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ABSTRACT

The beam form has a direct effect on the quality and efficiency of flexible forming using a combined plasma arc. But
it is difficult to directly measure relative parameters of the combined plasma arc for its characteristics of high
temperature and high energy density. In this paper, an image collection system was designed with a lens, a neutral
filter, an interference filter and a CCD camera to overcome above problem. Furthermore, the acquired digital
image of diagnostic face of combined plasma arc was implemented pre-processing such as removing noises, edge
detection, histogram equalization, contrast enhancement, enhancing morphological features by using MATLAB. The
results show that the digital image of combined plasma arc is successfully captured by means of the system, which
will be helpful to further the diagnosis and analysis of parameters of combined plasma arc.
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INTRODUCTION

Combined Plasma arc is widely used in the matgniatessing such as welding, cutting, painting, \@pgpand
flexible forming, etc. In view of the fact that thdasma arc parameters such as temperature, presmat flux
density, particle density and the compositionsrithigtion have an important impact on processinglitpat is
significant to research the characteristic of plasrc. It's well known that the temperature of plasarc is usually
in the more than 10,000K, it is too high to use tbatact thermometry. So it is difficult to prediseneasure by
only using experimental methods, and numerical Kition is usually adopted [1]. However, in recentss, little
attentions are given to the investigation of coratliplasma arc. As an ideal heat source, a comiplasdha arc has
been generally applied to precise welding and iagolves complex physical phenomena. Thereforis, itlecessary
to reveal the performance of combined plasma awmwédver, the generation of plasma arc involves cempl
physical phenomena, such as electromagnetic, heat &nd fluid flow, etc. Furthermore, the behavimfr the
coupling between these physical phenomena makgsité difficult to grasp the distributions of termpgure,
velocity and current density of plasma arc with exkpental methods. Aimed at above problem, numkrica
simulation method has been applied to plasma adcitais proved feasible by some investigations. Wef§ and
Szekely [2] made a numerical analysis of fluid,tifé@aw and electromagnetic phenomena in a non-fesired arc
plasma torch. Though provided an important findthgt the electromagnetic forces may markedly mottiky
velocity profiles and may significantly affect tewirl of the plasma, they assumed the cathodestifairather than
pointed. Bauchire et al. [3] modeled a DC non-tfamed plasma arc both in laminar and turbulenifind found
the result of the laminar flow model was more agreet with experimental measurements, while curdemisity
distribution was assumed when electromagnetic fielicig analyzed. Seungho Paik et al. [4] also nsademerical
analysis of non-transferred plasma arc with ther@teck theory, and investigated the effect of aat position on
the temperature and fluid flow of DC non-transfdrpdasma torch. In addition, Ushio et al. [5] madaumerical
simulation on the distribution of velocity and teenature in the non-constricted transferred plasmased on
continuous equation, momentum equations, energgateuand Maxwell equation. Lu et al. [6] estabdidhan
integral mathematic model of fluid flow and heatrisfer of GTAW transferred arc and weld pool, analyzed the
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behavior of transferred arc and weld pool including temperature field and current density distrdsuwith finite
element method. Especially, Yin et al. [7] develbpetwo-dimensional mathematical model to resetretbehavior
of the transferred argon plasma arc constricted yrch. The model also took the plasma arc asnkanfiow and
included the torch region to consider the influeateathode figure and the restricted role of thezte.

Up to now, many studies on the jet characteristickansferred plasma arc and non-transferred @aaro have
been published, however, little attentions are mive a numerical simulation of the combined plasane.

Furthermore, as an ideal heat source, combinednglasc has been generally applied to precise wgldid also
involves complex physical phenomena. Thereforés itecessary to make a numerical analysis on thebiced

plasma arc. Unfortunately, it is quite difficult &pply above methods to simulate the combined @asm, due to
the coexistence of non-transferred arc and transferand the more complicated coupling betweentrédec
magnetic, heat flow and fluid flow phenomena in ¢benbined plasma arc.

Otherwise, the emergence of computer-controlledqatectric direct-reading diagnosis device (sucOiB, OSA)
and special equipment not only improved the regmudf spectral diagnostics in time and space ltt anhanced
the capabilities of data processing and the acgusbexperimental measurement [8]. As a resuliik provide a

favorable method for the spectrum diagnosis of dagtbplasma arc. In this paper, a neutral densigrs (neutral

attenuation films) and narrow-band interferencefd were used to replace expensive spectromatgiew of the

CCD widely using in the field of image sensors aod-contact measurement, a new type of charge edwgvice
CCD is considered as a light detector being a pathis optical system, which made experimentaligent

simple, practical and more suitable for field apafion. Moreover, the acquired digital image ofgtiastic face of
plasma arc was implemented pre-processing and zethlyith the Abel’s inversion. Finally, the relatg&hip

between spatial emission coefficient of arc coluamd temperature is obtained by calculating theigiartiensity
and partition function within plasma arc based @h&s equation. Consequently, the temperatureittision of

combined plasma arc is obtained by using Off-agiakAntensity Method.

THE PRINCIPLE OF THE DIAGNOSISON COMBINED PLASMA ARC

The whole diagnosis of combined plasma arc cansbally divided into the contact type and the nontaot type.

However, the temperature of combined plasma aso tsigh that it is difficult to save the life ofmact probe and to
avoid the disturbance to the measured arc parasngtech as the type of Langmuir probe). Therefarebtain a

high accuracy, the method of non-contact, espgcialt the spectrometry, is commonly used to meashee

parameters of the combined plasma arc. The speetrgns also named Optical Emission SpectroscopygS)Y)

which aim to analyze the spectrum emission fromtthasition of the group such as molecular, atont face

qguantity. In addition, spectroscopic diagnosis udels the absolute intensity method, the standarghdeature

method, and the relative intensity method, the oebthf relative spectrum and continuous spectrum,siiectrum
profile method, the method of absorption spectrunth the method of spectrum reversal. In this paherabsolute
intensity method for the diagnosis of combined mlasrc is used, which makes full use of the ratatiip between
the emission rate of plasma arc spectrum and ampdgature. As shown in Figure 1, the temperatureoaibined

plasma arc can be obtained by measuring the emissie of spectrum.

Image :: Image ::
Nozzle . collecting processing

Tungsten cathode

Calibration of
Plasma arc gray value

Anode

Temperature <:' Abel inverse <:
comnuting transformation

Fig. 1: Schematic of combined plasma arc and principle of spectral diagnosis on the plasma arc

In view of the fact of a great deal of ion excibatiand transition existing in the process of plageweration and the
assumption of plasma arc being in local thermodyoaequilibrium, some spectrum will be generated mhe
particles such as molecules and atoms spontanetaslfer from high level m to low level n in thaiutime and
unit volume [9], which radiation coefficient can eepressed as:
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1 _hc En,
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where,Z, is the particle partition function, which can be@rssed as:
Zy =Y glexp —5 =123 (2)
i KT

Whereh is the Planck's constam,,, is the transition probability,,, is the wavelength of spectral ling, is m-level
statistical weightN, is the particle density, is particle partition functionk,, is the excitation potential, andis
Boltzmann constant. Particle denditycan be obtained from the following balance equmtiof plasma.

Ny MNe 2, [ZHDmeDkEI'j Dexp(_Ei—AEj )
Ny Z, h2 KT

In Eqg. (1), EqQ. (2), and Eg. (3. andE,, can be obtained from Ref. [10y; andZ, can be obtained from theoretical
calculation. Once the radiation coefficief, of some spectrum is obtained by diagnosing ca@tkéinages and
analyzing with Abel inversion, the correspondingperaturel can be determined by means of above equations.

THE IMAGE COLLECTION SYSTEM OF COMBINED PLASMAARC
The principle of image collection is illuminatedkigure 2 and experimental parameters of combiteshya arc are
shown in Table 1.

Tab.1: Experimental parametersof combined plasma arc

\oltage Current Work gas flow
U I/A g/(L-min™)
40 30 6

As shown in Figure 2, single radiation image of bamed plasma arc is obtained by using narrow-batetference
filter, then this image is collected by CCD camieravhich optical signal can be converted into eieat signal, and
it is input into computer by A/D conversion interé in succession, the gray image containing tfarimation of
spectrum intensity can be obtained. As a resudtdiagnostic parameters are obtained by preproacgssalibration
and calculation of the gray image.

1
Working
s Plasma arc ( Optical system
generator

convertor process |/ temperature field

cco q% A/D i% Computer [\  Diagnosis of

Power +

Workpieces ‘

Fig. 2: Image collection system of combined plasma arc

In order to get better spatial resolution of corgbirplasma arc image and to insure the brightnesaturated
obtained by CCD and to avoid damaging CCD, thecapB8ystem is introduced and an optical amplif@matystem
should be placed between CCD and plasma arc, whicbmposed of an optical lens, a neutral dendigr.fan
interference filter and a CCD. In view of Argon gaged to the torch as the plasma forming gasctisracteristic
spectral line of Argon plasma arc is consideredeagarch object. From Ref. [11], it can be condutiat the
intensity of characteristic line whose center wawgth lying 696.5nm is much higher than that ofteen

514



Dong Xiaojuan et al J. Chem. Pharm. Res., 2014, 6(5): 512-519

wavelength lying 696.5nm upper and lower 6nm in Areemission spectrum, therefore, the characterigtie
whose center wavelength lying 696.5nm is regardetha analysis line for spectrum diagnosis of tewtpee of

plasma arc. Accordingly, the interference filterash center wavelength is 696.5nm and width of #redbs 11nm
is used in this paper.

DIGITAL IMAGE PROCESSING OF COMBINED PLASMAARC

There exists a functional relationship between spkntensity and state parameters of the thermathjc system
of plasma arc in spectroscopy. So it is necessapydprocess the collected image in order to oliiaiter effect of
the vision and measurement.

It is possible to appear all kinds of noises in dhiginal collected image, which are mainly frone tinterference of
background and the conversion of image signal tiindhe area array CCD in the process of image aoiig So it
is indispensable to filter to eliminate the inteefece for the collected image. In this paper, odagimages are
separately added three different kinds of noiseh 18 Gaussian noise, salt and pepper noise artgloative
noise respectively. Afterwards, these images aated with linear filter and median filter, respesly. As shown
in Figure 3, median filter is more helpful thandar filter for the images which are introduced Géass noise and
salt and pepper noise respectively. However, mdfitanis less effective for multiplicative noise.

(a) Gauss noise (b) Linear filter (c) Median filter

TR o Lo - A_.A‘
(d) Salt & pepper noise (e) Linear filter (f) Median filter

(g) Multiplicative noise (h) Linear filter (i) Median filter

Fig. 3: Comparison of image quality before and after filtering

It is an important part of the processing of plaamaimage for the extraction of edge featuresciviplays a key
role to distinguish the object from its backgrouihu.an image, edges are the boundary to two diffefeature
regions, which internal characteristic exist infefi€énces such as gray, color and texture featlmegrtue of the
difference between objects and its background, détgction is realized. However, there may existalitinuous in
some point of the extracted edge owing to noisexrfering. In order to obtain clear edges, in théper, Sobel
Operator is selected to extract the edge pointscandect them into a whole boundary line, as shiomFigure 4, it

proved to be more effective for the extraction d@fe feature compared with other operators suchesittand Log
Operator.
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(a)Sobel Operator

(b) Prewitt Gyer

(c) Log Operator

Fig. 4: Comparison of three operator for extraction edge

ENHANCING THE CHARACTERISTIC OF COMBINED PLASMA ARC IMAGES
Density histogram is an important statistical feataf images and can be considered as the appriaiman gray

density function of images. However, for the or@iimages, when gray value is low, the frequencgraly density

histogram is so larger that the details in the dadion of image cannot discerned clearly. In otdeexpand the
gray region of collected images and to make they dniatogram tend to be uniform in larger dynamiags,
histogram equalization is introduced after the dise processing. Figure 5 is the histograms of gadye after
noise is removed from the digital image of plasma @and obtained from histogram equalization. Asvahan

Figure 5, the region of gray value is expanded ff6@ 255] to [0, 255] after histogram equalizati&nom Figure 6

it can be concluded that the details of the plasmamage are more outstanding after histogramlzgtian.
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Fig. 5: Comparison of the histograms before and after histogram equalization

il

Fig. 6: Comparison of theimages before and after histogram equalization

It is also important part of the processing of camd plasma arc images, which adjust the gray cffi @aage pixel
and change the dynamic range of image gray. Fumibrgr, it can also make sectional treatment accgrtinthe
features of the image after the histogram equatizatConsequently, as shown in the Figure 7, éffective to
improve the image quality for contrast enhancenagct to overcome the defect of contrast insufficlegfore it is
introduced in the processing of the plasma image.
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Fig. 7: Comparison of theimages before and after contrast enhancement

In order to emphasize the detail of the image, itesessary to transform the gray image into thsises color
image on account of different sensitivity of pedpkyes about different color. Likewise, it is alsgportant to deal
with the image through the processing of binary @sdudo color for better understanding the morpio#
characteristics, as shown in Figure 8.
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Fig. 8: Binarization and Pseudo-color processing

As a result, Figure 9 is the image on isoplethgrafy value after above processing of combined pdaaro digital
image and smooth processing, where saturated begbtvalue is taken 255. It can be found that thg galues of
arc column in its central area are close to theradbn value, which means the temperature of antral area is
higher. Moreover, there exists a transition regi@mtween both sides of the arc column and its owmrah be
concluded that this designed system of image dadiecis reliable and the employed methods of image
preprocessing such as removing noises, edge daetebtistogram equalization, contrast enhancemamdribation
and pseudo color are feasible. Furthermore, thgénaoks more vivid and can show more details thnoabove
preprocessing.

200

50

Fig. 9: Isopleths of the gray value
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TEMPERATURE FIELD OF COMBINED PLASMAARC

The working current I, the distance D from the rezautlet to the workpiece anode and the argonflgasrate Q
are 15A, 20A, 25A, 6mm, 7mm, 8mm, 4L/min, 5L/mirdaBlL/min, respectively. Based on above image pigings
of combined plasma arc obtained by the image didlecof spectral diagnostics, with the assumptidriocal
thermodynamic equilibrium, the relationship betwaseatial emission coefficient of arc column and fgerature is
obtained by calculating the particle density andtipp@n function with combined plasma arc based Saha'’s
equation. The radial temperature field distributimhcombined plasma arc is obtained by using Of-dxeak
Intensity Method. Furthermore, axial cross-sectemperature field distribution of arc column iscatsbtained ,as
shown in Figure 10.
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Fig. 10: Temperature of combined plasma arc under different working currents, distances and gasflow rates
CONCLUSION

An image collection system of plasma arc is designéh an optical lens, a neutral density filtemarow band
interference filter and CCD, which can successfadpture more vivid original image of combined plasarc. It is
obvious that median filter is better than linedtefi for Gaussian noise and salt and pepper naisthe basis of
processing and analysis of image added noiseshdtambre, it is effective to introduce extractioneofge feature,
histogram equalization and contrast enhancemeatth@ processing of combined plasma arc imageis. dlso
feasible to obtain the image with good visual dffeed more details through the processing of kaagion and
pseudo color, which can lay the foundation fordregnosis of the shape and parameters of combilasdp arc.

A spectral diagnostics system of combined plasroasagdesigned with image collection parts and imageessing,
which can successfully capture more vivid origimhge of combined plasma arc and characteristicootbined
plasma arc such as axial temperature and radigdaeature are also obtained. An important findinghid work is
that the effects of the process parameters orethedrature distributions, including the workingreunt, the argon
flow rate and the distance from the nozzle outtetite working anode. It is found that the workingrent is
significantly influential to the temperature, valgcand current density. Meanwhile, the temperatlistributions of
combined plasma arc are less sensitive to thendistérom the nozzle outlet to the anode at a cahstarrent.
Consequentially, the results proved that the spkdiagnostics and analysis on the temperatureildisions of
combined plasma arc are reliable and effective.
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