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Abstract    In an industrial facility, many electrical consumers can affect the quality of electricity. Therefore, the freedom from interference
sources of these devices and equipment can be crucial for quality and uninterrupted electricity supply. Electric welding equipment is also a
possible source of interference. The electrical harmonic injections created by welding equipment into the electrical network can affect the op-
eration  of  other  consumers  connected  to  the  given  distribution  points  and  cause  unjustified  overheating  and  shutdowns  of  some  network
components. The aim of the research is to analyse the current harmonic injection of welding equipment of different types and modes of oper-
ation  connected  to  the  internal  distribution  network  of  the  industrial  facility.  The  effectiveness  of  the  active  harmonic  filter  built  into  the
welding equipment was also examined in the paper. The results showed that the built-in active harmonic filter of the DC045 laser welding
equipment was ineffective because the total harmonic distortion (THD) was about three times the 8% allowed by IEEE 519−2022 standard.
The current harmonic injection of MIG 320 and MM403 type welding equipment was more than five times the permissible value of 5%. The
current harmonic distortion of the PLAS140 type plasma-jet cutter equipment was below the 5% value allowed in the standard, thus it com-
plied with it. Based on the measurement results, it can be concluded that the use of protection against harmonics is also necessary for weld-
ing equipment. Finally, proposals were made in the paper to reduce the effect of harmonics.

Key words    electrical transients, harmonic distortion, electrical network disturbances, voltage breaks, total harmonic distortion (THD)

 

 

0    Introduction

Welding  joins  metal,  plastic,  and  glass  subassemblies
made  as  separate  structural  elements  with  an  insoluble
bond.  In  the  case  of  iron,  blacksmith  welding  has  been
known for thousands of years since the Iron Age. However,
the  real  development  of  welding  began  at  the  end  of  the
1 800 s,  during the Industrial  Revolution.  Welding is  a co-
hesive bond. One of the types of welding processes is elec-
tric arc welding. In the paper solid wire electrodes and neut-
ral shielding  gas  arc  welding  equipment  using  this   techno-
logy were analysed. Furthermore, CO2 laser welding equip-
ment using a solid-state laser and applying laser beam deep
welding technology was  analysed[1],  and plasma jet  cutting
equipment  using  thermal  cutting  process  technology  was

also  examined[2]. During  their  operation,  these  devices   af-
fect the quality of electricity since they can inject electrical
harmonics into  the  electrical  network,  affecting  the   opera-
tion of other consumers connected to the given distribution
points.  Therefore,  analysing electrical  networks is  essential
for the smooth operation of plants and uninterrupted electri-
city supply. The degree of distortions and the magnitude of
harmonic  injections  are  closely  related  to  the  welding
physiological process and the non-linear physical character-
istics of the arc plasma. Because in case of arc plasma, the
flow of electrons from the cathode to the anode is not linear,
in many  cases  it  oscillates,  therefore  the  current   consump-
tion  required  for  welding  will  not  be  linear  either.  Due  to
the  operation  of  the  switching  power  supply  units  used  in
pulse  welding  equipment,  the  non-linear current   consump-
tion from the network further increases the harmonic injec-
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tion.  The  tested  DC045  type  laser  welding  equipment  is
used  in  pulse  mode,  which  increases  harmonic  pollution
compared  to  continuous  operation.  The  harmonics  by
DC045 type laser welding equipment inject into the electric-
al network can affect the operation of other consumers con-
nected  to  the  given  common  electrical  distribution  points
and they can cause unjustified overheating and shutdowns at
some components of the network. The magnitude of the har-
monic  distortions  depends  on  the  used  welding  technology
and the distortion of the electrical network is closely related
to welding processes. The various welding process paramet-
ers,  such  as  pulse  parameters,  greatly  influence  the  quality
of the electricity,  since the change over time of the current
drawn by  the  welding  machine  and  its  linearity  depend  on
them. The primary parameters of pulsed gas metal arc weld-
ing  (GMAW)  are  peak  current,  background  current,  peak
current duration,  background  current  duration,  pulse   fre-
quency, and duty cycle. It can be seen from the parameters
that  the  current  consumption  during  welding  will  certainly
not be linear. 

1    Formation of a distorted current sine wave

Electrical  harmonics  in  the  electrical  network  can  have
many  negative  consequences.  Current  and  voltage  sine
wave  distortions  caused  by  non-linear loads  and  their   pos-
sible  consequences  will  not  be  discussed  separately[3  −  10],
but  it  will  be  shown that  how such a  distorted current  sine
wave  occurs  through  an  example.  Fig.  1  shows the  wave-
form  of  the  phase  current  i1  of  the  tested  laser  welding
equipment, the  50  Hz  waveform  of  the  fundamental   har-
monic and the harmonic components  of  the current  i1.  The
waveform  of  current  i1  should  have  a  regular  sinusoidal
shape for linear current consumption. Since the given equip-
ment  contains  non-linear  electronic  components,  i.e.,  its
current  consumption from the network is  not  constant  over
time,  the  change  of  the  current  taken  within  a  period  will
not be an ideal sine wave. This can be seen in Fig. 1a.

This  i1 current waveform can be produced from the su-
perposition of the fundamental sine (50 Hz) component and
the  sinusoidal  harmonics.  Current  i1  consists of  a   funda-
mental component with a frequency of 50 Hz and harmon-
ics of different orders and amplitudes relative to the funda-
mental  harmonic.  Here,  they  were  only  represented  up  to
the 9th (450 Hz) odd order, but this can be done up to hun-
dreds of orders, so the supraharmonic (2 − 150 kHz) range
can  also  be  analysed[11].  The  frequency  range  size  depends
on what the kind of data are required. These harmonics are
sinusoidal voltages  or  currents  whose  frequency  is  a  mul-
tiple of the mains frequency of 50 Hz.

In the following, the quantities that can be used to eval-
uate  the  measurement  results  will  be  presented.  The  two
most  common distortion  indicators  are  individual  and  total
harmonic distortion, which are described by Eqs. (1) − (2).
The first  shows the  ratio  of  the  components  present  on the
given harmonic number h compared to the fundamental har-
monic. In contrast, the second compares the resulting over-
harmonic content of the signal to the fundamental harmonic.
The two indicators can be determined analogously for both
voltage and current.

DH =
Uh

U1
(1)

T HDU =

√√ ∞∑
h=2

Uh

U1
(2)

where Uh is the harmonic voltage of order h, U1 is the fun-
damental  harmonic  voltage, Dh  is  the  individual  harmonic
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Fig. 1   Laser welding equipment distorted i1 current wave-
form with fundamental and harmonic components based on
own measurements  (a)  Current  waveform (b)  Current  ba-
sic harmonic (c) Current harmonic
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distortion, while THDU is the total harmonic distortion. That
is the term total harmonic distortion (THD) describes the ef-
fective  sum  of  the  voltages  of  all  harmonic  frequencies
present relative to the fundamental harmonic.

The total current demand distortion (TDD) contained in
the  recommendation  of  the  IEEE  519−2022  standard[12]

gives the  recommended  maximum  value  of  the  total   har-
monic distortion (THD), which is the point of standard elec-
trical network connection (point of common coupling, PCC)
depends on the ratio of the short-circuit current (ISC) and the
load current (IL)  of the given device,  these limit  values are
shown in Table 1.

 
 

Table 1  Recommended possible current distortion limits for systems rated 120 V through 69 kV by IEEE 519−2022 standard

ISC/IL

Individual harmonic order (h) (odd harmonics)1,2

Maximum harmonic current distortion in percent of IL Total current demand distortion (%)
2 ≤ h < 11 11 ≤ h < 17 17 ≤ h < 23 23 ≤ h < 35 35 ≤ h < 50

< 20 3 4.0 2.0 1.5 0.6 0.3 5.0
20−50 7.0 3.5 2.5 1.0 0.5 8.0

50−100 10.0 4.5 4.0 1.5 0.7 12.0

100−1 000 12.0 5.5 5.0 2.0 1.0 15.0

> 1 000 15.0 7.0 6.0 2.5 1.4 20.0

1. Even harmonics are limited to 25% of the odd harmonic limits above.
2. Current distortions that result in a DC offset, e.g., half-wave converters are not allowed.
3. All power generation equipment is limited to these values of current distortion, regardless of actual ISC/IL.

 
 

2    The purpose of network analysis

The  analysis  aims  to  investigate  the  distortions  of  the
current and  voltage  sine  waves  of  electric  welding   equip-
ment, which are considered non-linear consumers due to the
use  of  non-linear electronic  components  under  real   meas-
urement conditions at the electrical connection points of the
given equipment. The analyses were carried out on 06/2024
in  an  unnamed  industrial  facility.  The  equipment  and
devices measured were in use and in an unloaded state. The
purpose of the measurements is to examine the current har-
monic  injection  of  the  welding  equipment  in  the  standard
electrical grid connection point (PCC). In this way, it is pos-
sible  to  determine  to  what  extent  the  analysed  welding
equipment can be considered distorters of the electrical net-
work sine wave signals and how much of a role they play in
the  possible  deterioration  of  the  quality  of  electricity.  The
measurements were  performed  with  the  PQA824  type  net-
work analyser of the HT manufacturer. The instrument was
set  according  to  the  user  guide  prepared  by  Rapas  Kft.,
while  the  recorded  values  were  documented  with  the  HT
Italia  Topview  2.2.2.3  software[13]. The  measurement   res-
ults were evaluated using our own processing, Fast Fourier
Transform (FFT), and data transformation. 

2.1     DC045 type laser welding equipment
Technical  parameters  of  the  DC045  type  CO2  laser

welding  equipment:  output  power  4 500 W,  mains  voltage
3 × 400 VAC ±10%, 50/60 Hz. Maximum current consump-
tion 95 A. used in pulse mode. The mains analysis was car-

ried out in the excited state of the equipment, under normal
production  conditions,  when  weld  penetration  was  used.
Fig. 2 shows the voltage-current waveform diagram for the
laser  welding  equipment.  The  currents  per  phase  were  not
precisely the same. Still, since the total harmonic distortion
of the currents of each phase was almost the same, the most
considerable  i2  current  was  only  analysed  in  the  paper.  It
can be seen that the neutral current is virtually zero and that
all voltage and current waveforms are distorted. The meas-
urement also  showed  how  the  harmonics  distort  the   sinus-
oidal  waveform of  the  current  in  case  of  the  laser  welding
machine, which contains a significant amount of non-linear
elements, semiconductors,  coils  and  capacitors.  These   net-
work analysis  results  also  correspond  to  the  literature   de-
scriptions of harmonic distortions.

Fig.  3  shows the  harmonic  current  magnitude  compon-
ents  of  the  distorted  current  waveform,  i.e.  the  frequency
spectrum of  the  measurement.  The  amplitudes  of  the   har-
monics  relative  to  the  fundamental  can  be  read  from  the
scale.  The  absorbed  currents  per  phase  were  i1  6  A,  i2
12.7 A, and  i3 9 A. This cannot be said to be symmetrical.
However,  in  Fig.  2,  one  can  also  see  that  the  current  sine
waveform is very distorted; in the case of the examined cur-
rent i2, the value of THD was 27.89%. The IEEE 519−2022
standard  gives  the  recommended  maximum  value  of  the
total harmonic distortion as the value of TDD. It was men-
tioned  earlier,  that  TDD depends  on  the  ratio  of  the  short-
circuit  current  of  PCC  and  the  load  current  of  the  given
device. This ratio is now 630 A/27.89 A = 22.58; therefore,
the permissible total current demand distortion according to
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Table 1,  could be only 8%,  so the defined THD 27.89%  is
more  than  three  times  the  recommended  maximum  value,
exceeding the limit  value by 19.89%.  However,  it  can also
be  determined  from  the  measurement  that  according  to
Table 1, instead of the recommended 7% up to the 11th har-
monic, in the case of the 3rd, 5th, 7th, 9th and 11th harmon-
ics,  the  current  distortion  values  are  39.12%,  26.19%,  24,
96%,  8.70%  and  10.91%, which  in  some  cases  are   mul-
tiples of  the  recommended  limit  value.  From the  11th  har-
monic  to  the  17th  harmonic,  instead  of  the  recommended
3.5%, the amplitudes are 16.43% for the 13th harmonic and
7.24%  for the  15th  harmonic.  In  the  case  of  harmonic   or-
ders  higher  than  these,  the  magnitude  of  the  currents  was
already negligible, so they are not included in this analysis.
The high degree of distortion of the current signals predicts
that  there  may  be  emissions  at  higher  frequencies,  so  we

also examined the spectrum of the current above 2 kHz, the
so-called supraharmonic range (2 − 150 kHz), which can be
seen in Fig. 4. From the 40th order (2 kHz) to the 127th or-
der (6.35  kHz),  it  approaches,  and  in  many cases  even  ex-
ceeds,  the  amplitude  of  the  permissible  3.5%  fundamental
harmonic.  Therefore,  in  this  case,  it  is  important  to  protect
devices sensitive to the presence of supraharmonics, such as
IT  and  communication  devices  and  cables.  Based  on  the
measurement results  it  can  be  assumed that  the  active  har-
monic filter is ineffective.
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Fig. 4   Laser  welding  equipment  supraharmonics  current
magnitude components of the distorted current waveform
  

2.2     MIG 320  type  traditional  transformer  weld-
ing equipment

The voltage and current waveforms of another MIG 320
neutral  gas  arc  welding  equipment  can  be  seen  in  Fig.  5.
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Technical  parameters  of  the  equipment:  mains  voltage  3  ×
400 VAC ±10%, 50/60 Hz. The welding current for manual
metal  arc  (MMA)  welding  is  70 − 300  A,  while  for  metal
inert  gas  (MIG)  welding,  50  −  300  A.  Maximum  current
consumption for MMA is 19 A, while for MIG, it  is 18 A.
According to  the  technical  specification,  an  IGBT   switch-
ing power transistor is used in the inverter to achieve a high
switching frequency,  which  predicts  that  the  harmonic   in-
jection resulting from the non-linear load will also be decis-
ive here. In this case, the currents of each phase will be dif-
ferent thus THD of the currents also. The absorbed currents
per phase varied between 5.8 A, 7.8 A and 6.2 A, so it can-
not be symmetrical. Still, for reasons of scope, only the cur-
rent i2 was analysed because it was the most significant load
current iL, so the total current according to Table 1, the pos-
sible  value  of  THD  according  to  the  standard  can  be  the
smallest here (this will be the most decisive during the eval-
uation).  The  network  analysis  was  performed  with  the
equipment  under  load,  under  normal  conditions  of  use.  In
the case of the mentioned largest i2, the value of THD of the
current  is  27.58%.  The  recommended  maximum  value  of
the total harmonic distortion of the recommendation accord-
ing to the IEEE 519 − 2022 Standard for Harmonic Control
in Electric Power Systems standard is determined by the ra-
tio of ISC to IL, which in this case was 125 A/7.8 A = 16.02.
According  to  Table  1,  the  permissible  distortion  could  be
only  5%,  the  exceeding  of  the  limit  value  is  thus  22.58%.
The current of the neutral conductor is 0.9 A, which is neg-
ligible in this case, so iN will not be analysed further.

Fig.  6  shows  the  spectrum  of  the  phase  currents  of
Fig. 5. In the figure, the numbers on the horizontal axis rep-
resent the n-th integer multiples of the harmonic orders, the
fundamental  frequency  (50  Hz),  while  on  the  vertical  axis
one can  see  the  amplitude  related  to  the  fundamental   har-

monic.  It  can  be  seen  in  the  current  spectrum  that  for  the
3rd, 5th,  7th and 9th harmonics,  the magnitude of harmon-
ics is 34.25%, 9.36%, 7.08%, 5.2%, which in each case ex-
ceeds  the  maximum  possible  value  of  4%  up  to  the  11th
harmonic recommended in the standard. From the 11th har-
monic onwards,  the magnitude of  the harmonic orders  was
negligible, so  it  was  not  analysed.  In  summary,  the   mag-
nitude  of  the  harmonic  distortions  sometimes  exceeds  the
level  allowed  in  the  standard,  so  it  is  necessary  to  filter
them.
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Fig. 6   MIG 320 type welding equipment harmonic current
magnitude components of the distorted current waveform
  

2.3     MM403 type  traditional  transformer  weld-
ing equipment

The  voltage  and  current  waveforms  of  another  type,
MM403 is  a  MIG neutral  shielding gas arc welding equip-
ment,  can  be  seen  in  Fig.  7.  Technical  parameters  of  the
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equipment:  mains  voltage  3  ×  400  VAC ±10%,  50/60  Hz.
Nominal mains  power  17  kVA.  The  nominal  welding   cur-
rent is 40 − 400 A. Due to the switched-mode power supply
(SMPS) of the welding equipment, which acts as a non-lin-
ear consumer, the sine wave of the current is distorted. The
magnitude of the harmonics of the harmonic injection is not
constant,  it  also  depends  on  the  welding  technology  used.
Therefore,  the  harmonic  injection  to  the  network  also
changes  accordingly.  The  modulation  of  the  welding
voltage can have a significant effect on the distortion of the
waveform  of  the  currents.  During  the  welding  process,
changes in  voltage  affect  current,  which  can  result  in   cur-
rent waveform distortion.  This distortion can cause various
problems, such as poor welding quality or electrical  equip-
ment failure. It can be seen in Fig. 7 that there are no mul-
tiple  zero  crossings,  but  current  also  flows  on  the  neutral
conductor  due  to  the  asymmetric  load,  whose  maximum
value  reaches  3.7  A,  which  is  significant  compared  to  the
maximum phase current of 12.97 A, so care must be taken
to ensure  the correct  cross-section of  the neutral  conductor
at the connection point. In this case, only one phase current,
i1,  was also analysed. The TDD value was also determined
here.  The value of THD of the current was 35.16%  for the
current i1. According to the total current demand (TDD), the
harmonic distortion is  125 A/7.1 A = 17.6.  Still,  according
to Table 1, the permissible distortion could be only 5%, ex-
ceeding the limit value by more than five times, 30.16%.

Fig.  8  shows  the  frequency  spectrum  of  the  current  of
Fig.  7.  The  3rd,  5th,  and  7th  harmonics  (150  Hz,  250  Hz,
350 Hz)  are  very high,  which may be due to  the  operating
frequency of  the  frequency  converter  of  the  welding   ma-
chine.  According  to  Table  1, up  to  the  11th  harmonic   re-
commended in the standard, the maximum possible harmon-
ic  value  per  order  could  be  4%.  In  this  case,  the  current

amplitude values are only for the 3rd, 5th and 7th harmon-
ics: 26.65%,  17.83% and 8.2%,  thus reaching six times the
recommended maximum value. From the 11th harmonic or-
der  up,  the  magnitude  of  the  order  is  negligible  for  this
device  as  well,  so  we  did  not  analyse  this  here  either.  In
summary,  the  magnitude  of  harmonic  distortions  at  some
frequencies is several times higher than the standard, so it is
necessary to  find a  solution to  filter  out  harmonics  for  this
welding equipment as well. 

2.4     PLAS 140 type plasma-jet cutter equipment
Fig. 9 shows the voltage-current waveform diagram of a

PLAS 140 compressed air  plasma jet  cutting device.  Tech-
nical  parameters  of  the  equipment:  mains  voltage  3  ×  400
VAC  ±10%,  50/60  Hz.  Nominal  mains  power  49  kVA.
Maximum current  consumption 71 A.  The nominal  cutting
current  is  6 − 140 A.  Material  thickness  that  can be  cut  in
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the case of steel is 45 mm. For reasons of scope, only cur-
rent i1 was analyzed. The current of the neutral conductor is
considered  to  be  zero,  so  it  was  not  analysed.  As  one  can
see in the graph, the voltage and current waveforms under-
went slight waveform distortion, so after the analysis, it can
be  expected  to  say  that  the  equipment  complies  with  the
standard  recommendation and has  little  or  no effect  on the
current and voltage waveforms of the electrical network.

Fig.  10  shows the  frequency  spectrum  of  the  measure-
ment  which  represents  the  harmonic  current  magnitude
components of  the  distorted  current  waveform.  The   amp-
litudes of the harmonics relative to the fundamental can be
read  from the  scale.  The  current  varied  between  65  A  and
78  A  per  phase,  so  it  can  be  said  to  be  symmetrical.
However,  in  Fig.  9,  one  can  also  see  that  the  current  sine
waveform  is  hardly  distorted.  Therefore,  the  value  of  the

total  harmonic  distortion  of  the  current  is  3.49%  for  the  i2
current,  which  can  be  said  to  be  very  good.  The  IEEE
519−2022 standard gives the recommended maximum value
of the  total  harmonic  distortion  with  the  harmonic   distor-
tion value according to the total current demand. The ratio is
now 125 A/65.3 A = 1.91, therefore the permissible distor-
tion  can  only  be  5%  according  to  Table  1,  so  the  THD
3.49%  is  less  than  the  recommended  maximum  value  of
5%, and no limit value exceeded. If the compliance with the
recommendations according  to  the  individual  harmonic  or-
ders is examined, one can see that according to Table 1, the
magnitude of the amplitude related to the fundamental har-
monic  is  below the recommended 4% up to  the  11th over-
harmonic for each harmonic order. This is a very high-qual-
ity device from the point of view of harmonic injection. 

3    Conclusions

The research aimed to  investigate  the  current  harmonic
injection of welding equipment of different types and modes
of operation connected to the internal  electrical  network of
the industrial  facility.  During  the  measurements,  total   har-
monic  current  distortion  was  measured  and  compared  with
the maximum possible  total  current  demand  harmonic   dis-
tortion  value  given  by  the  IEEE  519-2022  standard.  This
possible  distortion  value,  expressed  as  a  percentage,  was
created  by  the  standard-setter considering  the  practical   ex-
perience  of  how  certain  electrical  networks  can  affect  the
sine wave shape of current and voltage in proportion to the
load  currents  of  individual  consumers,  and  to  what  extent
they can distort  it.  It  has been clearly proven that  if  equip-
ment with a lower load current was connected to an electric-
al  connection  point  compared  to  its  maximum current,  the
less they could influence the quality of the electrical current
of  the  connection  point  and  thus  the  voltage  on  it,  from  a
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harmonic  injection  point  of  view.  It  was  shown  that  the
PLAS140-type  plasma  jet-cutting equipment  met  the   re-
quirements of  the  standard  in  all  respects  and  even   ex-
ceeded them. This equipment will most likely not cause any
problems with  operating  other  equipment  containing   elec-
tronics connected to the same network. The harmonic injec-
tion of the MM403 neutral shielding gas arc welding equip-
ment  gave  the  worst  result.  The  amount  of  total  harmonic
distortion  was  35.16%  instead  of  the  possible  5%.  This
value was 27.89%  for  the  DC045 type laser  beam welding
equipment, while it was 27.58% for the MIG 320 type neut-
ral shielding  gas  arc  welding  equipment,  which  were  mul-
tiples of the recommended permissible value. For this reas-
on,  possible  operational  problems  are  expected  with  other
equipment  connected  to  the  same  electrical  connection
point.

In order to avoid electrical network anomalies due to the
harmonic injection of welding equipment and the failure of
other  equipment  connected  to  the  same  distribution  point,
the following was recommended.

(1) In industrial facilities, welding equipment should be
connected  to  high-current  power  outlets  as  far  as  possible,
avoiding  smaller  power  distributors  (16  −  32  A)  (630  −
800 A)  to  electric  busbars,  so  the  ratio  of  the  PCC current
and the load current of the welding equipment will be large,
so the harmonics will have a much smaller effect on the dis-
tribution network and at  the same time on the operation of
other equipment connected to it.

(2) Since it has been proven that in some cases the har-
monic filters installed by the manufacturer are not effective,
it is therefore advisable to validate them before putting them
into operation  (information  about  the  filters  should  be   re-
quested from the distributor).

(3) If the welding equipment to be purchased or the ex-
isting welding equipment does not have suitable filters, it is
necessary to  install  them.  Active  harmonic  filters  are   pre-
ferred, as they always filter the harmonics to the necessary
and  sufficient  extent  with  compensation.  One  such  power
quality  improvement  technique  is  APLC  (active  network
conditioning), which  is  a  type  of  active  filter  that   com-
pensates  for  the  distortions  of  the  sinusoidal  waveform  of
the power system.

(4)  A  possible  solution  can  be  also  a  central  harmonic
filter  device  connected  to  the  direct  feed  point  of  the  low-
voltage (400 V) central electricity distribution system of the
site. But  based  on  practical  experience,  this  is  not   recom-
mended, as their efficiency is not adequate for small loads.
The results of the related validation procedures will be pub-
lished in a later paper.

(5) Due to their structure, the active filtering devices can

implement several  functions  simultaneously,  thus   perform-
ing  a  complex,  “power  shaping”  task  instead  of  harmonic
filtering. The potential excess power of the filter equipment
can be used for reactive power compensation as well as load
balancing.

References 

 Morteza  T,  Hedayat  M  S,  Rajaee  A.  Laser  welding.
Engineering  Principles  -  Welding  and  Residual  Stresses,
2022-01-03.  doi:  10.5772/intechopen.102456.https://www.
intechopen.com/chapters/80478.

[1]

 Lincoln  Electric.  How  a  plasma  cutter  works.  2024.
https://www.lincolnelectric.com/en/welding-and-cutting-
resource-center/plasma-cutting-resource-center/process-and-
theory/how-a-plasma-cutter-works.

[2]

 Chapman  D.  Application  note —Harmonics:  causes  and
effects.  2nd  ed.  European  Copper  Institute,  Brussels,  Belg-
ium, 2011: 1 − 21.

[3]

 Aktif.  Problems  caused  by  harmonics  in  electrical  plants.
2021-02-02.  https://aktif.net/en/problems-caused-by-harm-
onics-in-electrical-plants/#.

[4]

 Caicedo  E  J,  Romero  A  A,  Zini  C  H.  Assessment  of  the
harmonic  distortion  in  residential  distribution  networks.
Ingenieria E Investigacion, 2017, 37(3):72 − 84.

[5]

 Wang H, Zhou W, Qian K, Meng S. Modelling of ampacity
and  temperature  of  MV  cables  in  presence  of  harmonic
currents  due  to  EVs  charging  in  electrical  distribution
networks.  International  Journal  of  Electrical  Power  &
Energy Systems, 2019, 112:127 − 136.

[6]

 Sallam A A,  Malik  P  O.  Harmonics  in  electric  distribution
systems. Electric distribution systems. 2nd ed. El-Hawary M
E. Wiley-IEEE Press: Piscataway, USA, 2019: 379 − 402.

[7]

 Puklus  Z.  Power  electronics.  2007.  http://www.sze.hu/~
szeliz/Teljesitmenyelektronika/Jegyzetek/Teljesitmenyelektr
onika_Puklus.pdf (in Hungarian)

[8]

 Tarnik I. Electrical network disturbances. 2008. https://www.
muszeroldal.hu/measurenotes/tarmikcikk.pdf (in Hungarian)

[9]

 Lantos T. Distorting harmonics in the network. 2016-08-02.
https://www.villanylap.hu/hirek/4248-torzito-harmonikusok-
a-halozaton (in Hungarian)

[10]

 Slangen T, Cuk V, Cobben S. Summation of supraharmonic
currents  (2–150  kHz)  from  EV  fast  charging  stations.
Electric Power Systems Research, 2023, 220:109371.

[11]

 IEEE  Standard  for  Harmonic  Control  in  Electric  Power
Systems:  IEEE  519−2022.  IEEE:  Piscataway,  New  Jersey,
USA, 2022. https://standards.ieee.org/ieee/519/10677/.

[12]

 Ht  Italia:  Management  software  topview.  2024-08-02.
https://www.ht-instruments.com/en/accessories/topview/
(accessed on 2 August 2024).

[13]

Impact of welding equipment on power quality 51   

https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://www.lincolnelectric.com/en/welding-and-cutting-resource-center/plasma-cutting-resource-center/process-and-theory/how-a-plasma-cutter-works
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
https://aktif.net/en/problems-caused-by-harmonics-in-electrical-plants/#
http://www.sze.hu/~szeliz/Teljesitmenyelektronika/Jegyzetek/Teljesitmenyelektronika_Puklus.pdf
http://www.sze.hu/~szeliz/Teljesitmenyelektronika/Jegyzetek/Teljesitmenyelektronika_Puklus.pdf
http://www.sze.hu/~szeliz/Teljesitmenyelektronika/Jegyzetek/Teljesitmenyelektronika_Puklus.pdf
https://www.muszeroldal.hu/measurenotes/tarmikcikk.pdf
https://www.muszeroldal.hu/measurenotes/tarmikcikk.pdf
https://doi.org/10.1016/j.epsr.2023.109371
https://standards.ieee.org/ieee/519/10677/
https://www.ht-instruments.com/en/accessories/topview/
https://www.ht-instruments.com/en/accessories/topview/
https://www.ht-instruments.com/en/accessories/topview/

	0 Introduction
	1 Formation of a distorted current sine wave
	2 The purpose of network analysis
	2.1 DC045 type laser welding equipment
	2.2 MIG 320 type traditional transformer welding equipment
	2.3 MM403 type traditional transformer welding equipment
	2.4 PLAS 140 type plasma-jet cutter equipment

	3 Conclusions
	References

