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Abstract. This work presents an evaluation of a spectrometer for monitoring the arc electonic temperature (GTAW -
Gas Tungsten Arc Welding). This electonic temperature is calculated measuring the intensity of a chosen emission line
that can be find in the arc, like Ar, and other factors that come from quantic physics. It is known that the arc electronic
temperature is related to the weld penetration depth and weld current. Therefore, monitoring arc eletronic temperature
means depth monitoriment. The monitoration stablished a relation between the variation of the arc eletronic
temperature (related to the tension produced by the sensor) and the variation of weld current. Some defects were
simulated, like current variation, grease insertion and variation on the shielding gas flow. Their pertubation in the
eletonic temperature were collected by the spectrometer as well. The data has been registered via a USB connection.
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1. INTRODUCTION

One of the most manufacturing processes used imsindis arc welding. In ordering to guarantee thmlity
process, many studies have been made. They hawel beith visual inspections, destructive and nonkdesive
testing techniques. But it was only made aftemtoeess and it raised the final cost.

This work proves that it is possible to improve anitlestructive and on-line weld defects monitoraygtem. It
consists on monitoring the electronic temperatdrehmsen elements that are involved in the welgimcess. This
property is taken from the arc weld region (plagsmiamn) using an optic spectrometer sensor.

Some supposes are taken. The plasma is in logahthdynamical equilibrium (LTE), i.e., there is nmicroscopic
reversibility of collision and radioactive procesggacroix, 1999). It means that collision procshsuld be greater
than radioactive ones. Thus, based on (kineticdtrele temperature, atom and ion temperature cacabzmilated
indirectly. This condition is not true near theattede and plate. Thus, the arc area analyzed stagtdveen these two
pieces, but not including them.

1.1. Emission spetrometry and plasma characterisatn

Spectrometry stands for a set of experimentalnigecies used for measuring the electromagnetic spacthat
results from phenomena such as absorption, emissidiffraction of electromagnetic radiation by @i® or molecules.

By the Quantum Theory, atoms and molecules cap exikt in a steady energy states, which are cheniaed by
discrete amounts of energy that are specific tt @em or molecule. When there is a change ofeghérgy state, the
electrons of atoms or molecules absorbs or emégeaific quantity of energy and light absorptioneanission with a
particular length related to the energy of botlestaThis theory is mathematically expressed as:

E-E, =— (1)

Where Ei is the energy in the lower state, Erhésénergy in the higher state, c is the light spbeed the Planck
Constant (6.6260755e-34 J.s) anid the wave length.

Two different kind of analysis can be made in plessma: qualitative and quantitative. In the ficgte can identify
the elements that are present in the plasma. Tdmndenalysis corresponds in monitoring the intexssbdf chosen line
spectrums. This can be used to calculate electtenmiperature and plasma density.

1.2. Electronic temperature calculation

According to the LTE hypothesis, the plasma terapee is calculated from the temperature of thetedes. This
theory means that the particles have an energyildison give by the Maxwell equation and that tballision
processes are dominant relative to the radiatiatgases, consequently the electrons temperatwinikar to the
temperature of the heavy particles (Griem, 196Ag ILTE hypothesis is valid when



> 16€12,/T, (AE)® (2)

In which Ne is the electronic density, Te is tHecton absolute temperature af& is the difference of the

transition energy intervals.
The method used to calculate the electronic teatpey is the relative intensities of spectral lif@siem, 1964). It

considers two set of line transition—nr and j i, in the same ionization stage. Therefore, thesmgsitions have the
same ground state. A schematic figure can be selwpin which N is the particle number, E is theeEyy of the
level, g is the statistical weight of the statés the Planck’s constant amds the photon emission frequency:
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Figurel - Spectra lines at the same ionizationestag

The number of electron particles of the levelsnd jpis given from the Boltzmann'’s law (Chian,1979)
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In which gn and g are the statistical weight of states m andg,i&the Boltzmann’s constant (1.380658e-23 J./K).
These information about the elements can be foundha site of NIST (National Institute of Standarded
Technology). The statistical weight is represerea function of Z (d), called partition function, given in Equation 5:
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Equations 3 and 4 can be rewritten as:
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The number of atoms that leaves an excited enerigetl in a short period of time dt is proport#rio the atom
population in that stage at a time t. It can bdtamias:

dN,,
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Where Axr and A are the spontaneous transition probability, atgsmé at the NIST site.
The emission line intensity for a transition fretate m to state r and from state j to i are gagn
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Substituting Equations 6 and 7 on Equations 101dndt gives:
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Applying logarithm on the both sides:
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The electronic temperature is calculated by thetion between the relative intensities of a pdiome line spectral
of a single element at the same ionization state.dbtained dividing equations 14 and 15:
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It is better to express the photon emission fraqudv) in terms of wave lengthAJ. This can be done with the
Equation 17:
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Substituting this on the Equation 16 for both $imad isolating the electronic temperature:
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For the particular case of arc welding plasmasretonly the temperature of the plasma axis is edete can be
determined as:
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The difference between Equations 19 and 18 caseba by the inclusion of the ratio of the excitatemergies of
the selected lines in the logarithm. This consitienaallows the approximate calculation of the loz&al temperature
in axisymmetric plasmas without using the more clempbel inversion method (Mirapegt al., 2006).

With this simple method it is possible to monitorreal-time because the processing time is stut.the lines
must respect the following condition:

Em - Ej > KB |:re (20)

2. EXPERIMENTAL PROCEDURE

The experimental scheme can be seen below:

o S
SHIELDING ATTENUATOR oo |
GAS WELD POWER Tt T
SOURCE OPTIC  SPECTROMETER
FIBER
SPECTROMETER
PC
OPTIC
FIBER ETHERNET
%ég; COLLLE'MQTOR COMMUNICATION
MOTOR
STEP CONTROL
MOTOR
RS 232
POSITIONING
TABLE ANALOG
COMMUNICATION
CABLE
DIGITAL

Figure 2 — Experimental scheme

The equipments seen above are:

* Weld power source: IMC Inversal 450. It is an irseepower supply that can provide 450 A. It workshwi
many kinds of welding. For this work, it only uséd GTAW continuous current type. The communicatfon
made by one cable with analog and digital commands.

e Welding torch: an ordinary type. In the experimeittsised a tungsten electrode with 2% Thorium and a
diameter of 1.6mm. The stand-off was 5mm for afleriments.

e Gas: Argon shielding gas at 10 I/min.
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* Motor control system: Based on a PIC. It sendsdifferent signals to control the motor. One cormaggs to
speed (frequency pulse) and the other is respenfibkhe direction.

e  Step motor: Berger Lahr IDS91.

» Positioning table: In these experiments, therefigead holder for the welding torch. It is the talihat moves
the system with the plates.

» Acquisition board: Eagle Technologies 703S. It has connectors, one for analog communication ard th
other for digital. Both are DB 37.

* Main PC: Responsible for sending and collectingrimfation to the power supply via the acquisitiostsyn.
In the experiments, the program developed in Lakdends the value of the current (analog) for tleéding
machine and receives to analog signals correspgnrdircurrent and voltage. The digital communicati®n
responsible for the ignition and shield gas flow-(df).

» Spectrometer PC: Responsible for receiving the tietiacomes from the spectrometer by USB cableins a
Labview program that is started by one command®itain PC via Ethernet communication.

e Spectrometer: Spectral Products model SM 240-USB.d polychromatic type with 0.3 to 400nm resioloit
This device converts the light that comes from pticdfiber to a vector of 2048 positions. This cersion is
made by the Sony ILX511 CCD. In this vector, thaipon corresponds to the wave length (to be cafdat)
and position value is the relative intensity oftthave length.

» Collimator lens: The lens focuses the measureaneagfi the arc. Focal distance: 80 mm.

» Optic fiber: Ocean Optics code P200-5-UV/VIS.

» Optic attenuator: There are some factors thatedaded to the intensity measured by the CCD. Otigeidight
that comes from the welding arc. Another is thegnation time of the spectrometer. The fist factepends
on the welding current: the greater the currentatar the intensity. The second factor is relatedhe
acquisition time: the greater the time, the gretiterintensity measured. Depending on these twanpeters,
the intensity measured saturates at the maximumeyvdlo avoid that, this optic attenuator goes betwihat
two fiber optic. It only attenuates, not modifike fight and the wave length.

3. RESULTS AND DISCUSSION

First was made an experiment to observe only #iding arc and analyze its components. It was nséateding the
weld torch on a cooled copper plate, so the madteoiald not be consumed. The spectrum only indg#te presence
of Argon. The next figure demonstrates the resufivo experiments, with 90A and 130A.
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Figure 3 — GTAW spectrum on a cooled cooper plate

The others experiments were made on a steel platkthe next figure shows its spectrum.
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Figure 4 — GTAW spectrum on a steel plate.

One can notice some differences between Figuredl3laThese are because some elements preseptstett, like
lon and Manganese.

For the following experiments, they were done beaglate.

The next experiment was made to observe the efdcttemperature on a plate without defects. Thewan
expected is a constant value with smooth fluctmatidt is important to know that the absolute eladt temperature is
not important, but its fluctuations.
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Figure 5 — Electronic Temperature in a plate wittaefects.

The negative signal in the current means a djpetdrization in GTAW process that the weld machsugplies.
When the machine works in GMAW process, current\asithge signals are positive.
Figure 6 illustrates a test with a simulated defiewarying the shield gas flux during the weld.
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Figure 6 - Defect on shielding gas flux

One can notice that a perturbation like this causgiation in both current and voltage. But, irtage, one can
notice that it presents a great variation — betwdé&nand close to -13.5. And for current, it présem noise and its
mean remains basically the same.

Observing the electronic temperatures, when medsuith Iron emission lines, there is no great @psit smooth
fluctuations. However, when measured with Argoe, itise is greater as well its fluctuations. Thisuit was expected
because the variations are on the shield gas \ihich is the Argon. The test picture indicates wilidlires along the
piece, but the noise obtained by the Argon eleatrtamperature are related to big shield gas flaation.

The next figure presents an experiment that ctetsis varying the weld current from -150 to -75IAwas made
three times along the experiment with an intervaltveo seconds. This simulates a current defect tuatld be

happened.
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Figure 7 - Experiment with current defect of 2 s&to



A similar situation is seen in the figure belowtBhe variation in current is from -120 to -70 Fhe interval of the
defect now is 1 second.
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Figure 8 - Experiment with current defect of 1 s&to

In Figure 6 one can notice that the weld paramaetad electronic temperatures are stables (no fijuetiations) as
expected. It is known that the light emitted by &ne is proportional to the energy in that arc.sTémergy is related to
welding parameters: current and voltage. The veliagjuite constant because the distance betweeel¢htrode and
the plate is constant. Thus, the energy is assattatthe current.

That is why can be seen in Figures 7 and 8 th#t Bogon and Iron electronic temperatures vary wharrent
varies in proportional way. The intensity off diktlines in the weld increases when current ine®as

The following figure illustrates a different expaent from the others. The defects were greasesamall wire
pieces.
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Figure 9 — Grease and wire insertion.
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The result shows that for the wire insertion, ¢hectronic temperature has not changed. The anafunbn in the
wire was not sufficient to vary the relative intépof the chosen wave lengths. It has to be rensatbthat the plate
also has Iron, thus it can masquerade the resutf.fBr the grease, the electronic temperaturdnefHydrogen varies
along the defect extension. It is known that grdeseCarbon, Hydrogen, Nitrogen and other compen&utt previous
observations showed that the Hydrogen line emigsiesented a great variation. This very emissioa ¢ian be used as
a qualitative monitoring system to indicate thesprece of components with Hydrogen, such as watergmease,
lubricant and others. These components may caussipg bad depth penetration, weld contamination.

Thus, it is possible to monitor the quality in @aqtitative way by the calculation of the electootémperature. As
well it can be in a qualitative way, if the interésthe presence or not of one or more elemerits.t@sts prove that a
problem in current affects the electronic tempemmt®ther defect could be variation of the shialdgas flow. Some
other experiments will be done to evaluate moreatsfdetection.
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