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Abstract: We suggest a method of surface saturation in the corona discharge, which is saturated with metal ions (tungsten,
aluminum, copper, etc.), details of the surface layer due to the formation of carrier ions, namely the pinch corona discharge,
which is being pulsed nature allows the process to flow in the air with self and with the help of surfactants.
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1. Introduction

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.

Ton 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 varied within wide limits
(depending on the properties of a combination of ion - target

of several KeV to several MeV. In addition the introduction
of the ion in the target surface takes place without complying
with the laws of classical thermodynamics, which determines
the equilibrium processes such as diffusion. [1,2,3,9].
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Figure 1. The process of ion implantation.
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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 [4,10,11].

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 x 106 cm / s), containing both charged
and neutral particles. The jets are the plasma fluxes of atoms
and ions with a high degree of ionization.

Coverage obtained by thermal evaporation, cathodic or ion
- plasma spraying or ion bombardment of the surface
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material is deposited. As a reactive gas is used, nitrogen or
carbon. According to the coating consists of a nitride or
carbide compounds of refractory metals. The method of
thermal evaporation can be carried out without the oxidative
atmosphere of neutral gas or in air. The essential difference
lies in the different methods produced a plasma in a plasma
having a neutral or charged ionized component[5,6,7,8].

2. Basic Part

The proposed model
implantation:

* In the environment of the corona discharge;

* In the environment of the corona discharge using a

surface-active substances;

* By regulating the automaticity of the gap.

Allow to obtain the following results on the effects of the
surface layers of machine parts, in different environments
and different materials, electrodes.

The essence of this method consist in the fact that we have
proposed setting allows you to eliminate the gas chambers,
the role of oxygen used by cable insulator corona discharge,
which passed a current of high voltage.

Implementation of the saturation method by electron-ion
implantation in an environment of corona discharge is carried
out as follows.

The part which is to be processed (body rotation), mounted
on a lathe, but for the experiments in detail sufficient to
establish the centers of the experimental setup. From the
source of high voltage electric current flow creates a corona
discharge, which affects the surface of the workpiece. In the
body of the cord brings high-voltage electrode is in
agreement polarity high-voltage cable. The electrode, which
is installed in the holder with the PCB and inside there is a
corona discharge, detail, in turn, makes a rotational
movement, as a result, processing, and held a working
surface of the part.

of treatment by ion-plasma

a) b)

Figure 2. A sample treated with the saturation of the type: a - when you turn
on the installation with direct polarity, b - when you turn on the installation
of reverse polarity.

Treatment was carried out with forward and reverse
polarity to investigate the effect of implantation. 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 (Fig. 2a), and reverse polarity
(electrode - "minus" part - " plus "), is the erosion of the
sample surface (Fig. 2b)

The same process was carried out at different conditions by
varying the voltage and changing the duration of treatment. As
a result, treatment was carried out as details of the appearance
of an arc (Fig. 3 b), obtained as a result of the breakdown
voltage rises, and in the absence of the arc (Fig. 3a), where the
transfer of ions was carried out by a potential difference.

a) b)

Figure 3. Sample treated with saturation: a - without an arc discharge, b -
in an arc discharge.
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Figure 4. Dependence of micro hardness of the processing time for different
values of the gap (if there is an arc).
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Figure 5. A plot of the roughness of the processing time for different values
of the gap (if there is an arc).
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Figure 6. Dependence of microhardness on the processing time for different
values of the gap (without straps).

On the basis of data obtained using neural network
modeling have been analyzed a new way of working surfaces
of the saturation of machine electron-ion implantation, based
on a verbal description (neural network) of the two
mathematical models of integrated data processing
performance of the microhardness and roughness, can
investigate the effect of treatment regimes on the quality and
performance of the machined surface are on (Fig. 4, 5, 6).

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 operational
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 production.

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 indicators 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 previously 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).

Of the constructed image of dependencies (Fig. 7 and Fig.
8) we see that the smallest roughness of Ra = 0,218953
micrometers is achieved using an accelerated building, using
Al electrode implantation time t = 5 min.

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).
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Figure 7. Dependence of micro hardness on the time of implantation.

025

t
3245 —
0,24 — —
£ T
£ 2235
~
—e—C
& o3 Y
§ —a— Al
£ 1225 ——w
m
-
o
o

022

3215

021

0205

500 600 7,00 800 900 1000 11,00 1200 1300 14,0 1500
Implantation time t, min

Figure 8. The dependence of roughness on the time of implantation.

In general, the graphical analysis of dependence, we can
conclude that the use of pulsed electron-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 temperatures. 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 saturation 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
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polarity to investigate the effect of saturation. 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.

3. 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 operational
performance of working surfaces of parts.

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