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Abstract: The article deals with a fundamentally new methodology for optimization, assessment, and control of the roughness of surfaces 
that can be applied in all production facilities. What is meant by optimization is the choice of the most appropriate roughness from among 
all the practically possible values that can be achieved in certain production conditions. The given methodology is used as a basis for the 
assessment of the influence of surface roughness on the strength of a joint formed through the process of hot pressing. 
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1. Introduction 
Improving the quality of output production is the most 

important task of industry [1]. Тhis task is especially relevant in 
machine-building and mechanical engineering. It is general 
knowledge that the correct functioning of every item is determined 
by its accurate size, the shapes, and the proper positioning of the 
contact surfaces of its parts, as well as the state of their surface.  
The least researched areas are problems related to the optimization 
of the micro geometry of surfaces and providing reliable control.  

So far, it has been established that surface roughness has a 
direct bearing on about 20 functional properties of surfaces 
(adhesion, corrosion resistance, strength of press joints, etc.). 
Modern-day machinery requires coping with a number of 
challenges related to increasing the strength and improving the 
efficiency of machine parts and constructions, including the fixed 
joints [2]. This necessitates a thorough analysis to study the effect 
of a number of factors on the strength of press joints – geometric 
factors, the macro and micro relief of the contact surfaces of 
machine parts, the physical and chemical properties of the materials 
that the parts are made of under the specific conditions of forming 
the joints.  

It is a known fact that the load-bearing capability of press 
joints is determined by their ability to withstand certain loads 
(torque or axis force). The quality of the joints is determined to a 
large extent by the geometry of the contact surfaces of the machine 
parts. Many of the published studies [3,4] suggest increasing the 
strength of press joints through applying a regular or partially 
regular micro relief on one of the machine parts. It is suggested that 
the process be performed through surface plastic deformation or the 
creation of micro relief on two levels by means of making 
curvilinear grooves in the stick. The most significant drawback of 
the above mentioned methods are the complexity of the relief-
making tool, the difficulties arising from providing accurate 
orientation of the grooves and the projections of the micro relief, 
and the relatively low productivity of the process.  

The article elaborates on a fundamentally new 
methodology for optimization, assessment, and control of the 
surface roughness, applicable in all types of production situations 
[5-8]. What is meant by optimization is the choice of the most 
appropriate roughness from among all the practically possible 
values that can be achieved in certain production conditions. The 
given methodology is used as a basis for the assessment of the 
influence of surface roughness on the strength of a joint formed 
through the process of hot pressing. 

 2. Definition of the task  
A joint [7] produced through the process of hot pressing is 

taken as an example (fig.1). 

 

   

 

 

 

 

 

Fig. 1 A hot-pressed joint with a nominal diameter of 
contact area D = 20 mm, external diameter of the threaded collar d 
= 30 mm, length of contact area l = 20 mm. Under exploitation the 
joint is loaded with axis force F = 6,65.103 N. 

In order to study the effect of surface roughness on the 
strength of the press joints, we have prepared 9 samples, in three 
groups of three pieces depending on the obtained surface roughness.  
The samples in the first group were produced through turning, with 
the resulting surface roughness of the shaft and threaded collar are 
respectively: Rz threaded collar = 15,04 μm and Rz shaft =  17,64 μm. In the 
second group – through grinding: Rz shaft = 1 2,69 μm and Rz threaded 

collar = 10,05 μm, and in the third group  – through polishing: Rz shaft 
=2,1 μm and Rz threaded collar = 2,65 μm.  

In order to test the strength of the produced joints, they 
were subjected to un-pressing, through fixation of the load. The 
result of the testing is this: the samples in the third group show un-
pressing load of F = 26.103 N, which is 20 % more than the un-
pressing load of the samples in the second group with the same 
force, and 50% more than the samples in the first group under the 
same conditions. 

3. Theoretical analysis of the chosen method  
The results show the considerable effect of the surface 

roughness on the force applied to un-press the joints. This proves 
the expediency of optimizing this effect.   

But the task of optimizing the roughness of surfaces 
cannot be plausibly achieved with the use of the standard 
parameters for roughness because their alteration does not 
characterize the factual alteration of the micro relief of the surfaces 
[5-8]. In order to achieve the preferred parameter for roughness that 
has been experimentally selected and designed in the draft, either 
different technologies or different tools can be used to implement a 
change in the structure of the micro relief and consequently in the 
properties of the surfaces. Setting a specific parameter for 
roughness in the technical documentation, we would be able, in 
aiming to achieve it, to process the surface in a way that will lead to 
one of the many possible micro reliefs which will provide different 
functional properties. Most methods of processing surfaces yield a 
random pattern of roughness. This is why, in modeling the 
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roughness of surfaces, the theory of random functions can be used, 
which in effect implies that the pattern of roughness of a given 
surface can be viewed as the realization of a random value.  And we 
all know from mathematics that the full parametric definition of a 
random value requires 3 to 25 parameters – and this is exactly as 
many parameters of roughness as need to be specified in the 
construction draft in order to provide an exact definition of the 
required roughness. Theoretically this is possible, but in practice 
this is hardly feasible. 

A possible solution for this situation is suggested in one 
fundamentally new approach for assessment and control of the 
roughness of surfaces – a method which uses non-parametric 
criteria such as the diagrams of different functions[1,5,6,7,8].  
Taking into account the random element in forming the micro relief 
of surfaces, and based on the theory of random functions, it has 
been established that the most comprehensive information about the 
pattern of roughness as a random value is contained in the functions 
of distribution and the density of distribution of its ordinates, as 
well as in the functions of distribution and the density of 
distribution of the tangents from the angles of inclination of the 
pattern. This naturally leads to the conclusion that it is expedient to 
use these functions as criteria for the assessment and control of the 
roughness of surfaces.  

In line with the proposed methodology, below are the 
diagrams of the non-parametric criteria “Density of distribution of 
the tangents from the angles of inclination of the pattern“ that were 
made with the samples under analysis.  

  а)   b) 

Fig. 2 Diagrams of the non-parametric criteria “Density of 
distribution of the tangents from the angles of inclination of the 
pattern“ : а) for the threaded collars, b) for the shafts.  

The numbers in the diagram show the numbers of the studied 

samples (1 through 3 – first group, 2 through 5 – second group, 6 

through 9 – third group).   

4. Analysis of the results 
The experiment that was conducted shows that the 

roughness of surfaces affects the strength of press joints, which 
proves the expediency of optimizing this effect. The process of 
optimization is done through trying to find the optimal level of the 
functional property (optimization parameter) by varying the 
technological modes of processing (optimization factors) [9]. The 
force of un-pressing the joints (F) is considered a parameter for 
optimization, with the optimal level being the highest possible 
value. The factors of optimization are the modes of processing in 
polishing the machine parts “shaft” and “threaded collar”:  Sthreaded 

collar – use of one rotation in polishing the threaded collar, Vthreaded 

collar – velocity of cutting in polishing the threaded collar, Sshaft – use 
of one rotation in polishing the shaft, Vshaft – velocity of cutting in 
polishing the shaft. After conducting a statistical regression 
analysis, on the basis of the theory of planning the experiment, the 
following data was arrived at: 

- a mathematical model relating the optimization 
parameter with the technological modes of processing and making it 
possible to forecast the level of force required for un-pressing with 
variations of the above-mentioned factors 
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- technological modes of processing which produce an 
optimal surface roughness, guaranteeing the highest level of force 
required for un-pressing S threaded collar  =  0,43 m/min, V threaded collar   = 
37,5 m/s, Sshaft  = 0,467 m/min, Vshaft   = 36 m/s 

- optimal surface roughness of the following machine 
parts «Threaded collar» and «Shaft», which can be controlled 
through the use of non-parametric criteria presented in fig. 3 – these 
are the reference diagrams and the tolerances. 

  а)    b) 

Fig. 3 Reference diagrams «Density of distribution of the 
tangents from the angles of inclination of the pattern» with an 
indication of the tolerance for: а) the threaded collars, b) the shafts 

These curves, assumed as reference curves, are related to 
the sample surfaces that showed the best results in the course of the 
experiment. It is possible that there exist other surface roughness 
values which can require greater load for un-pressing and, therefore, 
greater strength of the press joints, but the present article’s aim is to 
define the best geometry that can be achieved under specific 
production conditions.  

5.Conclusion 
The use of standard parameters to assess and control the 

surface roughness of machine parts, appliances and machines has 
only one advantage – the simplicity of its practical use [6]. When 
we are looking for a complex criterion dependent on several factors, 
it is simply impossible to apply numerical criteria because they do 
not allow for the optimal characteristic (the most appropriate of all 
the possible ones) of the normed functional property of the surface 
to be accurately defined with a practicable degree of accuracy. The 
functions of density of distribution and the functions of distribution 
of ordinates and tangents of the angles of inclination of the pattern 
unequivocally define the roughness of surfaces and fully satisfy the 
legitimate requirement of a thorough and comprehensive definition. 
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