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ABSTRACT 

Friction has been an interesting subject because it is a quality-related property. Although 

Kawabata Evaluation System (KES) is the standard test method, researchers have been trying 

to establish a quick and an easy method to determine it.   

This thesis conducts the frictional properties of spunbond nonwoven fabrics that differ in 

fabric density, embossed pattern, and material itself. A simple whisker-type tactile sensor 

friction-testing machine that measures the friction coefficient regardless of the dragging 

direction within a short period was used. The stick-slip phenomenon of friction coefficient and 

its mean deviation trace varied with the surface morphology of each kind of fabrics was 

observed. The ANOVA result confirmed that the bonding pattern, the fabric density and 

constituent filaments have a significant impact on the frictional property of spunbond 

nonwoven fabrics. A comparative study of KES and a whisker machine showed the resultant 

tendencies of each kind of spunbond nonwoven fabrics were the same. The correlation between 

these two methods was high for weave-pattern and low for minus-pattern and point-pattern 

spunbond nonwovens.  

Therefore, a whisker-sensor machine is an alternative method to measure the friction 

properties of spunbond nonwoven fabrics objectively. However, doing more experiments is a 

must-need in order to establish the standard testing condition.  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



1. Introduction        

As soon as the bombing in the usage of spunbond nonwoven fabrics, especially in the 

industrial textiles, analysis of mechanical, physical, and hand-related properties of spunbond 

nonwoven plays an important role in obtaining the desired quality product. Since friction is one 

of the qualities-related properties, there have been a number of investigations into the frictional 

behavior of spunbond nonwoven fabrics at various testing conditions. Although Kawabata 

system is a well-known method to investigate the frictional characteristics of textiles, many 

researchers have been trying to establish the new techniques. The reason is that friction is not 

an inherent property and it changes with the testing environment and the material itself. 

Because of aforementioned reason, the frictional property of spunbond nonwoven fabrics 

has been investigated in this study. The 100% polyester (PET), nylon, and polypropylene (PP) 

spunbond nonwoven fabrics bonded with three bonding methods, namely, minus pattern, point 

pattern and weave pattern, and differences in fabric density were tested. A whisker-type tactile 

sensor friction testing machine was used to determine the coefficient of friction. The advantage 

of utilizing this machine is that it can detect the frictional coefficient of the fabric surface in all 

directions within a short period. Additionally, it can determine the variation in frictional 

resistance of spunbond nonwoven fabric surface relative to the dragging direction and specific 

surface geometry of each bonding method.  

Firstly, the frictional resistance of spunbond nonwoven fabrics and its influencing factors 

were investigated. SPSS analysis software was used to analyze statistically. In the second, the 

comparative study between the KES_SF and a whisker-type tactile sensor machine was carried 

out. According to the experimental result, it can be concluded that a whisker-type tactile sensor 

machine is an alternative objective evaluation method of the frictional property of spunbond 

nonwoven fabrics. 

 

2. Basic Principle of Measuring Friction in Textile 

This chapter concerns with the basic principle of friction measurement of textiles, the 

stick-slip phenomenon in measuring friction, and influencing factors in the friction 

measurement. Friction in textiles fails to obey the Amonton's law because of its viscoelastic 

nature and the nonlinear relation occurs with most polymeric materials. The most widely 

accepted of this relation can express as   

𝐹 = 𝑎𝑁𝑛 

where     a and n = empirical constants 

  F = friction force with the unit of N  

   N = normal force with the unit of N  

However, friction test of textile material where the normal force is usually maintained constant, 

the primary parameter assessed is still the coefficient of friction, 𝜇. 



In general, there are two basic principles, the horizontal plane principle and the inclined 

plane principle to measure fabric friction. In the horizontal plane principle, a block of mass m 

is pulled over the sample rest on a flat surface. The line fastened to the block is connected to 

the load cell that can measure both the static friction force and kinetic friction force. In the 

inclined plane principle, the block of mass m rests on the inclined plane where the test sample 

is rest. When testing, the inclined plane angle, α is increased gradually until the block just 

begins to slide. At this point, the friction force and normal force can be measured. The 

Kawabata surface tester is the standard test method to measure the frictional properties of fabric 

objectively. 

In measuring friction, the nature of plot of force against time is typically stick-slip in 

nature, which reflects a characteristic of most materials. Since the frictional resistance of textile 

materials is governed by many variables, the prediction of friction and SSP is still very difficult. 

In general, the stick-slip pattern is more prominent as the material is softer and more viscose-

elastic. In yarn and fabric state, the structure, surface morphology or roughness and bulk 

properties may influence the fluctuations of the stick-slip trace.  

The factors effect on the frictional property are the nature of detector, the morphology of 

the surface, the applied normal force and sliding speed, the direction of dragging, the area of 

contact, the testing environment, and the number of traverses.  

                                                                                                                                                                                                     

3. A Whisker Type Tactile Sensor Friction Testing Machine 

This chapter deals with the working principle of a simple whisker type friction testing 

machine. A sample of 12 × 12 cm2 is placed on the sample stage that rotates on the z-axis with 

the velocity of 1 mm/s. When the desired load (30 g) is placed on the load cell, the sensor wire 

is brought into contact with the specimen surface and thrusts into the sample. The friction force 

is generated between the sensor wire and the sample surface while the sample stage is kept in 

motion. Both the normal force and friction force are recorded simultaneously with the help of 

a data acquisition system and wave logger software. Hence, the value of the coefficient of 

friction is calculated by taking the ratio of these two forces. Then, the mean coefficient of 

friction and mean deviation that represents the scatter of the coefficient of friction around its 

mean were calculated by averaging every 5° of dragging angle. The experiment was carried out 

in a standard testing atmosphere (20 ± 2 °C and 65 ± 2 % RH).  

 

4. Friction Properties of Spunbond Nonwoven Fabrics 

The friction property of 100 % polyester, polypropylene and nylon spunbond nonwoven 

fabrics embossed with minus pattern, point pattern and weave pattern and the differences in 

fabric density were investigated. The fabric weight ranges from 15 g/ m2 to 70 g/ m2. It is 

observed that the nature of the stick-slip phenomenon (SSP) was regular when the sensor wire 

position is perpendicular to the machine direction of the minus-pattern bonding nonwovens. 



For that reason, a higher value of mean deviation was visually observed at a dragging angle of 

around 180° compared with other angles. In point-pattern bonding nonwovens, even though 

the SSP of the friction coefficient was regular in some dragging directions, there is no clear 

characteristic in mean deviation trace. In weave-pattern bonding nonwoven, the regularity of 

SSP appeared at every 90° of dragging angle, and hence a high value of mean deviation was 

observed at around every 90° of dragging angle. These phenomena indicate that the coefficient 

of friction of spunbond nonwovens varies in relative to the dragging direction and surface 

geometry. However, this characteristic is not clear in thin-weight fabrics because the protrusion 

of unbonded areas on the fabric surface is extremely small.  

 

Table 4.1. ANOVA Result 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Corrected Model 1.398a 30 0.047 411.94 0.00 

Intercept 13.487 1 13.487 119228.85 0.00 

Fabric weight 0.152 5 0.030 269.13 0.00 

Pattern 0.194 2 0.097 857.59 0.00 

Filament 0.353 2 0.176 1559.01 0.00 

Fabric weight * pattern 0.055 7 0.008 69.28 0.00 

Fabric weight * filament 0.159 7 0.023 201.27 0.00 

Pattern * filament 0.0 1 0.0 1.08 0.29 

Fabric weight * pattern *filament 0.006 4 0.001 12.49 0.00 

a. R Squared = 0.978 (Adjusted R Squared = 0.976) 

 

SPSS statistic software was used for statistical analysis. The three-way ANOVA 

illustrated in Table 4.1 was used to determine the relationship between the dependent variables 

and independent variables. The result shows that the fabric mass per unit area, component 

filaments, bonding pattern, and all interactions between factors except pattern and filament 

significantly effect on the friction coefficient. 

In general, the coefficient of friction of minus-pattern and point-pattern bonding 

spunbonds increased when the mass per unit area increased. The reason is that the impact of 



surface architecture varies with the bonding methods in addition to the fabric density. On the 

other hand, the value of the coefficient of friction decreased with a higher fabric density in 

weave-pattern bonding nonwoven fabrics. This tendency was true for nylon weave-pattern 

spunbond nonwovens. Nevertheless, there was no significant difference within polyester 

weave-pattern spunbond nonwovens. In the case of same fabric density and component 

filaments, the coefficient of friction value of minus-pattern and point-pattern bonding 

spunbond nonwoven was larger than that of weave-pattern bonding spunbond nonwoven. 

Nylon spunbond nonwoven had a large coefficient of friction value compared to polyester 

spunbond nonwoven and polypropylene spunbond nonwoven had a high coefficient of friction 

value compared to nylon spunbond nonwoven in the case of same fabric density and bonding 

pattern. Therefore, it is concluded that a whisker type tactile sensor friction testing machine is 

sensitive enough in detecting the change of fabric density, bonding pattern and component 

filaments.     

 

5. The Comparative Study of Kawabata (KES-FB) and Simple Whisker Friction Testing 

Machine 

This chapter concerns with the comparative study of the standard test method (KES_ 

Kawabata System) and a whisker-type tactile sensor friction testing machine. Generally, it is 

observed that the MIU value for all samples is smaller than the mean coefficient of friction 

value.  

 

 

Figure 5.1. Relationship between MIU and mean coefficient of friction 

Figure 5.1 shows the relationship between the mean coefficient of friction value and MIU. 

There is a high correlation (0.9) for weave-pattern spunbond nonwovens whereas a low 

correlation is observed for minus-pattern and point-pattern spunbond nonwovens with the 

value of 0.5 and 0.3 respectively. The reason is that friction is not an inherent property and it 

changes accordingly with the testing conditions such as detector type, compressive load and 
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sliding speed, and dragging direction. The absolute difference between KES and whisker 

sensor is the nature of the detector and the area of contact. In KES, the detector is made from 

10 pieces of 0.5 mm diameter piano wire whereas 0.5 mm diameter single piano wire is used 

as a detector in a whisker-sensor. As a result, KES sensor makes surface contact while a 

whisker-sensor is line contact. Further, the sample stage is in rotatory movement in a whisker-

sensor machine while a sample moves forward and backward in both MD and CD in KES-FB. 

Moreover, 50 g of weight is used to give compressive load in KES whereas 30 g of weight is 

applied in a whisker-sensor machine. 

 

6. Conclusion 

Because of an explosion in usage of unconventional textiles, the performance of final 

good influenced partly by friction has been an interesting issue. Nowadays, because of bombing 

in the usage of nonwoven fabric, the performance of it in specific use that influenced by friction 

has become an interesting subject. Therefore, the frictional characteristics of the spunbond 

nonwovens were investigated in this study. A whisker-type tactile sensor friction-testing 

machine was mainly used. The advantage of this machine is that it can detect the varying in 

friction force within a short period. It was found that the stick-slip trace of friction coefficient 

and its mean deviation trace of spunbond nonwoven fabrics varied with the specific surface 

geometry of each bonding method. Hence, changes in coefficient of friction value in relative 

with the dragging direction and surface geometry can be achieved. 

The bonding method, fabric density, and component filaments are the influencing factors 

on the frictional property of spunbond nonwoven fabrics. Although a comparative study of the 

standard machine (KES) and a whisker-sensor machine pointed out a significant difference 

between these two methods, a high correlation value was found in the weave-pattern bonding 

spunbond and a low correlation was observed in the point-pattern and minus-pattern bonding 

nonwovens. The reason is that friction is an inherent property and there still has been a 

limitation of using a machine for investigation friction of textiles. Nevertheless, it is 

summarized that a whisker-type tactile sensor friction testing machine is an alternative 

objective method of measuring frictional characteristics of spunbond nonwoven fabrics.    




