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Pospobaeno oonogasni ineepmopii 36apro6aiv-
Hi Oxcepena HcueaeHHs (NPAmMoxo006ull i Mocmo-
euil) 3 nidsuuwieHUM KoeQpiuieHmom nomyHcHoCcmi.
Biominni pucu osxcepen: eiocymuicmv dodamxo-
BUX CULOBUX THOYKMUBCHUX KOMNOHEHMIE, 3HUNCEHA
EMHICMb KOHOEHCAMOPA K014 NOCMITH020 CMPYMY,
cnpowena cxema 00OMeNceHns 3apsaoH020 Cmpymy.
Cmpym pospoonenux oxcepen na 30—45 % nuorcue,
HIJC Y <KAACUMHUX> THEepMOpHUX Odcepen 0e3
Kopexmopa Koe@iyicnHma nomyxcHocmi

Knrouoei cnosa: xoegiuyienm nomyscnocmi,
36apr06aLvHUll iHEEPMOP, 0XHCEPENO IHCUBLEHHS,
nionan oyeu, cmaéinizayis zopinms oyeu
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Paspabomanvt oonogasnvie uneepmopivie
ceapounvie UCMOYHUKU NUMAHUSL (MPAMOX000-
8blll U MOCMOB0U) C NOGLIULEHHBIM K0P Puyuen-
mom mowpocmu. Omauuumenvhvie 0COOEHHOCMU
UCMOYHUKO08: omcymcmeue JONOTHUMENbHbIX CU-
JI06bIX UHOYKMUBHBIX KOMNOHEHMOB, CHUNCEH-
HAsl eMKOCmb KOHOeHCamopa uenu nocmosiHHoz0
moKa, Ynpouw,eHHAsL CXeMa 0ZPAHUYEHUS 3aPAOHO-
20 moxa. Ilompebasemolii mox paspabomanmnvix
ucmounuxos Ha 30—-45 % nuowe, wem y <Kaaccu-
YeCKUX> UHBEPMOPHBIX UCMOUHUKOE 0e3 KoppeK-
mopa x03pPunyuenma mouHocmu

Kmouesvie cnosa: xoapuyuenm mownocmu,
c6apouHbL UHEEPMOP, UCMOUHUK NUMAHUSL, NOO-
Jcue Oyau, cmabunuzauus 20penus oyeau

0 0

1. Introduction

The main trend in development of welding sources is an
increase of the degree of interaction between the control ob-
ject (welding arc, molten electrode metal and weld pool) and
power supply. This makes it possible to improve the quality
of the welding joint formation.

The basic requirements for power supplies for manual arc
welding are related to the need for easy arc ignition and sta-
bility of its burning. Also, the task exists of elimination of the
possible “sticking” of the electrode to the workpiece when
trying to ignite the arc.

At the same time, the issues of the influence of the power
supply on the mains, the influence of the quality of electricity on
the quality of welding, including owing to the mutual influence
of the sources, are often not concerned at all. Therefore, in the
context of rising energy prices and introduction of standards for
electromagnetic compatibility (EMC) of technical equipment,
the actual task is to ensure EMC, improve energy efficiency
and technical and economic parameters of welding equipment.

2. Literature review and problem statement

When developing welding sources, the objectives are to
achieve high-power density, high efficiency, flexible output
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voltage-current characteristic (V-1 characteristic), ete., but
little attention is paid to the EMC of the supply with the
power mains. EMC means:

— harmonic distortion of the input current (THD — Total
Harmonic Distortion);

— power factor (PF), calculated in accordance with the
IEEE 1459-2010 standard;

— level of high-frequency noise, etc.

Due to the high harmonics ratio in the input current,
welding supplies are not entirely correct to be referred to
energy-saving equipment [1-5]. In [1, 2], an analysis of the cir-
cuitry of welding inverter supplies was carried out, including
from the standpoint of electromagnetic compatibility. In [3],
the results of testing several welding supplies with an analysis
of the quality of their input currents are shown. It is shown
that inverter supplies are characterized by large distortions
of the input current than supplies with low-frequency trans-
formers. In [4, 5], the ways of increasing the technological
efficiency of welding power supplies are outlined, but there
is practically no attention paid to electromagnetic compati-
bility issues. At the same time, according to the information
given in [6], electric welding equipment is about 65 % of
potential sources of electromagnetic interference.

Nowadays, research in the field of welding power supplies
is aimed at providing a high-power factor and EMC with the
mains. Thus, in [7] a power supply based on a modified ZETA




converter was proposed. Operation in the discontinuous cur-
rent mode allows increasing the power factor of the supply. [8]
describes the use of a converter with a SEPIC topology to
increase the power factor of a power supply. Other resear-
chers are also working on the development of the bridgeless
power supplies [9]. Work is underway to develop welding
sources with power factor correction based on the Canonical
Switching Cell [10]. In [11], circuit solutions of active recti-
fiers with a unity power factor for power supplies with double
energy conversion are presented. The main drawback of such
sources is a slightly reduced efficiency and high technical
complexity of the power conversion systems used.

In general, energy conversion at high frequency is used
to increase efficiency and improve the mass-dimension pa-
rameters of welding sources for arc welding [12]. This leads
to a reduction of the mass and size of the supply (up to 70 %,
according to [13]), reducing the energy losses in the source,
increasing the speed and increasing the range of adjustment
of output parameters.

However, despite obvious advantages in terms of mass-
size characteristics and efficiency, the developers paid in-
sufficient attention to the problems of increasing the PF of
inverter supplies. Thus, tests of single-phase inverter supply
SELMA ARC-160 at power consumption of 1.1 kW and
3 kW showed that the supply PF varies from 0.652 (1,1 kW)
to 0.702 (3kW), and displacement power factor — from
0.992 (1.1 kW) to 0.998 (3 kW).

In practice, low PF of inverter supplies is explained by the
high content of harmonics in the current consumption (THD is
more than 100 %). This leads to increased mains power los-
ses (these losses are inversely proportional to the square of
the true PF in the first approximation), distortion of the
main’s voltage waveform.

It is also possible that overvoltages may appear in the
mains due to resonances at high-order harmonic frequencies
when welding inverters operate, and the voltage amplitude
can reach 800 V [14].

The high harmonic distortion of the aforementioned in-
verter welding supply input current is explained by the struc-
ture of the power processing unit shown in Fig. 1, namely,
the circuit of the AC-to-DC converter. Often this converter
is a diode bridge with a high-capacity smoothing capaci-
tor (for the SELMA ARC-160 supply its capacitance is about
2000 uF) at the output. Such power conversion principle is
utilized in an overwhelming majority of widespread welding
inverters of the budget class.
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Fig. 1. A power processing diagram
of the SELMA ARC-160 welding inverter

As is known, electrolytic capacitors, especially those ope-
rating under severe conditions (high current and elevated
temperature), have a limited lifetime and require periodic
replacement due to loss of capacity and growth of internal
resistance. This circumstance somewhat reduces the reliabi-

lity of inverter welding supplies, in the power circuits of
which there are bulk capacitors with large stored energy.
To limit the amplitude of the inrush charging current of the
bulk capacitor when the supply is connected to the network,
additional components are used in the power circuit. Usually,
it is a power resistor and a relay with normally open contact,
connected in parallel to this resistor.

The majority of the produced inverter welding sources do
not have PF correction and do not meet the requirements of
EMC standards for technical means (DSTU IEC 61000-3-2:
2004, DSTU EN 61000-3-12: 2014).

Undoubtedly, professional welding inverters that include
an active power factor corrector (PFC) and satisfy modern
EMC standards are also available [15-17]. The power pro-
cessing diagram of such a welding power supply is shown

in Fig. 2.
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Fig. 2. The power processing diagram of the welding inverter
with a power factor corrector

However, because of the high cost, which exceeds several
times the price of a welding sources without a PFC, the dis-
tribution of such supplies is very much hampered. The high
cost is due to the more complicated power processing in the
supply with the PFC [18]. This makes it necessary to carry
out further research and find ways to create new energy-effi-
cient welding sources with improved technical and economic
characteristics.

3. The aim and objectives of the study

The aim of the work is the development of inverter power
supplies with increased PF having characteristics close to
professional welding inverters, but having a lower cost.

To achieve this goal, the following tasks were accom-
plished:

— development of circuit topologies for AC/DC conver-
ters with input current control and galvanic isolation of the
output by means of a high-frequency transformer;

— development of algorithms and control systems for
converters in order to ensure maximum PF and, at the same
time, forming a given output V-I characteristic of the supply;

— integration of service functions into control systems of
the developed power supplies (i. e. arc boosting, <anti-stick»,
open circuit voltage limitation, etc.).

4. Ways to create supplies with increased power factor

Increasing of the supply PF is possible by providing di-
rect control of the input current. Let us consider the applica-
tion of direct conversion type supplies, the power processing
scheme of which is shown in Fig. 3. In such supplies, direct



conversion of the mains voltage to high-frequency voltage is
used, followed by transformation and rectification. In such
supplies, due to the use of special algorithms for converter
control, it is possible to provide both input current control
and formation of a specified output V-I characteristic of the

supply.
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Fig. 3. The power processing diagram of a direct
conversion type welding inverter

In direct type converters, there are usually no energy
storage devices. In this case, for single-phase utility power,
the instantaneous load active power will vary with a doubled
mains frequency. However, for arc welding, this is not critical
because of the thermal inertia of the weld pool. Nevertheless,
it is necessary to prevent de-ionization of the arc gap during
mains voltage zero-crossing, for example, by switching to the
«sustain» mode of the arc with a small power.

Inverter welding sources (small and medium power)
with increased PF have been developed. These sources have
single-phase power input and ensure the maintenance of arc
burning during mains voltage zero-crossing. The sources are
built using the principle of direct conversion, have signifi-
cantly reduced capacitance of the smoothing capacitor, and
controlled input current.

4. 1. Welding source with a forward converter

The low-power welding source is made based on a for-
ward converter, in which the magnetization and demagne-
tization circuits of the transformer are separated and one
power switch is added. The circuit topology of the power part
of the supply is shown in Fig. 4.
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Fig. 4. Circuit topology of the power part of the developed
supply with a forward converter

The elements VT2, VD3, VT3, VD4, C3, T1, VD5, VD6,
L1 form a classical forward converter. The bulk capacitor C3

has a relatively small capacitance. This allowed its inrush
charging current to be limited by a single NTC1 thermistor.
The mains voltage is rectified by the input rectifier formed
by the BR1 diode bridge. The blocking capacitors C1, C2
attenuate the penetration of high-frequency interference into
the mains.

A distinctive feature of the developed supply are the
elements VD1, VT1, VD2 set into the circuit. The presence
of the VT1 switch allows supplying the primary winding of
the power transformer T1 with rectified, but not smoothed,
mains voltage. The diode VD2 thus prevents discharge of the
storage capacitor C3 into the T1 winding. The diode VD1
serves to protect the transistor VT1 from the reverse voltage
when VT2 is switched on. Such a topology of the power part
allows for limited control over the waveshape of the input
current drawn from the mains.

Demagnetization (reset) of the transformer takes place at
an increased voltage (on the capacitor C3), and the magneti-
zation (forward interval) takes place at a lower voltage (rec-
tified mains voltage). This makes it possible to operate the
converter with a duty cycle of more than 0.5. Thus, the dura-
tion of the forward interval can exceed half of the switching
period. This circumstance allows increasing the range of
welding source output voltage regulation.

The main power switches are VT1 and VT3, they are
controlled synchronously. The forward interval of the supply
begins when the switches are simultaneously turned on.

The duration of the forward interval is determined from
the condition of proportionality of the local average current
drawn from the mains to the magnitude of the rectified mains
voltage. In this case, the rectified mains voltage at the output
of the BR1 must be sufficient to maintain the load current.
This provides a significant increase of the supply’s PE Since
the power supply load (welding arc) is characterized by pa-
rameters instability, the control of the local average current
consumption is performed by calculating the charge passed
through the primary winding of the power transformer.
A signal proportional to this charge is formed by integration
of the secondary current of the current transformer installed
in the primary winding circuit of the power transformer of
the supply under consideration. Such a construction of the
control system makes it possible to almost completely ex-
clude the influence of the supply’s output current ripple on
the quality of the input current formation.

If the voltage at the output of the bridge BR1 is not suffi-
cient to maintain the load current, the VT2 switch is turned
on and the voltage from the storage capacitor C3 (via the
C3-VT2-T1-VT3-C3 path) is applied to the T1 primary
winding. Since this voltage is approximately equal to the
amplitude of the mains voltage, this is sufficient to ensure the
sustaining of the welding arc. Thus, for a small absolute value
of the mains voltage, the supply goes into the «sustain» mode
utilizing the energy stored in the C3 bulk capacitor.

The demagnetization interval of the supply begins with
the turning off of all power switches (VT1-VT3). The ener-
gy, stored in the magnetic field of the transformer T1, is
discharged into the storage capacitor C3. The current goes
along the path: T1-VD4-C3-VD3-T1. In the secondary
circuit, the diode VD5 turns off, the load current (L1 choke
current) freewheels into VD6.

By discharging the energy of the transformer’s T1 mag-
netic field into the capacitor C3, the voltage on the latter
can be regulated to a level not lower than the amplitude of
the mains voltage. This allows stabilizing the open-circuit



voltage of the power supply and making it independent of the
mains voltage, thereby facilitating the arc ignition.

4. 2. Experimental verification of a forward converter
based welding source

An experimental welding source with an output current
of up to 160 A has been created to experimentally confirm the
above provisions. The capacitors: C1 — 6.8 uF x 630V, C2 —
0.1 uF x 400V, C3 — 330 uF x 450 V. The BR1 diode bridge —
GBJ5010, the diodes VD1, VD3, VD4 — 30ETH06, VD2 —
FR307, VD5, VD6 — 150EBUO02. The transistors VT1, VT3 —
FGH40N60SFD, VT2 — IRG4PC50W, the thermistor NTC1 —
MF72-3D15. The transformer T1 is made using the
ETD59/31/22 core with a non-magnetic gap of 1.4 mm, has
a transformation ratio of 28/9, the inductance of the primary
winding is 320 uH. The output choke L1 has an inductance
of 30 uH at a current of 100 A. The supply of the control cir-
cuits is from a low-power TNY255P-based flyback converter
powered from the capacitor C3. IGBT gate control signals
are generated by a single-chip STM32F030F4P6 microcon-
troller (STMicroelectronics, Switzerland, China) that works
with specialized FOD3184 drivers (Fairchild Semiconduc-
tor, USA, China).

To maximize the use of the magnetic core of the power
transformer, the switching frequency of the power switches of
the experimental supply is not fixed and is calculated in real
time by the condition of stabilizing the amplitude of the flux
linkage of the primary winding of the transformer. Variable
frequency allows reducing dynamic power losses in power
switches. Due to the weakening of the influence of the power
transformer leakage inductance, it becomes possible to in-
crease the maximum power of the supply. Due to the distribu-
tion of the electromagnetic interference energy over a larger
frequency range, it is possible to reduce its spectral density.

The circuit also has a high-speed overcurrent protection
of power switches with a fixed current reference. Protection
provides current limitation at a small output voltage, in-
cluding situations when the power supply output is short-
circuited.

In the experimental power supply, the switching frequen-
cy of the power switches varies in the range of 15-63 kHz.

The static output V-I characteristic of the described
power supply is hyperbolic (with constant power) within
the operating range. This leads to the stabilization of the
thermal power of the arc, the forcing of the arc is naturally
realized (increase of the current with decreasing voltage,
the «Arc Force» function). The arc ignition voltage of the
experimental supply is 110—120 V and is independent of the
mains voltage.

4. 3. Power supply with a full-bridge converter

Let us consider the developed medium power welding
inverter based on a full-bridge converter. A distinctive fea-
ture of the power supply is the use of a Valley-Fill rectifier
scheme (Fig. 5). The output voltage of the rectifier varies
from 0.5 to 1 of the mains voltage amplitude with the ripple
frequency that is twice the mains frequency.

If the instantaneous absolute voltage of the mains exceeds
0.5 amplitude, then the load (bridge inverter VT1 — VT4)
receives power directly from the mains through the BR1
bridge. When the mains voltage absolute value exceeds the
sum of the voltages on the capacitors C1 and C2, the latter
charge through the diode VD2 and the NTC1 thermistor.
The capacitor C3 is bypassing for high-frequency currents.
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Fig. 5. Circuit topology of the power part of the developed
supply with a full-bridge converter

If the absolute value of the mains instantaneous voltage is
less than 0.5 amplitude, the load is supplied from the parallel-
connected capacitors C1 and C2 through the diodes VD1
and VD3. The current drawn from the mains in this case is
close to zero.

To approximate the waveshape of the input current (drawn
from the mains) to the waveform of the mains voltage, the
power supply converter control system is synthesized in such
a way that the current consumed by it is proportional to the
supply voltage.

Mathematical simulation shows that the maximum PF in
this case is more than 0.97, and the THD of the input current
is less than 25 %.

Assuming the mains voltage is sinusoidal u(¢)=U,, sin (o),
the current consumed from the mains will be described by the
equation

1, sin(or), if |u(t)>0.50,,
o, if fu(e)| <050,

where U, I, are the amplitudes of the mains voltage and the
load current, respectively, o is the angular mains frequency.
The theoretical maximum of the PF in this case is
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and the harmonic distortion of the input current is of the
order of

THD= |- ~1.100%=25%.
PFmi\X

Such a power supply topology makes it possible to sig-
nificantly reduce the energy kept in the bulk capacitors. This
leads to the size and cost reduction of the power supply. In
addition, this avoids the use of special circuits for limiting the
inrush charging current.

With the power supply topology described above, it be-
comes necessary to choose the transformer ratio of a power
transformer in such a way as to ensure stability of arc burning
during time intervals when the converter feeds from the bulk
capacitors C1 and C2. In practice, this means the need to



double the output voltage in comparison with conventional
welding inverter circuits, which leads to an increase in the
primary current of the power transformer and worsening of
the operating conditions of the power transistors.

In the developed welding source, the voltage increase at
the no-load condition and low-load currents is provided by
an additional rectifier built using the dio-

des VD6, VD7 with reactive current limi- p*

taining the specified average load power (signal P¥), i. e. the
static output V-I characteristic of the supply is hyperbolic
within the working range. The task of the control system is
the formation the inverter’s input current so that it is propor-
tional to the C3 voltage at the time when the diodes VD1,
VD3 are reverse-biased.

tation by the chokes L1, L2. In contrast to
the known schemes with ballast resistors,

this approach avoids additional losses of
active power and maintains high converter
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where u3 is the voltage at the additional
winding III, or III}, (these voltages are
equal); uy — voltage on the winding II,
or II}, (these voltages are equal); Ly — in-
ductance of the choke L1 or L2 (they are
equal).

When operating under load (with continuous output cur-
rent in L3), I;.x remains almost unchanged, that is, the presence
of an additional rectifier (VD6, VD7) does not lead to a signifi-
cant increase in the load on the inverter. The output current of
the inverter is determined mainly by the reflected load current
flowing through the diodes of the main rectifier VD4, VD5.

Since the chokes L1, L2 operate with a DC current com-
ponent, they are wound on the same core to eliminate DC
bias and are connected out-of-phase. The presence of mutual
inductance between them does not have a significant effect
on the operation of the circuit, since currents in L1 and 1.2
appear at different instants of time — they operate on diffe-
rent half-waves of the secondary voltage of the transformer.

Inverter welding source, made according to the topology
shown in Fig. 5, allows providing an increased output voltage
at no-load and low-load currents, which facilitates the pro-
cess of ignition of the arc.

4. 4. Experimental verification of a power supply with
a full-bridge converter

Using the described technical solutions, an experimental
welding power supply with single-phase input was constructed.
The full-bridge inverter is made using the transistors VT1 —
VT4 of type IRG4PC50UD, controlled by the IRS2113
drivers. The BR1 diode bridge is of type KBJ5010, the diodes
VD1 — VD3 are of type 10A10, the thermistor NTC1 — 3D15.
The diodes of the main rectifier VD4, VD5 — 150EBU04,
additional rectifier VD6, VD7 — 30CPU04 diode pack. The
capacitors of the input rectifier C1, C2 — 470 uF x 200V,
the blocking capacitor C3 — 3,3 uF x 400 V. The control
system is implemented using a single chip microcontroller
STM32F100C8T6B, operating at a clock frequency of 24 MHz.

The block diagram of the welding source control system
is shown in Fig. 6. The source operates in the mode of main-
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Fig. 6. The block diagram of a control system of the welding source

with a full-bridge converter

The signal VALLEY is active when switching to the sup-
ply from the bulk capacitors C1, C2 (when the diodes VD1,
VD3 are forward-biased). In this case, the output current is
maintained at a fixed level iy,jiey*. This is the «sustain» mode
of the welding arc.

The measurement of the output current (signal iyy) is
performed using a current transformer installed in the prima-
ry circuit of the power transformer. In this case, the sampling
instants of the controller’s ADC are synchronized with the
PWM carrier frequency. This makes it possible to signifi-
cantly reduce measurement errors caused by the ripple of the
primary winding current at the PWM switching frequency.

To maximize the use of a power transformer, the switching
frequency of the full-bridge power switches is made variable
and proportional to the voltage at the output of the diode
bridge. This allows (to some extent) stabilizing the ampli-
tude of the magnetic flux in the transformer, reducing power
losses in the inverter and increasing the stiffness of the out-
put characteristic of the transformer.

In the control system, the PWM period is represented by
the Tpww signal, which is proportional to the voltage across
the capacitor C3.

As it was said before, the static output V-I characteristic
of the described power supply in the working region is hyper-
bolic (with constant power). This leads to stabilization of the
thermal power of the arc and its melting ability; naturally,
the forcing of the arc is realized (increase of current with
decreasing voltage, «Arc Force» function). Software anti-
sticking function is also implemented (current reduction in
case of short-circuiting of the electrode to the workpiece,
«Anti-Stick» function).

Thus, the developed power supply topology solution
allows for providing an increased output voltage of the
inverter welding supply at no-load and low-load currents,



which facilitates the arc ignition process during welding.
However, the transformer ratio of the power transformer
for the main rectifier remains unchanged, and the primary
current increases insignificantly. This avoids increasing the
current load on the inverter, which makes it possible to in-
crease the specific power and increase the efficiency of the
supply. In addition, the implementation of the input rectifier
using the Valley-Fill scheme can significantly increase the
PF of the power supplies built using the proposed scheme.
A distinctive feature of the developed power supply is also
that the increase in PF is achieved without the introduction
of additional power semiconductor components, as well as
inductive power components.

5. Results of studies of welding sources with a forward
and full-bridge converter

As a result of testing an experimental supply with a for-
ward converter, its PF was calculated, which was more than
0.94 in a wide range of output power variation. Due to this,
the RMS current drawn from the mains is 30 to 45 % lower
than for conventional inverter supplies without PFC. Fig. 7
shows the oscillograms of the mains voltage and the input
current of the experimental power supply with the load
power of 1 kW. Fig. 8 shows the oscillograms in the output
current limiting mode. Even in this case, the power supply
PF remains not less than 0.9.
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Fig. 7. Oscillograms of the mains voltage (100 V /div) and
the input current of the experimental power supply (5 A /div),
normal mode. Timebase is 5 ms /div
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Fig. 8. Oscillograms of the mains voltage (100 V /div) and
the input current of the experimental power supply (5 A /div),
current limiting mode. Timebase is 5 ms /div

In the experimental welding power supply, the <anti-
stick» function is also realized, i. e., the output current de-
creases with a small output voltage (i. e., when the welding
electrode shorts to the workpiece). The measurement of

the output voltage is carried out indirectly, by software
evaluation of the duration of the magnetization interval, the
mains voltage and the voltage across the capacitor C3. This
approach eliminates the need to introduce additional compo-
nents into the power supply circuit.

Also, the software reduces the no-load voltage of the
supply during idle time, which increases the safety of welding
operations.

The tests of the full-bridge inverter supply, carried out
with the use of measuring equipment [17], have shown that
its PF changes from 0.94 (at a load power of 0.7 kW) to
0.97 (1.8 kW). In this case, the THD of the input current
varies from 32 % (0.7 kW) to 22 % (1.8 kW). Fig.9 shows
the oscillograms of the mains voltage and the input current
of the developed power supply at a load power of 1.8 kW.
For convenience, the signals in Fig. 9 are normalized to the
amplitude.
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Fig. 9. The input voltage and input current waveforms
of the welding source with a full-bridge converter

Reduction of PF in comparison with the theoretical is
due to the presence of bulk capacitors C1, C2 and blocking
capacitor C3 recharging pulses (Fig. 5). The second reason
for reducing the power supply PF is the accuracy and speed
of the current controller in the control system.

6. Discussion of the developed power supplies tests
results

The presented circuit topology solutions make it possible
to create welding sources that are comparable in parameters
with professional-grade inverters (equipped with a PFC),
but with a significantly lower cost and better mass-dimen-
sional characteristics. Such welding sources make it possible
to ensure the quality of welded joints no worse than the
widely used welding inverters for manual DC arc welding,
which was confirmed by laboratory tests.

At the same time, the use of sources with increased PF
can reduce losses in the electric mains and improve the elec-
tric power quality, thus improving the working conditions of
other equipment that feeds from these mains. This is due to
the decrease in the distortion of the waveshape of the current
drawn from the mains. Since the welding sources with high
PF have smaller current consumption (lower by 30—40 %) in
comparison with widespread welding inverters, this makes it
possible to ensure simultaneous operation of a greater num-
ber of power supplies with the same apparent power drawn
from distribution mains. In addition, the use of such power
welding sources makes it possible to ensure their stable ope-
ration in the construction site conditions with a considerable
length of the input power cable. The aforementioned allows
increasing the productivity of welding operations and en-
suring the high quality of welded joints.



A further area of research is the improvement of circuitry
and control algorithms for converters in order to implement
various welding processes (MIG and pulse welding, welding
in a CO4 environment, etc.).

7. Conclusions

1. The original circuit topologies of inverter welding
sources based on the forward and full-bridge converters
have been developed. The welding sources have the ability
to control the input current and have galvanically isolated
output due to the use of a high-frequency transformer. The
developed welding sources are characterized by a reduced
capacity of the DC-link bulk capacitor, and also have an in-
creased and stabilized no-load voltage. These features make

it possible to effectively use power supplies to solve the prob-
lems of electric arc welding.

2. Algorithms for controlling the developed inverter
welding sources providing direct control of their input cur-
rent are proposed, which makes it possible to increase the
PF of the supplies to at least 0.9 (compared to 0.5-0.7 for
conventional widespread welding inverters without PFC).
At the same time, the algorithms allow controlling the out-
put power of the welding sources effectively and providing
a given type of output V-I characteristic.

3. In the proposed converter control software, the fol-
lowing auxiliary functions are implemented: limitation
of the open-circuit voltage, the reduction of the output
short-circuit current, the output power stabilization (the
output current increases with a decrease in the output
voltage).
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