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WELDING QUALITY MEASUREMENT BASED ON ACOUSTIC SENSING

CAYO, E.H. eber@unb.br
Universidade de Brasilia — Fundac@o Darcy Ribeiro, UnB Asa Norte, FT, GRACO

ABSI ALFARO, S.C. sadek@unb.br
Universidade de Brasilia — Fundag@o Darcy Ribeiro, UnB Asa Norte, FT

Abstract: The quality control in the welding processes is subject of many researches, mainly the ones that relate the
weld quality and the choice of the best welding parameters. The GMAW weld process, among others technical
characteristics, a bigger deposition, facilitates the control improving significantly the production and the weld quality
with relation to the traditional processes. In the present work a welding cell was used with open loop control. This
allows the selection of electric input and output parameters (current, voltage, wire speed, welds speed, bead geometry
and others). The present work has the objective to determine quantitatively the acoustic behavior in the audible bands
(20 Hz the 20 kHz) which is characteristic in each transfer mode. Then it will obtain an aero - acoustic model that
relates acoustic behavior to the weld quality.
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1. INTRODUCTION

The welding process, since its origin, was the manufacture process most used. The gas metal arc welding process
(GMAW) Due to its high productivity is the predominant process in industry. The final process result evaluation, the
weld, determines if it presents or not acceptable quality levels to fulfill market requirements. In the GMAW process,
many physical and metallurgic variables are involved, such as voltage, current, magnetic fields, luminosity,
temperature, sound pressure, shielding gas composition, among others, which can be used as weld quality indicators.
The phenomenon that makes possible the success of a welding process is the Metallic Transference. The GMAW
process presents three transference modes: Short circuit, Drop and Spray. The choice of adequate weld parameters
(voltage and current) provides each transfer mode and the sound is a good indicator of that choice. It is known that the
welders use a visual — auditive combination for the monitor and control to obtain a weld of good quality, Kralj apud
Tam. The knowledge of the sound pressure origin and its correlation with electric parameters to get a good quality in
the weld are an interesting alternative to the automation and optimization of the welding process.The investigation
objectives are to find a relation between the electric and acoustic behaviour for each transfer mode and to evaluate if it
is a good indicator for the weld quality. It is based on the measurement of the sound wave produced by the arc, which is
shown to depend on the rate of change of the electrical power fed to the arc column Druet ef al and Mansor et al. In
essence, it is the combination of arc stability and regulation of the rate and mode of ‘metal transfer’ that dictates the
quality of the final weld.

1.1. Sound Pressure Origin

The sound is a longitudinal mechanical wave, produced by the difference of pressure in a medium that can be solid,
liquid or gaseous. In this work the transport medium is the air. The pressure variation produces in the air a change in the
volume. The sound is known as the disturbance that becomes on a body and generates a mechanical wave that is
transmitted through an elastic material. The sound waves are perceptive to human being between 20 Hz and 20 kHz.
The sound propagation can be expressed by the linearized wave equation in function of the sound pressure; one can
assume that the waves are longitudinal (ie. x axis), and equation 1 can be expressed as:
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The sound pressure of the electric arc is proportional to the arc electrical potency variation -Drouet et al, 1982-,
(equation 2, 3):
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Where:

p Acoustical Pressure

t Time

X Direction x

S, (@) Sound signal time

V(t) Arc Voltage

1(1) Arc Current

k Proportionality factor

a Geometric factor

4 Adiabatic air expansion coefficient
c Sound speed in the air

The metallic transference model in GMAW process, based on the method of volume of fluid — VOF, (Fan and
Kovacevic, 1998 and Wang, et al 2003), describes behavior of temperature, drop speed, current density, magnetic field
and the pressure on air. They divided the welding process in three parts: drop formation, undetached droplet and
detached droplet (figure 1)
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Figure - 1 Schematic of the metal transfer process in GMAW

Drouet et al, 1979 proceeded to refine this relationship when they made experiments using graphite electrodes. They
discovered that the acoustic signal is specifically attributed to the instantaneous change in electrical power of the arc
column and not of the whole arc. In other words, there are no acoustic emissions due to the cathode and anode fall
regions. But in their experiment the electrodes were fixed. The GMAW process presents different forms of metal
transfer to the melted pool. In the globular and short circuit transfer’s modes, besides the presence of the arc sound, the
impact sound of the drop in the melted pool is characteristic. In the spray transfer mode the sound of the electric arc has
predominance on the sound of the drop impact in the melted pool.

2. EXPERIMENTAL PROCEDURE
2.1. Data Acquisition Equipments
The equipement involved are (figure 2):

The equipement involved are:

Power Source: IMC Inversal 450.

Linear displacement table to move the workpiece. The torch is fixed.

Sound level measurement Hand Held Analyzer Type 2250.

PC to monitor, control and measure weld process variables.

Data acquisition Board: Eagle Technologies 703S. With 400 kHz sampling frequency.
Analogical signals connector PC 452AS5.

Digital signals connector PC 43A4.

Power control Drive IDS91 for linear displacement table.



The major advantages of using PC based systems, indicated by Lucas (1998) apud Tam (2005), are low-cost, customizability
and upgradeability. During the experiments we simultaneously acquired the arc voltage signal, welding current and sound
pressure. In order to do the acquisition process, we implemented the Labview 8.2 virtual instrumentation software.
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Figure - 2 Environment acquisitions of dates
2.3. Data Acquisiton Parameters:

These tests were made with a wire electrode AWS AS5.18 ER70S-6 with 1 mm diameter. The different metallic
transfer modes tests were made on steel work piece AISI 1020 of 6.50 mm.; Weld speed 5 mm/s; Wire speed 6 m/min.;
Gas Flow Rate 15 I/min. The shielding gas used was a mixture of argon and carbonic gas M21 (ATAL 5A/Ar 82% +
CO2 18%).

Studies in psychoacoustic determined that while the acoustic signal from GMAW process does not go longer then at
400 ms, this will be a good indicator of the behavior from welding process. In diverses works of weld acoustic
monitoring, each author put the microphone into different distances from the weld pool; 85 mm Druet ef al (1982), 1 m
Sanches et al (2006), 200 mm Warinsiriruk et al (2006). The Figure 3 shows as were located the microphone for the
acustical measurement from GMAW process taking into account the protection of the microphone against the spaters
from weld and the excess thermal radiation that can alter the stability, repeatability and time response from microphone.
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Fig. 3. Microphone Positioning.



3. DATA ANALISYS

It was made the record of the sound pressure for each transfer mode at 48000 samples per second.
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Figure - 4 Sound Signals for each Metallic Transfer
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The voltage and current involved in the welding process are considered as stationary random processes and satisfy
the ergodic hypothesis (S. C. Absi, 2006). There is a characteristic sound for each transfer mode due to the number of
impulses per second (Mansoor, and Huissoon, JP, 1997). With this information it was made a distribution of the number
of impulses per second of the sound pressure. The results are presented in the following table:

Table 1. Electrical Parameters and Acoustic Response for each GMAW Transfer Mode

Weld Parameters Number of Sound Impulses per Second
Time | Voltage| WFR | Tranf. Sg fnfd second | second | second | second | second | second
(s) W) (m/s) | Mode 3 4 5 6 7 8
(mm)

Test 1 24 214 6 cc 15 48 44 34 21 32 37
Test 2 20 21.4 6 cc 15 44 38 41 47 35 31
Test 3 20 18.0 3.5 ccC 15 27 25 33 24 35 36
Test 4 20 18.0 3.5 ccC 15 31 34 31 33 25 25
Test 5 20 26.6 3.5 gb 15 3 3 2 3 3 3
Test 6 20 26.6 3.5 gb 15 2 3 4 2 2 4
Test 7 20 26.6 4.0 gb 15 6 5 4 3 4 4
Test 8 20 27.5 4.5 gb 15 5 4 6 3 5 3
Test 9 20 36.8 7.0 sp 20 2 2 1 2 1 2
Test 10 20 36.8 7.0 sp 20 2 1 1 2 1 2
Test 11 20 36.1 6.5 sp 20 1 0 1 1 0 1
Test 12 20 36.1 6.5 sp 20 0 1 1 0 1 1
cc Short Circuit Transference Mode

gb Globular Transference Mode
sp Spray Circuit Transference Mode
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Figure — 5 Sound Peak Distributions

Figure 5 presents the graphical results of table 1. Tests 1 to 4 correspond to short circuit mode. Tests 5 to 8 are drop
transfer mode and tests 9 to 12 correspond to spray transfer mode.

4. RESULTS AND DICCUTIONS

The sound pressure is a good indicator of variations and/or changes in voltage and current in the welding process for
short circuit and drop transfers modes. Figures 6, 7, 8 show the variation of the electric signals as well as the sound
variations.
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Figure — 6 Short Circuit Mode signals (Test 1)
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Figure — 7 Globular Mode signals (Test 8)

The difference between the short circuit and drop transfers modes is found in the behavior of electrical parameters
amplitude as well as the sound. In both modes the sound is originated by the impact of the drops and the sound of the
electric arc. In the spray mode the sound caused by the impact is imperceptible since the drops are very small. Thus, the

sound of drop an short circuit modes are easily perceptible, but for spray mode it becomes hard to capture. (see figure
9).
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Figure — 8 Spray Mode signals (Test 15)
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Figure — 9 Correlation between voltage, current, sound measured and calculated (Test 8)
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Figure — 10 Weld Defect Identification of power and sound pressure (Test 8)
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Figure — 11 Weld Defect Identification of power and sound pressure (Test 1)

Figures 10 and 11 show the weld for the drop and short circuit modes in this order. The drop transfer mode presents
two evident defects on the weld. The sound pressure and the electrical power also presents variations of de same
position. But for the short circuit mode the variations are not so clear which can be seen in figure 11.

After observing the pressure sound behavior in the different transfers modes, one can affirm that the sound pressure
is a good indicator of the weld quality, but presents limitations for the spray transfer mode.

S5.CONCLUSIONS

The sound is correlated to the behavior of the tension. It is evident in the short circuit transfer mode. The extinguish
of the arc produces a sound of lesser amplitude than the re-ignition. The arc re-ignition in this transfer mode goes after
the wire explosion. Therefore, a bigger sound amplitude is produced.

In the experimentations for the acoustics measurement of the electric arc, for Drouet et al, there is not metallic
transference being the electrodes. Even so the relation found for (equation 2) is valid for the measurement of eletric arc
tension in GMAW process. But it has additional contributions for each way of transfer mode.

Each transfer mode depends on the chosen electric parameters. Their changes will indicate that some error has
occurred at the change moment. It is demonstrated that the eletrical potency derivate behavior is correlated with the
sound signal amplitude behavior. Therefore, the sound characterization can be used as a tool for welding quality
inspection.
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