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Abstract. The main disadvantage of the mech-

anized arc welding process in shielding gases with 

short circuits is the spatter during melting of the 

electrode metal and its transfer to the weld pool, 

which affects the productivity of the process, re-

ducing it. Its elimination is possible through the 

implementation of the controlled transfer of molten 

electrode metal into the weld pool. The implemen-

tation of such a transfer and the control of the pro-

cesses that take place in the arc gap to a large ex-

tent determine the conditions for the qualitative 

formation of the deposited metal, the stability of 

the process, the magnitude of the loss of electrode 

metal and the manufacturability of the processes of 

arc welding in shielding gases. At the present stage 

of development of welding technologies, con-

trolled transfer of electrode metal is possible due to 

the pulsed nature of arc burning. In this case, one 

of the main methods for increasing the efficiency 

of the process is to limit the maximum value of the 

short circuit current by increasing the inductive 

resistance of the welding circuit. 

The research aimed to determine the effect of 

the rate of rising of the welding current during a 

short circuit on the stability of the welding arc. It 

was found that an increase in the current growth 

rate, starting from 1.23 kA/s to 50 kA/ s, leads to a 

decrease in the average duration of short circuits 

by at least 10 times. At the same time, the average 

frequency of short circuits increases by more than 

2 times, from 36...38 s-1 to 80...86 s-1. The reason 

for this is the increase in the values of the electro-

dynamics’ Lorentz force, the action of which leads 

to the compression of the liquid metal bridge of the 

drop (pinch effect) due to an increase in the short  

 

 

circuit current. At the same time, there is a viola-

tion of the stability of the pulse process, and this is 

reflected in an increase in the average frequency of 

arc breaks by more than 30 times from 0.33 s-1 to 

10 s-1. An increase in the energy parameters of the 

welding process led to a decrease in the average 

frequency of short circuits (2...3 times) and their 

average duration (2 times). The reason for this 

should be considered a change in the type of trans-

fer of liquid metal – the welding process with short 

circuits has turned into a mixed process in which, 

along with short circuits, a droplet transfer of elec-

trode metal is observed. 
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INTRODUCTION 

 

It is known that mechanized arc welding in 

shielding gases with short circuits (s.c.) is per-

formed at moderate values of the welding cur-

rent (up to 180...220 A) and a relatively low 

voltage (18...24 V) on the arc. The main dis-

advantage of the process is spattering during 

melting of the electrode metal and its transfer 

to the weld pool, which affect the productivity 

of the process, reducing it [1, 2]. Authors of 

publications [3 – 6], devoted to the improve-

ment of technological processes of shielded-

gas arc welding, based on theoretical and prac-

tical searches, came to the conclusion that the 

elimination of drawbacks is possible through 

the implementation of the controlled transfer 

of molten electrode metal into the weld pool. 

The implementation of such a transfer and the 

control of the processes that take place in the 

arc gap to a large extent determine the condi-

tions for the qualitative formation of the de-

posited metal, process stability, the amount of 

electrode metal losses and the manufacturabil-

ity of the processes of arc welding in shielding 

gases [7 – 9]. At the present stage of develop-

ment of welding technologies, controlled 

transfer of electrode metal is possible due to 

the pulsed nature of arc burning [10 – 13]. 

When pulsed-arc welding, one of the main 

methods for increasing the efficiency of the 

process is to limit the maximum value of the 

short circuit current by increasing the induc-

tive resistance L in the welding circuit [14 – 

16]. The parameters of the inductive resistance 

of the welding circuit determine the current 

growth rate с during short-circuit, on which 

depends 
max

s.c.I , the stability of the welding 

process and spatter of the electrode metal 

[1, 17, 18]. Under the stable behaviour of the 

pulse-arc welding process, we will consider 

such a process in which there is no violation of 

the welding arc burning. A sign of violation of 

the arc burning will be the transition of the 

power source to open-circuit voltage, which 

will be recorded by the information-measuring 

system when registering the instantaneous 

values of current and voltage on the arc. 

 

PURPOSE AND METHODS 

 

Based on the features of mechanized arc weld-

ing, the aim of the research was to determine 

the influence of the value of the welding cur-

rent growth rate during a short circuit on the 

stability of the welding arc. 

It should be noted that in a pulse power sup-

ply, there is a structurally absent inductor that 

regulates the value of с, and, accordingly, the 

maximum value of the short circuit current 
max

s.c.I . To control these parameters, it is pro-

vided that the so-called virtual inductance LV is 

numerically laid in the controller at the pro-

gram level, which determines the reaction rate 

of the source to a change in current in the 

“source-arc” circuit. 

In connection with this feature, before per-

forming experimental studies, the relationships 

between LV and с were determined using a 

computerized information-measuring system 

(ІMS) [19]. For this, the inverter [20] was 

connected to the ballast rheostat according to 

the circuit in Fig. 1. When the circuit breakers 

were closed at 50 A, and then at 100 A at dif-

ferent LV values, the analogue-digital converter 

ІMS recorded a current jump from 50 A to 150 

A using a connected current transformer. 

 

Fig. 1. Connection diagram of devices for deter-

mining the dependence of the value of с 

from the parameter LV: 1 – power supply 

LET-500, 2 – ballast rheostat, 3 – current 

transformer, 4 – information-measuring sys-

tem IMS 2007 
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During operation, the IMS recorded the in-

stantaneous values of the current flowing in 

the inverter-rheostat circuit, after which the 

time interval at which the current increased 

from 50 to 150 A was determined from the 

oscillogram (Fig. 2). 

The value of с calculated according to a 

simple formula: с = 100 [A] / τ [s]. Depend-

ing on the value of LV, τ changed. The calcula-

tion results of с for different values of LV are 

shown in Table 1. 

 

Table 1. The calculated values of с for different 

values of the parameter LV 

 
LV, conven-

tional units 
с, kА/s 

LV, conven-

tional units 
с, kА/s 

9 50,0 21 1,23 

12 35,7 24 0,35 

15 11,4 27 0,22 

18 4,15 30 0,06 

 

The implementation of the experimental 

work involved surfacing on a plate with pro-

gramming the inverter operation mode at dif-

ferent values of LV= 9, 12, 15, 18, 21, 24, 27, 

30. For this purpose, current-voltage character-

istics (CVC) No.1 and No.2 were placed in the 

inverter (Fig. 3) and set the pulse mode with a 

frequency of f = 25 Hz and a duty cycle of C = 

2. 

Plate material – steel of strength class X70, 

wire – Sv08G2S with a diameter of 1.2 mm, 

wire feed speed VW = 5.1 m/min., shielding gas 

– Ar + CO2, welding speed V = 30 cm/min. 

The heat input Q for each experiment was cal-

culated using the well-known formula in 

which the values of IAV and UAV were deter-

mined by statistical processing of instantane-

ous values of current and voltage by the in-

formation-measuring system IMS 2007: 

 




=
V

UI
Q avav60

,  (1) 

where V – welding speed (cm/min.), η = 0.7. 

 

RESULTS AND EXPLANATIONS 

 

The results of the analysis of the data rec-

orded by the computerized ІMS, and conclu-

sions regarding the stability of the pulse pro-

cess are shown in Table 2. 

Evaluation of all recorded oscillograms of 

the arc voltage and their statistical processing 

shows that the value of LV significantly affects 

the stability of the pulse process during the 

transfer of metal with short circuits (Fig. 4). 

 
 

Fig. 2. An example of current oscillograms for 

determining the current growth rate from 

50 to 150 A. τ is the current growth time 

by 100 A 

 
 
Fig. 3. CVC of a pulsed process with a frequency 

f = 25 Hz to determine the effect of the 

growth rate of the welding current с arc 

stability: 1, 2 – inverter operation according 

to I–V characteristics No.1 and I–V charac-

teristics No.2, respectively 
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So, at LV = 9...18, which corresponds to the 

values of the welding current rise rate с = 

50.0...4.15 kA/s, non-uniform breaks in the 

welding arc burning are observed. On 

oscillograms, this is reflected in the operation 

of the switching power supply at open-circuit 

voltage UOC ≈ 60 V (Fig. 4, a-d). An increase 

in the value of LV to conventional values of 

24...30, which due to the inverter control 

system significantly reduces the value of с, 

Leads to the fact that the process of arc 

burning is much more stable, almost without 

breaks (Fig. 4, e-k). On the histogram, this is 

displayed by a sharp decrease in the number of 

instantaneous values of the power supply 

operation at UOC. 

When analysing the oscillograms of the 

welding current and the statistical processing 

of the I–U characteristics of the process (Fig. 

5), it was found that a decrease in the value of 

с leads to a significant limitation of the max-

imum value of the short circuit current. So, for 

example, at с = 35.7 kA/s (Fig.5, a), there is, 

in addition to the already identified violations 

in the stability of continuous arc burning (IW = 

0, UA = UOC), a wide range of the spread of the 

Table 2. Modes of the pulse-arc process at different values of LV 
 

N LV с, kА/s ІAV, А UAV, V Q, kJ/sm 
max

s.c.I , А Note 

1 9 50,0 161 23,1 5,207 467 Arc interruption 

2 12 35,7 169 22 5,205 467 Arc interruption 

3 15 11,4 167 22,9 5,354 460-467 Arc interruption 

4 18 4,15 172 22,25 5,358 430-435 
Reduction of the 

arc interruption 

5 21 1,23 172 21,8 5,249 350-360 
Reduction of the 

arc interruption 

6 24 0,35 173,5 21,8 5,295 330-350 
No arc interrup-

tion 

7 27 0,22 175,1 21,56 5,285 
200-270/ 

270-330 

No arc interrup-

tion 

8 30 0,06 172,1 21,94 5,286 
200-260/ 

270-330 

No arc interrup-

tion 
 

 
а 

 
b 

Fig. 4 (beginning). Oscillograms and histograms of the arc voltage at different LV values: a – 9 (с = 50 

kA/s); b – 12 (с = 37.5 kA/s); c – 15 (с = 11.4 kA/s); d – 18 (с = 4.15 kA/s); e – 21 (с = 1.23 

kA/s); f – 24 (с = 0.35 kA/s); g – 27 (с = 0.22 kA/s); h – 30 (с = 0.06 kA/s). USC – instantaneous 

voltage values during short circuit, UOC – instantaneous voltage values when the power source is 

working at open circuit voltage 
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c 

 
d 

 
e 

 
f 

 
g 

 
h 

Fig. 4 (the end). Oscillograms and histograms of the arc voltage at different LV values 
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instantaneous values ISC = 120...465 A zone. 

The maximum value of the short circuit cur-

rent in many cases was 
max

s.c.I
 
= 467 A. When 

surfacing, this was reflected in a high sputter-

ing of molten metal. 

A gradual increase in virtual inductance to 

LV = 24 ... 30 (с = 0.35 ... 0.06 kA/s) led to a 

significant change in the quality of the pulse 

process (Fig. 5, f-h). The maximum short cir-

cuit current decreased by 130 A to 
max

s.c.I = 

330...350 A and the zone of dispersion of in-

stantaneous values was ІSC = 200...330 A. 

The entire zone of instantaneous values ISC 

is divided into two ranges: the first – 200...260 

A and the second 270...350 A. It can be as-

sumed that the first range corresponds to a 

short circuit at the time of operation of the 

power supply according to CVC No.1, and the 

second – according to CVC No.2. 

Statistical processing of instantaneous val-

ues of the welding current showed that an in-

crease in the current growth rate с, starting 

from 1.23 kA/s and up to 50 kA/s, leads to a 

decrease in the average short-circuit duration 

by at least 10 times (Fig. 6, a). At the same 

time, the average frequency of short circuits 

increases more than 2 times – from 36...38 s-1 

to 80...86 s-1. The reason for this is the in-

crease in the values of the electrodynamics’ 

Lorentz force, the action of which leads to the 

compression of the liquid metal bridge of the 

droplet (pinch effect) due to an increase in the 

magnitude of the ISC. Energy characteristics of 

the pulsed process for different с did not  

  
a 

 

  
b 

 

  
c 

Fig. 5 (beginning). Histograms of the welding current and the current-voltage characteristic of a 

pulsed process with short circuits at different LV values: a – 9 (с = 50 kA/s); b – 12 (с = 

37.5 kA/s); c – 15 (с = 11.4 kA/s); d – 18 (с = 4.15 kA/s); e – 21 (с = 1.23 kA/s); f – 24 

(с = 0.35 kA/s); g – 27 (с = 0.22 kA/s); h – 30 (с = 0.06 kA/s). 1, 2 – inverter operation 

according to I–V characteristics No.1 and No.2, respectively 
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d 

 

  
e 

 

  
f 

 

  
g 

 

  
h 

 
Fig. 5 (the end). Histograms of the welding current and the current-voltage characteristic of a 

pulsed process with short circuits at different LV values 
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change significantly since the values of IAV and 

UAV  remained at the same level (160...170 A, 

21...22.5 V), the heat input Q was in the range 

of 5.20...5.35 kJ/cm. 

Statistical analysis also confirmed the con-

clusion (Fig. 6, b) that the increase in с leads 

to a violation of the stability of the pulse pro-

cess and this is reflected in an increase in the 

average frequency of arc breakage by more 

than 30 times from 0.33 s-1 (for с = 

0.06...1.23 kA/s) to 10 s-1 (for с = 50 kA/s). 

To determine how the growth of the weld-

ing current с affects the stability of the pulsed 

process if it is necessary to increase the heat 

input Q, additional experimental and theoreti-

cal studies were carried out. To do this, the I–

V characteristic was placed in the inverter (Fig. 

7), in which the falling sections of the I–V 

characteristics No.1 and No.2 (in the range of 
40 – 11 V) were shifted in the direction of in-

creasing the welding current by 100 A com-

pared to the previous version programming the 

power source (see Fig. 3). The pulse process 

was carried out with a frequency f = 25 Hz, the 

welding speed V = 30 cm/min., the wire feed 

speed VW = 7.7 m/h, the shielding gas –Ar + 

CO2. 

The results of processing these data by a 

computerized information-measuring system 

are shown in Table 3. 

An analysis of the obtained data and their 

comparison with the results of previous 

experiments (Fig. 6, a) showed that an increase   

 
Fig. 7. Current-voltage characteristics of the pulse 

process to determine the effect of the 

growth rate of the welding current с on the 

stability of arc burning at heat input Q = 

7.8...8.0 kJ/cm. 1, 2 – inverter operation ac-

cording to I–V characteristics No.1 and 

No.2, respectively 

  
a       b 

Fig. 6. The influence of the short-circuit current growth rate on: a – the average frequency and duration 

of short-circuit; b – the stability of the pulse-arc welding process 
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in the energy parameters of the pulsed-arc 

welding to the level of IEW = 220...225 A,UEW 

= 24.5...25.9 V, Q ≈ 7.9...8.0 kJ/cm led to 

changes in the parameters that characterize the 

process of pulse welding with short circuits. A 

sharp decrease in the average frequency of 

short circuits (2...3 times) and their average 

duration (2 times) took place. The reason for 

this should be considered that the increase in 

energy indicators changed the type of transfer 

of liquid metal – the welding process with 

short circuits (Fig. 8a) turned into a mixed 

process [15], in which, along with short 

circuits, a droplet transfer of electrode metal is 

observed (Fig. 8b). In the latter case, part of 

the molten metal flows into the weld pool in 

small drops, while the short circuit time is 

much shorter (3...5 times) than with a 

conventional short circuit. As a result of this, 

the arc voltage remains at the level of USC > 

12...15 V and does not have time to decline to 

the accepted values of USC = 5...10 V. 

Since the IMS 2007 statistically calculates 

the cases of short circuit for the condition USC 

= 5...10 V and does not take into account larg-

er voltage values, the calculated average fre-

quency of short circuits is lower. 

Processing oscillograms of the welding cur-

rent and voltage showed that pulse-arc welding 

proceeds stably without disturbances in the 

welding arc burning in the entire range of the 

control value LV = 9...30 (с = 50.0...0.06 

kA/s). 

 

CONCLUSIONS 

 

1. The increase in the inductance of the 

power source, which due to the control system 

of the inverter significantly reduces the slew 

rate of the short circuit current, leads to stabi-

lization of the pulse-arc welding process with 

short circuits. 

2. An increase in the growth rate of the 

short circuit current с, starting from 1.23 kA/s 

to 50 kA/s, leads to a decrease in the average 

duration of the short circuit by at least 10 

times. At the same time, the average frequency 

of short circuits increases more than 2 times. 

3. An increase in the energy indices of 

pulse-arc welding led to a sharp decrease in 

the average frequency of short circuits (2...3 

times) and their average duration (2 times). As 

a result, the process proceeds stably without 

disturbances in the burning of the welding arc 

in the entire range of changes in the inductance 

of the power source. 
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Стабилизация процесса механизированной 

импульсно-дуговой сварки 

 

Сергей Максимов, Анатолий Гаврилюк, 

Денис Кражановский 

 

Аннотация. Главным недостатком процес-

са механизированной дуговой сварки в защит-

ных газах с короткими замыканиями является 

разбрызгивание при плавлении электродного 

металла и его переносе в сварочную ванну, что 

сказываются на производительности процесса, 

снижая ее. Его устранение возможно путём 

реализации управляемого переноса расплав-

ленного электродного металла в сварочную 

ванну. Реализация такого переноса и контроль 

процессов, которые проходят при этом в дуго-
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вом промежутке, в значительной степени 

определяют условия качественного формиро-

вания наплавленного металла, стабильность 

процесса, величину потерь электродного ме-

талла и технологичность процессов дуговой 

сварки в защитных газах. На современном 

этапе развития сварочных технологий управ-

ляемый перенос электродного металла возмо-

жен за счет импульсного характера горения 

дуги. При этом одним из основных приёмов 

повышения эффективности процесса является 

ограничение максимальной величины тока 

короткого замыкания за счет увеличения ин-

дуктивного сопротивления в сварочной цепи. 

Цель проведенных исследований – опреде-

ление влияния величины скорости роста сва-

рочного тока при к.з. на стабильность горения 

сварочной дуги. Установлено, что увеличение 

скорости роста тока, начиная с 1,23 кА/с до 50 

кА/с, приводит к уменьшению средней про-

должительности короткого замыкания не ме-

нее чем в 10 раз. Одновременно с этим увели-

чивается средняя частота коротких замыканий 

более чем в 2 раза, с 36 ... 38 с-1 до 80 ... 86 с-1. 

Причина этого заключается в росте значений 

 электродинамической силы Лоренца, действие 

которой приводит к сжатию перемычки жид-

кого металла капли (пинч-эффект) вследствие 

увеличения величины тока короткого замыка-

ния. При этом наблюдается нарушение ста-

бильности импульсного процесса и это отра-

жается в увеличении средней частоты обрывов 

дуги более чем в 30 раз с 0,33 с-1 до 10 с-1. Уве-

личение энергетических показателей процесса 

сварки привело к уменьшению средней часто-

ты коротких замыканий (в 2 ... 3 раза) и сред-

ней продолжительности к.з. (в 2 раза). Причи-

ной этого следует считать изменение типа пе-

реноса жидкого металла – процесс сварки с 

короткими замыканиями превратился в сме-

шанный процесс, в котором наряду с коротки-

ми замыканиями наблюдается мелкокапель-

ный перенос жидкого металла. 
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