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The developments of engineering methods contact surfaces of tribological 

systems have been analyzed. Problems and prospects of development of discrete 

surfaces oriented structure technologies have been shown. 

 

The general formulation of the problem and its relation to scientific and 

practical problems. Modern development of the science of friction and wear is 

becoming increasingly important role in modern engineering. The question increase 

of durability and reduce losses in tribological systems remains largely unresolved for 

reasons complexity of processes and phenomena taking place in thin surface layers. 

The study of these phenomena for many years history of the science of friction and 

wear is considerable interest in tribological society. The economic feasibility of a 

comprehensive quality assurance of surface layers in tribological systems marked the 

beginning of scientific direction - surface engineering, which is to develop a sound 

choice of geometric parameters and physic-chemical properties of the working 

surfaces which ensure reliability and durability required. 

The innovative nature of surface engineering covers a range of different 

scientific fields of science and knowledge, combines techniques targeted changes in 

physic-chemical properties of the surface layers of materials by deformation, 

modification, application tapes, coatings, protective layers of different methods and 

their combinations. The unique combination of modern scientific and technical tools 

and advances, real needs and incentives initiated creative atmosphere, large-scale 

international cooperation and attracted a large number of surface engineering 

scientific and technical intelligentsia [1]. 

The choice of methods for specific engineering parts and components of 

friction is a complex technical and business problems. The methods of surface 

modification have known for today more than one hundred. In the next decades is 

expected to more rapid development of surface engineering, which will stimulate the 

development of new technologies. One such technology is now methods for creating 

surfaces of discrete-oriented structure (foreign literature they are also called textured 

surface, spotty coverage) that originated many years ago, but widespread over the 

past decade as the most promising, viable way of engineering the surface. The 

essence of this technology is to replace the traditional continuous layer on the surface 

of the mosaic-discrete discontinuous structure that ensures the necessary reliability 

and durability trybo-conjugation in extreme conditions where continuous protective 

coatings lose their efficiency. 
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Review articles and analysis. Research-oriented discrete surface structure 

devoted a lot of works of famous domestic and foreign scientists such as L. 

Barshteyna, H. Wang, S. Wenzel, M. Gayger, B. Lyashenko, H. Kato, W. Petersen, 

N. Saka, N. Saha, E. Falz, D. Hamylton, Y. Schneider, J. Etsiona and many others.  

Textured surface actually formed by friction of contacting surfaces in place of 

the actual contact surface strain due to the simultaneous action of normal and 

tangential stresses on the surface of the exit slip lines and dislocation of other entities. 

Textured layer (surface roughness) is characterized by a very low altitude, depending 

on the direction of the contacting surfaces and friction plays a significant role in 

shaping the forces of friction and has a significant impact on the plasticity of metals, 

the value of elastic modulus. 

The effect of texturing appears stable in the absence of invalid setting 

processes. The growth oxide coating on the surface of contact and the pathological 

damage of a textured surface leads to the gradual disappearance of the effect of 

texturing [2]. 

Improving the micro geometry of the contacting surfaces possible way thin 

plastic deformation of the surface layers of the processed material - vibrato roll 

forming. The method of vibrato roll forming was developed by J.Schneider in the 

80's of last century, which is to create mesh micro channels (small troughs) by plastic 

deformation of metal surfaces using a rigid indenter. After vibrato roll forming 

contact surface hardness and wear resistance of parts is increased 1.5-3 times, 

reduced time of pick-up of one of the parts in contact 1,5-1,7 times fumes that 

promotes smooth working connection. When dry friction grooves are as traps that 

detain a wear products, dust and abrasive constituents, so localized their destructive 

action [3]. 

Today actively used mechanical method of forming textured surfaces, the 

essence of which is to influence dynamic indenter surface details and create 

depressions (holes) by PPD. Concavity improves lubricity in the surface increases the 

resistance setting and corrosion, reducing time bedding. Choosing the best location 

allows the construction of surface depressions with desired performance properties, 

improve tribotechnical performance, and reduce stress state of the surface [4, 5]. 

D. Hamilton is proposed to texturing of surface in the form of micro roughness 

that serves as micro hydrodynamic supports [6]. This idea has largely moved parallel 

sliding, as is the case with mechanical texturing. 

In the U.S. in 1984, was proposed the method of forming a textured surface to 

remove wear products of electrical contacts using ion etching technology [7]. 

Subsequently, this method was replaced by abrasive finish, resulting in a wave-like 

shape of the surface low. 

In Japan, was developed and actively used reactive ion etching (RIE) as a 

method of forming a discrete surface in the form of micro holes. The satisfactory 

results of this surface in an aqueous medium in the presence of abrasive SiC have 

been obtained [8]. 
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S. Wenzel proposed to formation of discrete surface-oriented structures by 

electrochemical treatment. As a result of improved conditions bedding trybo- 

conjugation and reduced wear 3 times [9]. 

Actively the method of forming textured surfaces using laser facilities (LST) is 

developing. A large amount of research work in this area is conducted by many 

research groups in Germany, Japan, USA and Switzerland. This method is 

perspective due to its high speed surface treatment provides control of the shape and 

size of discrete areas. These technologies have been used in mechanical seals in 

bearings operating at medium or lubricating oil-starvation [10, 11]. 

But working with laser texturing worn mostly experimental in nature. 

Whenever tries to optimize the parameters of a discrete surface using the method of 

trial and error. Perhaps this is the reason for the large differences in determining the 

optimal parameters obtained by different research groups. Trial and error can take 

place only in the case of sliding without lubricant or in poor lubrication, which 

theoretical base models do not exist. In these cases, micro hollow LST usually 

function as micro traps for products or wear micro storage tanks for oil. However, in 

other cases, in which the micro depressions act as micro-hydrodynamic resistance, it 

is necessary to carry out a careful theoretical study to optimize the parameters of LST 

to obtain high durability tribo-combinations. This idea was the impetus for 

conducting thorough research and software development in the Technion-Israel 

Institute of Technology, which resulted in several models of optimization of LST in 

different devices [12]. 

J. Etsion and L. Barshteyn [13] presented a model of laser texturing surfaces 

with constant surface micro structure, which showed significant benefits 

hemispherical micro depressions. The modeling was carried out based on the solution 

of the Reynolds equation for hydrodynamic pressure distribution on the surface and 

determines the optimal parameters for surface texture of different operational modes. 

Discrete surface structure tribo-combinations provided by application of 

protective coatings. The Institute for Problems of Strength of the NAS of Ukraine. 

G. Pisarenko led by B. Lyashenko actively pursuing research in this area [14]. 

Despite the lack of knowledge of the phenomena occurring on the surface of discrete 

structures, and the lack of computational methods to design a practical advantage in 

many cases it is obvious. Discrete coating to achieve high adhesive and cohesive 

stability of each discrete area by limiting the normal stresses in the coating and 

tangential to the plane of adhesive contact with the base cover. 

The most successful discrete coating deposited by EIL, operated by 

strengthening stamps, increasing longevity die equipments at 2.6 times the cutting 

tool in 2,0 times. Discrete cover only one shelf top ring groove of the piston internal 

combustion engine is reduced by 4 times the total wear of cylinder-piston group of 

VAZ-2121 with mileage of 50 km. [15-17]. 

Widely used combined methods create discrete protective structures. Discrete 

laser surface treatment and subsequent nitriding significantly increases the strength 

steels in 7-9 times. In addition, laser treatment eliminates high fragility coatings 

increased adhesion coating to the substrate [18]. 
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Thus, basic research in the field of surface engineering offer new opportunities 

to expand the range of the friction pairs, improving of its reliability and durability 

under extreme conditions, where continuous coverage can not work. Despite the large 

number of publications, the mechanism of the phenomena occurring at regular micro-

relief is now studied enough. There is no data design of surfaces with maximum gain 

for performance properties. Also in use of textured surfaces there is a need of clear 

standards, technology transfer of technology from laboratory to industry. It should 

also improve existing and develop new methods of accurately predicting long-term 

behavior surfaces during operation based on the results of short-term laboratory tests. 
 

References  
 

1. New surface engineering techniques can make metals and plastics more 

resistant to heat and corrosion. Chem. Eng. 1994. April. 35. 

2. Поверхностная прочность материалов при трении [Костецкий Б.И., 

Носовский И.Г., Караулов А.К., Бершадский Л.И., Костецкая Н.Б., Ляшко В.А., 

Сагач М.Ф.] / Под общ. ред. Костецкого Б.И. – «Техніка», 1976. – 296 с. 

3. Schneider Y.G. Formation of Surfaces with Uniform Micropatterns on 

Precision Machine and Instrument Parts / Schneider Y.G. // Precis. Eng. – 1984. – 6. 

– Р. 219–225. 

4. Пат. 13762 Україна, МПК (06) F01L 1/20, F01L 1/46. Пристрій для 

утворення на плоскій поверхні тертя рельєфу заглибин, що утримують 

мастильні матеріали / Марчук В.Є., Шульга І.Ф., Шульга О.І., Плюснін О.Є.; 

заявник та патентовласник Національна академія оборони України. – № 

u200509981; заявл. 24.10.2005; опубл. 17.04.2006, Бюл. № 4.  

5. Пат. 44643 Україна, F01L 1/20 C23C 8/02. Спосіб отримання рельєфних 

зносостійких азотованих шарів стальних деталей / Марчук В.Є., Шульга І.Ф., 

Ляшенко Б.А., Цибаньов Г.В., Рутковський А.В., Калініченко В.В.; заявник та 

патентовласник Національний авіаційний університет. – № u200904236; заявл. 

29.04.2009; опубл. 12.10.2009, Бюл. № 19.  

6. Hamilton D.B. A Theory of Lubrication by Microasperities / Hamilton D.B., 

Walowit J.A., Allen C.M. // ASME J. Basic Eng. – 1966. 88 (1). – Р. 177–185. 

7. Saka A. The Role of Tribology in Electrical Contact Phenomena / Saka A., 

Lio M.J., Suh N.P. // Wear. – 1984. 100. – Р. 77–105. 

8. Wang X., Kato K. Improving The anti-seizure ability of SiC seal in water 

with RIE texturing // Tribology Letters. – 2003. – N14. – P. 275-280. 

9. Венцель С.В. Применение смазочных масел в двигателях внутреннего 

згорания / Венцель С.В. – М.: Химия, 1979. – 240 с. 

10. Etsion I. State of the art in laser surface texturing // 7
th
 Biennial conference 

on Engineering systems design and analysis. July 19-22, 2004, Manchester, United 

Kingdom, P. 1-9.  

11. Geiger M. Influence of Laser-Produced Microstructures on the Tribological 

Behavior of Ceramics / Geiger M., Roth S., Becker W. // Surf. Coat. Technol. – 1998. 

100–101. – Р. 17–22. 



110 

15. The Effect of Laser Texturing of SiC Surface on the Critical Load for the 

Transition of Water Lubrication Mode from Hydrodynamic to Mixed / [Wang X., 

Kato K., Adachi K., Aizawa K.] // Tribol. Int. – 2001. 34 (10). – Р. 703–711. 

12. Etsion I. A Model for Mechanical Seals with Regular Microsurface 

Structure / Etsion I., Burstein L. // Tribol. Trans. – 1996. 39 (3). – Р. 677–683. 

13. Etsion I. A Model for Mechanical Seals with Regular Microsurface 

Structure / Etsion I., Burstein L. // Tribol. Trans. – 1996. 39 (3). – Р. 677–683. 

14. Упрочнение поверхности металлов покрытиями дискретной 

структуры с повышенной адгезионной и когезионной прочностью / [Ляшенко 

Б.А., Кузема Ю.А., Дигам М.С., Цыгулев О.В.]. – К.: Ин-т проблем прочности 

АН УССР, 1984. – 57 с. – (Препринт / АН УССР, Ин-т проблем прочности).  

15. Восстановление деталей машин дифференциальными покрытиями 

дискретной структуры / [Ляшенко Б.А., Розенберг О.А., Ермолаев В.В., 

Мирненко В.И.] // Тяжелое машиностроение. – 2001. – №2. – С. 21–23.  

16. Дискретні покриття на різальному інструменті / [Антонюк В.С., 

Сорока О.Б., Ляшенко Б.А., Рутковський А.В.] // Проблемы прочности. – 2007. 

– №1. – С. 138–143.  

17. Марчук В.Є. Відновлення зношених деталей авіаційної техніки 

захисними покриттями / Марчук В.Є. // Проблеми тертя та зношування: Наук.-

техн. зб. – К.: НАУ, 2006. – Вип. 45. – С. 141-150.  

 

Анотація  

 

РОЗВИТОК МЕТОДІВ ІНЖЕНЕРІЇ КОНТАКТНИХ ПОВЕРХОНЬ 

ТРИБОЛОГІЧНИХ СИСТЕМ 

Марчук В.Є.  

 

Проаналізовано розвиток методів інженерії контактних поверхонь 

трибологічних систем. Показано проблеми та перспективи розвитку 

технологій створення поверхонь дискретно-орієнтованої структури. 

 

Аннотация  

 

РАЗВИТИЕ МЕТОДОВ ИНЖЕНЕРИИ КОНТАКТНЫХ 

ПОВЕРХНОСТЕЙ ТРИБОЛОГИЧЕСКИХ СИСТЕМ 

Марчук В.Е.  

 

Проанализировано развитие методов инженерии контактных 

поверхностей трибологических систем. Показано проблемы и перспективы 

развития технологий создания поверхностей дискретно-ориентированной 

структуры. 


