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Abstract - The running-in is usually regarded as a process that is continually modifying properties 
of the two contact surfaces during the initial phase of machine parts operation. This study is 
focused to analyse the dynamic behaviour of tribological wear system, based on equations system. 
The wear dependence, wear rate and roughness were chosen based on mathematical 
considerations. However, coefficients and exponents were introduced to close the model curves of 
wear encountered in real cases. Two state equations of the system were set: one is the wear 
equation on the effect of roughness on the wear rate; the other is changing the equation of mean 
square deviation  that occurs during the wear process. A study of the influence of the optimal 
roughness and stable roughness on running-in was made. 
 
Keywords: Running-in, Wear, Plane Contact, Optimal Roughness, Equilibrium Roughness.  

1. Introduction 
 
Running-in is usually regarded as a process in which 
the properties of two contact surfaces are 
continuously and monotonously altered during the 
initial stage of the machinery parts (friction couple) 
operation. From the systemic theory point of view, 
running-in can be considered as a process of self-
adaptation and adjustment of a tribological system 
consisting of two surfaces in contact with friction 
and the environment between them. It comes out 
that running-in is a process in which a dynamic 
system converts from an unbalanced state to a stable 
state.  

So, the system has a precise limitation of its 
ability to adapt and adjust. Some authors 
characterize the running-in as mild wear or as “zero 
wear” [4, 15, 16]. For example, when the load 
applied to the system exceeds a critical value, the 
process of self-adjusting the system state will change 
from converging to divergence and, thus, will suffer 
severe wear. This dynamic wear, convergence or 
divergence, of tribological systems does not only 
occur at the initial stage of the machinery parts 
operation, but can also occur at any time when the 
balance of the system is destroyed for some reason. 

The dynamic behaviour of the tribological system 
depends on its response. It may be geometric, 
physical, or chemical. The study of the surface 
topography effects on the dynamic behaviour of 

tribological systems at wear and running-in is 
presented. 

 
Response characteristics of tribological systems 

The paper subject is a lubricated plane/plane 
type friction couple (Figure 1).  
 

 
Figure 1:  Lubricated plane/plane friction couple 

 
The most important variable describing wear on 

this tribological system is the wear volume W. For 
fluid or mixed friction, the average film thickness h 
can be chosen as another status variable. However, 
when comparing it with the wear volume W, the 
variation of h during running-in is relatively small as 
the load, slip speed and lubricant are maintained the 
same. In an initial system, h is treated as a constant 
that leads to a mono-variable first-order wear 
system. Wear rate �̇� = 𝑑𝑊/𝑑𝑡 is dependent on the 
surface properties such as geometrical, physical and 
chemical characteristics, which are successively 
modified. Thus, they can be expressed as a function 
of the wear volume W. A self-adjusting loop in the 
tribological system is born (Figure 2) [12]. 
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Figure 2: Self-adjusting loop of tribological system. 

 
A system status equation can be written as: 
 

 �̇� = 𝐹{𝐺(𝑊); 𝑃(𝑊); 𝐶(𝑊)}                                   (1) 
 
where G(W); P(W); C(W) are expressions representing 

geometric, physical and chemical effects. 

The above equation can be rewritten as: 

 

  �̇� = 𝑓(𝑊)                                                 (2) 
 

f(W) is the wear function. 
It must be specified that the wear rate will never 

be able to have negative values. For a preliminary 
use of dynamic wear, it is convenient to develop the 
function f(W) as a Taylor series at W = 0: 

 
 �̇� = 𝑎0 + 𝑎1 ∙ 𝑊 + 𝑎2 ∙ 𝑊2 + ⋯                           (3) 

 
where: a0 = f (0); a1 = f(0); a2 = f(0)/2 …   

The system can be approximated by retaining 
two or three terms to the right of the equation (3). 
Such a first-order system was studied by Li in 1990 
[10] and was not dealt with further. However, some 
characteristics observed in the wear and running-in 
processes shall be explained by such systems, based 
on the effect of surface roughness, on the dynamic 
behaviour of the systems subjected to wear. For the 
most complete model, several physical variables 
have been taken in consideration of the system. 
 
The state equation for wear systems, considering 
the effect of surface roughness 

It is well known that the surface topography 
changes continuously during aging processes, 
affecting the wear rate of the system. In order to 
understand the role of the derivation of a law of 
wear rate change and surface roughness, the surface 
roughness parameter should be considered as an 
independent status variable, which together with the 
wear volume W, constitutes a two-order wear 
system with two variables.  

The system state equation should first answer 
two questions:  
- How does the roughness of the surface affect the 
wear rate?  
and 
- How is the roughness changed in the wear 
processes?  

The study objectives consist in a dynamic 
behaviour of the tribological system at wear analyse, 
based on the system equations, to establish a 
relationship between roughness and wear. 

As it is known, for a full description of the surface 
topography, there are several parameters, including 
the amplitude parameter, the height density 
distribution function, the slope and the curvature 
radius of the roughness, all these being related to the 
wear behaviour. However, for a simple dynamic 
wear model, it is impossible to include all 
simultaneous effects of the various parameters. The 
problem is to choose the parameter that is most 
representative in terms of its effect on the aging 
speed and the most appropriate as a system status 
variable. 

In many studies, the commonly used parameters 
[14] are either the ratio */r, (* is the standard 
deviation of the peak distribution and r represents 
the average radius of the peaks) [1, 5, 11, 20, 21] or 
tg representing the absolute average slope of the 
surface roughness [19]. This choice may be 
theoretically reasonable, but it is mathematically 
uncomfortable. 

The authors of this paper consider that the root-
mean-square deviation of the roughness (Rq) is a 
representative parameter of the surface, in relation 
to the wear rate and as a system status variable. The 
reasons for this choice are:  

- the need to establish a system status equation, 
initially covering only one area parameter;  

- the changes in the roughness amplitude 
parameters during the running-in period are mostly 
fully investigated so far as are the changes in the 
radius of curvature and slope of the asperity. 
However, they are insufficient for a mathematical 
description (mainly because of uncertainty in 
measurement);  

- for a given rough surface in a wear process, the 
modifications of the parameters mentioned are not 
independent of each other, the change in the 
curvature radius and the pick slope being reflected 
in the amplitude parameters variation. 

For the study, the assumptions consist in: 
- the two surfaces of the presented system have 

three-dimensional roughness; 
- the upper surface is hard and unused during 

the wear process (or used very slowly compared to 
the counterweight); 

- square deviation of the roughness (Rq) 
remains unchanged.  

- the counterweight is considered to be the 
surface with the lowest hardness and which is 
subjected to wear, having a squared average 
roughness (Rf). 

Considering Rmax1 and Rmax2, the maximum profile 
heights of the two surfaces in contact, Kimura and 
Sugimura used the difference in the heights (Rmax1 – 
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Rmax2) and profile coordinates (y1 – y2) as a composite 
roughness. 

The root-mean-square deviation of the composite 
profile () is: 

  𝜎2 = 𝑅𝑓
2 + 𝑅𝑞

2 − 2𝑅𝑓 ∙ 𝑅𝑞 ∙ 𝐶𝑟                              (4) 

where (Cr) is the coefficient of correlation between 
the contact surfaces. 

In the event that the two surfaces are 

independent, we have Cr = 0 and 𝜎2 = 𝑅𝑓
2 + 𝑅𝑞

2. 

For fully compliant surfaces, we have Cr = 1, Rf = 
Rq and   = 0. 

The compound roughness does not only reflect 
the modifications of the two surfaces, but also 
contains the important information of correlation 
around it (compliance), with a substantial effect on 
the wear rate [6]. Therefore, the  is used here to 
characterize changes in the surface microgeometry 
and its influence on the wear. 
 
The roughness effect on wear rate – wear 
equation 

The wear rate, corresponding to the various wear 
mechanisms, can cover a few orders of magnitude. 
The way in which various factors, including 
roughness, affect wear will be different for the 
various wear-out mechanisms. The wear process 
under investigation is that corresponding to the 
lubricated slip friction with a non-linear wear rate, 
such as in the case of running-in. Some researchers 
describe this type of wear as “severe wear” (Quinn), 
this in terms of the process intensity, and others as 
“soft wear” (Whitehouse), in terms of its effects. It is 
considered that in this area of wear, the dominant 
mechanisms are abrasive and adhesive wear [13, 
19], where roughness has a strong effect on wear 
rate [1, 2, 9, 17, 18]. In the case of abrasive wear and 
for some materials under conditions of adhesive 
wear, a very well-known wear equation has been 
formulated: 

𝑊 = 𝐾 ∙
𝑁∙𝐿

𝐶∙𝐻
                                                                   (5) 

in which: W = wear volume; N = normal loading; L = 
slip distance; H = hardness; K = wear coefficient; C = 
geometric constant, having the value 1 for abrasion 
and value 3 for adhesion friction. 

The wear coefficient K is usually considered to 
have a constant value when wear rate of the system 
is constant. For the dynamic wear, the greatest 
interest is the way in which the coefficient K varies 
together with the wear rate. 

By derivation with respect to time the equation 
(5), becomes: 

  �̇� =
𝑁∙𝜈

𝐻
∙ 𝐹(𝑊, 𝜎)                                                 (6) 

where �̇�=dW/dt, and ν = relative sliding speed 

between contact surfaces;  = the mean-square 

deviation of the composite roughness; F(W,) = a 
function representing the effect of roughness and 
physico-chemical factors on wear. 

Changes in the physico-chemical properties of the 
system during the wear process are important 
factors affecting its rate. However, the mathematical 
modelling of these changes and their effects is a 
challenge. The effort to establish a real dynamic 
system model for running-in would have had a 
chance of success today if all aspects had been taken 
into consideration. In addition, in some cases and at 
each stage of the wear process, mechanical factors, 
such as the roughness or film thickness, may 
dominate the wear process and the physico -
mechanical effects may be out of it. There are many 
studies on the effects of roughness on the wear. At 
this initial stage, the physical and chemical aspects of 
the systems are assumed unchanged during the wear 
process, so only the root-mean-square deviation of 
roughness is considered as a variable factor. The 
F(W,) function can be reduced to a F() function. 

The wear rate will increase as the roughness 
amplitude increases for most materials in abrasion 
and adhesive processes. However, for very smooth 
surfaces, wear rate will increase with decrease of 
roughness [3, 15, 16]. 

Using molecular-mechanical friction theory, 
Kragelsky obtains an equation for determining the 
friction coefficient as a function of the roughness 
parameter. 

 𝑓 = 𝐴 ∙ ∆−
𝜈

2𝜈+1 + 𝛽 + 𝐵 ∙ ∆
𝜈

 2𝜈+1                                (7) 

where: f = friction coefficient;  = roughness 
parameter;  = parameter of the load curve;  = the 
hardness factor of the molecular bonding; A, B = 
constants related to the physico-chemical properties 
of materials, normal pressure and adhesive 
properties of the surface layers interaction. 

It has also been noted by Kragelsky that for 
fatigue friction phenomenon, the connection 
between wear and friction may be expressed as: Ih  
ft, where Ih is the wear rate and t is a universal 
parameter for such types of defects and varies within 
the range (2 12) [9]. 

Therefore, the ratio /2 +1 has values in the 
range (1/3 1/2), while varies between (1  ). The 

exponent n0 = 
12 

  is considered as a constant, 

during the process of wear. The relationship 
between wear and friction can be written as follows: 

 𝐼ℎ ≈ (𝐷 ∙ ∆−𝑛𝜎 + 𝛽 + 𝐵 ∙ ∆𝑛𝜎)𝑡                                (8) 

According to Kragelsky's theory and from equation 
(6), a simplified expression for the effect of the 
function F() can be written: 

𝐹(𝜎) = 𝑎0 +
𝑎1

𝜎𝑛1
+ 𝑎2 ∙ 𝜎𝑛2                                       (9) 
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where:  
n1, n2 are indices that depend on the material and the 
type of wear; nI determining is a challenge. For the 
present study it was considered n1 = 1, n2 = 2. 
a0, a1, a2 are coefficients depending on the physico-
chemical factors (such as the material and the type of 
friction - limit, mixed, fluid). 

Finally, the wear equation, for sliding motion 
wear, in the limit lubrication regime, becomes: 

�̇� = 𝑃 ∙ (𝑎0 +
𝑎1

𝜎
+ 𝑎2 ∙ 𝜎2) ;  𝑃 =

𝑁∙𝜈

𝐻
                 (10) 

P is defined as an operating parameter, and the 
expression in parentheses corresponds to the wear 
coefficient K in equation (5). 

It is well known that there are two major 
mechanisms that lead to the variation of surface 
topography, although the roughness changes in a 
very complex way during the wear process:  

1: The cutting process of the asperities’ tops. It is 
considered a smooth plane, which is sliding on a 
softer rough surface. 

2: Adjustment of surfaces during the wear 
process. And in this case, there are two processes 
that result in the modification of the surface 
topography: 

- the running-in, after which the surfaces 
become smooth and compliant; 

- micro-grinding of the surface, after which 
the surfaces are affected due to the appearance of 
the wear particles, the transfer of material, the 
adhesions, the effects of fatigue, etc. 

There are few theories that establish a 
relationship between these processes and surface 
damage. As a first approximation, to be able to take 
into account the effect of surface adjustment, 
suppose that the modification of the surface 
topography is proportional to the wear rate �̇� and 
an operational coefficient P. Often it is necessary to 
make a distinction between the different wear 
processes: 

- a gentle wear process, which can be 
independent of the surface roughness; 

- a severe wear process, proportional to the 
surface roughness. The surface will be more 
damaged as the value of  increases. 

The speed of its deterioration will be expressed 
by: 

 
(𝑑𝜎 𝑑𝑡⁄ )𝑞 = (𝑏1 ∙ 𝜎 ∙ 𝑃 + 𝑏2 ∙ 𝑃) ∙ 𝑊                    (11) 

 
where the coefficients b1, b2 represents the 
probabilities that the surfaces will be worn and 
depend on the type of lubrication and other physico-
chemical factors. 

According to equation (10) the wear rate will 
never be equal to zero, but it is expected that the 
surface will remain in a stable, unchanged state (that 
is, the parameters that characterize the topography 

of the surface to have constant values) under the 
conditions in which the wear rate reaches the lowest 
value. 

Therefore, it can be substituted �̇� in expressions 

(10) and (11) with (�̇� − �̇�𝑚), where �̇�𝑚 is the 
minimum wear rate. Expressions (5) and (6) lead to 
obtain the variation equation of the mean-square 
deviation of the surface roughness in the wear 
process: 

   𝑑𝜎 𝑑𝑡⁄ = (𝑑𝜎 𝑑𝑡⁄ )1 + (𝑑𝜎 𝑑𝑡⁄ )2                        (12) 

meaning,  

      𝑑𝜎 𝑑𝑡⁄ = (−𝑏0 ∙ 𝜎 + 𝑏1 ∙ 𝜎 ∙ 𝑃 + 𝑏2 ∙ 𝑃) ∙ (�̇� − �̇�𝑚) (13) 

 

2. Simulation of the Dynamic Behaviour 
of the Slid Wear System 

 
Equations (10) and (13) constitute a nonlinear 

dynamic system. 
Numerical integration of the wear state equation 

is basic. The values of W and  at times t and t + t 
are given by Wj;  and Wj+1; j+1. The differential 
equations (10) and (13) can be approximated by: 

 

𝑊𝑗+1 = 𝑊𝑖 + 𝑃 ∙ (𝑎0 + 𝑎1 𝜎𝑗 + 𝑎2⁄ ∙ 𝜎𝑗
2) ∙ ∆𝑡    (14) 

 

    tWWPbPbb mjjjjj 











 2101    (15) 

where �̇�𝑗 = (𝑊𝑗 − 𝑊𝑗−1) ∆𝑡⁄ , j = 0, 1, 2. 

W and  are determined for an arbitrary time 
using equations (14) and (15) for an initial value W0 
and 0. W0 can be zero. 

Coefficients a0, a1, a2 and b0, b1, b2, can be done 
experimentally. For example, can be specified: 

1. a0 is considered zero because it affects the 
wear rate through a constant and has no 
influence on the surface subjected to the wear 
process; 

2. it is well known that this wear coefficient K 
varies in the range of 10-2-10-7. For values of K 
=10-4, and  = 0,1 , a2 (for K = a22) becomes 
0,01 (1/m2); 

3. if a1/ and a22 temperature fluctuates 
around the same value, we can have a1  a23. 
Considering  between 0,01 and 0,3 m, we 
adopt a1 = 10-5 a2; 
 

4. b0 determines the time scale. The authors 
adopt arbitrary b0 = 0,1. Significant values are 
for b1/b0 and b2/b0; their effects on the 
behaviour of the system will be presented in 
the next paragraph. 

The theoretical determination will be the subject 
of future in-depth research. The curves, time - wear 
and time - roughness are useful in explaining the 
dynamic phenomena of running-in and wear. 
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Discussions are limited to the case of limit 
lubrication, and the approach of the running-in 
under the mixed lubrication conditions for future 
studies remains. 
 
Optimal roughness and equilibrium roughness 

The running-in can often lead to a equilibrium 
roughness, independent of the initial roughness, a 
fact confirmed by many studies and researches [4, 7, 
8]. The wear system expressed by equations (10), 
(13), define a similar behaviour. 

The balance of a dynamic system is reached when 
the state variables of the system have fixed and 
constant values over time. In practice it is impossible 
for the wear to disappear completely, or the wear 
volume to remain constant. Therefore, the system is 
defined as reaching its balance point when d/dt = 0 
and remains equal to zero all the time. According to 
equation (13), there are two balance points for the 
wear system: 

    (�̇� − �̇�𝑚) = 0 and   0210  PbPbb    (16) 

Equality (�̇� − �̇�𝑚) = 0 expresses that the wear 
rate can reach a minimum for a given surface 
roughness. This roughness is defined as the optimum 
roughness, p. Its expression results from the 
derivation of equation (10), with: 

        𝜎𝑝  =  ( 
𝑎1

2𝑎2
)

1

3
                                                      (17) 

The roughness corresponding to the other 
equilibrium point is defined as the equilibrium 
roughness, e, and results from the expression (16): 
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e
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P

b

b

Pbb
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1
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2

10

2
                                 (18) 

where Pe = b0/b1. 

p and e represent two different concepts. 
The optimum potential state is based on the p, 

while e represents a possible condition of the 
system. In accordance with equation (10), 
coefficients a1 and a2 represent the roughness 
possibilities to reduce or increase the wear rate. The 
optimal roughness p corresponds to the balance of 
these two effects. According to equation (13), b0 and 
b2 describe the possibilities of wear processes to 
retouch the roughness or scratch the surface. So, the 
equilibrium roughness e represents the balance 
between smoothing and surface damage during 
running-in process. Obviously, e will increase with 
the increase in b2/b0 ratio. The curves in Figure 3 
show the variation of the wear volume W and the 
current roughness  over time (t). It can be seen 
from Figure 3 that  is possible to tend 
asymptotically towards different values, which 
strongly depend on the value of the b0/b2 ratio. 

 
(a) 

 
(b) 

Figure 3: The variation of σ(a) and W(b) as a function 
of time and dependence on the ratio b2/b0 

 
For the present system, according to the relation 

(17), the optimal roughness is 0,022 m and a1/a2 = 
10-5. In the case of A (dotted line), where the initial 
roughness 0 = 0,001 m, that 0 < p, the roughness 

 converges to the optimal value p. 
For curves 1-5, where 0 = 0,3 m, namely 0 > 

p, the system converges to the equilibrium 
roughness e  if b2/b0 is not so small; e < p when the 
value of the equilibrium roughness, calculated from 
equation (18), is much smaller than the optimal 
roughness, the system will converge to the optimal 
state p (curve 1, for example). 

In conclusion, from the ones presented, it turns 
out that there is an optimal roughness for a wear 
system, p, which may be different from the 
equilibrium roughness produced by a running-in 
process.  

Reaching the optimum state by means of the 
running-in can be achieved either by improving the 
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running conditions by reducing the equilibrium 
roughness e or, if this is impossible, by reducing the 
original roughness 0. On the other hand, equation 
(18) shows that the equilibrium roughness e will be 
affected by the operating parameter P. If Pc = b0/b1 = 
10, the operating parameter P changes from 1 to 2.6 
(cm3/s). Figure 4 shows that equilibrium roughness 
e and curves -t increase asymptotically with 
increasing P. 

 

 
(a) 

 
(b) 

Figure 4: Dependence of the curves σ-t (a) and W-t (b), 

on the parameter P 

 
Stability 

From equation (18) it is observed that the e 
value increases when the parameter P increases 
continuously for a given b2/b0 ratio. When P = Pc, e 
will tend to infinity and the wear system will become 
unstable, which corresponds to a severe wear 
process. Figure 5 shows the simulated results for this 
process with b2/b0 = 0,01; Pc = b0/b1 = 10 and  = 
P/Pc varying from 0,3 to 0,99.  

 

 
(a) 

 
(b) 

Figure 5: The influence of the operational parameter 
on the stability of the system 

 
 
Stability properties depend only on the nature of 

the system around the equilibrium point. For the 
analysis it is mathematically convenient to replace 
the non-linear system by a linear system 
approximately close to the equilibrium point. 

It is assumed that the system converges to the 
equilibrium roughness e. A linear approximation for 
the nonlinear wear system will be: 
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These relationships can be written as follows: 

 

  �̇� = �̇�(𝜎𝑒) + 𝑃 ∙ (−
𝑎1

𝜎𝑒
2 + 2𝑎2 ∙ 𝜎𝑒) ∙ (𝜎 − 𝜎𝑒)   (21) 
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    �̇� = (−𝑏0 + 𝑏1 ∙ 𝑃) ∙ [�̇�(𝜎𝑒) − �̇� 𝑚] ∙ (𝜎 − 𝜎𝑒)   (22) 

 
It is easy to prove that this linear system has only 

one value of its own:  
 

   𝜆 = −𝑏0 ∙ (1 −
𝑃

𝑃𝑐
) ∙ [�̇�(𝜎𝑒) − �̇� 𝑚]                  (23) 

where: Pc = b0/b1. 
According to the theory of linear systems 

stability, the necessary and sufficient condition for 
this equilibrium point to be asymptotically stable is  
< 0, that is P < Pc. 

The system is marginally stable if P = Pc and 
unstable if P > Pc. Therefore, Pc is defined as the 
critical operating value at the equilibrium state of 
the wear system. 

In a similar approximation, a nonlinear system 
approximation for the initial point is possible: 

 
�̇� = �̇�(𝜎0) + 𝑃 ∙ 𝐴0 ∙ (𝜎 − 𝜎0)                      (24) 
 
 �̇� = �̇�(𝜎0) + 𝐸 ∙ (𝜎 − 𝜎0)                                (25) 

where 

               













 022

0

1

0 2 


a
a

A                                (26) 

and whose own value is: 

            𝜆 = 𝐸 = 𝑃 ∙ 𝐵0 ∙ (−𝑏0 + 𝑏1 ∙ 𝑃) + 
          + 𝑃 ∙ 𝐴0 ∙ (−𝑏0 ∙ 𝑎0 + 𝑏1 ∙ 𝑃 ∙ 𝜎0 + 𝑏2 ∙ 𝑃)       (27) 

where: 

          𝐵0 = 𝑎1 ∙ (
1

𝜎0
∙

1

𝜎𝑝
) + 𝑎2 ∙ (𝜎0

2 ∙ 𝜎𝑝
2)                 (28) 

 
It can be demonstrated that at the initial moment, 

before the start of the running-in, the system has a 
critical operational parameter: 
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(29) 
It results from the ones shown above, that, for the 

examined system, having a sliding speed, the 
running will increase the critical loading capacity 
with the factor: 
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Equations (26), (28) and (30) show that the ratio 

Pc/Pco is independent of the parameter P, being 
influenced only by the initial roughness 0, the 
optimal roughness p and the coefficient (b2/b1). 

Figure 6 shows -t and W-t curves of the wear 

system in Figure 5, but after running-in for a time t0 

= 80000s.  

The dashed area shows the limit of the variation 

of the -t and W-t curves when changing from 0,85 

to 1,05. 

 
(a) 

 
(b) 

Figure 6: Curves -t (a), and W-t (b), after running-in. 
 

Compared to figure 5, figure 6 shows clearly that 

if the same load is applied to the same system, after 

running-in the system will be much more stable than 

at first. It should be noted that in practice the 

increase in the load capacity during running-in will 

be much higher than the one calculated with 

equation (30) due to random material breaks which 

usually exist in the initial stage of the machinery 

components operation, and which has not been 

included in this model. 

The operating parameter P has been considered 

constant during wear. However, the running-in 

convergence may be achieved by applying a variable 

load, the optimum load curves may be predicted 

using the dynamic system model. This will be the 

subject of further studies. 
 

3. Conclusions 
 

Some assumptions that require further discussions 
have been made in this work. The form of 
dependence between wear, wear rate and 
roughness, was chosen on the basis of some 
mathematical considerations. However, coefficients 
and exponents have been introduced which bring 
this model closer to the wear curves encountered in 
real cases.  
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Under these conditions the following 

requirements have been met: 

1. The wear progresses constantly, but the wear 

rate is likely to change; 

2. The amplitude of the initial roughness may be 

increased or decreased depending on the operating 

parameters and the running-in conditions; 

3. A running-in process may be stable or 

unstable, depending again on running-in conditions. 

All of these are characteristic of real processes, 

but it was clearly not possible to claim to obtain true 

quantitative results. However, from the wide spread 

of the curves, it was seen that it is possible to reduce 

the approximate values by carefully combining the 

parameters. 

In order to apply this theoretical model on a 

much larger scale, a careful study of the physical 

relationships between different sizes is required. 

Such studies should probably include at least one 

experiment, so there is no generally valid theory for 

the wear mechanism. With these reservations, the 

model is considered useful as a guide in choosing 

optimal running-in programs. 

In conclusion: 

1. The running-in should be regarded as a self-

adaptation process of a system, the dynamic 

behaviour of which is controlled by geometric, 

physical and chemical reactions. The effect of 

roughness on the dynamic behaviour of a lubricated 

slip-motion tribological system was analysed. 

2. The root-mean-square deviation  of the 

composite roughness of two contact surfaces is 

considered as a parameter characterizing the effect 

of roughness on the wear. The parameter 

characterizes both surfaces and their conformity. 

3. Two system state equations have been 

established: one is the wear equation for the effect of 

roughness on the aging speed; the other is the 

variation equation regarding the modification that 

takes place in the quadratic mean , during the wear 

process; 

4. The equilibrium roughness e produced by a 

running-in process may not be equal to the optimum 

roughness p, corresponding to a minimum system 

wear speed. A satisfactory running-in shall lead to 

the optimal condition, which be more achieved by 

reducing e or initial roughness ratio 0; 

5. A critical operating value Pc is derived from a 

wear system stability analysis. The system is stable 

for P < Pc, corresponding to running-in and unstable 

P > Pc, leading to severe wear. 
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