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Abstract 

 

An analysis of the literature on the formation of an antifriction coating by finishing anti-friction non-

abrasive treatment showed that surface roughness can be the main criterion for assessing the quality of the ap-

plied skin. In this regard, the main regularities of changes in the roughness of the surface layer treated with 

FANT have been established in the work. 

The surface treated with the friction-mechanical method FANT was studied on special samples of gray 
cast iron SCh20 made in the form of disks, and brass L63 was used as the material of the antifriction coating. 

Since the microrelief of the initial surface significantly affects the continuity of the antifriction coating, the sur-

face roughness was determined before and after coating by the friction-mechanical FANT method taking into ac-

count the processing regimes. Studies have shown that the application of anti-friction coatings FANT can im-

prove the quality of the surface, significantly reducing its roughness due to the mashing of brass in the cavities of 

the surface roughness, as well as partial crushing and smoothing of microroughness combs. The results obtained 

make it possible to predict and control when applying FANT antifriction coatings such an important geometric 

parameter of the surface layer as roughness, which largely determines the quality of the processed surface. 
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Introduction 

 

Current trends in the production and operation of machines and mechanisms are aimed at a significant 

improvement in their operational properties by improving the quality of the working surfaces of parts, the main 

indicators of which include physical and mechanical properties and geometric characteristics of the surface layer. 

Surface quality characteristics that determine its operational properties are formed throughout the entire process, 

however, finishing operations have the greatest impact [1]. 

The quality of the surface layer is achieved at the stage of manufacturing blanks, their further pro-

cessing and depends, first of all, on the technological method of surface treatment, which ensures optimal rough-
ness in the contact zone and the necessary physical and mechanical properties of the work surfaces of the part. 

The generally recognized direction in improving the quality of the working surfaces of machine parts is 

the development and widespread use of coatings, including antifriction [2]. Out of the whole variety of methods 

for producing antifriction coatings, coatings with optimal values of hardness and elastic modulus with enhanced 

antifriction properties, which provide favorable internal stresses, as well as maximum adhesive characteristics of 

the coating with the base material, are preferable [3]. Thus, an important reserve for improving the quality of 

parts during their manufacture and repair is the application of antifriction coatings in finishing operations. 

All of the above requirements are met by the group of technologies for finishing anti-friction non-

abrasive treatment (FANT), which is realized due to the frictional interaction of a copper-containing tool with 

the surface of the workpiece. Rubbing the friction surface with a tool made of copper and its alloys in the pres-

ence of a process fluid allows you to create coatings 2 - 5 μm thick on the friction surface [4], as well as harden 

the surface of the base material to a depth of 70 - 80 μm due to high pressure at the point of linear contact [5]. 
However, the wider application of FANT is constrained by the lack of extensive information on the relationship 
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of technological factors of the process with the geometric parameters of the surface layer, and above all, with the 

roughness, which, according to some researchers [6, 7], is the main quality criterion for the obtained FANT coating. 

Literature Review 

 

It has been established [8] that the increase in wear resistance, contact strength, corrosion resistance and 

other operational properties of parts is associated with controlling the state parameters of the surface layer and, 

above all, the surface roughness. The parameters and characteristics of surface roughness are regulated by GOST 

2789-73: three high-altitude - aR , zR , maxR , two step-wise – mS , S and the parameter of the relative reference 

profile length – pt  [9]. 

The data presented in [8, 10 - 14, etc.] indicate a significant effect of various parameters of micro and 

macrogeometry on the operational characteristics of work surfaces. 

In [10], it has been indicated that surface roughness is one of the main factors determining the wear rate 

of friction pairs. Moreover, the influence of the initial roughness on wear manifests itself during the running-in 

period, and the shape and height of microroughness affect the wear of the mating surfaces. The wear rate is 

largely dependent on the magnitude of the contact and the stress state of the surface layer, which are also associ-

ated with the size and shape of the microroughness [8].  

The surface roughness parameters in a certain way affect the indicators of its physical state (hardening, 

internal stresses, microcracks, structure) [11]. 

Roughness elements are stress concentrators, reducing the strength characteristics of the material. The 

value of stress concentration depends on the depth of the microroughness troughs and their rounding radius [12]. 
A significant effect of roughness on corrosion resistance has been proven [13]. The latter increases with 

a decrease in altitude parameters, since substances that form foci of corrosion and intensify the process of metal 

destruction are collected in the cavities. Low roughness also allows for better retention of the passivating film, 

which protects the surface from external influences. However, it is advisable to reduce the surface roughness to a 

certain value, since low roughness leads to increased wear due to setting of mating surfaces. 

The reliability of fixed joints of parts also largely depends on the surface roughness [14]. At high aR  

values, due to crushing of microprotrusions, the fit is impaired, and the mating life is reduced. At low aR  val-

ues, the necessary adhesion of the mating surfaces is not ensured. For each part and its inherent conditions of 

friction, there is a certain optimal contour contact area, which is a set of contact spots that are optimally located 

on the nominal area. Moreover, the roughness of the friction surfaces also has optimal values, which are found 
experimentally for specific friction pairs. 

Thus, the choice of roughness parameters is carried out taking into account the operating conditions of 

the parts. An initial roughness close to experimental reduces wear, temperature and coefficient of friction. The 

resulting equilibrium roughness makes it possible to minimize the amount of wear and the duration of the run-

ning-in of the friction surfaces. 

Surface quality parameters that determine its operational properties are formed throughout the entire 

technological process, however, finishing operations have the greatest impact, the study of which has always 

been given great attention [15]. Therefore, it is the finishing process that is entrusted with the task of ensuring 

the required quality of the surface layer, which can be achieved by coating. In our opinion, the application of an-

tifriction coatings at the final stages of the technological process by the FANT method will ensure optimal 

roughness in the contact zone and the necessary physical and mechanical properties of the work surfaces of the part. 
In a number of studies on the formation of the anti-friction coating FANT, it has been found that surface 

roughness is the main criterion for assessing the quality of the applied skin. Due to the fact that the authors of 

[16] have obtained and justified the initial surface microrelief to create favorable conditions for micro cutting of 

antifriction material by microprotrusions of the initial surface and to improve the quality of coating formation by 

the friction-mechanical method, there is a need to conduct special studies of the influence of FANT at specified 

parameters on roughness surface layer. 

 

Purpose 

 

The aim of the work is to establish the basic laws of changing the roughness of the surface layer treated 

with FANT. 
 

Research Methodology  
 

The study of the surface treated by the friction-mechanical method of FANT was carried out on special 

samples of gray cast iron SCh20 made in the form of disks. Moreover, to intensify micro-cutting of antifriction 

material during coating, a certain microrelief had been previously created on the surface of the disk, according to 

the recommendations of [16, 17], using turning cutters made of VK4 hard alloy. 
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Since the shape and dimensions of the microroughnesses of the treated surface are determined, first of 

all, by the geometry of the cutter in terms of plan and the size of its feed, to obtain different protrusions and cavi-

ties of microroughnesses on the surface of the research samples, we have selected certain values of the main   

and auxiliary 
1  angles in the plan [16] and the values of the transverse feed S of the cutter, which provided a 

step of protrusions of the microrelief of 0.05; 0.10; 0.15; 0.175 mm. The pressing force of the anti-friction bar to 

the treated surface Р was 82.4 N; 164.6 N, which corresponds at a nominal contact area a × b = 18 mm
2
 to con-

tact pressure q – 4.6 MPa, 9.2 MPa. 

Assessment of the quality of the coating was carried out after two, six and twelve passes of the anti-

friction bar along the treated surface. 

Coating by the friction-mechanical method FANT was carried out according to the method developed 
by the authors and using the device [17] on a vertically milling machine. As an antifriction coating material, L63 

brass was used.  

Thus, on SCh20 cast iron research samples (Fig. 1), an antifriction coating was applied in the form of a 

track across the microprotrusions of the base. The width of the applied coating corresponded to the width of the 

antifriction tool - 6 mm. 

 

 
 

Fig. 1. Samples from cast iron SCh20 processed  

by the friction-mechanical method FANT 

 

The study of roughness parameters before and after FANT was carried out on a Mahr XR20 profilo-

graph, a PC-based device. The surface roughness was estimated by the arithmetic mean deviation of the profile 

Rа. As the value of the roughness parameter Rа, we took the average value obtained as a result of three meas-

urements. The continuity of the coating was determined based on the results of metallographic analysis of the 

surface, using methods of digital image processing on a PC. 

 

Results  

 

Considering that the surface roughness obtained by FANT, along with the continuity of the coating, can 

be the main criteria for the quality of the applied coating, which largely determines the running-in process during 

the initial period of operation, the main attention was paid to the study of this particular geometric parameter of 
the microrelief. 

Technological factors for the selected FANT scheme include: an effort of pressing the anti-friction bar 

P, the number of rubbing cycles (passes) N and the tool speed V. Due to the low V values, the influence of this 

factor was not taken into account in the studies. 

Since the microrelief of the initial surface significantly affects the continuity of the antifriction coating, 

the surface roughness was determined in the work before and after coating by the friction-mechanical method 

FANT. 
The change in the values of the arithmetic mean deviation of the profile of the samples was determined 

as: 

 

a aFANT aR R R   ,                                                                    (1) 

 

where RaFANT  – surface roughness after FANT, μm; 

Rа – initial roughness, μm. 

The obtained values made it possible to establish the basic laws of changing values aFANT

a

R

R
 from the 

technological parameters of FANT (Fig. 2 - 4). 
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Fig. 2. Dependence of ratio RaFANT / Rа during the FANT process on the step of protrusions  

of the microrelief of the initial surface t with the effort of Р = 82.4 N (a), 

 Р = 164.6 N (b) and the number of rubbing cycles:  

1 – 2;  

2 – 6;  

3 – 12  
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Fig. 3. Dependence of ratio RaFANT / Rа during the FANT process  

on the number of rubbing cycles N with the effort of Р = 82.4 N (a), Р = 164.6 N (b)  

and the pitch of the microrelief protrusions of the initial surface:  

1 – 0.05 mm;  

2 – 0.1 mm;  

3 - 0.15 mm;  

4 – 0.175 mm 

 

 
 

а                                                                                    b 

 

Fig. 4. Dependence of the ratio RaFANT / Rа during the FANT process  

on the effort P with the number of rubbing cycles N = 2 (a), N = 6 (b)  

and the pitch of the microrelief protrusions of the initial surface:  

1 – 0.05 mm;  

2 – 0.1 mm;  

3 – 0.15 mm;  

4 – 0.175 mm  
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Profilograms of the surface of the studied samples after turning and subsequent FANT are presented in 

Fig. 5. 

 

 
 

а                                                                                    b 

 

Fig. 5 - Profilograms of measuring the roughness  

of the samples after turning (a) and subsequent FABO (b)  

(vertical magnification 500, horizontal 50)  

 

An analysis of the experimental data (Fig. 2 - 5) convincingly indicates a significant change in the 

arithmetic mean deviation of the Ra profile of the treated surface after FANT. At the same time, the mecha-

nism of these changes for different values of the roughness of the initial surface and processing conditions for 

the selected scheme is different. 

The more significant the value of aFANT

a

R

R
 is, the higher is the Ra value of the initial surface. In this 

sense, the highest value of aFANT

a

R

R
 is observed when applying coatings to a previously prepared surface for the 

coating with a step of 0.175 mm (Fig. 2). This confirms the fact of the special importance of the role of micro-

cutting in the formation of an antifriction coating [18], as well as the effect of rubbing material as a smoothing 

tool. 

However, high aR  values of the initial surface do not allow to obtain a continuous coating, which 

makes it possible to destroy it due to the contact interaction of the contacting surfaces. When applying the coat-

ing by the friction-mechanical method FANT on a pre-treated surface with a feed of 0.1 mm / rev, it was possi-

ble to obtain a continuous coating. 

It was established (Fig. 3) that the most rational number of rubbing cycles (passes) is 2 ÷ 6. Subsequent 

rubbing cycles do not increase the quality of the antifriction coating. 
With an increase in the pressing effort (contact pressure) of the antifriction tool to the surface being ma-

chined (Fig. 4), a decrease in roughness is observed, which is explained by a more intense mashing of the anti-

friction material (L63 brass) into the cavities of the microprotrusions and smoothing of their vertices. This is also 

confirmed by the data of profilograms (Fig. 5), which indicate that the application of antifriction coatings FANT 

improves the quality of the surface, smoothing microprotrusions and cavities by applying antifriction material to 

their surface. 

 

Summary 

 

Studies of the influence of the FANT modes, as well as the state of the initial surface on the roughness 

of the treated surface, allowed us to make the following conclusions: 
- with increasing parameter of the initial surface roughness Ra, the magnitude of the change in the 

arithmetic mean deviation of the profile aR  also increases; 

- high initial values of the arithmetic mean deviation of the profile aR  (12.0 ÷ 5 μm) do not allow to 

obtain a continuous, and therefore, high-quality antifriction FANT coating. This is because on the surface having 

rough machining, it is impossible to create the necessary specific pressure between brass and cast iron, which 

means that there are no conditions for widespread setting. To obtain a high-quality coating, it is necessary to 

have the initial roughness of the treated surface not lower than aR  = 2.5 μm; 

- obtaining a high-quality anti-friction coating with the selected FANT scheme became possible with 

the following processing modes: anti-friction bar pressing effort P = 164.6 N, number of rubbing cycles N = 2; 
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- FANT anti-friction coatings can improve the quality of the surface, significantly reducing its rough-

ness due to mashing of brass into the cavities of the surface roughness, as well as partial crumpling and smooth-

ing of microroughness combs. This leads to a more uniform and denser coating on the treated surface; 

- the results of the studies allow us to predict and control while applying anti-friction FANT coatings 

such an important geometric parameter of the surface layer as roughness, which largely determines the quality of 

the treated surface. 
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Шепеленко І.В. Дослідження шорсткості поверхні в процесі фінішної антифрикційної безабра-

зивної обробки 

 

Виконаний аналіз літературних джерел, присвячений утворенню антифрикційного покриття фі-

нішною антифрикційною безабразивною обробкою (ФАБО) показав, що шорсткість поверхні може бути 

основним критерієм оцінки якості плівки, що наноситься. У зв'язку з цим у роботі встановлені основні 

закономірності зміни шорсткості поверхневого шару, обробленого ФАБО. 

Дослідження поверхні, обробленої фрикційно-механічним методом ФАБО, здійснювалося на 

спеціальних зразках із сірого чавуну СЧ 20, які були виготовлені у вигляді дисків, а в якості матеріалу 
антифрикційного покриття вибрана латунь Л63. Оскільки на суцільність антифрикційного покриття сут-

тєво впливає мікрорельєф вихідної поверхні, в роботі визначалася шорсткість поверхні до і після нане-

сення покриттів фрикційно-механічним методом ФАБО з урахуванням режимів обробки. Шорсткість по-

верхні оцінювалася середнім арифметичним відхиленням профілю Ra. За величину параметра шорсткості 

Ra брали середнє значення, отримане в результаті трьох вимірів. Суцільність покриття визначилась, ви-

ходячи з результатів металографічного аналізу поверхні, використовуючи методи цифрової обробки зо-

бражень на ПК. 

Встановлено, що високі значення aR  вихідної поверхні не дають можливості отримувати якісне 

покриття, що може призвести його руйнування внаслідок контактної взаємодії контактуючих поверхонь. 

Для отримання суцільного покриття ФАБО необхідно, щоб вихідна шорсткість оброблюваної поверхні 

була не нижче aR  = 2,5 мкм. Зі збільшенням контактного тиску антифрикційного інструмента до обро-

блюваної поверхні спостерігається зниження шорсткості, що пояснюється більш інтенсивним затиран-

ням антифрикційного матеріалу (латуні Л63) в западини мікровиступів і згладжуванням їх вершин. 

Проведені дослідження показали, що нанесення антифрикційного покриття ФАБО дає змогу під-

вищувати якість поверхні, значно знижуючи її шорсткість за рахунок затирання латуні в западини шорс-

ткості поверхні, а також часткового зминання і згладжування гребінців мікронерівностей. Отримані ре-

зультати дають підстави прогнозувати та керувати при нанесенні антифрикційних покриттів ФАБО та-

ким важливим геометричним параметром поверхневого шару, як шорсткість, який багато в чому визна-

чає якість обробленої поверхні. 

 

Ключові слова: шорсткість, фінішна антифрикційна безабразивна обробка (ФАБО), антифрик-
ційне покриття, мікрорельєф, режими обробки, якість покриття. 

 

 


