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Abstract: Since the service life of internal combustion engines depends on the durability of cylinder-piston group 

parts, the development of effective technologies for the restoration of cylinder liners that increase their wear 

resistance and durability is of particular importance. The effectiveness of the combination of finishing antifriction 

non-abrasive treatment and the method of cold plastic deformation – deforming broaching in the restoration of 

cylinder liners has been proposed and proven. The original design of a modeling device for testing the wear 

resistance of the cylinder liner working surface, including a counterbody that simulates a set of piston rings 

simultaneously interacting with the working surface of the liner, was developed. The use of the proposed 

accelerated testing methodology significantly reduces the time required to conduct wear tests. The technology for 

restoring cylinder liners using finishing antifriction non-abrasive treatment and deforming broaching reduces wear 

on the working surface compared to traditional processing. The technical solutions applied in this work increase 

the wear resistance of the machined parts. 
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1. INTRODUCTION 

An extremely important and urgent task of modern mechanical engineering is the development and 

widespread implementation of new, environmentally friendly, technically and economically feasible 

processing technologies that improve the quality of machine parts working surfaces by achieving 

optimal performance properties [1]. Existing and developing technological processes of machining 

should provide increase of reliability and durability of both newly manufactured machines operating 

under conditions of high loads at increased speeds and force impacts, and during their operation and 

repair [2]. Thus, the improvement of existing and the creation of new technological processing methods 

should be aimed at improving the quality of working surfaces and achieving optimal operational 

indicators by increasing the wear resistance and durability of parts [3]. 

The problem of increasing wear resistance and durability is especially relevant for engine parts that limit 

their service life. Thus, according to data from [4], the service life of an internal combustion engine 

(ICE) depends on the durability of the cylinder-piston group (CPG) parts by 70-90%. It is for these parts 

that, earlier than for others, the limit wear occurs, mainly of an abrasive nature, requiring mandatory 

restoration during overhaul. 

One of the most expensive and fast-wearing parts of the CPG is the cylinder liner. The intensity of 

cylinder liner wear after overhaul is 2...3 times higher than that of new cylinder liners. Therefore, the 

issues of developing and improving methods for restoring and increasing the service life of cylinder 

liners are important and relevant [5]. 
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Growing requirements for the performance properties of parts' working surfaces stimulate the 

development of surface modification methods and, above all, the application of protective coatings. A 

wide range of materials used to create coatings, as well as coating application technologies, make it 

possible to provide specified surface properties or a set of properties for any part of modern engineering. 

The correct choice of friction coating material and composition makes it possible to increase the wear 

resistance and durability of friction units during further operation [6]. 

Thus, it can be argued that the use of protective coatings is an important reserve for increasing the 

durability of cylinder liners and, consequently, the life of the entire ICE. 

2. LITERATURE REVIEW 

An analysis of existing technologies for improving the operational properties of parts has shown that no 

technological process has been developed so far that would allow the obtaining a layer on the working 

surface that increases the wear-resistant and antifriction properties of the part surface while ensuring a 

given service life [7]. 

Numerous studies [8, 9] have shown that achieving high quality machining, increased wear resistance 

and durability of cylinder liners is associated with the application of an antifriction coating to their 

working surfaces. 

To reduce friction and wear of friction surfaces, the methods of finishing antifriction non-abrasive 

treatment (FANT), known from [10, 11], are becoming widespread. The essence of FANT is that the 

friction surfaces of parts are coated with a thin layer (1...5 μm) of copper, brass, bronze, or other 

antifriction solid lubricants, because of which they acquire high antifriction properties and contact 

stiffness [12]. The coating obtained in this way is in a stressed state, capable of selectively dissolving 

under the influence of an active lubricant and creating a servo film. The wide capabilities of FANT 

allow them to be used for dimensional restoration, reducing surface wear, and for applying hard lubricant 

coatings. 

FANT can increase the wear resistance of parts, reduce their break-in time, improve the antifriction 

properties of the treated surface, and increase the life of the ICE. At the same time, the applied FANT 

methods are characterized by low productivity, uneven coating thickness, high tool loads and significant 

heat generation. The use of existing technologies and devices for the FANT of the cylinder liner working 

surface does not provide sufficient hardening of the parts surface, and therefore, wear resistance for a 

longer period. Therefore, various areas of FANT require further development and improvement in terms 

of restoring parts that limit the operation of machines and mechanisms, which should include cylinder 

liners of ICEs. 

It should also be noted that, according to the authors of [8], the increase in the performance properties 

of cylinder liners is associated with the formation of a favorable stress-strain state in the surface layer 

of the coating. This requires additional operations to strengthen the antifriction coating obtained by 

FANT. For this purpose, in many branches of industry, methods of processing parts by cold plastic 

deformation have been widely used, which allow achieving a favorable microrelief of the treated surface, 

strengthening the surface layer and, as a result, high operational properties. In this case, special attention 

should be paid to the method of deforming broaching, the essence of which is a sequential stepwise 

plastic deformation of the inner surface of the part during the progressive movement of deforming 

elements through the machined hole [13]. The combination of low-height roughness with surface layer 

hardening and the ability to guarantee residual compressive stresses provides high operational properties 

when machining parts by deforming broaching [14]. 

Thus, it can be argued that the most promising in terms of increasing the wear resistance and adhesion 

strength of the coating to the base should be considered the direction of using combined processing 

methods for cylinder liners, which includes FANT and deforming broaching. The possibility of 

combining FANT with cold plastic deformation methods, in particular with deforming broaching, will 

increase the process productivity and the quality of cylinder liner processing. 

The development of a new technological process for machining cylinder liners that combines FANT and 

deforming broaching will provide the working surface of the liner with a set of geometric and 
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mechanical properties of the machined surface that is favorable in terms of wear resistance. Obtaining 

an antifriction coating will improve the tribological characteristics of the working surface, and the 

subsequent hardening treatment by deforming broaching will increase the strength of the coating, obtain 

the required dimensional accuracy, increase the fatigue strength of the treated surface and increase the 

wear resistance of ICE cylinder liners. 

The aim of this work is to increase the wear resistance of ICE cylinder liners by developing a combined 

treatment of their working surface using FANT and deforming broaching technologies. To achieve this 

goal, the following tasks have been formulated: 

- propose the design of a tool for applying antifriction coatings on the inner surface of cylinder liners; 

- develop an accelerated test method for wear resistance of the coating applied to the working surface 

of the liner and prove its effectiveness; 

- prove the feasibility of combining the FANT operation and deforming broaching in terms of increasing 

the wear resistance of ICE cylinder liners; 

- determine the sequence of technological operations for the restoration of cylinder liners using FANT 

and deforming broaching. 

3. RESEARCH METHODOLOGY 

In terms of increasing the wear resistance and adhesion strength of the antifriction coating to the base, 

it is advisable to combine FANT with cold plastic deformation methods during hole processing – 

deforming broaching, which will increase the process productivity and the quality of the holes finishing 

treatment. 

To increase the productivity and quality of cylinder liners FANT, a tool design was proposed (Figure 1), 

based on the principle of broaching. 

 

Figure 1. Tool design for cylinder liners FANT 

A composite tool consisting of 5 elastic bars made of antifriction material (brass) is brought into contact 

with the treated surface and moves in a reciprocating motion. The machining area is constantly wetted 

with a working fluid (glycerin), which helps to soften and dissolve the oxide films formed on the 

workpiece surface and the antifriction bars. As a result of friction, the material is transferred from the 

antifriction bars and a brass coating is formed, the width of which corresponds to the width of the bar. 

The discrete rotation of the tool ensures the application of a continuous antifriction coating on the entire 

inner surface of the part. The application of the proposed tool design for cylinder liners FANT will 

increase the productivity and quality of the antifriction coating application. 

Deforming broaching was carried out using original broaching designs developed at the Bakul Institute 

of Superhard Materials (Kyiv, Ukraine). 
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Proving the effectiveness of technical solutions requires performing wear tests. Given that the existing 

methods of wear-resistant testing of the ICE liners working surfaces require large material and time 

costs, there is a need to develop new approaches to conducting such studies. 

The following technical solution is proposed to reduce the time of wear resistance tests while 

maximizing the compliance of the working conditions of the counterbody (piston ring) with the liner. 

To implement the accelerated process of studying the coating wear resistance, 1 mm wide grooves are 

created in the ring (Figure 2a). The width of the protrusions is 2 mm, which corresponds to the width of 

the piston ring. Then the developed design of the counterbody simulates the simultaneous operation of 

a large number of piston rings interacting with the liner surface. And the presence of grooves of the 

specified width creates endpoints in which areas of high stress concentration occur. Thus, each 

protrusion simulates the actual operating conditions of the piston ring in the contact area with the liner 

surface, including abrasion of the liner surface in combination with interaction with zones of high stress 

concentration. 

These provisions formed the basis for the development of the counterbody design for testing the wear 

resistance of the liner working surface (Figure 2a). 

Figure 2. Design of the counterbody model interacting with the liner surface: a) model scheme; b) general view 

of the counterbody (split ring) during the wear study of the “liner – ring” friction pair 

The counterbody (Figure 2a) is an elastic split ring with an inner radius r = 50 mm, a ring height – h = 

4 mm, and a width of its outer surface – 2 mm. Thus, there can be about 100 protrusions on the ring 

circumference of 310 mm in length. This number corresponds to the number of piston rings operating 

in the simulation device and provides a significant reduction in the time of wear resistance tests with 

maximum compliance with the operating conditions of the piston ring in reality and in the model 

experiment (without considering the temperature). The rotation of the liner with a fixed counterbody 

simulated the operation of a friction pair. 

4. RESEARCH RESULTS AND DISCUSSION 

The study of the wear resistance of the cylinder liner surface layer machined using the developed 

technology, including FANT operation and deforming broaching, was performed according to the 

developed accelerated test methodology in an installation based on a lathe-cutting machine. In 

accordance with the developed methodology, a counterbody structure was made in advance (Figure 2b), 

which is an elastic split ring with grooves. 

Wear tests using the developed methodology and the manufactured equipment made it possible to 

significantly reduce the time required for testing. For example, a 2-hour run-in was made possible on a 

lathe-cutting machine in 30 minutes. 

Study results of the liner wear resistance processed by the proposed and known (honing) technologies 

are shown in Figure 3. 

The results of wear tests have confirmed the effectiveness of the proposed technology for processing 

cylinder liners. The reduction of the liner surface wear compared to the existing technological process 

(honing) should be explained by the presence of an antifriction coating that reduces the friction 

coefficient and serves as a solid lubricant. Using deforming broaching allows to strengthen the surface 

a  b  
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layer of the treated surface. The developed methodology for accelerated tests for wear resistance of 

cylinder liners made it possible to reduce the time for wear tests by 4 times at low speeds – ns = 80 rpm. 

 

Figure3. Results of tests for wear resistance of cylinder liners treated: 1 – by boring and honing; 2 – by combined 

broaching and honing; 3 – by FANT and deforming broaching; a) – after bench tests; b) – according to the 

developed methodology 

Obtained results made it possible to recommend the following technological process for the restoration 

of the ICE cylinder liners (Figure 4). 

 

Figure 4. Structure diagram of the technological process for restoration of ICE cylinder liners 

According to the presented scheme, after disassembling the engine, the liners are washed and cleaned 

of dirt and scale and inspected for defects. If the liners are found to be defective, they are subject to 

rejection if they have wear beyond the third repair dimension, as well as cracks and chips. It is proposed 

to compensate for wear by applying antifriction coatings using FANT, followed by their hardening by 

deforming broaching. The final step in the process is, as usual, dimensional control. 

Wear tests have shown the effectiveness of the applied technical solutions. The average wear of the 

liner's working surface after processing using the proposed technology was 4.2 μm, which is 1.7 times 

less than the wear obtained on the liner processed using the existing technology (7.2 μm). 

5. CONCLUSION 

• A device for applying antifriction coatings by the friction-mechanical method has been developed. 

The use of the proposed design makes it possible to increase the productivity and quality of FANT 

cylinder liners. 

• An original design of a simulation device for testing the wear resistance of the cylinder liner 

working surface has been developed, which includes a counterbody that simulates a set of piston 

rings simultaneously interacting with the liner surface. The use of the proposed methodology for 

accelerated wear resistance tests made it possible to reduce the time of implementation by 4 times 

compared to traditional test methods. 

• The effectiveness of combining FANT and deforming broaching operations has been proven, which 

improves the operational properties of the treated surface. A technology for processing cylinder 

liners of internal combustion engines using combined processing has been developed. The 

application of an antifriction coating and its subsequent strengthening by the method of cold plastic 

deformation – deforming broaching provides obtaining a working surface of the liner with 

improved physical, mechanical and tribological characteristics, which increases the wear resistance 

of the treated surface. 

• The established regularities made it possible to propose a technological process for restoration the 

cylinder liners of internal combustion engines using FANT and deforming broaching. The tests 

showed the effectiveness of applied technical solutions. Thus, the average wear of the liner's 
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working surface after running-in was 1.7 times less than the wear obtained on the liners processed 

using the existing technology. 

REFERENCES 

[1] Lyashenko B.A., Novikov N.V., Klimenko S.A. Diskretnoe modifitsirovanie poverhnostnogo sloya detaley 

mashin i instrumentov. – К.: ISM im. V.N.Bakulya, 2017. (in Russian). 

[2] Kusyi Y., Kuk A., Klymash I., Kusen N., Vriukalo V. Technological Inheritability of Parameters of Surface 

Engineering of Products After Vibrational-Centrifugal Hardening. International Conference “New Technologies, 

Development and Applications”. Lecture Notes in Networks and Systems, Sarajevo, Bosnia and Herzegovina. 

2024. 198–209. https://doi.org/10.1007/978-3-031-66271-3_22. 

[3] Krot P., Bobyr S., Zharkov I., Prykhodko I., Borkowski P. Increasing the Durability of Critical Parts in Heavy-

Duty Industrial Machines by Deep Cryogenic Treatment. Structural Integrity, vol 24. 2022. 127 – 133. 

https://doi.org/10.1007/978-3-030-97822-8_14. 

[4] Dyomin A.Yu., Timofeeva L.A., Timofeev S.S., Yagodinskiy E. S. Povyishenie ekspluatatsionnogo resursa 

gilz tsilindrov dvigateley vnutrennego sgoraniya. Vestnik Vostochno-ukrainskogo natsionalnogo universiteta 

imeni Vladimira Dalya. 3 (210) 210 (2014) 256 – 262. (in Russian). 

[5] Kim E.S., Lee Y.Z. Investigation of the Effects of Uneven Plateau Grinding on Friction, Wear Rate, and 

Localized Surface Damage on Internal Combustion Engine Cylinder Liners. Int.J Automot. Technol. 22 (2021), 

561 – 567. https://doi.org/10.1007/s12239-021-0052-0. 

[6] Galedari S.A., Mahdavi A., Azarmi F. et al. A Comprehensive Review of Corrosion Resistance of Thermally-

Sprayed and Thermally-Diffused Protective Coatings on Steel Structures. J Therm Spray Tech 28 (2019), 645 – 

677. https://doi.org/10.1007/s11666-019-00855-3. 

[7] Perepilitsya B.A. Sovershenstvovanie tehnologii izgotovlenii detaley tsilindro-porshnevoy gruppyi 

transportnyih dizeley. Zbirnik naukovih prats UkrDAZT. 69 (2015) 94 – 99. (in Russian). 

[8] Shepelenko I., Nemyrovskyi Y., Stepchyn Y., Mahopets S., Melnyk O. Creation of a Combined Technology 

for Processing Parts Based on the Application of an Antifriction Coating and Deforming Broaching. Grabchenko’s 

International Conference on Advanced Manufacturing Processes. Lecture Notes in Mechanical Engineering, 

Odessa, Ukraine. 2023. 209 – 218. https://doi.org/10.1007/978-3-031-42778-7_19. 

[9] Babak V.P., Shchepetov V.V. & Harchenko S.D. Antifriction Nanocomposite Coatings that Contain 

Magnesium Carbide. J. Frict. Wear 40 (2019), 593 – 598. https://doi.org/10.3103/S1068366619060035. 

[10] Garkunov D.N. Tribotehnika (konstruirovanie, izgotovlenieijekspluatacijamashin). – M.: MSHA, 2002. (in 

Russian). 

[11] Tiškevičius K., Padgurskas J., Prosyčevas I. Investigation of Non-abrasive Antifrictional Surface Finishing. 

Medžiagotyra 9, 1 (2003) 62 – 67. 

[12] Shepelenko I., Nemyrovskyi Y., Tsekhanov Y., Mahopets S., Bevz, O. Peculiarities of Interaction of Micro-

roughnesses of Contacting Surfaces at FANT. Advances in Design, Simulation and Manufacturing III. DSMIE 

2020. Lecture Notes in Mechanical Engineering, Kharkiv, Ukraine. 2020. 452 – 461. https://doi.org/10.1007/978-

3-030-50794-7_44. 

[13] Sheykin S.Y., Rostotskyi I.Y., Protsyshyn V.T. et al. Improving the Performance of Hard-Alloy Deforming 

Broaches Using Modified Technological Lubricants. J. Superhard Mater. 42 (2020), 276 – 282. 

https://doi.org/10.3103/S1063457620040085. 

[14] Nemyrovskyi Y.; Shepelenko I.; Storchak M. Plasticity Resource of Cast Iron at Deforming Broaching. 

Metals 13, 55 (2023). https://doi.org/10.3390/met13030551. 

https://link.springer.com/conference/nt
https://link.springer.com/conference/nt
https://www.springer.com/series/15179
https://link.springer.com/conference/interpartner
https://link.springer.com/conference/interpartner
https://www.springer.com/series/11236

