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OF MACHINE PARTS USING THE EFFECT OF CORONA DISCHARGE 

 
 

Modification of the surface layer of detail applied to improve the performance of surfaces 
of machine parts, molds, equipment and tools are widely used in modern engineering. The treatment 
used to improve the wear resistance of parts operating under conditions of adhesion and diffusion 
wear at high ambient temperatures perform mainly in vacuum systems. 

The widespread industrial use of hardfacing can solve a range of essential tasks: 
– a significant increase in the strength and reliability of parts; 
– Increased service life of the working surfaces of parts; 
– reducing the consumption of expensive materials and scarce items. 
The most promising method to obtain hard and wear-resistant coatings is modified by ion 

implantation (Fig. 1), which provides coverage in the nano-crystalline states, which is characterized 
by high physical processing properties. 

Ion implantation – is the introduction to the solid surface of almost any ion, pre-overclocked 
in the electromagnetic field. These ions are introduced into the material to a depth of 0,01 to a few 
tens of micrometers, creating a surface layer of a special structural state. The thickness of modified 
layer depends on the ion energy, mass and the mass of the target atoms. The ion energy can be var-
ied within wide limits (depending on the properties of a combination of ion – target of 1 (keV) 
to several MeV (MeV). In addition the introduction of the ion in the target surface takes place with-
out complying with the laws of classical thermodynamics, which determines the equilibrium pro-
cesses such as diffusion [1–3]. 

 

 
 

Fig. 1. The process of ion implantation 
 
Plasma ion-implantation – the process of coating the surface of the part (product) through 

the plasma column. Pinch – is partially or fully ionized gas with the property and has electric heat [4]. 
The essence of the method is to spray refractory metal cathode, the formation of ions 

in the low-temperature plasma and the bombardment of the surface to be strengthening. Cathode 
material evaporates in the form of high-speed jets (evaporation rate of 1 × 106 cm/s), containing 
both charged and neutral particles. The jets are the plasma fluxes of atoms and ions with a high de-
gree of ionization. 

Coverage obtained by thermal evaporation, cathodic or ion - plasma spraying or ion bom-
bardment of the surface material is deposited. As a reactive gas is used, nitrogen or carbon. Accord-
ing to the coating consists of a nitride or carbide compounds of refractory metals. The method 
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Fig. 5. A plot of the roughness of the processing time for different values of the gap  
(if there is an arc) 

 

 
 

Fig. 6. Dependence of microhardness on the processing time for different values of the gap 
(without straps) 

 
Obviously, when using the method of electron-ion implantation are expanding technological 

possibilities of its use, increased convenience and ease of use under normal operating conditions. 
Experimentally confirmed that the processing modes, namely, the voltage and duration, affecting 
the quality and characteristics of the treated surface. The results indicate that the improved opera-
tional performance of working surfaces of parts. 

So, we came to the conclusion that the need for more in-depth and thorough investigation 
to continue this method to more clearly show the obvious advantages and the need to use it in pro-
duction. 
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For the case with the potential of accelerated with the use of surfactants perform analysis 
of the relationship of the material implanted electrodes and the time of implantation with the indica-
tors of quality and micro-hardness of the surface layer of the machined surface in the form 
of graphs, based on data from neural network modeling. Before processing the material he had pre-
viously covered by a surfactant that allows you to improve the properties of the surface layer 
of workpieces machines. This allows us to determine the optimal time and material, under which 
achieved the desired micro-hardness and surface quality are shown in (Fig. 7, 8). 

 

 
Fig. 7. Dependence of micro hardness on the time of implantation 

 

 
Fig. 8. The dependence of roughness on the time of implantation 
 
Of the constructed image of dependencies (Fig. 7 and Fig. 8) we see that the smallest rough-

ness of Ra = 0,218953 micrometers is achieved using an accelerated building, using Al electrode 
implantation time t = 5 min. 



ISSN 1993-8322. ВІСНИК Донбаської державної машинобудівної академії.  № 3 (28), 2012. 302 
 

Micro hardness of HB = 3023,092 MPa is achieved using high-voltage discharge, using 
the W electrode implantation time t = 1 min (Fig. 7 and 8). 

In general, the graphical analysis of dependence, we can conclude that the use of pulsed elec-
tron-implantation leads to an increase in the microhardness of the surface layer of machine parts. 

When processing an arc discharge with an excess of oxygen diffusion, due to high tempera-
tures. To avoid overheating in the area of treatment there are several possible solutions. 

The first is the use of a pulsed discharge. As a conductor, as previously, the cord will 
be used corona discharge, but it will create a passage of pulse current, which carries the flow of ions 
forming the electrode. As a result, the amendments eliminated overheating of the treatment area, 
due to impulsive action on the part surface, and combustion of carbon with the working surface 
of the part to be saturated, and from a material that is implanted. Second, the possibility of a satura-
tion of the process of self-regulation, due to variable-length column of corona discharge. 

Our experimental studies are based on the assumption of increasing the performance 
of the working surfaces of parts by means of surface saturation in the corona discharge with self-
regulation process. Research also is subject to the quality of the surface, the resulting treatment. 

Treatment was carried out with forward and reverse polarity to investigate the effect of satu-
ration. And it was noted that the straight polarity (electrode "plus" part "minus"), there was the 
transfer of ions from the electrode on the surface of the sample, and reverse polarity (electrode – 
"minus" part – the "plus"), the erosion surface the sample. 

With the help of neural network models obtained quality machined part surface (micro hard-
ness and roughness) graphs of figures for the corresponding values of current and the workpiece 
(Figure 9, 10, 11). 

 

CONCLUSION 

Obviously, when using the method of electron-ion implantation are expanding technological 
possibilities of its use, increased convenience and ease of use under normal operating conditions. 
Experimentally confirmed that the processing modes, namely, the voltage and duration, affecting 
the quality and characteristics of the treated surface. The results indicate that the improved opera-
tional performance of working surfaces of parts. 

When using the method of surface saturation in the corona discharge process with self ex-
panding technological possibilities of its use, increased convenience and ease of use in normal op-
erating conditions. Experimentally confirmed that the processing factors, namely, current, and ma-
terial processing, affect the quality and characteristics of the treated surface. The results indicate 
that the improved operational performance of working surfaces of parts. 

 

REFERENCES 

1. Ion-beam-plasma nonno and modification of materials : Monograph / K. K. Kadyrzhanov, F. F. Komarov, 
A. D. Pogrebnyak, V. S. Rusakov, T. E. Turkebaev. – Moscow : Moscow State University Press, 2005. – 640 p.  

2. Stepanova T. Technology of surface hardening of machine parts: a training manual / T. Stepanov ; Ivan. 
State. him.-Tekhnol. Universityt. – Ivanovo, 2009. – 64 p. 

3. Vacuum arc devices and coatings : Monograph / A. A. Andreev, L. P. Sable, V. Shulaev, S. N. Grigoriev. – 
Kharkov : NSC KIPT, 2005. – 236 p. 

4. Andreev A. A. Vacuum-arc plasma sources (evaporators) / A. A. Andreev, L. P. Sable, V. M. Shulaev // Ma-
ter. XI Int. Scientific and Technical. conference. "High technology industry in Russia" (Moscow). – 2005. – P. 566–587. 

5. The influence of a stationary high-frequency discharge on the formation of coatings applied by the IRB / 
G. I. Kostyuk, A. Voloshko, S. V. Guly etc. // Vacuum processes for fabricating thin films and coatings : Kharkov, 2001. – 
P. 239, 250. 

6. Nanotechnology. Nanomaterials. Nanosystem engineering / Maltsev P. et al. – Moscow, Vol. Technosphere, 
2008. – 430 p.  

Received 05.10.2012. 



ISSN 1993-
 

Fig
 

Fig
 

Fig
 
 

-8322. ВІСН

g. 9. Depend

g. 10. Depen

g. 11. Depen

НИК Донбас

dence of the

ndence of th

ndence of th

 

ської держа

e quality ind

he quality in

he quality in

авної маши

 
dicators for 

 
ndicators for

 
ndicators for

нобудівної а

Ra0 = 0,15

r Ra0 = 0,3

r Ra0 = 0,1

академії.  

; N1000 = 2

8; N1000 =

8; N1000 =

№ 3 (28), 20

202, × 10 M

= 219, × 10 M

= 211, × 10 M

012. 303

MPa 

MPa 

MPa 

3 

 


