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Abstract: The quality control in the welding processes isjsctbof many researches, mainly the ones that eca¢
weld quality and the choice of the best weldingapaeters. The GMAW weld process, among others tdhni
characteristics, a bigger deposition, facilitatém tcontrol improving significantly the productiondathe weld quality
with relation to the traditional processes. In theesent work a welding cell was used with open looptrol. This
allows the selection of electric input and outpatgmeters (current, voltage, wire speed, welds dpbead geometry
and others). The present work has the objectivietermine quantitatively the acoustic behaviorhia audible bands
(20 Hz the 20 kHz) which is characteristic in eacdnsfer mode. Then it will obtain an aero - acéushodel that
relates acoustic behavior to the weld quality.
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1. INTRODUCTION

The welding process, since its origin, was the rfesture process most used. The gas metal arc wgeftliocess
(GMAW) Due to its high productivity is the predoraim process in industry. The final process resdiugtion, the
weld, determines if it presents or not acceptabiglity levels to fulfill market requirements. InetftGMAW process,
many physical and metallurgic variables are invdlvesuch as voltage, current, magnetic fields, iy,
temperature, sound pressure, shielding gas cormpusimong others, which can be used as weld guatiicators.

The phenomenon that makes possible the successwvefding process is the Metallic Transference. GMAW
process presents three transference modes: SheuttcDrop and Spray. The choice of adequate vpelchmeters
(voltage and current) provides each transfer modithe sound is a good indicator of that choicés known that the
welders use a visual — auditive combination for thenitor and control to obtain a weld of good atyaliThe
knowledge of the sound pressure origin and itsetation with electric parameters to get a goodital the weld are
an interesting alternative to the automation anghopation of the welding process.

1.1. Sound Pressure Origin

The sound is a longitudinal mechanical wave, predugy the difference of pressure in a medium that lee solid,
liquid or gaseous. In this work the transport medlia the air. The pressure variation producesémaiha change in the

volumeAV . Consider the deformation of one volume elemeat ithis initially at position x, and its displacent (v)
W (figure 1):

dx derdy

Figure - 1 Volume Deformation

The mass of the gas contained in the volume elemmght same before and after the deformationpJfit is the
gas density before passing the disturbance, thsitgenf the perturbated element:

PS(dx+dW¥W) = p,Sdx (1)

IOO (2)

P =1+ 0w ox
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The difference pressur@ in respect to equilibriun, is defined as:

P=P, =——V-P 4)

The pressure is a function of the density (figureThe difference between the pressydein respect to equilibrium

P, is very small is possible to make a approximation

0
p=p,+ (p-po)(a—pJ (5)
P

— = aceleration

In’
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Figure - 2 Volume Displacements

The relation between elementary volume displacemedtmass (density per volumg); S.dx is:

_ N _ 0’y
dF =(p-p')S=-Sdp=95y.p, v dx (6)
__d?x
By the second law of Newtdn = m. e :
_ 0’y
dF = (0,509 ™

From equations (6) and (7), becomes the wave dift@l equation:

0*W _ y.p, 0*W @
o> p, ox
Where:
P Pressure
t Time
S Superficies
P Density
Y Displacement

The metallic transference model in GMAW processeblaon the method of volume of fluid — VOF, (F. Waw.
K. Hou, S. J. Hu, and Kannatey - Asibu, W. W. Sthaind P C Wang, 2003 and H G Fan and R Kovac&®9@8g,),
describes behavior of temperature, drop speedemtensity, magnetic field and the pressure orraiey divided the
welding process in three parts: drop formation,atadhed droplet and detached droplet (figure 3)
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The sound pressure of the electric arc is propuatito the arc electrical potency variation (Droefeal, 1981):

dvV()I(t
s () =k VO ©) o
dt

-1
c=a#=D

© (10)

Where:

S, ® Sound signal time
v(©) Arc Voltage
(1) Arc Current
a Geometric factor
y Adiabatic air expansion coefficient
c Sound speed in the air

Contact Tube

Welding Wire l Computational

Domain
Undetached Droplet
v
Arc
Detached Droplet a
N\

Figure - 3 Schematic of the metal transfer proae SMAW

Later, Drouetet al 1981 proceeded to refine this relationship wheeaytmade experiments using graphite
electrodes. They discovered that the acoustic kignspecifically attributed to the instantaneobsuege in electrical
power of the arc column and not of the whole amcother words, there are no acoustic emissionstaltiee cathode
and anode fall regions. But in their experimentdlestrodes were fixed.

The GMAW process presents different forms of matabsfer to the melted pool. In the globular andrshircuit
transfer’s modes, besides the presence of theoardsthe impact sound of the drop in the meltedl ocharacteristic.
In the spray transfer mode the sound of the eteatié has predominance on the sound of the dropdtip the melted
pool.

2. EXPERIMENTAL PROCEDURE
2.1. Data Acquisition Equipments

The equipement involved are:

» Power Source: IMC Inversal 450.

» Linear displacement table to move the workpiece fbinch is fixed.

e Sound level measurement Hand Held Analyzer Typ®225

e PC to monitor, control and measure weld processihias.

» Data acquisition Board: Eagle Technologies 7033h\W00 kHz sampling frequency.



Proceedings of COBEM 2007 |19th International Congress of Mechanical Engineering
Copyright © 2007 by ABCM November, 5 - 9, 2007, Brasilia, DF

» Analogical signals connector PC 452A5.
» Digital signals connector PC 43A4.
e Power control Drive IDS91 for linear displacemeatile.
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Figure - 4 Environment acquisitions of dates
2.2. Conectivity between data acquisition equipament

Figure 4 presents the equipment used in data atiqnis) the welding process and table 1 show fipes$ of signals
involved. The computer has installed the data aitipm board: PCI Eagle 703S. This board was resipten for the
communication between computer and weld power soutcstarts the welding process and makes theigitiqn of
weld current, voltage and sound pressure. The posvares IDS91 with the microcontroller 18F485 have
communication with the computer by serial port RE2-2They control the displacement of the workpiece.

Table 1. Types of signals of the data acquisitimtess.

Control and Measurement Signals
Analogical and Digital signals
Send and receive signals for driver motor control
Voltage and Current measurement signals
Ignition, gas and wire feed signals
Voltage signals from pressure sound

QB |W|IN|F-
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2.3. Data Acquisiton Parameters:

Table 2. Data Acquisition Parameters

Transfers modes
Parameters Short Circuif Globulaf Spray
Shielding gas Argon
Gas Pressure 15 I/min 15 I/min 15 I/min|
Stand Off 15 mm. 15 mm. 20 mm.
Wire diameter 1 mm. 1 mm. 1 mm.
Wire speed 5 mm/s
Weld speed (table speed) 5 mm/s 5 mm/s 5 mmyfs
Sampling frequency 48000 samples/s
Peak record level 110.6 dB
Microphone sensibility 90.2 mV/Pa
Bandwidth 1/3 octave

3. DATA ANALISYS
It was made the record of the sound pressure fdr #gansfer mode at 48000 samples per second.

Short Circuit Transfer Mode

Ao
L e

Figure - 5 Sound Signals for each Metallic Transfer

The voltage and current involved in the weldinggarss are considered as stationary random procasdesatisfy
the ergodic hypothesis (S. C. Absi, 2006). Thera characteristic sound for each transfer modetaltlee number of
impulses per second (Mansoor, and Huissoon, JF,)19dth this information it was made a distributiof the number
of impulses per second of the sound pressure. dhdts are presented in the following table:



Proceedings of COBEM 2007
Copyright © 2007 by ABCM

|19‘h International Congress of Mechanical Engineering
November, 5 - 9, 2007, Brasilia, DF

Table 3. Sound Peak Distribution

Weld Parameters Number of Sound Impulses per Second
Time |Voltage| WFR T. S’g\gd second | second | second | second | second | second
(s) (v) (m/s) | Mode 3 4 5 6 7 8
(mm)
Test 1 24 21.4 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 cc 15 27 25 33 24 35 36
Test 4 20 18.0 35 cc 15 31 34 31 33 25 25
Test5 20 26.6 35 gb 15 3 3 2 3 3 3
Test 6 20 26.6 35 gb 15 2 3 4 2 2 4
Test7 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
Test9 20 36.8 7.0 sp 20 2 2 1 2 1 2
Test10] 20 36.8 7.0 sp 20 2 1 1 2 1 2
Test11| 20 36.1 6.5 sp 20 1 0 1 1 0 1
Test12] 20 36.1 6.5 sp 20 0 1 1 0 1 1
Sound Peaks Distribution
No. of Peaks
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Figure — 6 Sound Peak Distributions

Figure 6 presents the graphical results of tablEe3ts 1 to 4 correspond to short circuit modetsrgdo 8 are drop
transfer mode and tests 9 to 12 correspond to spaagfer mode.



Proceedings of COBEM 2007
Copyright © 2007 by ABCM

|19th International Congress of Mechanical Engineering
November, 5 - 9, 2007, Brasilia, DF

4. RESULTSAND DICCUTIONS

The sound pressure is a good indicator of variatanmd/or changes in voltage and current in theingldrocess for
short circuit and drop transfers modes. Figure8, B show the variation of the electric signalsnedl as the sound
variations.
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Figure — 7 Short Circuit Mode signals (Test 1)
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Figure — 8 Globular Mode signals (Test 8)
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The difference between the short circuit and drapdfers modes is found in the behavior of eleztq@rameters
amplitude as well as the sound. In both modes @b@ds is originated by the impact of the drops dmegound of the
electric arc. In the spray mode the sound causdtiéimpact is imperceptible since the drops arg small. Thus, the

sound of drop an short circuit modes are easilgqible, but for spray mode it becomes hard tdwap (see figure
9).
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Figure — 9 Spray Mode signals (Test 15)
[=1mju)
— 400
%f’ 300 (\ )
£ zoo
2 1o " AV USRI FIPRD 1S TOVTE APPRR TP SRS Yoy —
£ gl || [ ﬂ” P ii ] .1Tr"””|l"m” Tt rrl 1+
-100-
5,304487 5,4 5,6 5,8 & 5,2 64 5.6 6,810897
Tirne [=
= T7
= 40
& a0 1) I :
3 =20-
210
£ ! // I I
10—
5,304487 5,4 5,6/ 5,8 ) 6.2 6,4 6.6 6,810897
Tirme (=)
= ) Il
2 o- - o - ~~
E.
o
5,304457 5,4 5,6 5,5 & 5,2 E,4 6,6 6,510597
— Tirne [s]
= 7
% 5000 k—b l
£ zsoo !
[=%
g o-
T -zso0 | |
% oo | | L | [l
5,304487 5,4 5,6 5,& & 6,2 64 6.6 6,810897
Tirne (=]

Figure — 10 Correlation between voltage, curremiingl and power (Test 8)
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Figure — 11 Weld Defect Identification of power aswlind pressure (Test 8)
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Figure — 12 Weld Defect Identification of power aswlind pressure (Test 1)

Figures 11 and 12 show the weld for the drop amdtsfircuit modes in this order. The drop transferde presents
two evident defects on the weld. The sound presancethe electrical power also presents variatiohde same
position. But for the short circuit mode the vaoas are not so clear which can be seen in figare 1
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After observing the pressure sound behavior indifferent transfers modes, one can affirm thatstwend pressure
is a good indicator of the weld quality, but prasdimitations for the spray transfer mode.

5.CONCLUSIONS

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

In the experimentations for the acoustics measunemithe electric arc, for Drouedt al there is not metallic
transference being the electrodes. Even so theorfwund for (equation 9) is valid for the mea=ment of eletric arc
tension in GMAW process. But it has additional cimitions for each way of transfer mode.

Each transfer mode depends on the chosen eleatiaengters. Their changes will indicate that somar éras
occurred at the change moment. It is demonstratedhe eletrical potency derivate behavior is@ated with the
sound signal amplitude behavior. Therefore, thexdaharacterization can be used as a tool for wglduality
inspection.
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