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Abstract 
Introduction. One of the main requirements to the methods of weld overlay of sealing surfaces of power valve trim parts 
is to obtain a high-quality wear-resistant pad with minimal penetration and optimal process performance. Currently, arc, 
electroslag, plasma, beam, induction and other surfacing techniques have been developed and introduced into production. 
However, the influence of various arc welding processes with a consumable electrode in shielding gas on the geometric 
parameters of weld beads and metal hardness of sealing surfaces is understudied. The presented research is intended to 
fill this gap. The objective of its authors is to select such a process of arc welding of beads on parts of the power valve 
trim with a consumable electrode in shielding gases, which would provide the best workability of the deposited metal. 
Materials and Methods. Arc surfacing with a consumable electrode in a mixture of gases was performed on steel plates. 
The welding torch was moved in a straight line, without transverse oscillations, using the FRC-9 mechanism (Fronius). 
A microprocessor-controlled inverter-type digital current source TransPulsSynergic 3200 CMT (Fronius) was used as the 
power supply. The following welding processes were analyzed: MIG/MAG process with self-regulation (Standard mode), 
synergic process of MIG/MAG method (Synergic mode), short arc process with mechanical separation of electrode metal 
droplets (CMT-ColdMetalTransfer), and synergic pulse-arc process (PulseSynergic). The short-cut process of bead 
surfacing was evaluated by the stability of the values of the energy parameters of the bead surfacing mode in time at the 
same electrode wire feed rates, which were recorded by oscilloscopes, as well as by comparing the geometric 
characteristics of the deposited beads and the hardness of the deposited metal. 
Results. The analysis of experimental data of the geometrics of the weld beads and their complex dimensional 
characteristics made it possible to establish that the welding engineering requirements for the welded beads are most fully 
met by long-arc surfacing by the PulseSynergic pulse-arc process. 
Discussion and Conclusion. The study and the resulting data make a certain contribution to solving the problem of the 
influence of arc welding processes on the parameters of weld beads and on the hardness of the metal of sealing surfaces. 
A detailed analysis of the modes of arc surfacing of beads with a consumable electrode in shielding gases on the trim 
parts of power valves can be used in further research on this topic. The conclusions of the authors will not only provide 
considerable theoretical assistance to scientists, but will also make adjustments to the activities of practitioners. 
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Оригинальное теоретическое исследование 

Выбор процесса дуговой наплавки плавящимся электродом в защитном газе 
уплотнительных поверхностей энергетической арматуры 

Д.В. Рогозин , В.А. Ленивкин  
Донской государственный технический университет, г. Ростов-на-Дону, Российская Федерация 
 dmrogozin@ya.ru 

Аннотация 
Введение. Одно из главных требований к способам наплавки уплотнительных поверхностей деталей затвора 
энергетической арматуры заключается в получении качественного износостойкого наплавленного слоя металла 
при минимальном его проплавлении и оптимальной производительности процесса. В настоящее время разрабо-
таны и внедрены в производство дуговые, электрошлаковые, плазменные, лучевые, индукционные и другие спо-
собы наплавки. Однако влияние различных дуговых сварочных процессов плавящимся электродом в защитном 
газе на геометрические параметры наплавленных валиков и твердость металла уплотнительных поверхностей 
недостаточно изучено. Представленная научная работа призвана восполнить этот пробел. Целью ее авторов яв-
ляется выбор такого процесса дуговой наплавки валиков плавящимся электродом в защитных газах на детали 
затвора энергетической арматуры, который обеспечивал бы наилучшие сварочно-технологические свойства 
наплавленного металла. 
Материалы и методы. Дуговую наплавку плавящимся электродом в смеси газов осуществляли на пластины из стали. 
Наплавочная горелка перемещалась прямолинейно, без поперечных колебаний, с помощью механизма FRC-9 (Fronius). 
В качестве источника питания использовали цифровой источник тока инверторного типа с микропроцессорным управ-
лением TransPulsSynergic 3200 СМТ (Fronius). Анализу подвергались следующие сварочные процессы: процесс 
MIG/MAG с саморегулированием (режим Standard), синергетический процесс способа MIG/MAG (режим Synergic), про-
цесс короткой дугой с механическим отрывом капель электродного металла (CMT-ColdMetalTransfer) и синергетический 
импульсно-дуговой процесс (PulseSynergic). Рациональный процесс наплавки валиков оценивался стабильностью вели-
чин энергетических параметров режима наплавки валиков во времени при одинаковых скоростях подачи электродной 
проволоки, которые фиксировались осциллографами, а также сравнение геометрических характеристик наплавленных 
валиков и твердости наплавленного металла. 
Результаты исследования. Анализ экспериментальных данных геометрических размеров наплавленных вали-
ков и их комплексных размерных характеристик позволил установить, что сварочно-технологическим требова-
ниям, предъявляемым к наплавляемым валикам, наиболее полно соответствует наплавка длинной дугой импуль-
сно-дуговым процессом PulseSynergic. 
Обсуждение и заключение. Проведенное исследование и полученные в результате его данные вносят опреде-
ленный вклад в решение проблемы влияния дуговых сварочных процессов на параметры наплавленных валиков 
и на твердость металла уплотнительных поверхностей. Подробный анализ режимов дуговой наплавки валиков 
плавящимся электродом в защитных газах на детали затвора энергетической арматуры может быть использован 
в дальнейших исследованиях на эту тему. Выводы авторов не только окажут ощутимую теоретическую помощь 
ученым, но и внесут коррективы в деятельность специалистов-практиков. 

Ключевые слова: импульсно-дуговая наплавка, сварочные процессы, короткая дуга, длинная дуга, плавящийся 
электрод, уплотнительные поверхности 
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Introduction. One of the main results of the mechanized weld overlay of sealing surfaces of power valve trim parts 
in protective gases is the production of a high-quality wear-resistant weld layer of metal with minimal penetration [1]. 
The requirements for the metal of the weld layer are divided into three groups: welding and process, operational, and 
economic [2]. 

Welding and process requirements determine the absence of pores, cracks, areas with embrittled structure, and other 
welding defects that arise under surfacing. The deposited metal should be easily formed, have good slag separation in a 
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wide range of modes both in single-layer and multi-layer surfacing. Thermal expansion coefficients of the base and weld 
metal should be comparable. Otherwise, cold cracking may occur in the fusion zone with subsequent peeling of the weld 
metal. The content of various elements in the weld metal determines its structure, phase composition, hardness, and wear 
resistance [3].  

The group of welding and process requirements also includes the productivity of arc surfacing in protective gases, 
which fluctuates up to 8 kg/h, and the layer thickness — up to 10 or more millimeters. Higher productivity can be achieved 
by using more powerful heat sources. However, when heating above a certain value, the proportion of the base metal in 
the deposited metal increases, harmful elements pass from it, the volume of liquid metal grows, and the primary structure 
of the deposited metal becomes larger [4]. In some cases, slow cooling of the deposited layer and its tempering reduce 
wear resistance and other quality indicators of the metal of the deposited layer. Contradictions often arise between the 
possibility of raising the productivity of deposition through increasing the power of the heat source and the quality of the 
deposited layer [5]. Therefore, technology factors determined by the method and mode of deposition affect the size and 
distribution of structural components in the deposited metal, its strength and quality.  

The welding and process properties of the deposited bead are determined by the type of deposition process. One of 
the fundamental properties of the deposited metal of the sealing surfaces of power valves is its hardness [6]. Currently, 
arc, electroslag, plasma, beam, induction and other techniques of surfacing are widely used to form sealing surfaces on 
parts of energy valve trims [7, 8]. An effective and well-researched method of surfacing is arc surfacing with a consumable 
electrode in protective gases [9, 10]. 

The result of intensive development of power semiconductor devices (power transistors) in the last decades of the 
20th century was the creation of new modern welding low-inertia, high-speed power sources (welding rectifiers), 
equipped with inverter converters capable of controlling process modes at the microcycle level. This expands significantly 
the scope of application of arc welding and surfacing due to the possibility of implementing specific welding processes 
with a short and long arc at the hardware level [11]. However, the influence of various arc welding processes with a 
consumable electrode in a protective gas on the geometric parameters of the deposited beads and the hardness of the 
deposited metal has not been sufficiently studied. In this regard, the objective of this research is to determine the process 
of arc surfacing of beads with a consumable electrode in protective gases on the parts of the trim of power valves, which 
would provide the best welding and process properties of the deposited metal.  

Materials and Methods. The effect of various arc welding processes produced by a consumable electrode in 
protective gases on the geometric dimensions of the beads and on the hardness of the metal of the deposited surfaces was 
investigated under mechanized surfacing with a reverse polarity current of individual straight beads on plates (made of 
steel 20 GOST 1050 with a thickness of 10 mm, a length of 300 mm and a width of 150 mm) with electrode wire Sv-
08G2S with a diameter of 1.2 mm in a mixture of protective gases (82% Ar + 18% CO2). Protective gas consumption was 
13–15 l/min, without transverse oscillations of the welding torch. The distance between the end of the contact tip and the 
surface of the welded plate was maintained constant — 20 mm. 

The weld beads were arranged parallel at a distance of at least 20 mm from each other. Each subsequent bead was 
welded after the preceding one had been thoroughly cleaned of slag. The temperature of the metal of the preceding bead 
was no more than 100°C.  

The surfacing speed was 30 cm/min (18 m/h) and was provided by the FRC-9 surfacing torch movement mechanism 
(Fronius). 

The registration of electrical parameters during the entire process of bead surfacing (current value and voltage drop 
across the interelectrode gap) was performed by the IRSP-11 welding process measuring and recording device. Reading 
and viewing the registration results in the form of oscillograms was performed on a personal computer using the 
IRSP_Read software. 

The hardness of the deposited metal was measured according to GOST 6996 on samples in the cross section after the 
application of attack-polishing method in a 4% alcohol solution of nitric acid according to Rockwell (HRC) on a Metrotest 
ITBRV-187.5-M hardness gauge. The hardness value was determined as the arithmetic mean at three points. 

For surfacing the beads, a digital inverter-type current source with microprocessor control TransPulsSynergic 
3200 CMT (Fronius) was used, which had a sufficient number of synergic programs for controlling the electrical 
parameters of the welding mode and provided 4 types of surfacing process: 

− MIG/MAG process (Standard mode); 
− synergistic process of the MIG/MAG method (Synergic mode); 
− CMT process with a flexible software control system for the transfer of “cold metal” by a short arc (CMT mode); 
− pulsed-arc process (PulseSynergic mode). 
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The rational process of bead surfacing was assessed by the stability of the values of the energy parameters of the bead 
surfacing mode over time at the same feed rates of the electrode wire, which were recorded by oscillograms (Fig. 1–4). The 
results are given in Tables 1–3.  

Research Results. The energy parameters of the surfacing mode are:  
− average value of the surfacing process current (Iср); 
− voltage drop across the interelectrode gap (Uпр). 
For short arc surfacing: 
− short-circuit current curve iкз(tкз);  
− arc burning current curve iгд(tгд); 
− peak current value (Iп), interrupting current of the liquid bridge between the drop immersed in the weld pool and the 

electrode; 
− duration of short circuit tкз, arc burning tгд and of the whole cycle tц; 
− short circuit frequency fкз. 
The MIG/MAG (Standard mode) arc surfacing process was carried out with a constant feed rate of the electrode 

wire 𝜈𝜈пп (hereinafter referred to as the electrode) with self-regulation of its melting, without the use of regulating 
devices, with a long arc (without short circuits) in an inert, active protective gas and their mixture, with a short arc 
(with short circuits of the inter-arc gap). The parameters of the MIG/MAG process surfacing mode are given in Table 1 
(modes 1–3). A section of the MIG/MAG process oscillogram (Standard mode) is shown in Figure 1. 

 
Fig. 1. Oscillogram of MIG/MAG process (Standard mode): surfacing mode 2 in Table 1 

Table 1 
Parameters of the Surfacing Modes by MIG/MAG Process and MIG/MAG (Synergic mode) 

Mode 
No. 

𝜈𝜈пп 
m/min 

Process current value, A Voltage, 
V Duration, ms 

Short 
circuit 

frequency, 
1/s    

Iср Iбаз Iп Uпр tкз tгд tц fкз 

1 5.0 
188 198

194
−  130 190

160
−  190 310

250
−  19 

2 4
3
−  4 24

14
−  

6 28
17
−  59 

2 6.5 
220 230

225
−  190 210

190
−  250 360

310
−  21 

2 4
3
−  5 26

15
−  7 30

18
−  51 

3 8.0 
252 263

256
−  235 245

240
−  300 380

340
−  25 

2 4
3
−  25 65

45
−  27 69

48
−  21 
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4 5.0 
188 201

193
−  140 180

160
−  220 260

240
−  19 

2 6
3
−  2 29

16
−  4 35

19
−  52 

5 6.5 
223 240

234
−  160 220

190
−  280 310

290
−  19 

3 8
5
−  8 38

23
−  11 46

28
−  35 

6 8.0 
254 265

258
−  220 260

240
−  300 320

310
−  24 2 6

4
−  

6 46
26
−  8 52

30
−  33 

Note. Numerator shows the smallest and largest values of the electrical and time parameters of the surfacing processes. 
Denominator shows the average value of the corresponding parameters during the bead surfacing time. 

The synergistic process of the MIG/MAG method (Synergic mode) is a self-organizing system that automatically 
changes its process control structure by selecting the required synergistic program. In Synergic mode, setting one 
parameter of the surfacing mode leads to an automatic change in all other process parameters by switching to a new 
program that maintains a stable surfacing process (Table 1, modes 4–6). A section of the oscillogram of the synergic 
process of the MIG/MAG method (Synergic mode) is shown in Figure 2. 

 

Fig. 2. Oscillogram of the synergistic process of the MIG/MAG  
method (Synergic mode): parameters of surfacing mode 5 in Table 2 

Under short arc surfacing using the MIG/MAG method (Standard mode) and under the synergic process using the 
MIG/MAG method (Synergic mode), the current during a short circuit increases (short-circuit current curve iкз(tкз)) according 
to the exponential law. When the bridge is interrupted, the arc burning current (arc burning current curve iгд(tгд)) also 
decreases according to the exponential law, as in the case of surfacing from parametric welding rectifiers that do not have an 
inverter converter [12, 13]. 

A reliable interruption of the bridge in the specified surfacing processes occurs with a certain current reserve Iп ≤ 0.7I0, 
where Iп — peak current value at the moment of interruption of the liquid bridge between the electrode tip and the weld 
pool; I0 = Uxx / Zц — steady-state short-circuit current; Uxx — voltage at the output of the power source; Zц — complex 
electrical resistance of the surfacing circuit [12]. 

It is known that the nature of the process with frequent short circuits of the arc gap depends on the rate of increase of 
the current at the beginning of short circuit iкз(tкз) and at the interruption of the liquid bridge iгд(tгд) [14]. 

According to [14], when surfacing with an electrode of 1.2 diameter from welding rectifiers that do not have inverter converters, 
at a high rate of current increase, iкз > 200–300 kA/s, the process is stable, but is accompanied by increased spatter. At low rates of 
current increase, iкз < 40 kA/s, the process occurs with rare short circuits, unstable. At rates of 40–130 kA/s, the process is stable, 
with little spatter. 
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Welding power sources with inverter converters are equipped with step-down output transformers with low 
inductance, which provide low inertia of the source and the time constant of the circuit. The short duration of the time 
constant of the electric circuit provides a high rate of current increase at the moment of contact of the liquid metal of the 
electrode with the weld pool. This should worsen the reliable closure of the interelectrode gap and contribute to an increase 
in metal losses due to spattering from the pool and the electrode tip due to an increase in the axial component of the 
electrodynamic forces acting on the metal drop located at the electrode tip and the weld pool. 

In this research, when surfacing beads using the processes in the modes specified in Tables 1 and 2, with short 
circuits of the arc gap from an inverter-type source with an electrode feed rate (𝜈𝜈пп) of 6.5 m/min, it was determined 
that the rate of current increase at the beginning of a short circuit during the MIG/MAG process (Standard mode) was 
40–45 kA/s, in the Synergic mode — 20–25 kA/s, in the CMT mode — 25–30 kA/s. 

The results of processing the oscillogram data presented in Table 1 (modes 1–6) show that MIG/MAG surfacing 
processes with short circuits (Standard mode and Synergic mode) are unstable in both electrical and time parameters. 
This contributes to the formation of droplets of uneven sizes and uneven frequency of their transfer. This circumstance is 
the reason for the unsatisfactory formation of the surface of the weld bead, which is manifested in the uneven, bumpy 
outline of its surface — scaling. 

The control of the surfacing process in the СMT system is performed simultaneously by feedback signals on the 
instantaneous value of the welding current and voltage at various stages of the short circuit of the arc gap through acting 
on the low-inertia welding power source and on the feed rate of the electrode. 

The CMT feeder uses a “push — pull” electrode feed system. A more powerful DC pusher motor feeds the electrode 
wire from the cassette into the flexible hose at a constant speed equal to the average speed of its melting. The reversible 
pulling servomotor installed in the torch body maintains the reciprocating movement of the electrode wire as it exits the 
current-supplying tip of the welding torch at a variable speed according to a given program.  

The nature of the change in the electrical parameters of the process according to the CMT algorithm at an electrode 
feed rate of 6.5 m/min is shown in Figure 3.  

 

Fig. 3. Oscillogram of the CMT process: parameters of surfacing mode 8 in Table 2 

Table 2 
Parameters of Surfacing Modes by CMT Process 

Mode 
no. 

Feed 
speed, 
𝜈𝜈пп, 

m/min 

Current value, A Voltage, V Duration, ms 
Short circuit 
frequency, 

1/s 

Drop 
volume 

Iср Iбаз Iп Uпр tкз tгд tц fкз mm3 

7 5.0 175 240 300 14 5 6 11 90 1.72 
8 6.5 220 250 380 16 6 7 13 77 1.54 
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In order to explain the technological advantages of the CMT surfacing process, the feature of changing the electrical 
parameters of the algorithm in one cycle (Fig. 4), taken from the oscillogram in Figure 3, is considered. 

 

Fig. 4. Fragment of one cycle from the oscillogram of CMT process: mode parameters — in Figure 3 

From the fragment of the oscillogram of one cycle (Fig. 4), it follows that at point (p.) 1, the process of interrupting 
the bridge starts at a relatively low current (135 A). This is much less than in the MIG/MAG process. The voltage drop on 
the interelectrode gap in 0.25 ms increases to the sum of the near-electrode voltage drops, and then, after 0.75 ms, 
increases to 32 V (p. 2), and the current increases to 380 A (p. 2) with a rate of increase of 250 kA/s.  

The metal of the electrode wire, melted during the arc burning time in the time interval between p. 1 and p. 3 (about 4 ms) 
at a relatively high current value, is displaced from the electrode tip to its side surface. Then, within 1.0 ms, the current sharply 
decreases to the value of the base current (Iбаз — 90 A) at a rate of 290 kA/s, and the voltage decreases to 23 V. In the time 
interval of 2.0 ms (between p. 4 and p. 5), the length of the arc gap is reduced, and the voltage is decreased to 18 V. The value 
of the base current between p. 4 and p. 5 is automatically maintained constant by the source control system, the molten metal 
from the side surface of the electrode descends under its tip, takes the form of a spherical segment.  

When the liquid metal of the spherical segment of the electrode comes into contact with the surface of the weld pool 
(p. 6 on the voltage curve), a reliable short circuit of the electric circuit occurs without splashing, which is observed during 
MIG/MAG surfacing, for 1 ms, and for 2 ms (between p. 7 and p. 8), the voltage drop on it is maintained constant (5 V), 
the current value is 250 A, respectively. 

At p. 8, the servomotor is reversed, and the electrode starts moving in the opposite direction from the weld pool. The 
current value decreases to 130 A (p. 9) and remains unchanged for 2.5 ms (the interval between p. 9 and p. 10), and the 
voltage on the bridge increases by 1 V. At the same time, the bridge continues to be pulled out of the pool and narrows.  

In p. 10, the bridge interrupts, the voltage on the arc gap becomes greater than the sum of its near-electrode drops, and 
the arc ignites. At the same time, the servomotor is reversed, and the electrode begins to flow toward the weld pool at an 
increased speed. Simultaneously, the voltage on the arc gap between p. 10 and p. 11 increases. This causes a high rate of 
current increase (480 kA/s) to a value of 380 A. In the time interval between p. 11 and p. 12, intensive melting of the 
electrode occurs, and the surfacing process cycle is repeated. 

From the oscillogram data (Fig. 3 and Table 2), it follows that the CMT process is the most stable, since it has virtually 
no deviations — both in electrical and time parameters. 

When surfacing a bead using the CMT process (Fig. 3), the current value during a short circuit of the arc gap, compared 
to the MIG/MAG process, at the same electrode feed rate, is lower, and the process is more stable and has a pronounced 
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cyclic nature. The frequency of short circuits is higher, and the duration of the arc and the cycle time are shorter (Table 2). 
This contributes to a finer metal transfer, satisfactory formation of the surface of the surfacing bead with uniform scaling. 

In the process of pulse surfacing (PulseSynergic), along with the use of the Synergic process itself, it is possible to 
cyclically alternate the energy parameters of the surfacing process. Due to such a pulsed change in the process current 
and arc voltage, the heat input in the weld pool is regulated, which, in turn, affects the geometrics of the surfacing bead.  

The major task of pulsed arc surfacing (welding) with a consumable electrode with a long arc is to provide controlled 
fine-droplet transfer of metal in the region of modes with natural large-droplet transfer. The best process properties here 
are manifested when using spatially stable arcs, which are observed in a protective environment of argon or in a mixture 
with more than 80% Ar and CO2. 

The section of the oscillogram of the PulseSynergic surfacing is shown in Figure 5. The parameters of the pulse 
surfacing process at different electrode feed rates are shown in Table 3, and the parameters of the rollers are shown in 
Table 4 (modes 9–11).  

The current pulse has a trapezoidal shape, the amplitude of which is determined as Iи = Iп – Iбаз. 

 

Fig. 5. Oscillogram of the pulse-arc process (PulseSynergic mode): surfacing mode parameter 10 in Table 3 

Table 3 
Parameters of Surfacing Modes by PulseSynergic Process 

Mode 
no. 

Feed 
speed, 𝜈𝜈пп, 

m/min 

Process current value, A 
Voltage, 

V 
Duration, ms 

Current pulse 
frequency, 1/s 

Drop 
volume, 

mm3 Iср Iбаз Iп Uп tИМ tп tц fИМП 

9 5.0 157 45 430 24 3 7 10 100 1.19 

10 6.5 192 70 430 24 3 5 8 125 1.11 

11 8.0 233 100 430 26 3 3 6 166 1.15 

The characteristic feature of the control algorithm of the surfacing process of the PulseSynergic mode is that the 
average process current (Iср) and its base current (Iбаз) are set by the electrode feed rate, and their values increase with an 
increase in the electrode feed rate. At the same time, the peak pulse current (Iп) and its duration (tИМ) remain unchanged, 
and the pause duration (tп) is reduced with a simultaneous increase in the pulse repetition frequency (fИМП), the volume 
of drops remains almost the same, fine-droplet (Table 3). Under such conditions, the surface of the deposited bead has a 
fine uniform scaly texture. 
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Table 4 
Parameters of Beads Deposited by Different Processes 

Mode 
no. 

Surfacing 
process 

Depth of 
penetration, 

a, mm 

Bead 
width 
е, 

mm 

Height of 
convexity, 

g, mm 

Penetration 
area, mm2 

Surfacing 
area mm2 

(calculation) 

Welding 
shape 

coefficient 

Form 
factor 
fusion 

Hardness 
HRC 

1 

MIG/MAG 

2.4 8.8 3.2 10.0 20.0 2.8 3.7 21.0 

2 3.0 10.7 3.2 15.0 24.5 3.3 3.6 24.0 

3 3.3 14.5 2.9 21.0 29.4 5.0 4.4 18.5 

4 

Synergic 

2.3 9.2 2.9 9.2 18.2 3.2 4.0 29.0 

5 1.2 10.1 3.6 4.0 26.0 2.8 8.4 24.0 

6 4.0 14.4 3.0 22.0 30.0 4.8 3.6 19.0 

7 
CMT 

1.5 7.0 3.7 3.8 20.3 1.9 4.7 25.0 

8 2.2 10.2 3.7 7.0 27.8 2.8 4.6 24.5 

9 
Pulse 

Synergic 

2.3 11.4 2.6 10.4 20.0 4.4 5.0 20.0 

10 3.2 12.6 2.9 17.0 25.0 4.3 3.9 22.0 

11 3.6 14.4 3.0 22.3 32.3 4.8 4.0 19.0 

Note. The hardness of the plates made of steel 20 GOST 1050 was 10–12 HRC. 

Table 4 shows the data on the geometric parameters of the beads deposited under the same conditions, at the same 
electrode feed rates. Based on these data, the dimensional characteristics of the beads were calculated (deposition shape 
coefficient kфн = e/g, penetration shape coefficient kфп = e/a, and deposition completeness coefficients μпн = Fн/(eg)), 
which characterize the completeness of filling a rectangle with the weld with dimensions е and g [8, 15]. Based on these 
indicators, it can be concluded that it is advisable to weld the beads to create sealing surfaces for power engineering valves 
using a long arc through the PulseSynergic surfacing process, which provides stable electrical and time parameters that 
meet the welding and process properties of the surfaces under weld overlay. 

Discussion and Conclusion. As a result of the conducted research, data were obtained that are of great importance 
for studying the influence of arc welding processes on the dimensions of deposited beads, on the hardness of sealing 
surfaces. The revealed patterns of changes in time of energy parameters of the surfacing mode with a short and long arc 
in the process of transferring electrode metal in the inter-arc gap can be taken into account when using low-inertia welding 
inverter power sources by specialists in their practical activities. The analysis of the modes of arc surfacing of beads with 
a consumable electrode in protective gases on the parts of the trim of power valves and the specific data obtained during 
it can be used in the further development of arc surfacing technologies and in future research on this topic. The selection 
of the gas-shielded arc welding process for sealing surfaces of power valves in favor of the PulseSynergic long arc welding 
process provides an opportunity to validate the minimization of electrical and time parameters of the welding process. 
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