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Abstract: 

Belt conveyors are widely used for the transportation of bulk materials 

in mining and heavy industry. One of the major operational challenges 

in such systems is belt slippage, which may result in structural damage, 

production interruptions, and increased maintenance costs. In industrial 

practice, belt tracking is often corrected by skewing idlers; however, 

excessive skew angles may lead to increased wear of the conveyor belt 

cover and roller surfaces. Reliable investigation of the tribological 

phenomena occurring in the roller – conveyor belt friction pair therefore 

requires experimental testing under controlled laboratory conditions that 

reproduce real operating parameters. 

This study presents the design and application of a dedicated laboratory 

test rig developed to investigate the tribological interaction between  

a steel roller and a rubber conveyor belt cover in a roller–roller 

configuration. The design of the test stand was based on dimensional 

analysis and mechanical similarity theory in order to ensure geometric, 

kinematic and dynamic similarity to real conveyor operating conditions. 

An original measurement method based on the number of revolutions  

of the samples was used to determine the volumetric wear of cylindrical 

rubber specimens, allowing long-term measurements without 

interrupting the experiment and ensuring a measurement accuracy of 

approximately 3%.  

Experimental tests were conducted for several skew angles and operating 

speeds typical for conveyor systems. The wear intensity index and the 

coefficient of friction were determined as functions of skew angle, speed, 

and normal load. The results indicate that the wear intensity increases 

significantly when the skew angle exceeds approximately 3°, while for 

angles between 1 ° and 3 ° the wear intensity remains relatively low. The 

experimentally determined friction coefficient increases with the skew 

angle and decreases with increasing normal load. The developed 

methodology enables reliable evaluation of tribological parameters of the 

roller – belt system and supports optimisation of conveyor design 

parameters and belt durability. 

Keywords: belt conveyor, rubber wear, coefficient of friction, roller – 

belt system 
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1.  Introduction 

Belt conveyors are one of the most widely used means of transporting bulk materials. This is due to 

their simple design, high efficiency, reliability, ease of operation and automation, and their ability to 

cover long distances while adapting well to the terrain [1, 2].  

One of the key issues in the design and operation of belt conveyors is the proper support of the belt 

on the rollers. The choice of belt support method should take into account the operating conditions and 

parameters, the type of material being transported, and the load on the conveyor. The most commonly 

used solution in mining and heavy industry are steel shell rollers (Fig. 1), which support and guide the 

belt, ensuring that it remains in the correct position and shape [3, 4]. 

One of the adverse phenomena that may occur during the operation of belt conveyors is belt slippage. 

It consists in the belt moving transversely to its intended direction of movement, which may lead to 

contact between the conveyor belt and the conveyor's supporting structure. Belt slippage and the 

resulting local damage to the route structure, roller or belt edge can lead to downtime and losses resulting 

from the interruption of production processes and the need to repair or replace components. Therefore, 

it is necessary to perform maintenance activities aimed at ensuring the centered belt movement. In 

practice, it often happens that the centering of the belt is achieved by improper, i.e. excessive, skewing 

of the side rollers, which causes accelerated wear of the belt cover and the roller surfaces. 

 
 

 

Abrasive wear is the most common cause of conveyor belt degradation, resulting from direct contact 

between the rubber cover and the roller shell or an additional abrasive layer – mineral particles, dust, or 

contaminants. The intensity of wear is significantly influenced by the material properties of the friction 

pair and mechanical factors such as normal load, slip distance, relative speed, and friction coefficient. 

The complexity of wear mechanisms [5, 6, 7] and the difficulty of fully identifying the friction 

conditions between the rubber cover and the roller limit the possibilities of predictive modelling of belt 

life and the design of optimal structural solutions [4, 8, 9]. Studying this phenomenon in the context of 

the correct selection of rubber components used for conveyor belt covers, including flame-retardant and 

abrasion-resistant belts, requires testing the abrasion resistance of rubber under conditions 

corresponding to real-life conditions. Conducting such tests in industrial conditions is very difficult due 

Fig. 1. Roller belt support system in an underground coal mine 
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to harsh working conditions, dust, humidity, and the inability to conduct tests under controlled load 

conditions (Fig. 1). Therefore, the wear characteristics of friction pairs are determined by laboratory 

experimental tests, during which the wear mechanism and the type and parameters of contact between 

the elements are reproduced. 

A review of the literature indicates that, due to the lack of a unified approach to testing the wear of 

rubber, researchers focus on designing unique, specialized test rigs that allow for the control of multiple 

parameters simultaneously and enable testing under conditions similar to those encountered in service, 

for a specific, individual case. The devices most commonly used to test rubber wear of rubber in 

conditions involving sliding are test benches based on tribological systems, mostly ‘pin-on-disc’ systems 

[10, 11, 12, 13] and ‘roller-roller’ systems [14, 15, 16, 17, 18]. 

The ‘pin-on-disc’ system is used for basic research that enables the analysis of friction phenomena 

under sliding conditions with point or surface contact. It allows the precise determination of the 

coefficient of friction and the intensity of wear as a function of sliding speed and contact forces. Due to 

the high concentration of pressure in the contact area, this system accurately reproduces the abrasive 

and adhesive processes. It is particularly useful for the initial classification of materials, comparative 

tests, and analyses of the basic mechanisms of friction and wear. 

The ‘roller-roller’ system replicates the complex conditions of linear and surface contact that occur, 

among others, in the operation of rollers or tires. Its significant advantage is the ability to simultaneously 

take into account sliding and rolling motion, which enables the analysis of phenomena characteristic of 

actual operating systems. This configuration allows for reliable testing of abrasion and fatigue wear 

mechanisms, as well as the formation of contact rollers and viscoelastic deformations typical for 

elastomers.  

A review of the literature indicates that a reliable assessment of the wear intensity of rubber requires 

experimental testing under conditions as close to actual operating conditions. This allows the proper 

representation of the complex interaction between the material properties of the rubber, the geometry 

and kinematics of contact, and load parameters.  

However, in industrial practice, there is a lack of experimental test rigs capable of analyzing wear in 

rubber–steel friction pairs under rolling contact conditions with a skewed rolling element, as occurs in 

idler–conveyor belt systems. Existing research solutions are primarily focused on rubber wear under 

sliding contact conditions, tire wear on asphalt surfaces, or the influence of rubber material properties 

on wear behavior. Consequently, they do not adequately reproduce the combined rolling–sliding contact 

and kinematic conditions characteristic of skewed idlers in conveyor systems. 

The novelty of the present study lies in the development of a laboratory method and a dedicated test 

rig developed in a ‘roller-roller’ configuration that allow investigation of rubber wear in a roller–belt 

friction pair under controlled skew conditions, thereby bridging the gap between simplified laboratory 

tests and real conveyor operation. 

2.  Materials and Methods 

The design and construction of a laboratory stand for model testing of friction pair wear between  

a roller and a conveyor belt in a ‘roller-roller’ system are presented below. The stand shown in Fig. 2 

consists of: a structural frame (4, 5), lever systems with bearings (3), rubber sample mounting systems 

(1, 2), a steel drum (8) and a drive system with a belt transmission (6, 7). An overview containing key 

technical parameters of a test stand was presented in Table 1 below. 
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Table 1. An overview containing key technical parameters of a test stand 

Item Parameter 
Data 

Value Unit 

1 Belt transmission ratio 2:1 - 

2 Motor power 1.5 kW 

3 
Range of counter sample 

rotation speed 
153 – 410 RPM 

4 
Range of counter sample 

linear speed 
1.6 – 4.3  m/s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. CAD model of the stand with key elements marked: 1 – Cylindrical rubber sample,  

2 – Pressure disc, 3 – Lever system, 4 – Support frame, 5 – Structural frame, 6 – Electric motor,  

7 – Belt transmission, 8 – Steel drum (counter-sample) 

 

In the process of designing the test stand, dimensional analysis and mechanical similarity theory  

[19, 20, 21, 22] were used to ensure the proper representation of the friction between the roller and the 

conveyor belt. These methods are tools that enable the proper design of the system and the selection of 

operating parameters, which results in the methodological correctness of the research conducted. The 

result of applying these methods was the determination of the conditions for the correct representation 

of the friction interaction between the conveyor belt and the roller: maintaining the applied skew angle  

(1 to 4 degrees), using friction pair materials as in real conditions (i.e. Young's modulus) and 

representing the actual load condition. The samples were made of flame-retardant rubber, which is often 

used in conveyor belt operation. Sample skew angle was defined as the intentional angular misalignment 

between the axes of the rolling sample and the counter sample, which generates lateral forces and 

combined rolling–sliding contact conditions. 

Key test parameters were presented in Table 2 below. 
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Table 2. Test parameters 

Item Parameter 
Data 

Value Unit 

1 Normal load 110 N 

2 Range of applied skew angle 1 – 4  deg. 

3 Sampe rotational speed 810 RPM 

4 Sample linear speed 4.3 m/s 

5 Number of repetitions 10  - 

6 Sample material Flame-retardant rubber  

7 Sample hardness (Shore) 67 ShA 

8 Counter sample roughness  3.2  µm 

9 Contact characteristics  Dry (two-body abrasion) - 

 

 

The test rig described above uses an original method of measuring wear by indirectly measuring the 

diameters of rubber components. Diameters are calculated based on the number of revolutions of the 

samples in proportion to the number of revolutions of the steel drum. The number of revolutions was 

measured using panel revolution sensors with an inductive sensor (Fig. 3) with a maximum measurement 

frequency of 30 Hz, mounted on the lever arms and on the structural frame. To record the rotation of the 

samples (1) and the steel drum, a single magnet (3) was placed on one of the pressure discs (2) of each 

sample and on the side surface of the drum. For each full rotation of the pressure discs (rubber samples) 

and rotation of the steel drum (counter samples), a dedicated rotation sensor (4) recorded one pulse. 

Length of friction path of the sample was defined as the total distance travelled by a sample during 

rolling motion over the counter sample throughout the test as the product of the number of revolutions 

of the steel drum and its circumference. 

 

 

Fig. 3. Sample mounting and rotation measurement system: 1 – Sample, 2 – Pressure disc,  

3 – Magnet, 4 – Inductive sensor 
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As a result of friction between the cylindrical steel drum and the rubber samples, the rolling surface 

of the less hard element was subject to wear. Due to the material differences between the samples and 

counter-samples, resulting from the lack of an additional abrasive factor (i.e. copper ore dust), the wear 

of the cylindrical surface of the steel drum was negligible, which is in line with expectations and the 

literature [23, 24, 25, 26].  

As the rolling surface of the cylindrical rubber sample wore down, its diameter decreased. and the 

innovative measurement method allowed for a very accurate determination of the volume wear of the 

samples compared to measuring wear using a laboratory scale. Furthermore, it enabled the wear to be 

measured without the need to interrupt measurements and dismantle the sample mounting systems. For 

multiple measurements for a given set of samples, lasting up to several weeks, this significantly reduced 

the influence of external factors and minimized measurement errors. 

3.  Results 
 

Below are sample results of tests on the rubber wear intensity index and the friction coefficient for 

a rubber-steel friction pair operating under rolling slip conditions. 

3.1.  Wear intensity index 
 

The graphs shown in Figs. 4 and 5 present the test results for a linear drum speed of 4.3 m/s. 

 

Fig. 4. Linear approximation of sample wear results on the friction path for a linear speed of 4.3 m/s 

 

The results of sample wear measurements for a steel drum linear speed of 4.3 m/s (Fig. 4) show slight 

changes in sample diameters for skew angles of 1, 2 and 3°. The approximation curves for the relative 

change in diameters are inclined to the horizontal axis to a similar, slight degree. The greatest change in 

sample diameter can be observed for the sample with a skew angle of 4° - the reduction in sample 

diameter after the test was 0.5%. The total friction distance for samples rolling on the counter sample at 

a linear speed of 4.3 m/s was approximately 1100 km. 

 

-0,6%

-0,5%

-0,4%

-0,3%

-0,2%

-0,1%

0,0%

 -   200   400   600   800  1 000  1 200

C
h

a
n

g
e 

o
f 

sa
m

p
le

 v
o
lu

m
e
 [

%
]

Length of friction path [m]

 4 deg  3 deg

𝐱𝟏𝟎𝟑

https://creativecommons.org/licenses/by-nc/4.0/


e-ISSN 2719-3306 Mining Machines, 2026, Vol. 44, pp. 33-45  

 

 

Publisher: KOMAG Institute of Mining Technology, Poland 
© 2026 Author(s). This is an open access article licensed under the Creative 
Commons BY-NC 4.0 (https://creativecommons.org/licenses/by-nc/4.0/) 

39 

 

 
Fig. 5. Wear intensity index graph for measurements at a linear speed of 4.3 m/s 

 

Fig. 5. shows the wear intensity index (Iz), which is a measure of the wear rate of the sample and 

approximation for skew angles of 1°,2° and 3°. Iz is defined (1) as sample wear (Z) relative to the friction 

path length (L), which is the product of the number of revolutions of the steel drum (LcB) and its 

circumference (DB*π): 

𝐼𝑧 =
𝑍

𝐿
=

𝑍

𝐿𝑐𝐵 ∗ 𝐷𝐵 ∗ 𝜋
                    [

𝑚3

𝑚
] (1) 

The wear intensity index graph for a drum linear speed of 4.3 m/s (Fig. 5) shows slight or minimal 

wear of samples with skew angles of 1, 2 and 3 °. However, for the sample with a skew angle of 4°,  

a significant increase in the wear intensity index can be observed, deviating from the linear trend for 

samples with skew angles of 1, 2 and 3°. When comparing the value of the index for the sample with  

a skew angle of 4° with the index for a skew angle of 1°, this is an approximately tenfold increase. 

Skewing cylindrical samples at an angle of 4° leads to accelerated wear of the rolling surface of the 

samples, a reduction in its volume, and thus an increase in the impact of abrasive wear on the rolling 

surfaces of the cooperating elements.  

Comparison of the rolling surfaces of samples with skew angles of 1° and 4° was presented in Fig. 6 

below. 
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Fig. 6. Comparison of the rolling surfaces of samples with skew angles of 1° (left) and 4° (right) 

 

As part of an attempt to forecast the wear intensity index for the friction work, reflecting the 

interaction between the roller and the conveyor belt, the results were approximated. Based on the index 

(IZ) results for skew angles of 1°, 2°, 3° and 4° and linear sample speeds of 2.1 m/s, 3.2 m/s and 4.3 m/s, 

the average values of the wear intensity index (IZ) were calculated for each angle. Next, a script was 

developed to approximate the points obtained with a spline function. The result of the approximation 

was function (2) describing the change in the wear intensity index “f ” along with the skew angle.  

𝑓 =  𝑎0   +  𝑎1 ∗  𝛼 +  (𝛼 >  𝛼0 ) ∗ [𝑐1 ∗ ( 𝛼 −  𝛼0 ) +  𝑐2 ∗ ( 𝛼 −  𝛼0 )2   + 𝑐3   
∗ ( 𝛼 −  𝛼0 )3 ] 

(2) 

where: 

α – sample skew angle [deg], 

α0 – designated argument of the function (threshold value) [deg], 

a0 = 1,93E-14, a1 = 2,98E-14, c1 = -1,40E-14, c2 = 1,18E-13, c3 = 1,74E-13.  

 

The approximation of the wear function is presented in the graph in Fig. 7. The designated argument 

of the function (0 = 3.1), for which it retains its smoothness and continuity, constitutes the boundary 

between the linear approximation and the cubic approximation (third-degree polynomial). 
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Fig. 7. Polynomial approximation of average values of the wear intensity index for measurements  

with three values of drum linear speed for samples of flame-retardant rubber  

 

The fragment of the graph with linear approximation for skew angles of 1°, 2°, and 3° shows a linear 

increase in the wear intensity index. Above a skew angle of 3°, the approximation function takes the 

form of a third-degree polynomial and there is a significant increase in the wear intensity index. 

3.2.  Coefficient of friction 
 

The wear of the rubber in the tested system depends on the coefficient of friction. With minor 

modifications (Fig. 8), the test rig allows this coefficient to be determined as a function of speed, skew 

angle and normal force load. The lateral force measuring system comprised a sample, a counter-sample, 

a loading weight and a dynamometer. The force was induced by controlled angular misalignment 

between the axes of the rolling elements. The lever mechanism was fixed to maintain a predefined skew 

angle, and the lateral force was recorded using the dynamometer. 

Lateral force measurements were performed for three values of normal force acting on the sample 

(50 N, 80 N, 110 N) and for the most commonly used speeds in the operation of belt conveyors with 

advance roller sets (0.5–4.2 m/s). The effect of the skew angle was tested for the following values: 0.5°, 

1°, 1.5°, 2°, 2.5°, 3°, 4° and 5°. Measurements were started at the lowest speed value in the range and 

then the speed was gradually increased. After reaching the next defined speed in the range,  

a measurement was taken. After the set measurement time for a single speed had elapsed, the speed was 

increased again. After measurements of the maximum set speed in the range, the linear speed of the 

drum was reduced and measurements were taken again. 
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Fig. 8. Measuring system for testing lateral force on the left (1 – dynamometer, 2 – rubber sample,  

3 – steel roller – counter sample) and vector diagram of the frictional forces between the sample and 

counter sample of the right (Fn – normal force, Ft – friction force, Fc – centring force, R – resistance 

force, Vb – counter sample speed) 

 
The results of the measurements are presented in Fig. 9 below.  

 
Fig. 9. Experimentally determined values of the coefficient of friction depending on the skew angle  

of the rubber sample for a linear drum speed of 2.1 m/s 
 

Due to the lateral force values obtained as a result of the measurements, the friction coefficient values 

for the friction pair – a rubber sample and a steel drum – were determined. Using the definition of friction 

force (FT) and taking into account the influence of the skew angle (α) on the direction of the centring 

force, the friction coefficient µ was calculated: 
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µ =
𝐹𝐶

𝐹𝑁∗cos (𝛼)
      (3) 

 

where: 

FC – determined value of centring force [N], 

FN – value of normal force load [N], 

α – skew angle of the sample [°].  

 

The value of the normal force was applied gravitationally and remained constant throughout the test. 

The coefficient of friction was not monitored as a function of time. The contact temperature of the 

sample was measured and did not exceed 32°C.  

The experimentally determined friction coefficient functions depending on the skew angle of rubber 

samples for three normal force load scenarios (50 N, 80 N, 110 N) and a linear drum speed of 2.1 m/s 

showed an approximately linear relationship (Fig. 9). For the analysed data, the highest friction 

coefficient value was found for a normal force load of 50 N on the samples. Lower values were obtained 

for a load of 80 N and the lowest for a load of 110 N. This leads to the conclusion that there is a 

relationship between a lower friction coefficient and an increase in load for the friction interaction 

between rubber and steel materials. The nature of the changes in the friction coefficient coincides with 

the results of experimental studies conducted on the friction interaction between a roller and a conveyor 

belt, published in [2]. 

4. Discussion 

In order to measure the wear of rubber samples, a proprietary method was developed based on the 

number of revolutions performed, which allowed for precise determination of the volume loss of the 

sample material. The accuracy of the measurement obtained, amounting to 3%, was sufficient for the 

purposes of the planned tests. The measurement error can be reduced by significantly extending the test 

time. This method proved to be more accurate than the classic measurements using laboratory scales. In 

addition, the method allowed long-term testing of four samples with different skew angles at the same 

time and under the same conditions, without the need to interrupt the tests and dismantle the samples, 

significantly reduced the impact of external factors and measurement errors. 

The results of the tests confirm that the stand allows for analysis of the wear of cylindrical samples 

made of rubber, determination of the wear intensity index (IZ) depending on the skew angle and normal 

force load, and determination of the maximum skew angle of the roller under laboratory conditions, 

ensuring the centring of the conveyor belt, beyond which accelerated wear of the rubber in the roller-

conveyor belt friction pair will occur.  

For flame-resistant rubber samples, it was observed that the lowest wear occurred at skew angles of 

1 ° to 3°, while the highest wear intensity values occurred at an angle of 4°, regardless of the linear speed 

of the steel drum. The results obtained indicate that under the test conditions, it was not the slip speed 

that was the dominant factor that influenced wear, but the skew angle of the samples. The tests showed 

that at skew angles above the limit value of 3°, the transverse forces that occur can lead to significant 

deformation of the samples and intensive increase in wear.  

In addition, the laboratory test results demonstrate the wide research capabilities of the station in 

testing the friction parameters of the roller-conveyor belt friction pair. The results obtained indicate an 

increase in the lateral force acting on the samples with an increase in the skew angle and normal force, 
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as well as a proportional increase in the friction coefficient with an increase in the skew angle. The lower 

the normal force acting on the samples, the higher the friction coefficient. 

5. Conclusions 

As part of the ongoing scientific and research project, a laboratory stand has been designed and built 

to test the friction cooperation between a roller and a conveyor belt. The test stand in the ‘roller-roller’ 

configuration consists of a support frame, lever systems and their bearings, systems for fixing and 

bearing samples made of rubber, and a driven steel drum.   

The design of the test stand was developed in such a way as to enable stable and repeatable testing 

over a wide range of load and speed parameters. In the design of the test rig in the ‘roller-roller’ 

tribological system, the application of mechanical similarity theory and dimensional analysis methods 

was of significant importance, serving both as an engineering tool and as a theoretical basis for the 

research. They allowed for the proper selection of the test rig's operating parameters and justified the 

research assumptions, thus increasing the reliability and practical usefulness of the results obtained in 

the context of predicting the wear of consumable parts depending on the angle of the sample skew. 

In view of further analyses and work on the wear of rubber used on conveyor belt covers in rubber – 

steel friction pairs, the research may be extended to include: 

­ Measurements of the wear intensity index for rubber with different properties, as well as 

other materials. 

­ Measurements of the wear intensity index for other kinematic and dynamic parameters. 

­ The possibility of conducting wear tests on samples aimed at creating theoretical wear 

models. 
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