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The Modelling of Electric Arc with Stochastic Disturbances 
Part. 2. Simulating the Impact of Randomly Disturbed Models 
of Electric Arc on the Welding System and Power Supply 
Network 

Abstract: The article contains the justification for undertaking a study concerning 
the impact of random disturbances of AC arc on power supply systems of welding 
machines. In addition, the paper describes principles governing the development of 
arc macromodels using controlled voltage and current sources. Particular attention 
is paid to the magnitude of harmonic distortions of the THD+N signal (helpful in 
the quantitative assessment of the impact of randomly disturbed non-linear devices 
on supply networks). The article also presents macromodels of arcs corresponding 
to selected mathematical models, results of the simulated operation of these macro-
models in the form of dynamic current-voltage characteristics and corresponding 
sets of measurement values of harmonic distortions of voltage. The study discussed in 
the article involved the investigation of processes occurring in the power supply sys-
tem of the welding transformer loaded with randomly disturbed electric arc (found 
to be effective in the filtering of higher harmonics).
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Introduction
Electric arc in operational tests and physical exper-
iments is always accompanied by stochastic dis-
turbances, whose intensity and frequency range 
depend on the design and operating conditions 
of electrotechnical equipment. The obtainment of 
high precision in the modelling of physical pro-
cesses by mathematical models and macromod-
els in simulation programmes requires taking into 
account random disturbances [1, 2]. Radom dis-
turbances can be formed both in near-electrode 
areas and in the plasma column. Publication [3] 
presents three variants concerning the modelling 
of disturbances in the column depending on types 
of deterministic mathematical models. The gener-
ator of noise may disturb geometrical dimensions 
of the column, constant parameters of mathemat-
ical models or the loading of the circuit by elec-
tric arc. In the above-named publication, cases 
of low and high-current arcs are discussed sepa-
rately. The high effectiveness of simulation tests of 

stochastically disturbed arcs can be useful in the 
assessment of the operation of diagnostic and au-
tomatic control systems. 

In welding engineering, direct current is used 
more frequently than alternating one. Direct cur-
rent provides higher stability of burning arcs and 
reduces the spatter of liquid metals. As a result, the 
quality and strength of joints are higher. 

The use of alternating current is preferable during 
the welding of magnetic materials as it is possible 
to obtain higher arc stability. Alternating current 
is also used to weld aluminium as it enables the 
disintegration of undesired oxide layers. In addi-
tion, because of lower arc temperature and deep-
er metal penetration, alternating current enables 
the welding of thick plates. Alternating current 
used in the process does not need to be sinusoi-
dal; it can also have basic frequency different from 
50 Hz (mains frequency). However, the applica-
tion of simple and cheap power supply sources or 
high power sources involves the use of variants 
with single-phase welding transformers enabling 
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the obtainment of sinusoidal current arc [4]. Alter-
nating current arcs are also used in some types of 
plasmatrons and furnaces [5, 6]. Variants in which 
two or three arcs are generated involve the use of 
three-phase transformers.

The steeply declining current-voltage charac-
teristic of the current source is obtained by using 
a transformer provided with the core of increased 
scattering or featuring an additional choking coil. 
Such sources are reliable and cheap. In comparison 
with regular transformers, the disadvantage of the 
aforesaid devices is high current drawn from the 
power supply network in spite of the same value 
of load active power. The reduction of current re-
quires the application of special capacitors enabling 
the compensation of inductive component. Prob-
lems are posed by significant changes of the com-
ponent as its value is low in the no-load state and 
high during the welding process. Sometimes, the 
change of welding machine current settings is cou-
pled with the switching of capacitors on the mains 
side. Another solution involves the use of the trans-
former developed by A.P. Budyonny [7], with the 
core characterised by a complex and branched de-
sign (enabling the saturation of the core in the no-
load state).  

Remarks concerning the modelling 
and testing of circuits with randomly 
disturbed electric arc 
This part of the article discusses schematic dia-
grams of arc macromodels constituting modifica-
tions of figures presented in publication [8]. These 
diagrams make it possible to include random dis-
turbances in macromodels containing controlled 
voltage or current sources as the load. The state var-
iable of mathematical models was conductance or 
the geometric radius of the arc column.  

When building macromodels of electric arcs it is 
necessary to take into account principles govern-
ing connections of (controlled and not-controlled) 
ideal sources of electric energy:
a)  voltage sources of different values must not be 

connected in parallel, 
b)  current sources of different values must not be 

connected in series, 
c)  result of the parallel connection of the ideal 

voltage source and the ideal current source 
is the ideal voltage source, where the current 
source does not affect resultant voltage and, as 
such, is ignored, 

d) result of the serial connection of the ideal cur-
rent source and the ideal voltage source is the 
ideal current source, where the voltage source 
does not affect resultant current and, as such, 
is ignored.

The above-presented principles result from the 
properties of the sources. The ideal voltage source 
is characterised by internal impedance Z = 0 Ω, 
whereas the ideal current source is characterised 
by internal impedance Z = ∞ Ω. 

Actual voltage and current sources have, addi-
tionally included, appropriate internal impedance. 
In the aforesaid situation, such sources can be con-
nected nearly in any way. In order to create arc 
macromodels using various controlled ideal sourc-
es it is necessary to modify some of them so that 
they could become actual sources: 
a)  in order to create the parallel connection of 

various ideal voltage sources it is possible to 
transform them into actual voltage sources by 
connecting low-value resistance to each of them 
in series, 

b)  in order to create the serial connection of 
various ideal current sources it is possible to 
transform them into actual current sources by 
connecting high-value resistance to them in 
parallel,

c)  in the parallel connection of the ideal voltage 
source and the ideal current source it is pos-
sible to transform the voltage source into the 
actual voltage source by connecting low-value 
resistance to the former in series, 

d)  in the serial connection of the ideal voltage 
source and the ideal current source it is pos-
sible to transform the current source into the 
actual current source by connecting high- 
value resistance to the former in series.

The above-presented imperfection of power sup-
ply sources does not need to be high to affect the 
accuracy of the modelling of processes in circuits 
with electric arc. As a result, in certain cases it is 
possible to improve the stability of numerical cal-
culations. Using only resistance or only conduc-
tance simplifies simulations as it eliminates the 
need for the adjustment of initial conditions of 
the conservative element to the initial parameters 
of the source.  

The obtainment of the high accuracy of the mod-
elling of short (low-voltage) arcs requires taking 
into account the sum of near-electrode voltage 
drops. In such a case, the fraction of the sum in 
relation to the resultant arc voltage could be high. 
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During the modelling of long (high-current) arcs, 
the sum of near-electrode voltage drops is often ig-
nored as its fraction may be low in relation to the 
resultant arc voltage. Because of the shape of cur-
rent-voltage characteristics of the near-electrode 
area [3], the latter is often modelled using the ide-
al non-linear voltage source. Afterwards, the area 
is connected in series to the non-linear resistance 
of the arc plasma column.

In order to assess the effect of non-linear receiv-
ers on power supply networks it is often necessary 
to use the coefficient of the harmonic distortion of 
the signal [9, 10]. If the coefficient contains deter-
ministic harmonics, it can be expressed using the 
following formula: 
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The total harmonic distortions of the signal along 
with noise can be expressed using the following 
formula:
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where nn THDfNTHDf >+ , Vi – root-mean-
square values of harmonics, V1 – root-mean-square 
value of the primary harmonic and Vnoise – root-
mean-square value of the random component.

Often in measurements, another definition of 
the harmonic distortion of the signal containing 
deterministic components is used: 
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Total harmonic distortions of the signal along 
with noise can also be expressed using the follow-
ing formula:

 
%100

2

2

2

total

noise

n

i
i

n V

VV
NTHDr

+
=+
∑
=  (4)

where nn THDrNTHDr >+ , Vtotal – root-mean-
square value of all harmonics (except for the 
constant component). The correlation between 
coefficients THDf and THDr is the following: 
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Sometimes, values of the harmonic distortion of 
the signal are expressed in decibels.

The EN 50160 standard, concerning low (nN) 
and medium voltage (sN) having a nominal fre-
quency of 50 Hz, sets the limit of total voltage 
harmonics at a level of 8% as well as limits of in-
dividual voltage harmonics up to the 40-th har-
monic. The width of the time window related to 
the analysis of DFT is also specified and amounts 
to 200 ms; the frequency distribution amounts to 
5 Hz. Related standards also recommend the aver-
aging of determined Ah values within a very short 
(3 s), short (10 min) and long (2 hours) measure-
ment time. In cases of numerical simulations, such 
an approach requires the use of a fast computer and 
the assumption of a long calculation time. 

In measurements and numerical calculations, the 
reduction of obtained values of harmonic signal 
distortions is affected by the limit frequency of ap-
plied low-pass filters.  

In spite of the fact that, in the remainder of the 
article, the above-presented coefficients are used 
to assess the effect of electric arcs on their power-
ing systems, similar tests can be performed in net-
works powering power electronic transducers with 
arcs or other loads.  

Macromodels of electric arcs with 
randomly disturbed geometrical 
parameters of the column 
The Mayr-Voronin and Cassie-Voronin mathe-
matical models of electric arc enable taking into 
consideration the effect of geometrical parameters 
of the plasma column on the value of the resist-
ance load affecting the circuit [3, 11]. Random dis-
turbances ξ of these parameters may significantly 
affect voltage and current waveforms in time. Sche-
matic diagrams of such macromodels powered by 
the source of sinusoidal current are presented in 
Figure 1. The diagrams include the possibility of 
using mathematical models of the arc column in 
the differential or integral form, using conduct-
ance as the state variable. The foregoing resulted 
in the application of controlled voltage or current 
sources. The diagrams also include the possibility 
of introducing random disturbances of near-elec-
trode voltage drops using the macromodel of the 
controlled voltage source connected in series. 
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Macromodels of arc, in which the cross-sectional 
area of column S is constant and relatively low or 
changes along with current within a small range 
should best be developed on the basis of Mayr- 
Voronin mathematical models. Because of the fact 
that the notion of low-current arc is relative (de-
pending, among other things, on the nominal cur-
rent of a given device), the arc column radius can 
be determined using formula (51) or (52) present-
ed in article [3], with root-mean-square current.  

Figures 2 and 3 present dynamic characteristics 
resulting from simulations of low-current arcs with 
randomly disturbed column length ξl and powered 

by the source of sinusoidal current having an am-
plitude of 5 A and a frequency of 50 Hz. The de-
scriptions under the figures contain values of such 
parameters as UDC – average value, URMS – root-
mean-square value and values of coefficients of 
harmonic distortions of voltage THD.  

The macromodels of arcs, in which the value of 
the cross-sectional area of column S is relative-
ly high and changes within a wide range along 
with high current should best be developed on the 
basis of the Cassie-Voronin mathematical model. 
The arc column radius can be determined using 

Fig. 1. Schematic diagrams of electric circuits composed of the power supply source and macromodels connected in series 
and representing quasi-homogenous areas of electric arc described using the Mayr-Voronin or Cassie-Voronin model 
with deterministically preset parameters randomly disturbed by the column length and sums of disturbed near-electrode 
voltage drops expressed by means of formulas presented in article [3]: a) described using differential equation (30) or (43) 
and b) described using integral equation (39) or (48) (SC – current sensor, SV – voltage sensor, DMArc – block perform-
ing the differential equation, IMArc – block performing the integral equation, MUac – block performing equation (26) or 
(27), PL – block performing equation (54), PS – block performing equations (52) and (55) and zo – unit protecting against 

division by zero)
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Fig. 2. Dynamic characteristics of electric arcs described in article [3] using the Mayr-Voronin model with the randomly 
disturbed column length (σ0M = 800 S/m, l0 = 4⋅10-3 m, S0 = 12⋅10-6 m2, ξl = 0.005, UAK = 16 V): a) using equation (30) 
and the macromodel of arc presented in Figure 1a (ps = 1⋅106 W/m2 , q0M = 0.5⋅106 J/m3, UDC = 0.5639 V, URMS = 37.89 V,  
THDf+N = 81.77% and THDr+N = 63.29%) and b) using equation (39) and the macromodel of arc presented in Figure 1b 

(ps = 1.5⋅106 W/m2, q0M = 1⋅106 J/m3, UDC = -1.32V, URMS = 70.86 V, THDf+N = 74.5% and THDr+N = 59.73%)  

a) b)
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formula (51) or (52), described in article [3], with 
the variable momentary value of current.

Figures 4 and 5 present dynamic current-volt-
age characteristics resulting from simulations of 
high-current arcs with randomly disturbed col-
umn length ξl and powered by the source of sinu-
soidal current having a frequency of 50 Hz.

Macromodels of electric arcs with 
randomly disturbed parameters of 
mathematical models
In Mayr and Cassie mathematical models of the 
electric arc column it is assumed that parameters 
are constant. In fact, parameters of plasma, wave-
forms of electric parameters in time and dynamic 

characteristics of arc undergo random changes. Be-
cause of the foregoing, parameters of deterministic 
models should also change randomly. In order to 
take such changes into consideration it is necessary 
to introduce disturbances of at least one of param-
eters (Pa). Schematic diagrams of such macromod-
els powered by the source of sinusoidal current are 
presented in Figure 6. The diagrams include the 
possibility of using mathematical models in the 
differential or integral form, using conductance 
as the state variable. The foregoing resulted in the 
application of controlled voltage or current sourc-
es. The diagrams also include the possibility of in-
troducing random disturbances of near-electrode 
voltage drops using the macromodel of the con-
trolled voltage source connected in series. In article 

Fig. 3. Dynamic characteristics of electric arcs described using the Mayr-Voronin model with the randomly disturbed col-
umn length and expressed using equation (39) in article [3] (q0M = 0.5⋅106 J/m3, σ0M = 800 S/m, S0 = 12⋅10-6 m2, ξl = 0.005): 
a) using the macromodel of arc presented in Figure 1a (pV = 1⋅109 W/m3, l0 = 4⋅10-3 m, UDC = -0.5481 V, URMS = 37.15 V, 
THDf+N = 80.42% and THDr+N = 62.66%) and b) using the macromodel of arc presented in Figure 1b (pV = 1.5⋅109 W/m3, 

l0 = 3⋅10-3 m, UDC = -0.5585 V, URMS = 39.19 V, THDf+N = 95.81% and THDr+N = 69.17%)
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Fig. 4. Dynamic characteristics of electric arcs described in article [3] using the Cassie-Voronin model with the ran-
domly disturbed geometrical parameters of the column (σ0C = 800 S/m, qv = 2.5⋅104 J/m3, l0 = 6⋅10-3 m, I0 = 10 A,  
kr = 0.1,  = 0.6, Kr = 0.135, r0M = 6⋅10-2 m, ξl = 0.05, f = 50 Hz): a) using equation (43) and the macromodel of arc presented in  
Figure 1a (ps = 1⋅106 W/m2, q0C = 2⋅105 J/m3, UAK = 18 V, Im = 120 A, UDC = 0,961 V, URMS = 56.99V, THDf+N = 58.77% and  
THDr+N = 50.65%) and b) using equation (48) and the macromodel of arc presented in Figure 1b (ps = 1.2⋅106 W/m2,  

q0C = 3⋅105 J/m3, UAK = 16 V, Im = 140 A, UDC = 1.347 V, URMS = 73.34 V, THDf+N = 61.52% and THDr+N = 52.38%)

a) b)
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[3], formulas (58) and (60) were used to describe 
the Mayr and Cassie mathematical models of the 
column in the differential form. In turn, the inte-
gral forms of column models were the following: 
• Mayr model: 

  (6)

• Cassie model: 

  (7)

The diagrams also include the possibility of in-
troducing random disturbances of near-electrode 

voltage drops using the controlled voltage source 
connected in series.

Figure 7 presents the dynamic current-voltage 
characteristic of arc described using the Mayr 
model, whereas Figure 8 presents the dynamic cur-
rent-voltage characteristic of arc described using 
the Cassie model.  

Some publications [2, 5, and 12] describe math-
ematical models of arc, where the electric state 
variable (conductance or resistance) is replaced 
by the geometrical radius. The variable diameter 
of the column indicates the particular usability of 
such models in the representation (modelling) of 

Fig. 5. Dynamic characteristics of electric arcs described in article [3] using the Cassie-Voronin model with the random-
ly disturbed geometrical parameters of the column (pV = 50⋅106 W/m3, q0C = 16⋅106 J/m3, σ0C = 800 S/m, l0 = 6⋅10-3 m,  
kr = 0.1, n = 0.6, r0M = 6⋅10-2 m, ξl  = 0.005, UAK = 16 V, I0 = 10 A, f = 50 Hz): a) using equation (48) and the macromodel of 
arc presented in Figure 1a (qv = 1⋅104 J/m3, Kr = 0.135, Im = 140 A; UDC = 1.429 V, URMS = 74.54 V, THDf+N = 45.01% and  
THDr+N = 41.03%) and b) using equation (48) and the macromodel of arc presented in Figure 1b (qv = 2⋅104 J/m3,  

Kr = 0.138, Im = 160 A, UDC = 1.051 V, URMS = 58.06 V, THDf+N = 44.27% and THDr+N = 40.47%) 

a) b)

Fig. 6. Schematic diagrams of electric circuits composed of the power supply source and macromodels connected in series 
and representing quasi-homogenous areas of electric arc described using the Mayr-Voronin or Cassie-Voronin model and 
the model of the sum of disturbed near-electrode voltage drops described in article [3]: (SC – current sensor, SV – voltage 
sensor, DMArc – block performing the differential equations (58) or (60), IMArc – block performing equations (6) or (7) 
presented in this article, MUac – block performing equation (26) or (27), PU – block performing changes of the parameter 
described using correlation (63) or (64): a) using the controlled voltage source and b) using the controlled current source

a) b)
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electric properties of high-current arcs. In article 
[3], formula (66) was used to describe the model 
of the column in the differential form. In turn, the 
integral part of the column model is the following: 
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In order to take into consideration random 

changes of voltage waveforms it was necessary to 
introduce disturbances of one of the parameters. 
In the case under discussion this was parameter k3.

Schematic diagrams of macromodels of arc 
powered by the source of sinusoidal current are 
presented in Figure 9. The diagrams include the 
possibility of applying mathematical models in 
the differential or integral form. The models could 

be transformed to enable the use of conductance 
as the state variable. The foregoing resulted in the 
application of controlled voltage or current sourc-
es. The diagrams also include the possibility of in-
troducing random disturbances of near-electrode 
voltage drops using the controlled voltage source 
connected in series. The results of the simulation 
of processes in circuits with the above-named arc 
models are presented in Figure 10.

Macromodels of randomly disturbed 
loads including electric arcs 
The column of arc constitutes a non-linear resist-
ant element. Random disturbances generated in 
the arc column can be presented in the form of 
a branch of a circuit of serial structure or as the 
parallel connection of two elements. One of these 

Fig. 7. Dynamic characteristics of electric arcs described using the Mayr model with randomly disturbed power PM  
(PM = 100 W, ξp = 0.005, UAK = 16 V, f = 50 Hz): a) using the macromodel of arc presented in Figure 6a (θM = 5⋅10-4 s,  
Im = 10 A, UDC = 1.778 V, URMS = 35.66 V, THDf+N = 79.89% and THDr+N = 62.3%) and b) using the macromodel of arc 
presented in Figure 6b (θM = 2⋅10-3 s, Im = 5 A, UDC = 2.969 V, URMS = 47.18 V, THDf+N = 59.18% and THDr+N = 50.8%)
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Fig. 8. Dynamic characteristics of electric arcs described in article [3] using the Cassie model with randomly disturbed volt-
age UC (UAK = 16 V, f = 50 Hz): a) using equation (60) presented in article [3] and the macromodel of arc presented in Figure 
6a (UC = 50 V, θC = 1⋅10-4 s, ξp = 0.005, Im = 100 A, UDC = 3.663 V, URMS = 58.58 V, THDf+N = 46.55% and THDr+N = 42.06%) 
 and b) z using equation (7) and the macromodel of arc presented in Figure 6b (UC = 60 V, θC = 2⋅10-4 s, ξ = 0.004,  

Im = 140 A, UDC = 3.659 V, URMS = 69.09 V, THDf+N = 45.26% and THDr+N = 41.14%)
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elements is described using the deterministic mod-
el of arc, whereas the second elements is the source 
of random disturbances. The arc column model 
can be expressed using the form of the differential 
or integral equation. In the former case, the mod-
el corresponds to the voltage source, whereas in 
the latter case the model corresponds to the cur-
rent source (Fig. 11). These sources are connect-
ed in series to two voltage sources. One enables 
the introduction of column disturbances, where-
as the other one represents the sum of near-elec-
trode voltage drops.  

Figure 12 presents dynamic current-voltage char-
acteristics of arc, the column of which is described 
using the Mayr model. The results of simulation 
were obtained using the macromodels present-
ed in Figure 11. The macromodels were used also 
to simulate processes in the circuit with arc, the 
column of which was described using the Cassie 
model. The results of the simulation of the above-
named model are presented in Figure 13.  

Fig. 9. Schematic diagrams of electric circuits composed of the power supply source and macromodels connected in se-
ries and representing quasi-homogenous areas of electric arc composed of the model of the column with the radial state 
variable and the model of the sum of disturbed near-electrode voltage drops: a) described using differential equation (66) 
in article [3] and b) described using integral equation (8) in this publication (SC – current sensor, SV – voltage sensor, 
DMArc – block performing the differential equation, IMArc – block performing the integral equation, MUac – block 

performing equation (26) or (27) and PU – block performing equation (68) in article [3])

a) b)

Fig. 10. Dynamic characteristics of electric arcs described using the model with the radius as the state variable and with 
randomly disturbed parameter k3 (k2 = 2, k3 = 12.5, m = 1, n = 2, ξp = 0.005, UAK = 16 V, Im = 120 A, f = 50 Hz): a) us-
ing equation (66) presented in article [3] and the macromodel of arc presented in Figure 9a (k1 = 2000, r0 = 20⋅10-3 m,  
Im = 120 A, UDC = 3.863 V, URMS = 125.3 V, THDf+N = 58.75% and THDr+N = 50.61%) and b) using equation (8) and 
the macromodel of arc presented in Figure 9b (k1 = 1600, r0 = 10⋅10-3 m, Im = 160 A, UDC = 3.205 V, URMS = 106 V,  

THDf+N = 56.64% and THDr+N = 49.23%) 

a) b)
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Simulation of the welding system effect 
on the power supply network 
The values of THD voltage coefficients in the sys-
tem with electric arc were identified using simu-
lation. Because their wavelength in time was an 
irregular function, the aforesaid function was sub-
jected to averaging. As regards voltage between the 
electrodes, the values of THD were nearly ten-fold 
higher than those allowed in power supply net-
works [13]. The foregoing could affect the func-
tioning of control and measurement systems in 
the structure of power transformers [14] and weld-
ing transformers as well as to lead to an increase in 

losses in the transformer core. In order to inves-
tigate the effect of welding systems on the power 
supply network it was necessary to take into con-
sideration transformer attenuation. Figure 14 pre-
sents the schematic diagram of a measurement 
system. The graphic results concerning the sim-
ulation of the system are presented in Figures 15 
and 16, whereas numerical values are presented in 
Table 1. The values of THD voltage coefficients on 
the primary side of the transformer were signifi-
cantly lower than values permissible in low-volt-
age networks. 

Figure 16a reveals that the spectral function of 
power density [3] had a significant extremum in 

Fig. 11. Schematic diagrams of electric circuits composed of the power supply source and macromodels connected in 
series and representing quasi-homogenous areas of electric arc and the model of the sum of disturbed near-electrode 
voltage drops described using formulas presented in article [3] (SC – current sensor, SV – voltage sensor, DMArc – block 
performing equation (58) or (60), IMArc – block performing equation (6) or (7), MUac – block performing equation (26) 
or (27): a) using macromodels including three controlled voltage sources and b) using the column macromodel including 

the controlled current source and macromodels including two controlled voltage sources

b)a)

Fig. 12. Dynamic characteristics of electric arcs described using the Mayr model with randomly disturbed parameter  
(θC = 1⋅10-3 s, KMu = 2, ξp = 0.005, UAK = 16 V, Im = 10 A, f = 50 Hz): a) using formulas (58) and (80) and the macromodel of 
arc presented in Figure 11a (PM = 200 W, UDC = -1.075 V, URMS = 51.96 V, THDf+N = 58.91% and THDr+N = 50.74%) and 
b) using formulas (6) and (80) the macromodel of arc presented in Figure 11b (PM = 300 W, UDC = -1.32 V, URMS = 70.86 V, 

THDf+N = 60.56% and THDr+N = 51.76%)
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the abscissa having a supply voltage frequency 
of 50 Hz. There were also smaller extrema, cor-
responding to odd harmonics, whose values de-
creased along with increasing frequency. The 

Fig. 13. Dynamic characteristics of electric arcs described using the Cassie model with randomly disturbed parameter  
(UC = 60 V, θC = 1⋅10-4 s, ξp = 0.005, UAK = 16 V, f = 50 Hz): a) using formulas (60) and (80) and the macromodel of arc 
presented in Figure 11a (KCu = 2, Im = 100 A, UDC = -1.605 V, URMS = 74.6 V, THDf+N = 44.73% and THDr+N = 40.82%) 
and b) using formulas (7) and (82) and the macromodel of arc presented in Figure 11b (KCu = 1, Im = 160 A, UDC = -1.037 V, 

URMS = 65.04 V, THDf+N = 44.66% and THDr+N = 40.76%)
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Fig. 14. Schematic diagram of the power supply system of 
the electric arc-loaded welding transformer (Es1 = 400 V,  
f = 50 Hz, Rs1 = 1⋅10-3 Ω, Ls1 = 2⋅10-4 H, Rs2 = 1⋅10-3 Ω,  
Ls2 = 1⋅10-6 H, C1 = 5⋅10-6 F, parameters of the transformer 
having power S = 9⋅103 VA and expressed in relative units: 
R1 = 2⋅10-2, L1 = 2⋅10-1, R2 = 3⋅10-3, L2 = 6⋅10-3, Rm = 500,  

Lm = 500)

Fig. 15. Dynamic characteristic of electric arc described in 
article [3] using the Cassie model (60) with randomly dis-
turbed Cassie voltage (UC = 50 V, θC = 1⋅10-4 s, ξp = 0.001, 
UAK = 16 V) and using the power supply system presented 

in Figure 14

a)

b)

Fig. 16. Spectral function of voltage power density: a) at 
the out output of the transformer and b) at the input of the 

welding machine 

stochasticity of voltage waveform resulted in the 
continuity and irregularity of the shape of the spec-
trum. On the primary side of the transformer it 
was possible to observe the significantly higher 
value of the extremum of the primary harmon-
ic and significantly lower values of the remain-
ing harmonics. Very close values of THDf+N and 
THDr+N resulted from very small differences be-
tween them. In accordance with Table 1, the con-
nection of an additional capacitor did not affect 
already low values of the coefficient of harmonic 
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distortions of voltage THD+N in the power sup-
ply network. 

Conclusions
1. The above-presented simulation tests involved 

the use of several types of mathematical mod-
els of arc described using differential or integral 
equations of the first order. The introduction 
of stochastic disturbances was performed us-
ing three methods. The results obtained in the 
tests demonstrated the effectiveness of the mac-
romodels of electric arc developed within the 
investigation. 

2. The significant non-linearity of the dynamic 
characteristics of arc and additionally intro-
duced randomly disturbed parameters translat-
ed into high values of coefficients of harmonic 
distortions of voltage on the load affecting the 
supply source of arc. The foregoing led to in-
creased losses in the transformer core and, 
consequently, to the increased consumption of 
power from the power supply network. 

3. The welding transformed was characterised by 
inertia and, because of this, it had a filtering ef-
fect on generated harmonics and was responsi-
ble for low values of coefficients of harmonic 
distortions in the power supply network. 

4. This (i.e. the second) part of the article is only 
concerned with selected mathematical models 
of arc and corresponding macromodels with 
controlled sources connected in series. The 
simulation of systems of randomly disturbed 
near-electrode voltage drops was not included. 
The extended test results will be presented in 
the subsequent part of the article.
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