Bicnuk TepHOmiIbCHKOr0 HAIOHAJIBLHOI 0 TEXHIYHOT 0 YHIBEPCHTETY
https://doi.org/10.33108/visnyk _tntu
Scientific Journal of the Ternopil National Technical University
2022, Ne 3 (107) https://doi.org/10.33108/visnyk_tntu2022.03
ISSN 2522-4433. Web: visnyk.tntu.edu.ua

UDC 621.791.927.5

TECHNICAL AND TECHNOLOGICAL IMPACTS ON METAL
CRYSTALLIZATION DURING AUTOMATIC AND MECHANIZED
ELECTRIC ARC WELDING-SURFACING

Volodymyr Lebedev!; Sergiy Loy?; Oleksiy Khalimovskyy!

'E. O. Paton Electric Welding Institute of National Academy of Sciences of
Ukraine, Kyiv, Ukraine
’Admiral Makarov National University of Shipbuilding, Mykolayiv, Ukraine

Summary The generalized systematization of application of systems and means of the welding
equipment on the basis of mechatronic and mechanical designs concerning maintenance of operational
characteristics of welds and the welded layers at electric arc welding-surfacing by a melting electrode is
offered. It is shown that the improvement of the mechanical properties of the welded joint can be obtained
by introducing new components and parts into the standard equipment. The estimation of technical and
technological actions in the process of welding for formation of purposeful influence on conditions of
crystallization of metal of a pool is given.
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Statement of the problem. Electric arc welding and melting electrode surfacing is
one of the main methods that exist and will remain for both creating new structures and
restoring and strengthening of currently operating nodes and parts of various purposes [1].
The necessary technical and technological actions affecting the crystallization of the pool
in the process of electric arc welding, as a result, allow forming the desired strength
properties of the weld metal and deposited metal layers, which provide the necessary
operational characteristics of the products. Therefore, research on determining the
constructions of welding and surfacing equipment systems, the use of which forms such
actions, is relevant.

Analysis of available investigations. One of the main problems of electric arc welding
and surfacing with an electrode wire is to ensure such properties of the weld and the surfacing
roller that allow solving the task of strengthening necessary to obtain the desired operational
characteristics of the product as a whole. This fully applies to the use of automatic and semi-
automatic equipment designed for both welding and surfacing with solid and powder electrode
wires in the environment of protective gases and under flux. When creating new welding
equipment, specialists mainly focus on the development of node designs, the use of which

increases the strength O, and yield strength ,, as well as plasticity and fracture toughness.
Herewith, it can be noted that some indicators, in particular the yield strength o,, also

determine the reliability of the structure.

It is known that physical and mechanical indicators of metal strength also depend on the
influence of technical and technological actions in the welding process.

Generalized estimation of the impact of such actions will allow purposeful selection of
equipment to solve a specific welding task.
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Studies [1, 2] do not contain generalized estimation of the influence of technical and
technological actions on the crystallization of the pool metal during automatic and mechanized
electric arc welding-surfacing with a melting electrode, but only provide conclusions on the
analysis of such influence on some physical and mechanical parameters of the metal obtained
from joints of welded structures.

The objective of the study is to obtain a generalized estimation of the impact of welds
and deposited layers formed during welding and surfacing by various systems and methods on
physical and mechanical parameters and on the metal structure.

Statement of the purpose. To systematize the existing systems and methods of
electric arc welding and surfacing using a melting electrode for estimation of the strength
of welded joints and surfacing rolls according to indicators that determine their structural
characteristics.

Study of the influence of external actions on the strength characteristics of the
metal of welds and surfacing beads.

When conducting electric arc processes, the evaluation of the results of metal welding
is mainly carried out for different zones: the fusion zone with the base metal and the surrounding
weld zone.

Simultaneously solving the problem of increasing strength due to the above-
mentioned components is quite a difficult task. There is quite a large number of methods
and devices that affect obtaining acceptable strength indicators of the product being welded
or welded. An enlarged version of the systematization of these methods and devices is
presented in Fig. 1.
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Figure 1. Methods of improving the performance properties
of products during welding-surfacing

This systematization structure reflects only the main methods of increasing the strength
of products in the welding zone.

Let us consider in more detail the main positions of ensuring the operational
characteristics of welded joints and welded rollers, which correspond to the proposed
option of systematization (Fig. 1). Some of the methods shown in Fig. 1 were already
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considered in our research [2]. In this material, more attention will be paid to issues related
to the strength problems of welded joints and welded rolls, determined by their structural
characteristics.

The systems that form the basis of welding equipment are one of the most effective
and cheapest means of solving the problems of structuring the weld metal. During
this, sometimes it is not necessary to create new technical solutions, but only change
the algorithm of their functioning at the expense of fairly simple control devices. This
almost entirely applies to systems implementing welding current modulation processes
due to the pulsed supply of the electrode wire and welding voltage using the welding
current source [3]. Synchronous change of current and voltage can be the most effective.
The modulation frequency cannot exceed 5 Hz, as this is due to the electromechanical
properties of electric motors, which are usually used in the electrode wire feeding systems
of welding and surfacing machines and serially manufactured devices. Special electric
motors are required for higher modulation frequencies. When using modulation, a number
of effects can be achieved, including those related to solving strength problems. More
important for the quality of mechanical characteristics are inclusions that may be in the
weld. Experimental comparative studies show that non-metallic and gas inclusions most
significantly effect the strength. Reducing their content allows to improve the operational
characteristics of the welded joint and surfaced layers. This is primarily substructural
strengthening with the reduction of non-metallic and gas inclusions. The effectiveness of
this influence is shown in Table 1, where, based on the analysis of cross-sections, a
comparative average estimate of non-metallic and gas inclusions in the weld metal during
flux-cored welding is made.

Table 1

Non-metallic and gas inclusions in metal weld bead

Non-metal and gas inclusions in

0, 0,
metal weld bead Turn on the volume part, % | Part of the gas turn on, %

Stationary mode 0,75 0,129

Mode with parameter modulation 0,65 0,097

Subsequently, the share of non-metallic and gas inclusions can be reduced to 25%,
which naturally increases the characteristics of the welded joint.

The most important effect that can be achieved using modulated modes of operation is
the creation and use of polycrystalline effects based on the grinding of grain sizes and the
general change in the structure of the entire composition of grains and their boundaries. Here
we can talk about some disorientation of grains — crystallites. Fig. 2 presents the sizes of
crystallites in various zones in metal weld bead, while the following modes were applied:
a) without modulation; b) and c) with mode modulation at frequencies of 1.1 Hz and 2.5 Hz,
respectively.

It should be noted that different methods of welding — surfacing with modulating modes
give different results of changing crystal sizes. So, for example, welding under a flux at high
modes with modulation of the welding current provides only the order of crystallite sizes that
is characteristic of the original sample.
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Figure 2. Width of crystallites: 1 — weld root p;
2 —middle of the weld; 3 — weld top

Table 2

Results of study of mechanical properties

Mechanical properties of samples in the center of the weld

Mechanical properties (average value)
Methqd of Yield limit Temporary Relative Impact viscosity
welding Kkef/mm resistance to elongation J/em? at the
£ rupture % temperature of 20°C
Stationary arc 308 461 28,3 100
Modulated mode 316 472 28,9 126

The improvement of the mechanical properties of surfacing when using modulated processes is
noticeable. A particularly perceivable is the increase in the value of viscosity, which is mainly
determined by the size of the crystallites, as well as the value of the yield strength.

The Hall-Petch equation can be used to estimate the value of the yield strength of a

metallic material [5]

K
o, :O-O+ﬁ’

(1)

where O, and K are special coefficients; d is the grain size (crystallite).
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The coefficients O, and K are rather difficult to determine, but as stated in [6], they

can be theoretically and experimentally established for a number of conditions. It is also
important in equation (1) that the plasticity of the weld metal has a certain dependence on the
size, where with the decrease of this size, the flow rate increases, as an integral element of the
strength of the product. When the electrode wire is pulsed, the effects of its influence are even
more obvious and more significant for ensuring the strength characteristics of the product. In
this, the controlled transfer of the electrode metal plays a special role.

The method of welding-surfacing with pulsed supply of electrode wire has existed
for a long time in various versions [7], but its application was held back by the complexity
of adjusting the main parameters, as well as the insufficient reliability of mechanical
converters of the rotary motion of the drive electric motor shaft into linear-impulse motion
of the electrode wire. These are mechanisms with one-sided grippers and mechanisms with
quasi-wave converters — QWC. At present, the development of a pulse supply mechanism
based on a valve electric drive with a regulator based on programmable controls has been
completed. Such a mechanism implements almost any algorithm of pulse feeding of
the electrode wire with the setting of the frequency f , spacings, size and shape of the pulse

with the frequency of the undistorted pulse can be 50...60 Hz. Feedback of the parameters
of the arc process can be entered into the controller of the electric drive. The introduction
of feedback on the welding current makes it possible to implement the welding-surfacing
technology presented in [8] — this is a process with metered supply of the electrode wire.
The study of pulse feeding using a new feeding mechanism included, in particular, the study
of the structure and microstructure of the metal.

It can be noted that prolonged overheating of the metal at high temperatures contributes
to the increase in the size of the crystallites. This is inherent in the zone of overheating of the
weld metal. Therefore, the measurement of the grain score in this zone is a criterion for the
entire cross section.

Table 3 shows the metal grain score in the area of overheating, performed within the
scope of the research presented in the paper [9].

Table 3

The results of grain score studies in the area of overheating

Ne 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13
f 0 10 | 30 | 50 | 10 | 30 | 50 | 10 | 30 | 50 | 10 | 30 | 50
S 1 5 5 5 3 3 3 2 2 2 | 1,251,251 1,25

Sgcrf;f; 67| 8 |78 |78|78| 7 | 67|67 |67|67]|67]|67]|67

Analysis of Table 3 shows that the grain score increases with an increase in the
sparability, which, in our opinion, is due, among other factors, to an increase in the action of
the electrodynamic force, and therefore, to the intense oscillation of the liquid metal pool due
to a more «sharp» pulse. This contributes to both grain crushing and reduction of the content of
non-metallic inclusions and gases.

Fig. 3 and Fig. 4 show comparative photographs of microsands of cross-sections of
welds in large magnifications of various magnifications.

Metallographic analysis of surfaced metal at a higher magnification (x1000...2000)
in the photos in Fig. 3 and Fig. 4 showed that a more favourable shape of the boundaries of

ISSN 2522-4433. Bicnux THTY, Ne 3 (107), 2022 https://doi.org/10.33108/visnyk_tntu2022.03 ..........cccoocvvcincinnicrnennnns 33



Technical and technological impacts on metal crystallization during automatic and mechanized electric arc
welding-surfacing

the crystallites is observed from the pulsed supply of the electrode wire. It was also noted
that the thickness of the layers of polygonal ferrite, which is considered the most dangerous
structure from the point of view of brittle fracture, decreases by 1.5...2 times.

a) b)

Figure 3. Microstructure of deposited metal 30KhGSA, electron microscopy data x1000:
a— at normal feed; b — pulse feed

a) b)

Figure 4. Microstructure of deposited metal 30XI'CA, electron microscopy data x2000:
a — at normal feed; b — with pulse feed

As mentioned, the overheated area of the weld is the center of crystallite growth and,
therefore, the most interesting for research. Table 3 presents the results of the evaluation of the
grain score in the area of overheating, and Table 4 shows the results of the research on
determining the size of weld crystals. It can be considered that the reduction of inclusions in
the weld metal and the crushing of its structure are the main effects that depend on the influence
of mechanical systems of welding equipment that are purposefully used to solve these problems.
These effects, as noted, are reached is mainly due to the electrodynamic effects in the pool when
pulsed influences are applied.
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Table 4

Quantitative indicators of the shape of crystallites in the deposited metal

Method of surfacing in o .
CO, with feed Crystallite width, um Coeft. forms of crystallites
ordinary 97.5 6,8
pulse 70,0 4,56

The tribological characteristics of the deposited layer are an important indicator, in
particular, for the surfacing of nodes and parts operating in friction zones. These characteristics
can be evaluated by the loss of mass after a certain time of operation, or the total length of the
travelled path. The results of such a study in a comparative form for several samples with
determination of the average value (rate) of wear are presented in Table 5.

Table 5
Wear rate
No Freqlgzncyﬁ Sparseness S number of layers Averan‘(f;g;’lif; rate,
1 Initial Sample 1 7.3
2 15 3 1 3.8
3 60 3 1 6,6
4 20 5 1 42
5 60 5 1 5,8
6 Initial Sample 5 3,9
7 15 3 5 32
8 60 3 5 34
9 20 5 5 2,7
10 60 5 5 3.3

The study of other important mechanical operational properties of the deposited metal
in a comparative form of parameters is presented in Table 6 and 7. Herewith, an important
parameter of the pulsed supply of the electrode wire is calculated — the acceleration in the pulsed
movement, the value of which has a significant effect on the electrodynamic pressure on the
liquid metal pool, and therefore on the properties of the deposited bead. This parameter is also
given in Table 6.

Table 6

Welding modes and pulse feed parameters

No | Feed Feed rate, | Step | Frequency, Acceleration, | Current, Voltage,
m/h mm Hz m/s’ A \%
1 | Slow | 190...200 - - - 160...170 | 23...24
2 | Slow | 220...230 - - - 190...200 | 25...26
3 | Pulse | 190...200 | 2,0 28 40...50 160...170 | 23...24
4 | Pulse | 190...200 | 3,0 18,5 60...70 160...170 | 23...24
5 | Pulse | 220...230 | 2,0 32 75...80 190...200 | 25...26
6 | Pulse | 220...230 | 3,0 21 90...100 190...200 | 25...26
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It is important to note that the results of the study of the mechanical properties of welds
and beads correlate quite well with the acceleration of the electrode wire in the feed pulse and
this can be explained from the point of view of force effects on the molten pool. As the
acceleration value increases, all indicators of the mechanical properties of the welded joint
increase.

A detailed analysis of the weld microstructures shows that at an acceleration of
90...100 m/s? dendrites are practically absent, the average austenite grain size decreases by
1.5...2.5 times compared to conventional welding.

Consideration of the impact of pulsed supply of protective gas on the structure of weld
metal (WM) is less relevant for several reasons. First of all, welding and surfacing processes
in the environment of protective gases are not applicable everywhere, as well as their poor
controllability

Table 7

Mechanical properties of metal of welded joints

Strength limit Yield strength Impact viscosity J/cm? at the
o s, MPa o1, Pa temperature of 20°C
a
No | MM WM | HAZ | MM WM | HAZ MM WM HAZ
1 448 444 438 265 261 256 100 94 93
2 448 445 265 260 100 105 98
3 448 459 265 271 100 102 100
4 448 460 265 271 100 104
5 448 462 265 273 100 104
6 448 465 459 265 276 273 100 108 106

with the gas flow due to the inertial nature of gas movement and systems for controlling this
movement. There are well-known studies of this process, for example, [10] and other
researches, where the advantages of impulse supply of shielding gas are determined, in
particular, when using gas supply in a variable way [11], with periodic changes in gas pressure,
etc. It can be noted that the control of the shielding gas supply affects both the transfer of the
electrode metal and the pressure on the liquid metal pool, as well as the periodic forced cooling
of the pool metal. This set of influences contributes, in particular, to the structuring of the
welded joint.

Let us consider the most interesting and rather effective developments aimed at
improving the structure of the weld metal in order to increase its strength characteristics and
based on the application of additional systems in the welding equipment, mainly automatic
machines. These are primarily well-known mechanical oscillators of the welding tool — the
electrode wire. Such systems with an analysis of the results of their work are described in detail,
for example, in [12]. They make low-frequency (up to several Hz) oscillations across the
welding direction. Usually, their amplitude is small to avoid significant destructive vibrations.
These systems are used to simultaneously solve several tasks at once — expanding the width of
welding-surfacing and improving the quality of the weld and the deposited layer.

Among the disadvantages of electric arc welding-surfacing, in particular under flux, is
excessive heat investment in the product, since a significantly greater amount of heat is
generated in the arc than is perceived by the electrode wire and the processed material. The
result of this redundancy is grain growth, which affects the strength characteristics of welds and
deposited layers. This phenomenon can be avoided by a relatively new method of welding-
surfacing with transverse oscillations of the welding tool — the electrode wire [13] under the
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direct influence of a mechanical vibrator on the wire, which allows to oscillate the section of
the wire close to its melting with adjustable frequency and amplitude. This method makes it
possible to concentrate the heat input and thereby reduce the heat load to a certain extent.

The oscillator can be of several types: with a drive electric motor to an eccentric
mechanism; with an electromagnetic
pusher, etc. In the photo in Fig. 5 a machine
for surfacing under a flux using an oscillator
of an electrode wire is shown.

It should be noted that when
conducting the arc process, oscillation
frequencies of the order of tens or even
hundreds of Hz are used, while the electrode
metal drops are crushed. The sizes of the
drops separated as a result of the destruction
of the molten metal layer on the end of the
electrode wire are determined by the action
of two force mechanisms: the integral force
balance mechanism and gravity-capillary
atomization. The fine droplet transfer of

Figure 5. Automatic surfacing machine: 1 — feed metal ensures a higher efficiency of heat

mechanism; 2 — movement mechanism; 3 — electrode transfer from the arc to the electrode.

wire oscillator. Subsequently, the efficiency of surfacing

significantly grows, in particular, the

productivity increases. When applying a new method of welding-surfacing, it is important to

form the structure of the metal, which can improve the strength characteristics. The results of
the study of the hardness of the welded bead in its various zones are presented in Fig. 6.

HVio
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50

2nd layer  Fusion zone 2nd Ist layer HAZ MM
and 1st layers
Strength test area

Figure 6. Measurement of hardness of the deposited bead in various zones of its cross-
section: 1 — surfacing using electrode vibration; 2 — surfacing without vibration.
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Analysis of the graphs shows a significant increase in hardness in the most problematic
areas. Measurements of the hardness of the deposited layer showed (Fig. 6) that as a result of
the decrease in the proportion of the main metal (OM, MM-main metal) in the first pass, the
hardness of the deposited metal increases by 50 HV1o compared to the deposition performed
without vibrations, reaching 300 HVio. When depositing using standard technology, such
hardness is achieved only in the second layer.

Let us consider another method that allows to improve a significant number of
characteristics of the deposited bead, which is also carried out by an additional mechanism —
the oscillator of the product that is deposited or welded, and therefore, the pool of liquid
metal [ 14]. Fig. 7 shows the schematic design of the oscillator of the pooltub product.

Burner

arcin

position 1

Machine
bed in

Machine bed
in position 1

Welded
part

Figure 7. Scheme of oscillations of the arc length during oscillations of the weld pool: 1 — position in the
absence of oscillations; 2 — position during oscillations of the machine bed (weld pool)

Oscillations of the product are carried out in a plane perpendicular to the direction of
welding-surfacing with a special gearless electric drive using a stepper electric motor controlled
by certain algorithms.

The step electric drive and design features of the oscillator allow to adjust the frequency
and amplitude of oscillations of the product and the pool within wide range, which makes it
possible to choose, taking into account the parameters of the arc process, the most effective
mode of operation to obtain the required result.

In this process, there is quite effective mixing of the pool of molten metal, as well as
dynamic effects on the pool caused by periodic changes in the overhang of the electrode wire.
All this leads to a decrease in non-metallic inclusions in the welded beads, as well as to a
decrease in the growth of crystallites due to a constant change in the position of the arc. At the
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same time, the heat load on the electrode material and the material of the welding pool of the
deposited bead is reduced.

The cycle of studies of the influence of changed structure of the deposited metal when
applying the method with controlled oscillations of the liquid pool is presented in Table 8 with
a fairly large number of hardness determination results over the entire field of the cross-section
of the deposited bead. This study also presents a wide range of influences with various
parameters, which allows to form the determining factors of the influence of the considered
surfacing method on one of the most important factors of the strength of the surfacing layer —
hardness, which confirms the conclusions of other researchers, for example, [15].

Table 8

Hardness values of weld metal and HAZ metal

Surfacin | Welding | Oscillation | Oscillation | Vickers hardness of | Vickers hardness
No |gcurrent| rate frequency | amplitude; surfacing metal HAZ (load 1 kg),
Ie; A | Vys;m/h| v Hz A;mm | (load 1 kg), x10” Pa x107 Pa

Weld | Weld | Weld | Weld | Weld | Weld
top |center| root | top |center| root

1 100 10 4 7 195 | 193 | 187 | 217 | 224 | 208
2 100 14 3,5 6 199 | 203 | 203 | 212 | 203 | 224
3 100 18 4.5 3 217 | 226 | 223 | 254 | 261 | 266
4 100 22 2,5 4 223 | 223 | 233 | 233 | 229 | 229
5 100 26 3 5 221 | 201 | 210 | 217 | 214 | 221
6 125 10 3,5 3 205 | 199 | 217 | 208 | 207 | 208
7 125 14 3 7 218 | 219 | 222 | 210 | 218 | 214
8 125 18 4 4 222 | 224 | 232 | 250 | 245 | 248
9 125 22 4.5 5 250 | 232 | 229 | 270 | 275 | 272
10 125 26 2,5 6 260 | 279 | 271 | 320 | 313 | 317
11 150 10 4.5 6 214 | 214 | 224 | 202 | 205 | 205
12 150 14 4 5 229 | 229 | 229 | 245 | 243 | 245
13 150 18 2,5 7 214 | 210 | 210 | 197 | 193 | 195
14 150 22 3 3 222 | 217 | 232 | 258 | 260 | 2064
15 150 26 3,5 4 251 | 257 | 251 | 283 | 287 | 287
16 175 10 3 4 208 | 207 | 203 | 220 | 222 | 225
17 175 14 2,5 3 202 | 173 | 178 | 173 | 178 | 175
18 175 18 3,5 5 208 | 214 | 224 | 228 | 228 | 230
19 175 22 4 6 222 | 219 | 238 | 227 | 232 | 229
20 175 26 4,5 7 208 | 219 | 212 | 229 | 228 | 229
21| 200 10 2,5 5 193 | 193 | 192 | 200 | 198 | 203
22| 200 14 4.5 4 219 | 225 | 229 | 225 | 229 | 229
23 | 200 18 3 6 217 | 226 | 218 | 213 | 215 | 214
24 | 200 22 3,5 7 216 | 214 | 210 | 217 | 218 | 219
25| 200 26 4 3,5 203 | 205 | 179 | 215 | 215 | 213

It can be noted again that the heat-affected zone (HAZ) refers to problem areas with
large grains and a high degree of chemical heterogeneity, which can significantly affect the
characteristics. This is allocated to a separate block of research and presented, also in Table 8.
The obtained results of detailed studies allow to build mathematical and graphical models of
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the influence of the deposition mode parameters with pool oscillations, which in turn facilitates
the selection of equipment operation modes to solve the task of improving the quality of the
deposited layer. The study was tested with a highly positive result in the regenerative dopositing
of dies of a stamping tool weighing about 10...15 kg.

Recently, there have been developments to improve the structure of the weld metal using
original technical solutions based on mechanical vibrators. One of the variants of such a vibrator
is presented in Fig. 8 a) [16].

The device for welding pool vibrations includes: 1 — body; 3 — rod; 6 — drive; 7—
faceplate; 8 - rod attachment (used tungsten electrode of the device for argon arc welding with
a non-melting electrode). Additionally, on the structure diagram in Fig. 8 there are: 2 — electric

current supply; 4 — pool of molten metal; 5 — arc space. [ . — the distance from the end of the
rod to the axis of the electrode, /- the depth of immersion of the rod; Vs (Vo) — feed rate; I, 11,

IIT — directions of movement. All parameters, €, [ . » h, are adjustable, as well as the rotation

rate of the drive electric motor shaft. The amplitude of oscillations is determined by the amount
of eccentricity €, and the frequency depends on the rotation rate of the drive electric motor shaft.
Comparative microstructures in Fig. 8 b), ¢) were made at a vibration frequency of 40 Hz with
an amplitude of 0.5 mm.

Figure 8. a — structure of the pool vibration mechanism;
b, ¢ — weld metal microstructures without vibrations and with vibrations, respectively

From the analysis of the structure of the microslides, it follows that the mechanical
vibration of the melt in this technical solution allows to significantly reduce the size of the
crystallites, as well as to disorient them. All this helps to increase the strength characteristics of
the weld metal, and due to the sufficient ease of use, this technical solution — a kind of welding
shaker — can be used in almost all automated welding and surfacing processes.
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It is important to point out that a serious impact on the structure of the metal of the weld
and the deposited layer is exerted by electromagnetic influences, which are specially introduced
to improve the quality of the metal, contributing to the activation of the movement of liquid
metal of the pool, organization of transfer of the electrode metal with all the resulting effects
[17]. Tt should be noted that the use of electromagnetic fields gives good results in improving
almost all characteristics of welding and surfacing, however, unlike the previously discussed
systems and methods, it is rather difficult to implement.

It can be emphasized on the possibility of applying other methods of influence on the
structure of the weld metal, for example, the use of ultrasonic influences which are described
in a number of sources, for example [18].

Special attention should be paid to the combined methods and systems used to improve
the characteristics of welds and welded beads. Examples of such technical and technological
solutions include:

- pulse algorithm of synchronous operation of the welding current source and pulse
supply of shielding gas [19];

- pulse algorithm of the welding current source and pulse feed of the electrode wire [20];

- simultanecous use of the pulse mode of operation of clectrode wire feeding
mechanism and modulation [21].

- There are other proposals, for example [22], concerning the combined application of
various influences, which have a different physical nature and make it possible to significantly
increase the impact on improving the structure of the weld metal or the deposited layer.

Conclusions. During electric arc welding or surfacing process with a melting electrode,
in order to obtain a weld or a welded bead with improved operational characteristics, it is
necessary to exert an active influence on their metal structure, which can be achieved by using
both welding and surfacing equipment systems and additional systems. Practically all
considered methods of improvement either have already been used in industry or can be applied
during additional research, taking into account the conditions and specification of parameters
of technical and technological suggestions. Herewith, it is important to note that all proposals
have real design developments and technological application experience with
recommendations. All purposeful effects of the equipment proper systems or additionally
introduced mechanical units and parts affect either the control of transfer of the electrode metal
or provide such a movement of the metal of the pool that affects the structure of the metal
(crystallites size reduction and their disorientation), its degassing and removal of non-metallic
inclusions as due to electrodynamic and mechanical forces.
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BIIJIUB TEXHIKO-TEXHOJIOTTYHUX JIA HA KPUCTAJIIBAIIIO
METAJIY ITPU ABTOMATHYHOMY I MEXAHI3OBAHOMY
EJEKTPOAYT'OBOMY 3BAPIOBAHHI-HAIIVIABJIEHHI

Bosogumup Jledenes'; Cepriii Jloii?; Ouekciii XaaiMoBcbKHii!

'IE3 imeni €. O. Ilamona HAH Yxpainu, Kuis, Ykpaina
’Hayionanohuil yrieepcumem kopabnebyoyeanns
imeni aomipana Makapoea, Mukonais, Ykpaina®

Peszrome. Hageoeno yzazanvreny cucmemamusayilo 0CHOBHUX HANPAMIE NOATNUEHHS CIMPYKIYPU MEmainy
36ApHUX WGI6 Ma HANAAGNI06AN020 (Wapu) Memany npu eneKmpooye080MY 38aAPIOGAHHI eN1eKmMPOOOM, WO
n1asumvcs. 3pobieHo BUCHOBOK Npo me, wo 3abe3neyeHHs: NONINUEHH GIACMUBOCHEl MAKUX CMpYKmyp
Memany, 6e3 6mpamu C60iX OCHOGHUX @lacmueocmei, Modxce Oymu 30iliICHEHO MUNOGUMU CUCTHEMAMU
36apl06ANLHO-HANIAGHO20 0ONAOHANHS 3 HAAGHUMU 6 IX KOHCMPYKYIi 000amKosumMu 3acodamu ma 3a paxyHox
cneyianbho po3podaenux cnocobie ix euxopucmanus. Busnaueno, wjo icnye 0ocums wupokutl pso KOHCMPYKYiti
maxkux 000amKo8ux 3acodie ma cnocoois ix 3acmocy8ants, Wo CneyiaibHO 6600AMbCA 00 CKIAOY 36API0BATIbHO-
Hannagno2o obnaonanns. Ilepeeadicno 015 3anponoHOBaHOI cucmemMamusayii po32iAHYmo cucmemu ma 3acoou
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HA OCHOGI MEXAMpPOHHUX Ma MexaHiuHux KoHcmpykyit. Ilokazano, wjo 6UKOPUCHAHHSA 36aPI06ATTbHO-HANIAGHO20
0011a0HAHMNA, AIKe MICIUMb OCHOGHI cucmemu 3abe3nedents 36apiogaibHO20 NPoyecy, 3a PAXYHOK 3aCMOCy6aAHHS
6 HbOMY 000AMKOGUX KOHCIMPYKIMUGHUX DIUeHb IMRYIbCHO20 PYXY MOJICe NO3UMUBHO GNIAUHYMU HA CIPYKIYPY
Memany wiea i mum camum NOmnwumu 1020 Mexauiuni enacmueocmi. Brazano, wjo noninuens mexaHiuHux
(excniyamayiiinux) enacmugocmeti 36apHO20 3'€OHanHA a0O0 HANNAGNEHO20 WAPy MOJCHA 3abe3nequmu
66E0CHHAM HOBUX GY31i6 I Oemanell, AKi MOJCymb 3abe3neuumu O0e2asayilo pioKoi 6aHHU, 3HUIICEHHS 6 Hill
HeMemaniunux GKI04eHb, d MAaKodic, Wo 0COOIUBO BANCTUBO, — GNIUAMU HA CMYNIHb 3POCMAHHS KPUCMATIMIE,
SHUMCYIOUU 11020 Ma chpusioyu oesopienmayii. Ha niocmasi ananisy makpo ma Mikpo-unipie, a maxosic inuux
0aHux, npedcmagneHux y euanaol mabdauyb ma epagiunux Mamepianis, wo ompumMaHi 6 pe3yrbmami npoeeoeHuUx
eKCnepUMEHMANbHUX O00CTIOdNCEHb, 3 YINECHPAMOBAHO20 6HIUGY HA MEMAl 36apIO6ANbHOI 6AHHU PIZHUMU
cucmemMamu ma npucmposMU 36aplo6albHO-HANIAGHO20 O00NAOHAHHS, NIOMEEPOINCEHO epeKMUGHICb MAKO20
6NIUBY.

Knwuogi  cnosa: cucmemamusayis, enekmpooy206e 36aploGamHs, eNeKmpoo, W0 NIAEUMbCA,
HANNAGAeHH S, KPUCMANi3ayis, IMNYIbCHULL DYX.
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