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The results of coatings properties investigations, made by electron beam and gas powder 
cladding process and technological demands as well, are presented in the article. 

Експлоатация на концентрирани енергийни потоци за заваряване и продукция със 
защитни покрития (М. Радченко, Ю. Шевцов, Т. Радченко, Д. Нагорний). В работата са 
представени технологичните изисквания и резултатите от изследване на свойствата на 
покрития, получени с електроннолъчев или газов процес на прахово покритие.  

 

The development of modern machine-
yapreyavlyaet more stringent requirements for 
reliability and durability of the best response to Sven-
parts and units, working in conditions of high 
temperatures, cyclic heating-loads, gas and abrasion. 
Their rabotospo-sobnost largely determined by the 
physical and mechanical properties of working 
surfaces of mating parts. Therefore, one of the main 
ways of increasing longevity, increasing the service 
life of the caught and mechanisms that reduce the 
amount of spare parts is used in the production and 
repair stve those vysokotehnoeffektivnyh-tech 
manufacturing processes-tion hardening and 
surfacing. In recent years, along with the traditionally 
used are all the bo-Lee widespread use of new 
progressive methods using nye vysokokontsen-
centered energy sources (electron beam, thermal 
spray). The practice of internal engine ternal 
combustion engine (ICE), especially the bathroom, 
forcing diesel engines shows that the weakest area of 
pistons are annular grooves for compression rings. 
The formation of Me-gap limit forward compression 
ring and the annular piston ka-Navka largely 
determines the resources of the engine to the 
bulkhead, fuel and oil, as well as the repair costs. 
Therefore, the solution of problems of increasing the 
service life of piston ring grooves is the main nym 
direction for practical use of research results, both in 
Russia and abroad. A team of authors in the Problem 
Laboratory of la-welding processes and the creation of 
a coating-Szczytno AltSTU them.  

 
 
 
 

II Polzunov based on more than 20 years of 
experience in the area of electron-beam technologies 
developed technology of electron-beam-tang 
hardening of the most technologically sophisticated 
piston-aluminum alloys nevyh hypereutectic 
composition brand AK21M2,5H2,5. The technology 
pack-hardening is a cathode layer remelting the metal 
in the place the piston, where the groove is performed 
in the subsequent ring grooves necessary geometrical 
dimensions. 

As a result of complex experimental investigations 
have revealed an optimal process parameters of 
hardening of the regime, allowing to obtain practically 
flawless metal in the melting zone with high wear 
resistance. In the process of mining development and 
production of technology-beam-hardening 
elektronnolu pistons for diesel engines of 
"Barnaultransmash" it was revealed that in this 
technology-tion there is a strong reserve for increasing 
the wear resistance of the first ring grooves - namely, 
the hardening of the doping-em, which significantly 
expanded to domain of application of this method of 
hardening [1-5]. 

In the case of additional alloying of aluminum 
alloy in order to obtain an even higher wear resistance 
as the doping material is proposed to use nichrome or 
copper conduction loci, whose content in the weld a 
metal determines the required mehanicheskies-
voystva, such as hardness, iznoststoy-bone. The 
appearance of piston blanks yn-hardening zones under 
the annular groove is shown in a riunke. 

 



 

“E+E”, 5-6/2014 275

 
Fig. 1. Preparations of alloy pistons AK21M2, 5H2, 5 with 
the hardened zones under the groove grooves (indicated by 

arrows) 

Practical implementation of the developed method 
of hardening of grooves performed at JSC 
"Barnaultransmash" which was designed and 
manufactured by electron-beam equipment with 14-
position the manipulator at a given size pistons. With 
the use of electron beam guns with a "cold cathode" 
and the manipulator, the appearance of which is 
shown in Figure 2, the production program performed 
by electron-beam hardening of piston technology 
without doping. 

Past production testing reinforced pistons for diesel 
engines work on the forced increase of their service 
life has shown 3 times. The expected economic effect 
from introduction of the technology is 400 rubles for a 
reinforced piston in the prices of 2010. 

 
Fig. 2. 14-position manipulator for welding and hardening 

of the pistons 

Due to the relatively high stand-Stu equipment, use 
of vysokokon-centered heat source - the electron beam 
in a vacuum - for welding and a y-rochnyayuschih and 
protective coatings expedient but in those cases where 
it leads to obtaining a qualitatively new NIJ results, 
the properties of welded, hardened and surfaced 
products, and it is not possible to use other methods of 
surface heating. In particular, the authors work for the 
company of "Bar-naultransmash" was performed a set 
of techno-logical work on electron-beam welding of 
the body of the cylinder liner with a mounting clamp. 
This determined the costly savings-doped steel 
38H2MYUA up to 40% due to sharp decrease in wall 
thickness anyone harvesting and removal operations 
for turning [6]. 

In the development of electron-beam welding 
technology method of low-energy electron beams (up 
to 5 keV), developed by a team of authors, through a 
combination of advantages are powder-materials and 
vacuum protection of the metal creates a unique 
performance over time for the ex-hardening properties 
of the layers on the surfaces of various parts of diesel 
engines [7 11]. 

Very effectively with the hardening and electron 
beam welding the creation of protective layers on the 
surfaces with a high level of functional properties 
(hardness, wear and corrosion resistance), or on the 
details of procurements of relatively low-cost low-
carbon steels. Thanks to the power supply of accurate 
dosage with an electron beam deposition (ELN) are 
formed uniformly in the thickness of the layers with 
minimal penetration basis, excludes non-rigid 
deformation of the parts. The strength of adhesion to 
the substrate by the deposited coatings ELN, is at the 
level of the metallic bond. Therefore, in contrast to the 
sputtered they do not crack or peel from exposure to 
intense multicycle contact loads. Can be repeated after 
rounding surfacing weld details. Practical experience 
has shown, the cost of repair parts is about 30% of the 
new at much higher rates of functional properties of 
the surface. For example, hardening to melting in the 
working edges of the matrix for the hot deformed Bani 
spray of diesel fuel made it possible for JSC 
"Altaydizel" to increase the height of the surface-
resistance factor of 2. Particularly relevant is the 
practical application of electron beam welding 
technology of high-alloy powder on the basis of Ni 
Cr-B-Si for the repair and restoration of the worn 
surfaces of heavy-duty parts: Crankshaft and camshaft 
engines (Fig. 3, Fig. 4), frogs, ball bearings, roller 
camshaft tappets, V-belt pulley hub gears, spindles, 
etc. 
 



 

“E+E”, 5-6/2014 276

 
Fig. 3. Crankshaft diesel engine with forced main and 

connecting rod necks, hardened by electron-beam melting 
(arrows indicate the location of hardening) 

 

 
Fig. 4. Camshaft engine after the repair method of electron-

beam deposition (arrow indicates the place of hard-
wearing surfacing) 

To meet the challenges of working on the wear 
surfaces of various parts and mechanisms, along with 
the use of electron beams in vacuum, the industry is 
often economically feasible to use relatively non-
expensive technological options, among which ryh 
prominent place occupied by the processes of flaming 
gas-spraying and welding. At the same time last 10-12 
years are increasingly beginning to develop the 
processes of applying protective coatings supersonic 
gas jets [12-17]. Forefront in the development of 
technologies and equipment occupied by large 
companies in Germany and the United States, as 
Deloro Stellite GmbH, Sultzer Metco, GTV, Praxair, 
etc. However, this applies mainly to the deposition 
process. As you know, all the deposition process, 
without exception, have one major drawback that 
limits the industrial use - otsloenoi coatings due to the 
relatively low bond strength. Therefore, the authors 
faced the task of a radical solution to this problem by 
eliminating the parameter "adhesion strength" through 

the development of equipment and tech-energy 
supersonic gas-powder deposition (EGR-surfacing). 
As you know, foreign-up paratura intended for use as 
a spray material powder alloys with small fraction - 
less than 10 microns, are not commercially produced 
in Russia. Already in the first phase of research was 
formulated and solved the problem of use as on-
plavochnyh domestic powder materials of new self-
fluxing alloys, and alloys on the axle of iron, cobalt, 
tungsten grain size of 40-100 microns. In this case, 
depending on the operating conditions selected 
coating material having a complex of properties (wear 
resistance, heat resistance, cor-Rioni resistance, etc.) 
necessary for the protec-tion for the given conditions 
of operation. To implement this process in the 
company "Institute of High Technologies" (Barnaul) 
within the framework of Federal Programme 
"START05" was carried out complex investigations, 
including calculations of the Laval nozzle with 
different Mach numbers, making a series of nozzles 
and their experi-mental testing of the process 
deposition of the powder-nosostoykih alloys nye-worn 
surface of the parts [18]. As a result of research 
designed apparatus (Fig. 5), and it produced the first 
Russian patent on the technology EGR-deposition [19, 
20]. A distinctive feature of technological equipment 
is to increase the concentration of energy 
gazoplpmennoy installation. 

 
 

 
Fig. 5. A device for implementing a process of supersonic 

gas-powder surfacing: 1 - housing 2 - nozzle, 3 - gas flame, 
4 - shield, 5 - cooling nozzle 6 - channel of the powder, 7 - 

working gas supply valves, 8 - supply of process gases 

On this basis, were formed by technological 
advice, according to which, when used in future 
devices and technologies developed by EGR-surfacing 
can expect an additional increase in wear resistance of 
boiler tube panels "fluidized bed" in the 3-4. 
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Fig. 6. Wear protective coating on the surface of the tube 
panels performed by the method of gas-powder surfacing 

In 2005, OAO "Biysk boiler over-water" 
technology developed for a subsonic gas-powder 
deposition were naplavleny of Szczytno-coating on 
the tube boilers with a panel of "fluidized bed" type of 
HF-F-10-115-STAP (ri-sunok 6) . Turnaround time of 
boiler tubes with unprotected screen, depending on the 
type of coal (bituminous or lignite) amounts to 1.5 ... 
2.5 months. Performance tests of boilers coated for 2 
years confirmed the results of laboratory tests - signs 
of wear on the pipes do not have lo-detected. At the 
same economic effect of the use of technology 
developed in the three boilers was about 10.8 million 
rubles a year. As you know, the Office of the Altai 
region of the Industry and Energy has initiated the 
development of energy strategy in the Altai region 
until 2020. One of perspective directions of this 
program is the construction of power plants using coal 
Solton field. These coals are low-grade, and their 
combustion boilers are used with a "fluidized bed". 
Presented in R & D results allow us to solve the 
problem of using low-grade coal mined in the Altai 
region, with a sharp increase of the resource and 
improve the technological characteristics of boilers. 
Along with these engineering solutions obtained allow 
to recommend the use of a supersonic gas-powder tion 
process to solve the problem surfacing worn parts, Lei 
machines in other industries the region. In the 
development of existing technological developments, 
the staff of the Problems Laboratory of welding 
processes and the creation of protective coatings is 
currently developing a competitive equipment and 
technological processes on the basis of a new method 
for creating multifunctional coatings - EGR-surfacing, 
diagnostics and quality control process and is directly 
protective coatings, automatic welding process control 
as a whole and its individual technological systems, as 
well as preparing highly qualified specialists for 
implementation of new technological processes in 
industrial enterprises of the Altai Territory. 
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