

conditions. For metals, the contacted areas between the two bodies are believed to be 

pressed exceeding their yield point and thus the two pieces are welded together at those 

points. The shear force required to break up these bonding points is proposed as the 

source of frictional force. Obviously the higher the load applied normal to the surface, 

the larger the real area of contact, and the higher the frictional force. Therefore, Bowden 

and his coworkers (Bowden) proposed that the frictional force is proportional to the real 

area of contact. This also explains the difference between the static and kinetic friction 

coefficients. The ploughing mechanism may be assumed when surface roughness is 

significant. A good case of this mechanism is wool fiber that has scales on surface. When 

movement of the two neighboring fibers is at with-scale direction the friction is 

substantially smaller than when it is at anti-scale direction [15,16,17]. 

3.2. Friction in sports wear  

Another critical comfort-related property for sports textiles is low friction. When 

a person is playing sports, the inner surface of the sportswear may slide over his/her skin, 

inducing friction. High friction may cause uncomfortable feeling or even pain to the 

sportspeople. For instance, the friction between the skin and inner surface of sock fabric 

can cause friction blisters due to cyclic relative movements. Fluoro polymers have very 

low coefficients of friction (varying from 0.02 to 0.2 depending on the fluoro polymer 

type, loading and the sliding speed) and poor adhesion to most substances because of 

their low surface energy [24]. Bertaux investigated the friction of socks made of different 

types of fibers, and found that the socks containing polytetrafluoroethylene have lower 

friction and are more comfortable [25]. Ajayi and Virto and Naik have shown that the 

sliding speeds have a limited influence on the frictional properties. Most recently, 

Ramkumar et al. studied the effects of sliding speeds on the frictional properties of 

nonwoven fabrics. Their results indicated that the frictional resistance increased with an 

increase in the speed of testing [26, 27, 28]. However, this study did not attempt to 

examine the effect of sliding speeds on the frictional characteristics of a woven fabric. 

Pierce stressed the importance of friction to the overall quality or hand of fabrics, but he 

did not endeavor to experimentally measure the frictional properties. It is known that the 

frictional properties of textile materials depend on a number of testing parameters, such 
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as the applied normal load, the area of testing, the speed of testing, and the nature of the 

contacting surfaces [29]. The procedure and material related factors contribute to a great 

extent to the frictional behaviour of textile materials. 

4. The laws of friction for textile materials 
   Majority of the studies on friction in textile materials were carried out on fibers 

and yarns and few involved woven fabrics.  Amontons’s laws hold fairly well for metals, 

ice and other hard materials, but fail for textile fibers, yarns and fabrics.  The coefficient 

of friction is constant for many hard materials, but is generally not constant for textiles.  

Also, when textiles are involved, the frictional forces usually depend on the geometric 

area of contact.  

 By 1952, workers in the fiber friction [32-38] had shown that the classical 

Amontons’s laws of friction were not valid for inter-fiber friction and the coefficient of 

friction was not a constant, but decreased in general with increasing load.  A relationship 

of the form, 

        (1) 

was proposed, where a and b are constants, F is the frictional force, N the normal load 

between the fibers and A the apparent area of contact.  The additional term (b.A) 

introduced to account for the departure from Amontons’s laws, was attributed by 

Morrow [32] to adhesion produced either by sticking of the waxy surfaces or, more 

probably, by the interlocking of the convolutions of the cotton fiber.  Gralen and 

Olofsson [33] and Olofsson [39] attributed the additional term to an adhesive force but 

no particular mechanism was specified to explain it, while Howell [36] considered 

possible mechanisms by which the additional term could be explained.  Later Gralen [40] 

derived a relationship of the form: 

        (2) 
Where l is the length of the contact line between the fibers pressed together under 

load N and R is the fiber radius.  Here it was assumed that the material had a well-

defined yield stress and specimens were smooth.  In this model, the area of contact 

consists of central zone produced by plastic deformation and an outer zone produced by 

elastic deformation.  The first term (aN) in equation (2) is related to plastic properties of 

the material while the second (blR) indicates the elastic behavior.  This theoretical 

relation has been found to be fairly well supported by experimental results obtained on 

nylon and polyester fibers.  Another relation was found by Gralen et al [34, 41] given by 

equation (3) which fitted the data obtained from two twisted fibers. 

                              (3) 

It was interpreted by Howell [43] as being the sum of a plastic term (aN) and an 

elastic term (bNn).  Makinson [42] however proposed a simpler relationship given by 

equation (4) which almost fitted the data of fibrous material as well. 

                              (4) 
This relationship was explained as the sum of an adhesion term “a” which was 

independent of load and gave finite friction even at zero loads, and the deformation term 

(bNn) which was a load dependent term.  Vishwanathan [44] noted that as the applied 

load increased, coefficient of fiber friction decreased but it tended towards a constant 

value.  This means that the deviation from the Amontons law was less at high normal 

loads, where fiber fringe behaved more like sheets of fibers which created, according to 

author, a constant area of actual contact. 

 Skelton [45] stated that for the bulk materials in which the classical laws were 

generally valid, the area of actual contact was much smaller than the geometric area of 

contact.  Therefore, a simple proportionality existed between the frictional force and the 
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normal force, this ratio being the coefficient of friction “µ”.  On the other hand, for two 

crossed fibers, the region of contact and the area of actual contact were nearly the same, 

so that the coefficient of friction was a function of not only the normal force but also the 

fiber diameter.  Prevorsek et al [47-49], expressed the coefficient of friction “µ” 

generally as being the sum of an adhesive (µa) term and a deformation (µd) term.  The 

authors expressed the deformation component of the coefficient of friction by the 

following empirical equation: 

        (5) 
Where tan µ is the loss tangent, E is the elastic modulus, and K, m, n are constants.  

These constants were experimentally found for nylon and polyester fibers [46].  The 

adhesion component of friction was assumed to be negligible in the high temperature and 

the humidity ranges used in their study.  Other authors [47,48], however have supported 

the adhesion mechanism as primarily governing the frictional behavior of fibrous 

materials on the ground that when friction was measured in clean fibers, the deformation 

losses were generally small and, thus, unimportant. 

 Kawabatta and Morooka [49] in their study on friction between woven fabric and 

a rigid body showed that the coefficient of friction µ consists of two components µA and 

µB.  µA was stated as the component of friction between a fiber surface and a surface of 

rigid body, µB was assumed to be related with loss energy caused by the inter-fiber 

frictions during compression deformation when the fiber assembly such as fabric was 

subjected to rubbing. 

 It was shown by Howell and Mazur [50] and several other research workers [36, 

51-57] that, in fibers, the power law given by equation (6) express the relation between 

the frictional force, and the normal load, very closely. 

                                 (6) 
In equation (6) F is the frictional force, N is the normal load, a is a coefficient and n is 

the friction index, When n becomes 1, (for materials deforming plastically), a becomes 

equivalent to µ, and equation (6) takes the from F = µ N, which describes the classical 

law of friction found in metals and other hard bodies. Equation (6) has been now firmly 

established experimentally as well as theoretically to represent the friction behavior in 

fibers. The friction index varies from material to material depending on the geometry of 

the asperities covering the surfaces and the nature of the deformation that the surfaces 

undergo. It can be as low as 0.67 for two perfectly elastic solids in contact and as high as 

1.0 for a surface having an actual area of contact determined by purely plastic 

deformation of asperities. If on the other hand load is kept constant and the nominal area 

of contact between the surfaces is varied, the friction force may be written [58, 59] as: 

                                                             (7) 
Where A is the nominal surface area and b is constant. 

Gupta and El-Moghazy [60, 61] have given meanings to the constants n and a of 

equation 6) in fibers using adhesion-sharing theory of Bowden and Tabor [62, 63]. Gupta 

and El-Moghazy [60, 61] developed the fundamental friction equations {Equations (8)-

(10)} describing frictional behavior in fibers by assuming a general pressure-area 

relationship applicable to wide range of materials.  

                                  (8) 
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                                        (9) 
Where µ is the constant, caller shapes factor of the assumed general pressure-area 

relationship given by: 

                      (10) 
In this, P is the pressure, A t is the true area of contact and K is another constant 

considered as the stiffness or hardness factor. In equation (9) S is the specific shear 

strength of junctions formed at the points of real contact, m is the number of asperities in 

contact and C is the model constant.  

Studies [64, 65] on fabric-to-fabric friction have also been found to obey power 

law similar to equation (6), but involve apparent area of contact, A, as given by equation 

(11) or (12) below: 

                                                             (11) 

Or 

                                                           (12)  
Where F/A is the frictional force per unit apparent area of contact, N/A is the 

normal load per unit apparent area of contact, or contact pressure, and C and n are 

constant that characterize fabric friction. Wilson [62] showed that equations (11) and 

(12) are consistent with adhesion theory of friction of Bowden and Tabor [62,63] as 

developed by Huffington and Stout [66], for fiber assembly i.e. crossed layers of bristle 

or yarn, the differences between fabrics being caused mainly by the way in which the 

number of point contacts between the two surfaces varies with pressure. With the 

assumption of general pressure-area relationship, Wilson [62] showed that the number M 

of asperity contacts per unit apparent area, between fabrics varies with pressure 

according to the relationship    

        (13) 
Where D and B are constants for a given fabric.  With this assumption, Wilson showed 

that both n and C are related to M and its variation with N/A.  Wilson discusses the 

following four special cases for n: 

i) When M is independent of pressure, n equals µ, a material constant, and is the 

minimum possible value of n. 

ii) When M increases with pressure, but less rapidly than pressure, 0.5 < n < 1. 

iii) When M is directly proportional to pressure, n = 1. 

iv) When M increases more rapidly than pressure, n > 1. 

Wilson’s analysis [62] also showed that for a given fiber material, the value of C 

is associated with M1 (value of M at unit pressure).  A high value of M1 corresponds to 

high value of C (found experimentally for spun yarn fabrics) and a low value of M1 

corresponds to low value of C (found in continuous filament yarn fabrics).  Zurek et al 

[67] in their study on friction of yarns and fabrics, reported agreement between value of 

the frictional characteristics of the yarns and that of fabrics woven from them. 

 In the light of the discussion in this section, one could consider the textile 

materials e.g. fibers, yarns and fabrics as well as the other polymer-based materials as a 

special category of materials which must be distinguished from other types of materials 

such as metals, ice and other hard bodies which deform plastically.  An attempt to 

describe the fundamental differences between the frictional behaviors of these two 

groups of materials has been made by many investigators [46, 62, 63, 68].  These 

materials have been placed in three distinguishable cases.  The first case applied to 

materials having a sharp yield stress Re where N = applied normal load and A = true 
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contact area.  Also, F = AS where F = frictional force and S = specific shear strength of 

the junctions or the stress required to cause relative motion between interfaces.  Then the 

coefficient of friction is given by: 

                                                                        (14) 
      

In this case, µ is independent of the applied normal load and the apparent contact area.  

This behavior is seen in metals at high normal loads.  High polymer friction differs from 

metallic friction in the nature of deformation.  Metallic friction exhibits only plastic 

deformation whereas in high-polymers friction the deformation is partially elastic over a 

wide range of loads [69, 70].  The additional deformation loss plays a greater role in 

high-polymer than in metallic friction [71]. 

 The second case applied to materials e.g. rubber-like materials that deform 

elastically at the points of contact.  Assuming the bumps to be approximately spherical, 

the area of contact between them and the plane into which they were pressed with force 

N was shown to be proportional to N 2/3 [72].  Thus, 

        (15) 
and, the coefficient of friction, still expressed by the ratio, F/N, is given by: 

        (16) 
In this case, µ  is a function of normal force [46]. 

 The third case applied to viscoelastic materials (plastics, fibers, fabrics etc.) in 

which the frictional force was given by the relation: 

          (17) 
Where 2/3 < n < 1. 

5. Conclusion 

 The frictional behavior of rigid polymers, rubber-like materials and textile 

materials has generally been explained in terms of two mechanisms, namely, adhesion 

mechanism and deformation mechanism.  The adhesion term is a result of molecular 

interaction at the contact points of two solid surfaces and the deformation term is due to 

the loss of energy involved in deforming the softer surface around the contact point.  

However, the relative contributions made by these two mechanisms, which seemingly 

vary with the type of surfaces in contact and the applied load, cannot yet be determined.  

The friction-velocity-temperature curves may be transformable by a suitable series of 

shifts into a single master curve.  In the glassy range, the transformation factor was of 

Arrhenius type.  In the rubbery state, the classical W.L.F. transformation is usually 

applied.  High polymer friction differs from metallic friction in the nature of 

deformation.  Metallic friction is mainly due to plastic deformation whereas high-

polymer friction involves deformation which is partially elastic over a wide range of 

loads.  The additional deformation loss plays a greater role in high-polymer than in 

metallic friction. 
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