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 A B S T R A C T 

Today, when it comes to manufacturing parts and components for various 
mechanisms, the tendency is to use both approaches – the latest 
technologies and new material combinations- to achieve a longer 
product's lifetime. That is why the issue of machine parts' working 
capacity criteria, one of the most important of which is wear and its 
prediction, remains vitally important. Having studied the prediction 
theories of the wear process that have been developed over time, one can 
state that each has shortcomings that might strongly impair the results, 
thus making unnecessary theoretical calculations. Also, predicting wear 
based on lengthy, time-consuming, costly experiments is still prevalent. 
The article discusses a new wear calculation model, which is based on the 
application of theories from several branches of science. This model 
considers the surface texture (3D) parameters' values in modelling the 
surface's micro-topography with the random field theory while the friction 
surfaces' destruction – with the fatigue theory. The new wear calculation 
model is synthesised based on a developed friction surface contact model, 
providing a more complete surface description, which is essential for wear 
calculation and gives more accurate results. The proposed new wear 
calculation formula includes parameters that can be easily determined 
using modern measurement methods, thus speeding up the product design 
process and significantly contributing to sustainable development. 
Experimental studies on the steel-bronze sliding friction pair validated the 
analytical wear calculations' results. 
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1. INTRODUCTION 
 
With the increasing development of machine 
parts’ manufacturing technologies and the 
range of materials used, the lifetime of different 
products, their prediction, and the factors that 
influence it have always been a particularly 

topical issue. Over time, a number of wear 
calculation models have been developed which 
can be used to predict approximately the 
service life of a particular product. Due to the 
variety of wear processes, many parameters 
influence the wear process: geometry of the 
surface asperities (roughness, waviness, shape 
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deviation, etc.), physical-mechanical conditions 
of the surface, material of the parts, wear 
temperature, wear regime, etc. It is not possible 
to consider all these factors acting in the 
process analytically, and therefore wear 
calculations developed based on several 
theories which take into account the complex of 
influencing variables.  
 
One of the most popular theories for calculating 
wear was developed by the British scientist J.F. 
Archard. This theory is based on the idea that the 
volume of material worn Q (mm3) is proportional 
to the sliding distance L (mm), and the normal 
load N (N), and inversely proportional to the 
hardness of the material concerned H [1]: 

.
H

LN
kQ


    (1)

  

where k - wear coefficient. 
 
A literature review [1-11] showed that Archard's 
expression for the calculation of wear, in some 
cases modified or updated to suit an object's 
geometry and materials, is still widely used 
today. Although simple enough, it has its 
drawbacks: the coefficient k has to be initially 
determined experimentally, there is insufficient 
information on the contact surfaces, only the 
hardness of the material is taken into account as 
a material characteristic, and there is no 
information on the surface roughness.  
 
There are also mixed wear calculation models 
that integrate several approaches, which should 
be noted as wear calculation models based on 
mass and energy balance [12-14]. Mass balance 
models were used for describing the formation 
of iron sulphide layers in a lubricated 
tribosystem by using radioactive sulphur and 
sulphur compounds, for describing the 
behaviour of metal transfer and oxidation in the 
wear process, for modelling the wear behaviour 
of granular matter in the frame of the third body 
concept [12]. Concerning wear prediction based 
on energy balance, it is stated that mechanisms 
and processes of energy balance involve 
transfer, storage, emission, and dissipation of 
mechanical work [12]. 
 
One of the most prominent scientists who linked 
the wear rate to the specific pressures and the 
relative sliding velocity of a friction pair in a 
calculation method was A.Pronikov. The 

scientist's offered methodology allows 
determining the wear (change in linear 
dimensions of the body) and the shape of the 
worn surface. These calculations are based on 
materials' wear behaviour and consider the 
joined surfaces' configuration [15]. Still, the 
wear resistance parameters included in the 
equation are only determined by long-term 
experimentation, so there is no point in carrying 
out wear calculations in advance. 
 
Researchers in other fields use calculation 
methods that already include the friction pair's 
structural characteristics, the friction 
material's physics-mechanical parameters, and 
the surface's geometrical parameters. The most 
famous scientist belonging to this group is 
I.Kragelsky. The wear calculation model 
developed by I.Kragelsky includes the friction 
pair's structural characteristic quantities and 
physical and mechanical parameters of the 
material of friction components as well as 
geometrical parameters of the components' 
surfaces. This model takes into consideration 
not only the impact of the material hardness 
and load on the friction pair but also 
characteristic quantities of a definite material's 
flexibility, mode of component operation (load, 
velocity, temperature), external conditions 
(lubrication, environment), and the 
constructive peculiarities of the friction pair 
[16]. The shortcoming of this calculation model 
is that at the characterisation of the friction 
component's surface parameters, the non-
standard roughness parameters are used, 
which implies additional calculations. 
 
At the moment, the model that can be considered 
as an almost complete model for the wear 
calculation of sliding-friction surfaces was 
introduced by scientist J.Rudzitis. In comparison 
with the previous wear calculation model 
(offered by I.Kragelsky), in addition to the wear 
calculation parameters mentioned above, it takes 
into consideration the standardised profile 
roughness values at modelling the surface's 
micro-topography with the random field theory 
while the friction surfaces' destruction – with the 
fatigue theory [17]. The most crucial drawback of 
this model is the use of surface roughness profile 
parameters, which still do not provide complete 
information about the real micro-topography of 
the friction surface, which may also reduce the 
accuracy of the wear calculations. 
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One of the most important scientific achievements 
in product inspection is related to the introduction 
of the standard for surface texture (3D) parameters 
in 2012 (ISO 25178). It should be noted that this has 
had a significant impact on the approach to further 
manufacturing and scientific research, allowing the 
accuracy and quality of the results to be improved, 
as well as providing wide opportunities at a 
fundamental science level to integrate the new 
parameters into the processing and analysis of 
research. Studies by several researchers [18-21] 
show that surface texture (3D) parameters provide 
more detailed information about the real surface 
topography than profile parameters, allowing to 
process research results with greater accuracy, 
which is also an essential prerequisite for this 
research. Based on the above, the 3D texture 
parameters necessary to define a rough surface are 
integrated into the surface contact model discussed 
below and applied to the wear analytical 
calculations to obtain more accurate and realistic 
calculation results. 
 
 
2. MATHEMATICAL MODEL OF SURFACE AND 

WEAR CALCULATION  
 
2.1 Surface roughness modelling  
 
For studying the irregular surface roughness the 
random function theory is efficient, thus the 
surface micro-topography can be described by a 
2D random function, i.e. random field h(x, y) with 
two variables (x and y) [22].  
 
The random field at worn surfaces is assumed to be 
normal, i.e. the ordinates of such a field are 
distributed according to the normal distribution 
law, characterised by the height parameter Sq (root 
mean square deviation from the mid-plane). 
 
An important characteristic of the random 
function is the correlation function, which 
indicates the relationship between the points of 
the random function, so the faster the correlation 
function decreases, the more chaotic is the 
random field. The correlation function depends 
on two variables τ1 and τ2, where τ1 and τ2 are the 
projections on the abscissa and ordinate axis of 
the vector τ connecting two points on the surface 
in the Cartesian coordinate system. Thus, the 
following definition can be applied: the surface 
roughness is described by a normal uniform two-
variable random field h(x, y) possessing ergodic 

properties and whose correlation function is 
uninterrupted and has uninterrupted 
derivatives. The mean value of random field is 
constituted by a plane, which can be called a mid-
plane. Thus, to describe a normal random field, 
the mathematical expectation of this field and 
correlation function should be known [22].  
 
We can assume that the area has been set when 
its dispersion and standardised correlation 
function are known. The requirement to find the 
area dispersion leads to finding Sa (the standard 
arithmetic deviation from the mid-plane) for the 
surface, and the requirement to solve the 
problem ρ(τ1, τ2) – to the determination of the 
corresponding roughness step parameter RSm1 
(a step perpendicular to the processing trace 
direction; is taken from the surface texture) and 
RSm2 (a step towards the processing trace along; 
is taken from the surface texture) (Fig.1). The 
surface texture parameters Sa and Sq are linked 
by the following expression [22]: 

.SqSa 


2
   (2) 

 
Fig. 1. Step parameters for irregular surface roughness. 

 
The step parameters RSm1 and RSm2 measured 
from surface texture allow the determination of 
the anisotropy coefficient Str: 

.
RSm

RSm
Str

2

1    (3) 

The anisotropy coefficient Str varies from 0 to 1. 
At Str=1 the area is isotropic, while at Str=0 it is 
maximum stretched. 
 
Thus, a surface texture can be described in height 
using the parameter Sa, and in steps - 
longitudinally RSm2 and transversally RSm1. 
 
It should be noted that the selected surface texture 
(3D) parameters are technologically feasible during 
the surface preparation process and can be easily 
determined with modern measuring equipment. 
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2.2 Formation of the wear 
 

In previous research works [24, 25], the fatigue 
character of the wear process has been proved. 
This means that the wear of contacting materials 
results in the formation and spreading of cracks, 
which finally leads to the separation of material 
particles. When two rough surfaces are brought 
together with a definite force F at a definite 
velocity v (Fig.2.), the contacting asperities of a 
rough surface generate stresses which create the 
conditions for the material to be destroyed.  
 

 

(a) 

 

(b) 

Fig. 2. Schematic contact of two rough surfaces. 
 

The process of calculating linear wear can be 
described by the following equation [22]: 

.
N

N
VU

c

cf
n       (4) 

where 

VΣ - deformed volume over the entire friction surface; 

Ncf - the actual number of cycles applied to the 
surface asperities during the friction process; 

Nc - number of cycles leading to the destruction of 
the surface asperities. 
 

The calculation of the above parameters will be 
the subject of discussion below. 
 

2.3 Wear particle’s formation of rough surfaces  
 
Based on [22], Ncf is calculated as follows: 

.
RSm

L
N

a

p
cf

2

    (5) 

where 

Lp is the length of the friction path; 

aRSm2 - the mean step of surface roughness 

towards friction for an active surface (i.e. for the 
surface that causes wear of another surface). 

Using the linear summation of stress [24] and 
assuming that its amplitude distribution complies 
with that of the roughness peaks, the average 
number of cycles for material destruction can be 
determined by the following formula: 

.t
!m

N
N m
c 

5

0    (6) 

where  

tσ is the non-dimensional stress relation; 

N0 - the number of material durability cycles at a 
non-symmetrical load; 

m - the degree of the fatigue curve equation.  
 

In turn, tσ is calculated using the following 
coherence [24]: 

.t
a




0    (7) 

where σ0 is the material durability limit. 
 
In motion, any asperity whose height exceeds a 
certain level, determined by the position of the 
opposite asperity, deforms that asperity, 
generating a stress field. Fig. 3 shows that the 
stress of asperities of two sliding surfaces 
changes follow a non-symmetrical cycle. 
 

 

(a) 

 

(b) 

Fig. 3. Irregular rough surfaces: loading diagram of the 
interaction of the asperities and stress variation 
diagram (a); cycle number curve (b). 
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Parameters (N0, m, σ0) in formulas have the mean 
values for definite material type. 
 
From formula (7) it follows that the number of 
material destruction cycles is connected with the 
stress amplitude σa. Based on the equations given 
in [17,24], integrating surface roughness 
parameters and by mathematical operations, the 
stress amplitude σa absorbed by a single 
ellipsoidal asperity is calculated according to the 
following formula: 

.
RSm

Sa

)]e(K[

E
/a

1
21

2

2



   (8) 

where 

π is the mathematical constant; 

E - modulus of elasticity of the material; 

K(e)1/2 - elliptic integral. 
 
By inserting formula (8) into the basic equation 
(6), we obtain the final formula for calculating the 
number of cycles required for material 
destruction: 

.]
SaE

)e(KRSm
[

!m

N
N m

/

c





21
10

2

0 2

5




 (9) 

The next step explains the volume of asperity 
removal from the rough surface due to friction 
and wear. 
 
2.4 Calculation of the rough surface particle 

volume separated in the wear process  
 
Since the irregular character of surface 
roughness in the given model is described with a 
normal random field h(x, y), high peaks of this 
field can be shown by elliptic paraboloids with 
the segment volume Vp [22]: 

.
K

h
V

/
i

p 21

2

0



   (10) 

where  

h0 is the height of the paraboloid segment 
measured from the top (thickness of the 
separated particle); 

K is Gauss’ bending of the roughness peak. 
 
Parameter h0 (Fig. 4.) is the thickness of a particle 
separated in the wear process.  

 

Fig. 4. Possible separation of wear particles from the 
surface’s asperity (ha -rough surface asperity’s total 
height).  
 

Thus, the h0 value depends on the situation with 
the upper layer and other physical and 
mechanical factors that determine the particle 
formation during a friction process. Taking into 
consideration the requirements of the moving 
contact model, the wearing can proceed 
according to the following scheme: at the cyclic 
loading of peak tops (with account taken for 
imperfection of the material) a crack is being 
formed in the subsurface layers of the material. 
Under load the cracks merge, grow, and the 
particles separate in the form of h0 thick scales. 
The h0 value should be estimated based on the 
analysis of the upper layer’s condition [24]. 
 
Considering the relationships found in the literature 
[17,25] and performing mathematical calculations, 
the average value of the volume separated by the i-
th asperity can be determined as follows: 

.
)(n)(n

Sq
Vi

002 21
2 




 (11) 

where  

γ is the relative height of the cut (𝛾 = 𝑢/𝑆𝑞; u-the 
level to which deformation of the surface asperity 
occurs); 

n1(0), n2(0) are the numbers of zeros in two 
mutually perpendicular directions of surface cuts 
x and y (i.e. in the longitudinal and transversal 
roughness directions of the surface). 
 
To determine the total volume VΣ, it is necessary 
to multiply the volume Vi of one asperity by the 
number Nγ of deformed asperities. 
 
2.5 Determination of the number of deformed 

asperities of 3D surface texture  
 
One of the most important parameters in the 
wear process is the number of asperities on the 
contacting surfaces. The surface asperity is the 
part of a rough surface above the level u (the 
normalized value of the level u is γ=u/Sq). As 
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shown by other researchers (J. Rudzitis et.al.), in 
practice under real loads, the deformation of the 
rough surface's asperities occurs mostly at the 
level ̛γ≥2. In this case according to [23] the 
number of asperities Nγ per unit area involved in 
friction and wear process can be calculated as 
follows:  

).(n)(nN 00
5

1
21    (12) 

Expressing root mean square deviation from the 
mid-plane Sq from formula (2) and inserting it 
into expression (11), carrying out the 
mathematical calculations, the total volume of the 
asperities VΣ per unit area separated by friction is 
calculated by the following expression: 

.
Sa

V
2210 






    (13) 

2.6 Summary of the wear calculation equation 
 
Based on formula (4) and inserting equations (5) 
and (9) into it, we obtain the formula for 
calculating the linear wear over the service life: 

𝑈𝑛 = 𝑉𝛴 ⋅
5𝑚!

𝑁0
⋅ (

𝐸

𝜎0
)
𝑚

⋅ (
𝑆𝑎

𝑅𝑆𝑚1
)
𝑚

⋅ (
𝜋2

√2∙𝐾(𝑒)
)
𝑚

⋅
𝐿𝑝

𝑅𝑆𝑚2
𝑎 .(14) 

Formula (14) contains, in addition to the 
physical-mechanical parameters and surface 
texture (3D) parameters also the parameter γ, 
which is determined by two surface contact as the 
relative surface deformation rate. This level is 
determined for the surface subjected to wear 
using the contact theory equations [25]: 

).(F
RSm

Sak
q

q



1

1





   (15) 

where  

q is the pressure on contacting surfaces in elastic 
contact;  

qk - the coefficient depending on the roughness 

anisotropy coefficient Str;  

F1(γ) - the relative surface deformation level’s 
function; 

 - the constant of the material’s elasticity. 
 
The values to be specified in this formula are 
F1(γ). Experimental studies have shown that for 
friction surfaces, after the period of running-in 
stage, γ is in the range of ≈1.4 to ≈2.7, so we can 
assume γ=2 as an average value. 

According to [17,26] for friction surfaces at γ = 2: 

.)(F






40

1
1     (16) 

Thus, by inserting the resulting relationships into 
formula (14), linking linear wear to the motion 
parameters of the friction surfaces (relative velocity 
v and time t) and making mathematical calculations, 
we obtain the average linear wear formula for the 
normal service life (normal wear stage): 

.
RSm

tv
q

)e(K

RSm

SaE

kN

!m
)t(U

a

m

/

)m(

)m(

m

)m(

q

n

2

2

21

2

2

1

1

0

2

2

0

2

32
































     (17) 

The parameters Sa and RSm1 are for the wearing 
surface, but 𝑅𝑆𝑚2

𝑎 - for the surface that causes 
wear of another surface). 
 
The next step is to verify the correlation of 
analytically calculated wear values with 
experimental data. 
 
2.7. Application of the wear calculation model 
 
Summarising the information and formulae 
presented in the previous chapters, one can see 
that the wear calculation equation (17) 
proposed by the authors includes the following 
parameters: structural-kinematic (v, t, q), 
material fatigue and physico-mechanical 
parameters (N0, m, σ0, E) of the friction pair, as 
well as standardised surface texture (3D) 
parameters Sa, RSm1 and 𝑅𝑆𝑚2

𝑎 (according to EN 
ISO 25178). This set of parameters was not 
taken into account in any of the wear calculation 
models discussed above - Archard analysed only 
load, distance and material hardness; Pronikov 
considered speed and load without describing 
surface roughness; Kragelsky described the 
physical phenomena of the friction process but 
used non-standardised surface roughness 
parameters, while Rudzitis applied roughness 
parameters to the profile rather than the surface 
when calculating wear, thus incompletely 
describing the actual surface. It can be 
concluded that the wear calculation model 
proposed by the authors is simple enough and 
can be used for wear calculations in engineering 
tasks, as all the parameters included are easy 
enough to determine using technical literature 
and modern measuring equipment. 
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3. MATERIALS AND METHODS 

 
3.1 Selection of sample materials and sample 

preparation  
 
The following specimens and their materials 
were selected for the experimental studies: 
 
1. A steel ball with a diameter of 6 mm. The 

material of the ball - 102Cr6 (EN 1.2067). The 
ball was machined prior to the experiment to 
produce a plane with a defined area by 
grinding and the diameter of the grinded 
surface was measured (Fig. 5). 

 

  
(a) (b) 

Fig. 5. A ball with a grinded surface: (a) ball in holder; (b) 
measurement of the diameter and surface area of the ball. 

 
This option was chosen on the basis that the wear 
model requires a constant nominal area of the 
friction pair’s contact during the wear process, 
which is not possible for a round ball without 
surface grinding. The surface area of the ball 
ground - 2,1 mm. 

 
2. The disc with a diameter of 40 mm and a 

thickness of 5.5 mm. The disc material is 
bronze CW307G (EN 12163).  

 
Before the experiment, the samples were treated 
with sandpaper with different abrasive grain 
gradations, thus achieving the required 
roughness of the contact surfaces of the samples 
(Sa<0,1). After the surface grinding operations 
were completed, both samples were cleaned with 
a wipe dipped in ethanol, removing metal chips 
and abrasive sandpaper from the surface of the 
samples. After grinding, control measurements of 
the surface texture (3D) parameters were carried 
out on both samples according to EN ISO 25178. 

3.2 Equipment and software used for 
measurement and data processing 

 

The scheme of the tested sample’s contact - "ball 
(grounded contact plane) - rotating disc" (Fig.6). 
 

 
Fig. 6. Wear test scheme. 
 

For the experimental investigations, the CSM 
tribometer (Fig. 7) (CSM Tribometer, Switzerland, 
maximum loading force - 10 N) was used. 
 

 
(a) 

 
(b) 

Fig. 7. CSM tribometer: 1 - rotating disc; 2 - ball holder; 
3 - loading weights; 4 - disc self-centring fixing chuck. 
 

In order to set the load force, the linear velocity 
of the friction pair, etc., as well as to collect and 
process the friction coefficient’s data and wear 
time measurements during the experiment, 
special software (InstrumX) was used (Fig. 8). 
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Fig. 8. Interface of the InstrumX software. 

 
The parameters set for each experiment are 
shown in Table 1. 
 
The surface texture (3D) parameters were 
measured using the AVANT 3D contour and 
surface roughness measuring system (Mitutoyo, 
Japan) (Fig. 9). The S-3000 roughness detector 

module featured a 0.75 mN detector and a 
standard stylus 12AAC731 with a cone angle of 
60 degrees and a tip radius of 2 micrometres.  
 

 

Fig. 9. AVANT 3D contour and surface roughness 
measuring system. 

 
Table 1. Values used in wear calculations and experiments. 

Parameter Designation Value Units 

Load q 
1) 0.58; 
2) 0.87; 
3) 1.45. 

MPa 

Linear velocity v 
1) 700; 
2) 450; 
3) 300. 

mm/s 

Wear (sliding) distance  
1) 6000; 
2) 4000; 
3) 4000. 

m 

Surface contact Dry friction (in all cases) 

Hardness of the disc HRC 17 

Hardness of the ball HRC 62 

Fatigue failure parameters of the disc 
material: 

Degree of the fatigue curve equation m 4 - 

The material’s durability limit σ0 300 MPa 

The number of material’s durability cycles N0 5x106 - 

Modulus of elasticity of the disc’s material E 1.15x105 MPa 

Surface texture (3D) parameters (after 
running-in stage) 

The standard arithmetic deviation from the 
mid-plane 

Sa 
1) 0.79; 
2) 0.83; 
3) 1.8. 

µm 

The step perpendicular to the wear trac RSm1 
1) 12; 
2) 17; 
3) 49. 

µm 

The step parallel to the wear trac aRSm2
 

1) 61; 
2) 65; 
3) 120. 

µm 

Surface anisotropy parameter Str  ˂0.05 - 

Coefficient (depends on surface anisotropy) kq 0.15  

Wear after running-in stage Up 
1) 2,61; 
2) 2,88; 
3) 5,44. 

µm 
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The profilometer Mitutoyo SURFTEST SJ-500 
(Mitutoyo, Japan) was used to determine the width 
and cross-sectional area of the worn track (Fig. 10). 
 

 
Fig. 10. Mitutoyo Surftest SJ-500 profilometer. 
 

The diameter of the grounded ball’s plane area 
was measured before/after the experiment using 
a Hirox digital microscope (Hirox, Japan). 
 

Further processing of the data was carried out 
using MCube Map Ultimate 8.0 software, TalyMap 
Gold software and Microsoft Excel. 
 
 

4. RESULTS AND DISCUSSION  
 

Each experiment was repeated three times at the 
given values (speed v and load q), and the average 
values were calculated from separate 
measurements for statistically reliable data from 
the three experiments in each group. The results 
are plotted in Table 1 and graphs 15, 16 and 17. 
 

In order to avoid overlapping curves in the 
graphs of the wear results, average values were 
calculated for each set of parameters. 
 

During the experiments, the wear was measured on 
the bronze disc. It is assumed that the ball wears 
minimally, and that is why it was not considered in 
this case, although surface scratches oriented 
toward friction were observed on the contact 
surface of the ball already after the running-in 
stage. Based on the equation (17), it is necessary to 
determine values of Sa and RSm1 for the wearing 

part of bronze disc and the aRSm2 - for the ball’s 

surface after running-in stage. For illustration one 
measurement (at v=450 mm/s, q=0,87 MPa) is 
shown in Fig. 11 and Fig. 12. The test specimens 
were fixed to the tribometer mounting points so 
that the displacement of the specimens after the 

measurements was minimal, thus ensuring 
minimal variations in the coefficient of friction 
before and after the measurements.  
 

 
(a) 

 
(b) 

Fig. 11. Determination of Sa (a) and RSm1 (b) for the 
bronze disc after running-in stage. 

 

 

Fig. 12. Determination of aRSm2  for the ball after 

running-in stage. 
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Due to the fact that a number of parameters, 
particularly the surface roughness parameters, 
change their values rapidly during the running-in 
stage, the surface texture (3D) measurements 
were taken on both samples after the running-in 
stage had finished and the wear values 
(experimental and analytically calculated) shown 
in Fig. 15, 16 and 17 are for normal (stable) wear 
stage. The end of the running-in stage was 
monitored by the stabilisation of the friction 
coefficient during the wear process (Fig. 13).  
 

 

Fig. 13. Determination of the running-in stage for the 

wear process. 
 

During the experiment, the wear values for bronze 
disc samples were measured every 500 meters. At 
each wear measurement stage, the worn track of 
the disc was measured at 4 locations (every 90 
degrees), thus calculating the average linear wear 
for each stage. A sample of one measurement of the 
worn track is shown in Figure 14. 
 

 

Fig. 14. Measurement of the cross-sectional area of a 
worn track on the bronze disc after 2500 metres (at 
v=450 mm/s, q=0,87 MPa).  
 

The graphs of analytical and experimental linear 
wear are shown in Figure 15, 16, 17. 
 

Figure 15 shows the wear values at linear velocity 
v=0.7 m/s and load q=0.58 MPa. The average 
experimental wear for a given group of specimens 
after 6000 metres of friction is 12.95 microns, and 
the analytical wear is 12.28 microns. One can see 
that the analytically calculated wear values for the 
bronze disc material are slightly lower than the 
average wear measured in the experiments (the 
average wear was calculated from the results of 

three experiments). The largest difference between 
the experimental and theoretical wear values is 
17% at 500 metres of friction path, while the 
smallest difference is 3.7% at 3000 metres and 
4.6% at 4000 metres. 
 

 
Fig. 15. Wear values of analytical calculations and 
experiments at v=0,7 m/s, q=0,58 MPa. 
 

 
Fig. 16. Wear values of analytical calculations and 
experiments at v=0,45 m/s, q=0,87 MPa. 
 

 
Fig. 17. Wear values of analytical calculations and 
experiments at v=0,3 m/s, q=1,45 MPa. 
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Figure 16 shows the wear values at linear velocity 
v=0.45 m/s and load q=0.87 MPa. The average 
experimental wear at the given parameters for 
the given group of specimens after 4000 metres 
of friction is 10.78 microns while the analytical 
wear is 9.25 microns. This graph shows that the 
analytically calculated wear of the bronze disc 
material is also lower than the average 
experimental wear. The largest difference is 16% 
at 2500 metres of friction path, while the smallest 
difference is 5.2% at 3500 metres. 
 
A fairly similar situation is observed in Figure 17 at 
linear velocity v=0.3 m/s and load q=1.45 MPa. In 
this case the average experimental wear after 4000 
metres of friction is 21.33 microns while the 
analytical wear is 18.15 microns. It should be noted 
that the difference in results is greater here than in 
the previous two cases. The largest difference is 
26% at 500 metres of friction, while the smallest 
difference is 14.9% at 4000 metres and 15% at 
3500 metres. This could be explained by the fact 
that, in this speed and load regime, a partial transfer 
of the bronze disc material to the steel ball contact 
surface was observed after the running-in period, 
creating conditions for both changes in the surface 
texture (3D) parameters and changes in the 
material properties of the friction surfaces, which 
could lead to an unstable wear process and 
permanent changes in the parameters included in 
the wear calculation formula. 
 
Approximating the results of wear values from 
analytical calculations and experiments with 
corresponding equations, the coefficient of 
determination has been found to be at least 0.9. 
 
By analysing the obtained average wear values for 
a given sliding friction pair at given kinematic, 
applied load, surface texture (3D) and fatigue 
parameters, it can be concluded that the proposed 
wear calculation model is valid for wear 
calculations in practical engineering tasks. 
Considering the wear values obtained in 
experimental studies and comparing them with 
those obtained in analytical calculations, as well 
as taking into account the set of parameters 
involved in the wear process, it can be seen that 
the proposed wear calculation model allows to 
obtain reliable wear values in a sufficiently simple 
way, thus saving time and technical resources 
required for long-term experiments. At the same 
time, the authors emphasise that further research 
is needed to analyse the wear model in more 

detail in order to determine the influence of the 
parameters included in the equation on the wear 
process and to verify the model by experiments 
with other materials/other loads and 
speeds/other surface texture (3D) parameters in 
order to confirm or reject the applicability of the 
model in certain regimes. 
 
 
5. CONCLUSIONS 
 
1. A new surface contact model between friction 

parts based on normal random field theory is 
offered. The model uses the surface texture 
(3D) parameters: a height parameter (Sa) 
and two surface roughness step parameters 
(RSm1 and RSm2) to describe the friction 
surface. These three parameters provide a 
complete micro-topographic description of 
the friction surface. 

2. A new model for calculating the wear process 
for sliding-friction pairs is proposed. An 
experimental-theoretical calculation principle 
can characterise it, according to which a 
running-in stage is necessary for selecting the 
input data, and the calculation is performed 
for the following normal (stable) service life. 
The wear calculation model can be applied at 
any point in the service life, ensuring that the 
running-in stage has been completed. 

3. The wear values obtained with the new 
calculation model were compared with the 
material wear values obtained in the 
experimental studies for the sliding friction 
pair steel 102Cr6 (EN 1.2067) - bronze 
CW307G (EN 12163) at three different speed 
and load values.  

4. Considering the wear values obtained in the 
experimental studies and comparing them 
with those obtained in the analytical 
calculations, it can be seen that the new wear 
calculation model allows the obtaining of 
reliable wear values in a sufficiently simple 
calculation and can be applied to solve 
practical engineering problems.  

5. By varying parameters included in equation 
17, it would be necessary to investigate the 
correlation between the initial values of the 
surface texture (3D) parameters and the 
values of these parameters after running-in 
stage, thus saving the time and resources 
needed to measure the surface parameters. 
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