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ABSTRACT 
 
The paper presents the results of experimental gas metal arc welding. Namely, this welding 
process is commonly used in the automation and robotization of fusion welding, where adaptive 
regulation is indispensable. 
In addition to variable welding voltage and current, a distinctive characteristic of arc welding 
processes are also the pressure of audible sound phenomena which reflect the variable 
conditions in the arc to the highest extent. It follows that it is reasonable to monitor these 
phenomena and that the results can be used for the implementation of adaptive welding process 
control.  
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1. Introduction 
 
A constant increase in the demand for automation and robotization of arc welding and the 
requirements with regard to the desired quality of welds have led to a logical demand for a 
reliable on-line monitoring and control of welding processes. The prevailing control systems 
among the well-established variants are based on continuous measurement of arc voltage and 
welding current intensity. These control systems may provide reliable information about the 
material transfer in the arc, but they are considerably less informative with respect to the integral 
course of the welding process. For a given type and thickness of base material, joined to form a 
product by using a weld joint of some sort, the quality of welding is not determined only by the 
material transfer mode. Instead, the quality depends on the size and shape of the welding pool, 
the level of splashing, and the shape and magnitude of remelting of base material. However, it is 
impossible to extract all this information only from the recorded signals of welding current and 
welding voltage. It follows that a comprehensive evaluation of the welding quality must also 
incorporate some other process parameters, absolutely including the audible sound pressure level 
[1,2]. 
Several papers have been published on the topic of using the sound in monitoring the welding 
process, all of them having something in common – the measurement of sound pressure during 
the welding and the frequency analysis after the welding [3,4]. The results of frequency analysis 
are commonly bound with time windows related to various physical phenomena [5, 6].  These 
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include the arc ignition and burning, which is especially easy detectable when welding with 
short-circuit filler material transfer. Furthermore, the accessible literature does not deal with the 
relations between the results of measurement of audible sound and the results of measurement of 
light intensity and welding current intensity [6, 7].  
A mathematical model relating the sound pressure to the welding current would provide a new 
dimension and added value in identifying various modes of material transfer, and could serve as 
a foundation for a system using the measured sound pressure for a controlled supply of electrical 
energy to the arc. In this way, it would be possible to implement reliable control of welding 
process stability for the GMAW processes, and consequentially to control the quality of such 
welds. 

 
 
2. Sound generation during metal transfer  
 
In gas metal arc welding process (GMAW) an electric arc is established between the consumable 
wire electrode and the melted zone on the welding part. Both are shielded by different gases 
(inert Ar, active CO2 or gas mixtures containing Ar, CO2 , etc).  
Generally, for all arc welding processes, there are many different modes of metal transfer which 
are, according to International Institute of Welding (IIW), classified into eight basic groups. In 
GMAW, there are only three characteristic modes of metal transfer, short circuit, globular and 
spray mode, figure 1. 
The differences in the way the filler material melts are reflected in the shape of the melt pool, 
and also in the generation of several different sound phenomena [8, 9, 10]. The prevailing mode 
of filler material melting depends on the current type and intensity, voltage and the shielding 
atmosphere. 
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Fig. 1: Characteristic modes of metal transfer in GMAW, w=const.,  
U1<U2<U3, I1<I2<I3, (a) short circuit, (b) globular mode, (c) spray mode 

 
The filler material transfer is reflected to a great extent in the temporal variability of welding 
voltage, welding current intensity, light intensity and sound pressure generation [11, 12]. The 
temporal variation of current intensity in short-circuit transfer of filler material is both very 
illustrative and well defined, figure 2.  
The short circuit metal transfer can be established at lower welding current and lower voltage 
which is a convenient mode to study the sound phenomena. At lower energy input the shape and 
the length of arc is unstable and lead to significant variations in sound pressure.  
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Fig. 2: Description of six different phases of material transfer 
during GMAW in the short-circuit mode 

 
The electrical circuit of the welding system (power supply, cable, consumable wire, arc and 
welding material) consists only of the basic elements: resistance R in ohm (Ω), inductance L in 
Henry (H) and capacitance C in Farad (F). A suitable equation describing the electrical scheme 
can be obtained by using the second Kirchhoff's law: 

aa

a

RCj

IR

dt

dI
LRIU ω+++=

1
 (1), 

where I is the electric current in Amperes (A), U is the equivalent open-circuit voltage supply in 
volts (V), Ra is resistance (Ω), Ca capacitance of the arc in farad (F), and ω is the angular 
frequency. The capacitance of the arc Ca in Eq. (1) assumes a very small value and may be 
neglected, and since the arc is responsible for noise generation, we expressed the arc voltage Ua 
explicitly as 

LRaa UUUILRIUIRU +−=−−== •
   (2). 

It follows from the interpretation that a fast enough capture of data on the changing electrical 
quantities during welding makes it possible to identify the type of filler material transfer. The 
presented research aims to identify the possibilities of making an analytical description of filler 
material transfer based on the variation of sound pressure. 
 
 
3. Welding process as a cybernetic system 
 
GMAW can be treated as an electro-thermo-mechanical system with multiple input and output 
quantities – signals. There are input signals that can be controlled and those that cannot be 
influenced, but can be measured. The latter may also be termed as the noise signals. A complete 
description of GMAW therefore requires a system of differential equations, some of them non-
linear, such as the equation describing the sound generation based on the welding current signal 
[13]. Systems of non-linear differential equations are sensitive with respect to the accuracy of 
their coefficients. If the coefficients are not determined to a certain precision, they do not 
describe the welding process well, and the results may even happen to diverge. The 
mathematical model is therefore complex and not absolutely stable, which means that it is not 
practical for on-line welding process control. 
In real operating conditions, it is therefore only reasonable to treat the GMAW process as a 
simple system with one input, one output, and one common noise factor, figure 3. To be able to 
select the most appropriate input and output quantities, it is reasonable to measure the welding 
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current, welding voltage and sound intensity at different welding conditions, and to analyze the 
results separately [14,15]. 

 
 

Fig. 3: The block diagram of the welding process with input and output variables 
 
 
4. Experiment and results 
 

Εxperiments were conducted using St36 mild steel (0.1% C, 0.48% Mn), which is often used in 
the metalworking industry and is suitable for welding. The geometry of the work piece was 
selected so that the welds were suitable for the preparation of specimens for the strength tests 
and metallographic examination of welds. The dimensions of work piece halves were: 10 x 60 x 
250 mm.  
The experiments were conducted using the experimental setup shown in Fig. 4. Standard 
industrial welding equipment was used. The Iskra E-450 power source has a horizontal static 
characteristic. The VAC 60 consumable wire electrode with φ = 0.8 mm was used and the 
shielding gas was pure CO2 [16].  
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Fig. 4: Experimental setup 

 

4.1 Measurement results 
The settings on the welding rectifier and the control unit were chosen so that one of the two 
boundary modes of filler material transfer was obtained: short-circuit or spray. Table 1 presents 
the rectifier and control unit settings for both materials transfer modes, as well as the mean 
measured values of welding voltage and current intensity. 
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Table 1: Welding parameter settings and the measured values 

Settings/measured values Short-circuit transfer Spray transfer 

Rectifier 1-4 1-6 

Control unit 5.5 13 

Wire feed rate [m/min] 6.3 13.8 

Welding voltage [V, rms] 23 38 

Welding current [A, rms] 98 178 

 

The data acquisition was performed with an A/D converter, with a sampling rate of 50 kHz per 
channel and with 8-bit data resolution. 2 sec of welding process was recorded for each setting 
and stored on the hard drive. The welding current was measured via a shunt resistor. The 
Bruel&Kjær type 4134 condenser microphone was fixed to the welding head to maintain a 
constant distance. Since the noise spectra appear in the frequency range above 4 kHz, the 
microphone could be attached at a shorter distance. All measurements were conducted using the 
same 0.35 m distance of the microphone from the arc. During the welding, the temporal 
variations of current intensity Iw = I(t), light intensity iw = i(t) and sound pressure ps = p(t) were 
recorded simultaneously. The recorded data for typical short-circuit filler material transfer in the 
time 10 ms is shown in Figure 5. 

Acoustic signal

Welding current signal

Sound impulse
by arc ignition

Sound impulse
 by arc extinction

Background
 noise

˝Turbolent  ̋noise
with frequency range 

above 5 kHz

0          10          20          30         40         50          60         70         80       90
                                                         Time /ms  

Fig. 5:  Waveform of welding current and sound pressure  

 
Figure 6 shows a comprehensive overview of measured temporal variation of welding current 
intensity, light intensity and sound pressure for both boundary filler material modes, recorded in 
0.2 and 2 s time intervals. 
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(a) Specimen preparation 
  

 
(b) Waveform of welding current and sound and photos of weld bead  

 
Fig. 6: Welded overlay with constant parameters on the weldpiece with geometrical defect  

 

4.2 Findings 
After reviewing and comparing the results of the conducted measurements, the main findings can 
be summed up as follows: 
The current signals are useful especially for discerning the stability of conditions in the arc. In 
short-circuit filler material transfer, the current signal also provides information about the 
number of short circuits and the mean size of molten droplets. These cannot be established with 
certainty in the case of spray transfer mode. 
The sound signal is considerably more sensitive to variable conditions in the arc, the material 
transfer mode and the disturbances in the welding process. For example: the sound signal 
indicates high-frequency arc oscillations which may lead to process instability, which cannot be 
identified from the light signals. The sound signals therefore appear to be considerably more 
noisy, and a thorough analysis can extract more useful information from them. It follows that the 
sound pressure technique is suitable for monitoring the welding process. 

Sound intensity p(t) 

Welding current I 
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5. Conclusions 

The quality of arc welding can be evaluated by detecting the pressure of audible sound, 
especially the fact that the welders monitor and adaptively control the welding process by using 
their sight, hearing and sensing the forces in their hands. The research revealed that the sound 
pressure measurement during the welding is directly connected with the arc changes and quality 
of weld. Modern systems of on-line monitoring and control are generally based on measuring the 
welding current and voltage. The information about the process obtained in this way may be 
adequate, but it is often too inaccurate to ensure a first-class repeatability and quality of welds. 

In our research it was found that the sound measurement data represents a valuable contribution 
for monitoring of the welding process. The online sound pressure monitoring and signal 
processing is proposed as a new approach of quality control of weldments. 

The sound signal is extremely sensitive to the disturbances in the stability of welding process. 
Objectives of the further investigation of sound pressure signals is to detect other instabilities of 
the arc behavior connected to the weld quality, as well as small deviations during material 
transfer. The applicability thereof for the online welding process control has not been made 
known and researched enough. For this reason, we will attempt to upgrade research in the future 
with further evaluation of weld quality. 
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