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Abstract. A high-power generator was designed for gas metal arc welding — spray transfer mode.
The switching frequency of the H-bridge inverter was fixed at 30 kHz. The inverter unit consisted of four
transistor modules (insulated gate bipolar transistor, IGBT) of the MG12200D-BA1MM N-channel type.
The high level of the gate-emitter control pulses was 15 V, and the low level of the gate-emitter control
pulses was 0 V. The generator had three basic operating points: the first point was at an output current of
150 A with a pulse width of 10 ps (duty cycle 30 %), the second point was at an output current of 200 A
with a pulse width of 13 ps (duty cycle 40 %), and the third operating point was at an output current of
250 A with a pulse width of 17 ps (duty cycle 50 %). The wires (0.035 inch ER70S7, 0.035 inch ER70S7,
0.035 inch ER70S7) were used as the electrodes for the output currents of 150, 200, 250 A respectively.
A coil (Ls) of 10 uH and a variable resistor (Rs) of 10 Q were connected in series to limit the output current
of the generator.
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FEHEPATOP BbICOKOW MOLLHOCTU ANA CBAPKU
METANINTMYECKUM JJIEKTPOOOM B TrA30BOU CPE[E —
PEXXUM NEPEHOCA CTPYMHbIM TOKOM

A.M. Xakku, ha0036117@gmail.com
@uHaHcoshbIl yHUsepcumem rpu lNpasumenscmee Poccutickolt ®edepayuu, Mockea, Poccus

Annomayusn. Pa3paboTaH reHepaTop BHICOKOH MOITHOCTH JUIS CBAPKU METAIUTMICCKAM SJICKTPOJIOM B
ra3oBoOi cpefie — peXXUM MepeHoca CTPyHHBIM TokoM. YacToTa komMyTtanuu nHBepTopa H-bridge Opina 3a-
¢ukcupoBana Ha ypoBHe 30 k['1. biok HHBepTOpa COCTOSIT M3 YETHIPEX TPAH3UCTOPHBIX MOAyJeH (OwIo-
JISIPHBIA TPAH3UCTOP C M30JIMpPOBaHHBIM 3aTBOpoM, IGBT) tnma MG12200D-BA1MM N-kaHaJIpHOTO THIIA.
Bricokuit ypoBeHb YHPaBISIOIINX UMITYJIECOB 3aTBOP-3MHUTTEP COCTAaBILI 15 B, a HU3KUI ypoBeHb yIpas-
JISIOMKX MMITYJIBCOB 3aTBOp-3MHUTTEp cocTaBisl 0 B. ['eneparop mmen Tpu OCHOBHBIE pabodne TOUKH:
nepBasi Touka ObuTa TpU BBIXOJHOM Toke 150 A ¢ mmpuHoi ummynbea 10 mkc (ckBaxkHOCTh 30 %), BTOpas
TOYKa ObLIa Mpu BEIXOHOM Toke 200 A ¢ mupuHO# uMmiynbea 13 Mic (ckBaxHOCTh 40 %), a TpeThs pabo-
yas To4YKa ObUTa MPH BBIXOJHOM TOKe 250 A ¢ mmpuHOi nMiynbca 17 mke (ckBaxkHOCTh 50 %). IIpoBona
(0,035 morima ER70S7, 0,035 mroiima ER70S7, 0,035 mroitma ER70S7) ucrmonb30Baiuch B Ka4eCTBE JJICK-
TPOJOB U BRIXOAHEIX TOKOB 150, 200, 250 A cootBerctBeHHO. Karymka (Ls) 10 Mk['H u mepeMeHHBIN
pesuctop (Rs) 10 Om Obun coeqMHEHBI TOCIEA0BATENBHO ATl OTPAaHUYEHUS BEIXOAHOTO TOKA FeHEpaTopa.

Knruesvte cnoea: nyroBas cBapka METaNTHYCCKUM 3JICKTPOJOM B Cpelie 3alllUTHOTO Ta3a, PexXHM
CTpyHHOro nepexoca, uHBepTop ¢ H-MmocToBoit cxemoil, IGBT-Tpan3uctopsl
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Introduction

The gas metal arc welding (GMAW) process
uses four basic modes to transfer metal from
the electrode to the work piece. Each mode
of transfer depends on the welding process,
the welding power supply, and the consumable,
and each has its own distinct characteristics and
applications. Several variables dictate the type of
transfer you use, including the amount and type
of welding current, the electrode chemistry, elec-
trode surface, electrode diameter, shielding gas,
and the contact tip-to-work distance.

Short-Circuit Transfer Welding

In short-circuit transfer, the electrode touches
the work and short circuits, causing the metal to
transfer as a result of the short. This happens at
a rate of 20 to more than 200 times per second.

The advantage of the short-circuit transfer is
its low energy. This method is normally used on
thin material 1/4 inch or less, and for root passes
on pipe with no backing. It can be used to weld
in all positions. The most common shielding gas
for the short-circuit transfer mode for carbon
steel electrodes is 75 % Ar/25 % CO,. Numerous
three-part shielding gas mixes are also available
for carbon steel and stainless steel for this mode
of transfer.

Globular Transfer Welding

Globular transfer means the weld metal
transfers across the arc in large droplets, usually
larger than the diameter of the electrode being
used. This mode of transfer generally is used on
carbon steel only and uses 100 percent CO, shiel-
ding gas. The method typically is used to weld in
the flat and horizontal positions because the drop-
let size is large and would be more difficult to con-
trol if used in the vertical and overhead positions
compared to the short-circuit arc transfer.

Pulse-Spray Transfer Welding

In the pulse-spray transfer mode, the power
supply cycles between a high spray transfer cur-
rent and a low background current. This allows
for super cooling of the weld pool during
the background cycle, making it slightly different
than a true spray transfer. Ideally, in each cycle
one droplet transfers from the electrode to
the weld pool. Because of the low background
current, this mode of transfer can be used to weld
out of position on thick sections with higher
energy than the short-circuit transfer, thus pro-
ducing a higher average current and improved

side-wall fusion. Additionally, it can be used to
lower heat input and reduce distortion when high
travel speeds are not needed or cannot be
achieved because of equipment or throughput
limitations.

Spray Transfer Welding

Spray transfer is named for the spray of tiny
molten droplets across the arc, similar to spray
coming out of a garden hose when the opening is
restricted. Spray transfer usually is smaller than
the diameter of the wire and uses relatively high
voltage and wire feed speeds or amperage.
Unlike short-circuit transfer, once the arc is es-
tablished, it is on at all times. This method pro-
duces very little spatter and is most often used on
thick metals in the flat and horizontal positions.

The major factor in choosing a carbon steel
electrode is sometimes the amount of silicate is-
lands that remain on the weld bead surface. This
is especially the case if it needs to minimize post
weld cleaning time or if the finished product will
be painted. For this reason, it is better to choose
an ER70S-3, ER70S-4, or ER70S-7 electrode [1, 2].

This paper has only focused on spray trans-
fer welding.

1. Experimental Procedure

The welding machine consists of a three-
phase voltage source (220 V, 50 Hz), a full
bridge rectifier unit, a low-pass filter (LPF),
a H-bridge inverter unit [3, 4], and finally a load
unit with a current limiter (Ls, Rs) as showen in
the block diagram (Fig. 1) and in the schematic
circuit (Fig. 2).

Fig. 1 shows the block diagram of the three-
phase welding machine.

Fig. 2 shows the schematic circuit of the three-
phase welding machine.

Fig. 3 shows Gate-Emitter voltage of the IGBT
transistro.

Fig. 4 shows the equivalent circuit of
the three-phase welding machine.

A H-bridge inverter unit consists of four tran-
sistor modules (Insulated Gate Bipolar Transistor,
IGBT) type MG12200D-BAIMM channel N.
Diodes D7, D8, D9, D10 in the inverter unit are
built-in diodes.

All modules (Q1, Q2, Q3, Q4) in the inverter
work as switches (on-off), Switching frequency is
30kHz, Maximum duty cycle of the Gate-
Emitter square signal is 50 %. Gate-Emitter vol-
tage of the module is 15 V. Shielding Gas 95 %
Ar/5 % 02.
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Fig. 1. Welding machine block diagram
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Fig. 4. Equivalent circuit

Table 1 shows the main technical parameters
of the module MG12200D-BA1MM [5].

The electric discharge regimes of plasma
are dark discharge, glow discharge, and arc
discharge (Fig. 4). Working regime of welding
machine is arc discharge (Thermal arc) as
shown in Fig. 5. In this regime (Thermal arc)

the current is directly proportional to the voltage.
The thermal arc temperature can range from
around 5500 °F (3000 °C) to above 36,000 °F
(20,000 °C) [6].
Fig. 6 shows the Spry GMAW drop transfer
mode. The CTWD (contact tip-to-work piece
distance) was 16 mm in all measurements.

BecTtHuk KOYplY. Cepus «<Metannyprus».
2024. T. 24, Ne 4. C. 55-60

57



CBapka, poACTBEHHbIe NpoLecchl U TEXHONOrUu
Welding and related processes

Table 1

Technical parameters of the module MG12200D-BA1MM

The presence of a built-in diode YES
Maximum Collector-Emitter voltage, V 1200
Maximum DC current of the collector at 25 °C, A 300
Maximum Gate-Emitter voltage, V 20
Maximum Gate-Emitter threshold voltage, V 7
Collector-Emitter saturation voltage, V 1.8
Maximum Collector power dissipation, W 1400
Rise time (tr), ns 60
Maximum junction temperature (Tj), °C +150
Collector capacity, pF 1040

dark discharge i glow discharge

arc discharge
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reakdown vol
corona , breakdo oltage
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glow to arc
~. transition

thermal arc
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Fig. 5. Electric discharge regimes

Electrode

workingpiece

Fig. 6. Spry GMAW drop transfer mode

2. Results

100

10000

ER70S7 is a general purpose GMAW wire
suitable for many carbon steel welding applica-
tions but with substantially greater manganese
provides slightly better wetting and weld appea-
rance with slightly higher tensile and yield
strengths as well.

Table 2 shows the technical parameters of
the Spry GMAW.

Fig. 7 shows three basic operating points:
the first point was 150 A at a 10 ps pulse width
using a 0.035-inch ER70S7 wire [7], the second
was 200 A at a 13 ps pulse width (0.045-inch
ER70S7 wire), and the third was 250 A at
a 17 ps pulse width (0.062-inch ER70S7 wire).
The range of the average load current (Io) was
150-250 A.
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Table 2
Technical parameters of the Spry GMAW
f, Duty cycle of Io, Shielding | Gas flow,| CTWD, Electrode Wire diameter,
kHz |the Gate-Emitter signal A gas 1/min mm inch
30 30 % 150 95 % Ar 15 16 ER70S 0.035
’ 5% 0, ‘
95% Ar
0
30 40 % 200 5% 0, 15 16 ER70S 0.045
95% Ar
)
30 50% 250 5% O, 15 16 ER70S 0.062
2 A
2
[}
[=)]
2
2
Varc3 - —— —————
V(] (o] :
Varct [ —_= I | s
100 150 200 250
Current, Amps
Fig. 7. Electric discharge, Thermal arc
Conclusion spray transfer had a very hot arc, flat and hori-

The paper has presented an experimental
investigation about the welding machine oper-
ating in the GMAW considering spray mode
because spray transfer achieves greater produc-
tivity over globular and short-circuiting trans-
fers that use lower currents and wire feed, in-
creasing the wire feed and voltage to achieve
spray transfer generates higher deposition rates.

zontal only, limited penetration, couldn’t weld
thin materials, minor defects like improper fu-
sion.

Droplet size was much smaller than the wire
diameter, a mix of 95% Ar 5% O, gas was used
as an inert gas. The welding machine had three
operating points in spray mode the first point was
150 A at a 10 us pulse width, the second was

Spray transfer had no spatter, good wash, good
deposition, good bead appearance. In other hand

200 A at a 13 ps pulse width, and the third point
was 250 A ata 17 ps pulse width.

References

1. Da Silva E.F., Macedo J.R. Jr, Scotti A., de Oliveira J.C. Power quality analysis of Gas Metal
Arc Welding process operating under different drop transfer modes. Renewable Energy and Power
Quality Journal. 2011;9(1):362-368. DOI: 10.24084/repqj09.338

2. Jerry Mathison. Understanding GMAW transfer modes. The WELDER. October 20, 2023. [Elec-
tronic resource]. Available at: https://www.thefabricator.com/thewelder/article/consumables/ under-
standing-gmaw-transfer-modes-1 (accessed 22.08.2024).

3. Liang Qi, Haiyan Zhang, Jianghong Chen. Design and Research of the H-bridge inverter system
Based on IGBT. Journal of Physics: Conference Series. 2022;2290(1):012055. DOI: 10.1088/1742-
6596/2290/1/012055

4. Shaqour A., Farzaneh H., Yoshida Y., Hinokuma T. Power control and simulation of a buil-
ding integrated stand-alone hybrid PV-wind-battery system in Kasuga City, Japan. Energy Reports.
2020;6:1528-1544. DOI: 10.1016/j.egyr.2020.06.003

5. ALLDATASHEET.COM [Electronic resource]. Available at: https://www.alldatasheet.com/
datasheet-pdf/pdf/891065/LITTELFUSE/MG12200D-BA1MM.html (accessed 22.08.2024).

BecTtHuk KOYplY. Cepus «<Metannyprus». 59
2024. T. 24, Ne 4. C. 55-60



CBapka, poACTBEHHbIe NPoLecChbl U TEXHONOrMu
Welding and related processes

6. AGJ [Electronic resource]. Available at: http://agj-smed.dk/en/agj-teams-uk/hard-surfacing-pta-
welding/thermal-spraying/ (accessed 22.08.2024).

7. Welding Material Sales [Electronic resource]. Available at: https://weldingmaterialsales.com/
catalog/er70s-7/ (accessed 22.08.2024).

Information about the author

Adnan M. Hakki, PhD, Ass. Prof., Financial University under the Government of the Russian
Federation, Moscow, Russia; ha0036117@gmail.com.

Hugpopmauusn 06 aesmope

Xakku Agnan Myxammanaiau, PhD, non., ®unancoBeiii yausepcureT npu IIpasurensctse Poc-
cuiickoii @enepanun, Mocksa, Poccus; ha0036117@gmail.com.

The article was submitted 04.09.2024
Cmampus nocmynuna ¢ peoaxyuio 04.09.2024

60 Bulletin of the South Ural State University. Ser. Metallurgy.
2024, vol. 24, no. 4, pp. 55-60



