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Abstract: Current trends in the development of mechanical engineering impose increasingly stringent requirements for 

the performance characteristics of manufactured goods. The main parameters characterizing the quality of a product as  
a whole are the physical, mechanical, and geometric indicators of the working surfaces of the compound units. In domestic 
practice, a machined surface is mainly characterized by a rather limited number of parameters (no more than 6), such as 
the average microroughness height, the microroughness height at 10 points, etc. However, their use is not enough to manu-
facture competitive products in the modern conditions. For example, international ISO/ASME/DIN standards include  
a much broader set of parameters required to accurately describe the performance properties of a surface. The paper ana-
lyzes the approaches to the formation of requirements for the microgeometry of the working surfaces of parts used in mo-
dern mechanical engineering. Based on the analysis, the author proposed and mathematically substantiated a general ap-
proach to modelling surface texture characteristics, which allows describing adequately the surface using a new parameter – 
the profile physical coefficient, since it is virtually impossible to directly compare the technologies developed in Russia 
with foreign analogues based on the current standards. First, the profile physical coefficient was determined at the section 
level. Next, it was decomposed into a Fourier series for the two-dimensional and three-dimensional cases. The paper pre-
sents the analysis of the new parameter applicability on the example of a product obtained by honing. The author conclud-
ed about the applicability of this parameter and the necessity to develop a comprehensive methodology based on it for 
evaluating the surface after machining. 
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INTRODUCTION 
The characteristics and surface texture of products are 

regulated by the international standards, such as ISO/TR 
14638, as well as by the chain of standards for surface tex-
ture. By now, the roughness profile and the parameters de-
fining it represent but a few characteristics of the surface 
texture, which are clearly normalised. Surface texture pa-
rameters – a primary profile, waviness, and roughness are 
defined by the ISO 4287:1997 International Standard, as 
well as by the ISO 3274:1996 Geometrical Product Specifi-
cation (GPS). Surface structure. Profile method. Rated 
characteristics of contact (stylus) instruments. The termi-
nology used in mathematical modelling corresponds to  
the list of accepted international standards: 

– ISO 4288:1996 Geometrical Product Characteristics 
(GPP). Surface structure. Profile method. Rules and proce-
dures for assessing surface structure;  

– ISO 11562:1996 Geometrical Product Specification 
(GPS). Surface structure. Profile method. Metrological 
characteristics of filters with phase correction; 

– ASME B46.1-2009. Surface Texture (Surface Rough-
ness, Waviness, and Lay). 

Basic terms: 
– profile filter – according to ISO 21920-2 and ISO 

16610-21, divides the profile into long-wave and short-
wave components; 

– real surface – limits the body, separating it from  
the environment; 

– surface profile – is formed as a result of the intersec-
tion of a real surface with a special plane parallel to  
the XOZ and YOZ coordinate planes; 

– primary profile – is regulated by ISO 3274 and serves 
as the basis for obtaining quantitative evaluation character-
ristics; 

– surface profile – is formed from the primary profile by 
suppressing a long-wave component and serves as the basis 
for obtaining the surface profile parameters; 

– waviness profile – is obtained by suppressing the long-
wave and short-wave components, it is used to obtain the wavi-
ness parameters; 

– geometrical parameters of the P, R, W groups – are 
calculated based on the primary profile, surface profile, and 
waviness profile, respectively. 

In the design-engineering practice, a very limited list of 
parameters is used at the enterprises in the machine-
building sector [1–3]. The parameters of the R and W 
groups are mainly used [4; 5], in particular, the Ra, Rz pa-
rameters, etc. At the same time, among the parameters little 
used in practice, Ra is one of the promising ones. 

The analysis of publications on honing showed that 
when describing the requirements for surface roughness of 
parts, in most studies in the field of mechanical engineering, 
only the Ra parameter is given [6–8]. In some publications,  
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tp or tp and Rz are added to it [9]. In rare cases, Rmax and 
Sm are added to the above parameters [9]. In the literature, 
there are practically no parameters from new standards or 
specific parameters for describing the surface after honing 
from the less recent DIN standards of the 1980s. In recent 
years, the alternative methods for obtaining parameters 
have been actively developed, for example, new algorithms 
for correlating the parameters of a reflected beam from  
a microrelief [1]. These methods are being developed to 
detect all the same Ra type standard parameters [2]. 

Most of publications on honing associate the solution of 
the optimisation task with the application of theoretical and 
empirical models. The most common method is the Taguchi 
method [3]. The indicators of this method are used as an 
optimisation criterion [4]. An alternative method to achieve 
the same goal is the neural network method [5]. The authors 
also use the response surface analysis methods to determine 
the interrelation between the processing modes and techno-
logical parameters [6]. In these publications, only Ra was 
considered as a basic parameter. 

The authors of [8] investigated the honing treatment us-
ing a magneto-rheological fluid. Interestingly, in this case, 
the meaning of the term “honing” no longer implies the use 
of a hone (tool for processing), but primarily the surface 
formed by this method. Similarly, there is a laser honing 
process that does not involve mechanical stock removal, but 
only energy impact. The authors state that the coincidence 
in the surface texture for the traditional method and  
the proposed one was 5.88 %. When describing the surface 
roughness, the authors give the Ra parameter. No other 
parameters were considered, despite the availability of  
a measuring device (Surftest SJ-400, Mitutoyo) sufficient 
for their evaluation. 

In [9], the authors analyzed how to determine the sur-
face texture using the widely known acoustic emission 
method. The authors propose two new parameters: Sf (cal-
culated as the ratio of signals when applying high and low 
frequencies) and Sh (energy parameter). In this case, these 
parameters are correlated with the typical Ra parameters 
and the three-dimensional version of the Ra parameter –  
the Sa parameter. The work [9] confirms that interest in 
other methods for determining surface characteristics is 
high. However, this method will require the purchase of 
extra equipment for texture evaluation. 

In [10], the authors give the reasoning of the theory of  
a new finishing process proposed as a functional replace-
ment for honing. The surface was considered only from  
the point of view of the Ra parameter. In the paper [11], 
which describes the influence of changing a honing angle 
on the roughness and tribological properties, the Ra para-
meter and the Rk group (Rpk, Rk, Rvk) parameters are gi-
ven. It is interesting, that the authors concluded that the Rk 
group parameters reflect the tribological characteristics 
more than the Ra parameter. The Rk group parameters were 
developed exactly for this. At the same time, in the conclu-
sions, the authors carried out comparison according to  
the quantitative values not of Rk, but of Ra (the optimal 
value of the Ra parameter was 0.85). 

The authors of the work [12], related to the evaluation 
of the tribological properties of a rough honed surface, by 
changing the contact pressure, evaluated the formed pla-
teau-surface tribologically, dividing it qualitatively into two 
types: high and low. The basis for division was the authors’ 

classification by the surface decomposed according to  
the frequencies with given (not variable) parameters over 
the Rk group. 

The work [13] studied the influence of the hone radius 
on technological parameters (cutting force, surface integri-
ty, etc.). The Ra parameter served as an estimate of the sur-
face topography. In the conclusions, the smallest numerical 
value of the Ra parameter was considered as a criterion for 
the best surface. 

The paper [14] examined multi-response optimisation to 
ensure the surface quality and performance. The authors do 
not directly name the parameters, they indicate the “maxi-
mum roughness” (probably Rmax) and “average rough-
ness” (probably Ra). As a result, the authors built three 
models: for average and maximum roughness and for ope-
ration time. It was found that the grain size has the most 
influence on the average Ra value. As in the source [13], 
this conclusion is again obvious considering the mechanics 
of the process. At the same time, the authors position  
the presented three-factor optimisation model (two roughness 
parameters and operation time) as the most complete one. 

The paper [15] presents an indirect neural network for 
modelling roughness during honing. The Rk group parame-
ters are used. Using this model, the authors were able to 
predict the grain size, linear and tangential velocities, and 
pressure to obtain the specified values of the Rk group pa-
rameters. Reference [16] uses the results obtained from test 
honing machines for industrial application. In this paper, 
the authors supplement the Rk group parameters with the Rz 
parameter as necessary for industrial application. 

In [17], the honing tool roughness was analyzed. Using 
two theories of roughness generation, the authors compared 
the calculated Ra parameter with the experimental one.  
An extensive analysis of the process kinematics (different 
angles, rotation speeds) was carried out; however, no other 
parameters except this one were considered. 

New parameters are used to a small extent in the litera-
ture (Table 1). This is also typical for other studies of ma-
chining technologies that consider roughness [18]. 

Thus, there is a small quantity of parameters used in 
practice (no more than 6). The parameters available in in-
ternational standards will allow determining the surface 
texture more accurately. In this work, the author proceeded 
with the development of the proposed earlier ideas on  
the development of a new method for determining the sur-
face texture [19]. It is proposed to introduce into practice  
a little-used parameter – the profile physical coefficient.  
To assess the validity of the application of this approach,  
it is required to study the surface texture of the product ac-
cording to the method proposed below for the parameter 
under consideration – the profile physical coefficient. With-
in this conception, the authors proposed to determine  
the most significant parameters and then find the range of 
optimal values for them, and not proceed from a specified 
limited list of parameters. 

The proposed “profile physical coefficient” parameter 
can be denoted as Pmr(c), Tmr(c), and Wmr(c) depending on  
the source of the initial data, and is calculated in general 
form by the following formula: 

 

( ) ( ) ( )
( )

n
cmrcmrcmr l

cMlWTP =,, .
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Table 1. Texture parameters applied in the literature  
Таблица 1. Применяемые в литературе параметры текстуры 

 
 

Specified texture parameters Papers, where the structure parameters  
under consideration were applied Ra Rmax Rk Sa 

+ – – – [6] 

+ – – – [15] 

+ – – + [8] 

+ – – – [10] 

+ – + – [11] 

– – + – [12] 

+ – – – [13] 

+ + – – [14] 

+ + + + [9] 

 
 
 

The goal of the research is to develop a general ap-
proach to the application of the “profile physical coeffi-
cient” parameter and its testing. 

 

METHODS 
The technique is based on the assessment of the surface 

microprofile by the “profile physical coefficient” parameter. 
First, the profile physical coefficient was determined at 

the sectional level. Next, it was expanded into a Fourier 
series for the two-dimensional and three-dimensional cases. 
As a result, the complexity of the presented parameter was 
shown. 

Based on the geometrical representation of probability, 
the profile physical coefficient represents the probability of 
density of filling with a material in the selected section c. 

The Pmr(c), Tmr(c), Wmr(c) relative physical coefficient is 
determined at the sectional level of the Rδc profile relative 
to the starting point C0: 

 
( )1,,,, СWTPWTP mrrmrmmrrmrm ′′′′ = , 

 
where cRCC δ−= 01  (or Pδc, or Wδc);  

( )0000 ,, mrmrmr WTСPС = . 
The difference between the profile relative physical coeffi-

cient Pmr(c), Tmr(c), Wmr(c) and the widely known ones is that not 
filtered data are used (the parameters of the R – roughness 
group, such as Ra, tp), but the primary surface profile (hence 
the name of the group of parameters P – primary). 

The profile of the surface relief obtained geometrically 
in two-dimensional space in the form of a profilogram can 
be represented analytically in the form of a trigonometric 
Fourier series: 
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In three-dimensional space, the surface topography is 

specified using a function of two variables z = f(x;y), which 
can be expanded into a double trigonometric Fourier series 
in terms of a system of trigonometric functions. These func-
tions represent a trigonometric system for two variables x 
and y, each of which is periodic with a period of 2π, both in 
x and y. 

Each function of the system is orthogonal to any other 
in square ( )π≤≤π−π≤≤π− yxD , . The specified proper-
ty takes place in any other square of the form 

π+≤≤−π+≤≤ 2,2 bybaxa . The orthogonality property 
follows from the correlations 
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In a similar manner 
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as the cosnπ function is even, then cos(–nπ) = cos(nπ).  
As a consequence, 

 

( ) ( )[ ]

( ) ( )[ ] 0coscos

coscos
4
1

coscoscoscos

coscoscoscos

)cos)(coscos(cos

=−++×

×−++=

==

=





=

=

∫
∫

∫∫

∫ ∫
∫

π

π−

π

π−

π

π−

π

π−

π

π−

π

π−

dyypnxpn

xrmxrm

pydynxrxdxmx

dxpydynxrxmx

dxdypxrxnymx
D

, 

 
where r and p are integers, at m ≠ r, n ≠ p. 

It was proved above that the integral in the symmetric 
region of an even function vanishes when m = r и n = p, 
then the original integral takes the form 
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Here, ( ) 02sin2sin2sin =π−−π=π

π− mmmx  since 
0sin =πm . 

The orthogonality of any pair of different functions of 
the original trigonometric system is proved similarly. 

We define the norms of the elements of the presented 
trigonometric system: 
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As in the case of a one-variable function z = f(x), the 

Fourier coefficients for a two-variable function z = f(x;y) 
defined in the domain D are found from the correlations [3]: 
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If m and n both possess the values 

∞=∞= ...,,2,1  ,...,,2,1 nm , then: 
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the double trigonometric series is written as: 
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here 
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in this case m and n are positive integers. 

In the case when the domain DΞ is represented by a rec-
tangle that meets the conditions DΞ (−lx < x < lx, 
−ly < y <ly) (Fig. 1), the double Fourier series takes the 
form: 
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The λmn parameter is found according to the correlations 
written above, and the am.n, bm.n, cm.n, dm.n coefficients 
are calculated using the formulas: 

 

( ) dxdyy
l

nx
l

myxf
ll

a
D yxyx

nm ∫∫
Ξ 










 π
⋅

π
= coscos;1

. , 

 

( ) dxdyy
l

nx
l

myxf
ll

b
D yxyx

nm ∫∫ 









 π
⋅

π
= cossin;1

. , 

 

( ) dxdyy
l

nx
l

myxf
ll

c
D yxyx

nm ∫∫ 









 π
⋅

π
= sincos;1

. , 

 

( ) dxdyy
l

nx
l

myxf
ll

d
D yxyx

nm ∫∫ 









 π
⋅

π
= sinsin;1

. . 

 
In the special case when lx = ly = π, the previous ex-

pressions for the square domain DΞ are obtained from the 
written expressions. In the case when the function z(x; y) is 
specified as piecewise smooth in the domains Di, 
i = 1, 2, …, n: 
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the double trigonometric series will be analogous to the 
Fourier series of similar one-variable functions. 

 
 
 

 
 

Fig. 1. Rectangular area DΞ in the XOY plane 
Рис. 1. Прямоугольная область DΞ в плоскости XOY 
 
 
 
Surface texture characteristics are predominantly geo-

metric. However, when processing and operating the ma-
chine parts and mechanisms, physical indicators are used, 
such as material removal in various technologies, wear, 
friction, elasticity, and the rough layer plastic deformation 
caused by the presence of the material in it. 

The complex parameter for evaluating these phenomena 
is the analyzed profile physical coefficient regulated by the 
international standard and representing the probability of 
density of filling with the material in the z section, i.e. 
P(VMc), according to the geometric concept of probability. 

The probability of material content in a rough layer of 
width c is determined by the formula 

 

( ) ( )∫=
c

zmrMc dzPVP
0

)( . 

 

Z 

Y 

X 
-lx 

ly 

lx 

-ly 

Frontier Materials & Technologies. 2023. № 3 13



Bobrovskij I.N.   “The profile physical coefficient and its application for modeling the machined surface texture” 

 

RESULTS 
It is possible to test the considered method on the pro-

fillogram of the surface of a honed part. 
If a profillogram is obtained for a rough layer, where 

c = zk measured from the OX axis, then the profile physical 
coefficient from geometric constructions is determined by 
the formula 
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where kc – is the number of sections of the material in the c 
section. 

Specifically for the present case, Rz = 74 mm is divided 
into k = 10 parts, ln = 155 mm. The results of measure-
ments and calculations are summarized in Table 2 and pre-
sented graphically in Fig. 2. Probability of filling the rough 
layer with the material 
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where Sm – is the area of the figure enclosed by a curve ZkMl .  

Let us find the value of Sm: 
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The calculation shows that for a rough layer with a gi-

ven profillogram, the probability of filling it with the mate-
rial is equal to 0.5563, i.e., the given rough layer contains 
55.63 % of the material. The porosity coefficient λ is the 
characteristic of voids in the specified layer: 
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where Sсл – is the total area of a rough layer on the length 
ln, Sсл = Rz⋅ln.  

Thus, λ = 1 − P(Vm), oil-absorption is 44.37 %. 
 
 
 

Table 2. Calculation of the probability of the density of filling the rough layer with the material along the zi sections 
Таблица 2. Расчет вероятности плотности заполнения материалом шероховатого слоя по сечениям zi 

 

zi z0 
0 

z1 
7.4 

z2 
14.8 

z3 
22.2 

z4 
29.6 

z5 
37 

z6 
44.4 

z7 
51.8 

z8 
59.2 

z9 
66.6 

z10 
74 

Szi 155 153.6 151.2 141.1 128.1 83.6 71.2 51.9 34.2 5.5 0 

P(Szi) 1 0.991 0.975 0.910 0.826 0.539 0.459 0.335 0.221 0.035 0 

 
 
 

 
 

Fig. 2. The curve of the probability of filling the rough layer with the material along the sections corresponding to the actual profillogram 
Рис. 2. Кривая вероятности заполнения материалом шероховатого слоя по сечениям,  

соответствующая реальной профилограмме 
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DISCUSSION 
Currently, the surface texture parameters used in prac-

tice, presented in publications and in production, are insuf-
ficient. The use of complex parameters reflecting the opera-
tional characteristics of products is required. As part of  
the work performed, the authors justified the use of the “profile 
physical coefficient” parameter for estimating the surface 
texture using a new technique. The use of the profile physi-
cal coefficient allows meeting the increasing requirements 
for the working conditions of the surfaces of parts, especial-
ly those operating under friction conditions. Knowledge of 
the properties of the proposed models will allow recom-
mending the technologies and methods for processing sur-
faces of interacting parts of machines and mechanisms. 

The parameter was tested for a honed surface, and con-
vergence was shown when analyzing the filling of a rough 
layer with a material along sections, which corresponds to 
the actual profillogram. 

According to the developed technique, the Fourier series 
expansion of the micro-roughness model profile function 
given in the interval (−l; l) allows building the entire range of 
models on a line of selective length according to which  
the profillogram is reproduced. It is important that in  
the overall assessment of the working surface micro-
dimensions, it is possible to take into account deviations from 
a given geometric shape of the part, both regular and random. 

A probabilistic assessment of filling the layer with  
the material from the theoretical reference line or surface to 
the theoretical equidistant line of the real profile is neces-
sary when developing software for technological equipment 
operating in automatic control of cutting, grinding, honing, 
and plastic deformation in the process of forming the tex-
ture of the working surface of finished parts. 

In future, the developed method for the computational-
graphical study of a surface texture can be applied to ana-
lyze and evaluate the texture of the surfaces processed by 
various technologies, including the evaluation of the sur-
face after post-processing of parts obtained additively. 

The effect of applying the proposed method for estimat-
ing surface texture can be increased when combining it with 
new processing methods and techniques that contribute to 
the formation of a given surface texture. 

 

CONCLUSIONS 
The author justified the application of the “profile phy-

sical coefficient” parameter to set the requirements for  
the micro-geometry of the working surfaces of the parts. 

The analysis of the obtained quantitative parameters 
found based on profillograms proved that the assessment of 
the material consumption of a rough layer most completely 
and comprehensively, compared to the well-known and 
widely used Ra parameter, characterises the geometry of 
waviness, its shape, flatness, pointedness, relief, perfor-
mance, wear resistance, and oil absorption of voids and, 
accordingly, allows innovating the assessment of mixed 
friction of real surfaces. 
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Аннотация: Современные тенденции развития машиностроения задают всё более жесткие требования к экс-

плуатационным характеристикам готовой продукции. Основными параметрами, характеризующими качество из-
делия в целом, являются физико-механические и геометрические показатели рабочих поверхностей составных 
деталей. Поверхность, полученная в результате механической обработки, в отечественной практике в основном 
характеризуется весьма ограниченным числом параметров (не более 6), таких как средняя высота микронеровно-
стей, высоты микронеровностей по 10 точкам и др. Однако их применение недостаточно для производства конку-
рентоспособной продукции в современных условиях. Например, международные стандарты ISO/ASME/DIN 
включают гораздо более широкий набор параметров, необходимых для точного описания эксплуатационных 
свойств поверхности. В статье проанализированы подходы к формированию требований к микрогеометрии рабо-
чих поверхностей деталей, используемых в современном машиностроении. На основе проведенного анализа пред-
ложен и математически обоснован общий подход к моделированию характеристик текстуры поверхности, кото-
рый позволяет адекватно описывать поверхность с использованием нового параметра – физического коэффициен-
та профиля, поскольку прямое сравнение технологий, разработанных в России, с иностранными аналогами с опо-
рой на действующие стандарты практически невозможно. Сначала был определен физический коэффициент про-
филя на секционном уровне. Далее было выполнено его разложение на ряд Фурье для двухмерного и трехмерного 
случаев. Приведен анализ применимости нового параметра на примере изделия, полученного с помощью хонин-
гования. Сделан вывод о целесообразности применения данного параметра и необходимости разработки ком-
плексной методики оценки поверхности после механической обработки на его основе. 

Ключевые слова: технология машиностроения; механическая обработка; поверхность; физический коэффици-
ент профиля; шероховатый слой; текстура поверхности. 
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