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Abstract.  Simulation techniques are useful tools for 
study and research of new welding technologies, and for 
the rapid development of new control algorithms and 
control units such as power source circuits, and welding 
current or voltage controllers. The objective in this re-
search is to combine the simulation of Gas Metal Arc 
Welding (GMAW) process models with the simulation 
models of inverter based power machines. The GMAW 
process is considered as an electrical circuit and the 
mathematical model is based on physical descriptions of 
several parts of GMAW process, as are the electric circuit 
of power supply, the arc dynamics, and the electrode 
melting process. To establish the validity of the proposed 
GMAW model, a simple welding application was simulat-
ed and welding parameters were derived from experi-
mental conditions. Next, the simulation model of full-
bridge DC-DC converter is presented and the discrete PI 
controller for welding current feedback control is pro-
posed. Both models, the GMAW model and the inverter 
power supply model, are combined and simulated to-
gether. Finaly, the simulation study of firing the 
thyristors, which enables steady and pulsed direct 
current welding with a single fully controlled bridge 
converter is shown.  

Introduction
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1 GMAW Process Dynamic 
Model 

u R 
L

i Rl

uarc

ρ A
l u R L ρ

A i l uarc

Rl

l=ls+ld ls

ve vm

vc

H
ld l  ls

h 

vm

Uarc

Figure 1: Schematic diagram of GMAW process and 
electrical circuit of the self-regulating arc 
process. (1) Power source; (2) wire feed unit; (3) 
shielding gas; (4) welding gun; (5) workpiece; (6) 
welding arc and material transfer process. 
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2 Welding Power Sources 

2.1 Inverter based power sources 

Figure 2: Power supply architecture of modern-inverter 
based welding machine. 

Figure 3: Power supply architecture of modern-inverter 
based welding machine. 

2.2 Thyristor based power sources 
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Figure 4: Power supply architecture of modern-inverter 
based welding machine. 

3 Simulation Examples and 
Results 

3.1 Simulation of GMAW Proces 

H
ve
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Parameter Descr. of the parameter  Value 

R Power source resistance 0.07  Ω 
L Power source inductance 0.02 mH 

ρ Specific electrical resistance 
of the electrode 0.1 Ω/m  

A Cross-sectional area of the 
electrode wire 1.02 ·10-6 m2 

E Electric field strength 675 V/m 
ua+c Arc voltage constant 11.55 V  
Rarc Arc resistance 0.03 Ω 
ve Feeding speed of electrode 0.5 m/min 
k1 Empirical constant 0.626 m/(As) 
k2 Empirical constant 7.55 ·10-5 (A2s)-1 

H Contact tip to workpiece 
distance (CTWD) 0.16 m 

Table 1: GMAW process simulation parameters. 
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Figure 5: Simulated results of contact to workpiece volt-
age waveform (third plot) and welding current 
waveform (fourth plot). Simulation response of 
the GMAW model when the CTWD was changed 
from 16 mm to 12 mm (first plot) and the elec-
trode feeding speed ve was changed from 0.5 
m/min to 0.7 m/min (second plot). 
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3.2 Simulation of Dynamic Behaviour of a 

Full-Bridge DC-DC converter 

Parameter Descr. of the parameter  Value 

fs Switching frequency 40 kHz  
C Capacitance 1 μF 

Pn Transformer nominal power 5 kW 
n1 : n2 : n2 Transformer turns ratio 3.5 : 1 : 1  

S1 - S4 Ideal switch, IGBT  
Ron Switch internal resistance 140 mΩ 
Rs Snubber resistance 1MΩ 
Csd Snubber capacitance 4.7 nF 
Ts Control sample time 0.1 ms 
TI PI controller Integral constant 2 ms 
KP PI controller proportional gain 0.2 %/A 

Table 2: DC-DC converter and other circuit parameters. 

Figure 6: Simulation results of the welding process with 
current control feedback and PWM full-bridge 
DC-DC converter-based welding power source. 
The upper plot shows the change of the CTWD 
from 16 mm to 18 mm. The forth plot presents 
the welding current transient response, and on 
the fifth plot the time response of the primary 
current is shown. 
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Figure 7: Simulation results of generated PWM signals, 
which depend on the duty cycle controlled with 
simple PI controller. The second and third plots 
show the PWM signals for driving the full-bridge 
DC-DC converter switches. The fourth and fifth 
plots show the corresponding changes of prima-
ry current and secondary - welding current. 

3.3 Simulation of Dynamic Behaviour of a 
Thyristor Based Weldin Power Source 
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Figure 8: The simulation scheme of a three-phase welding source with thyristor full bridge circuits in Matlab/Simulink. The 
scope window shows the time graphs of signals within a time window of 100 ms. 

Figure 9: Voltage and current waveforms and variation of 
the firing angle by pulse frequency fp = 100 Hz 
and pulse width tp = 6.6 ms. 
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Figure 10: Voltage and current waveforms and variation 
of the firing angle by pulse frequency fp = 50 Hz 
and pulse width tp = 3.3 ms. 



  Golob     Modeling and Simulation of GMA Welding Process and Welding Power Sources 

 

   SNE 26(4) – 12/2016 243 

T N 

Figure 11: Fourier spectrum of the AC current during 
pulsed current welding with pulse frequency fp 
= 50 Hz and pulse width tP = 3.3 ms by changing 
the firing angle from 0 deg to 60 deg. 

4 Conclusion 
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