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ABSTRACT

In the present context of advancement of techredognd researches, new alloys with exceptiongleaties are
made every day. Due to this, the importance ofi¢akion or joining of these alloys is also increasiLatest researches on
Aluminium lead to invention of its alloys with renkable properties such as low density, high stietgtweight ratio and
ability to resist wear and corrosion. Advantagesneéntion of new aluminium alloys can be utilizefficiently only by

using proper fabrication process.

The conventional joining process of aluminium wlle Gas Tungsten Arc (GTA) welding due to its
comparatively easier accessibility and better eognoThe detailed literature review conducted resdathat Pulsed
Current Gas Tungsten Arc Welding (PCGTAW) has bfeemd beneficial due to its advantages over theti@oous
Current Gas Tungsten Arc Welding (CCGTAW) of aluimin alloys. The use of pulsed current parameteskean found
to improve the mechanical & microstructural projgrof the welds compared to those of continuouseotiwelds due to
grain refinement occurring in the fusion zone. Heria this investigation an attempt has been maderépare a defect
free weld joint of PCGTA welded AA 5083 using AASBas filler metal and to evaluate the microstriadtproperties of
the weldment by conducting macro imaging, micractiral study & SEM imaging and compare it with #aame of the

base metal.

KEYWORDS: Aluminium 5083 Alloy, Pulsed Current Gas Tungstert AVelding (PCGTAW), Continuous Current
Gas Tungsten Arc Welding (CCGTAW), Microstructurabperties

INTRODUCTION TO ALUMINIUM AND ITS ALLOYS

Aluminium is a chemical element in the boron grauith symbol Al and atomic number 13. It is silveshite,
and is not soluble in water under normal circumstan Aluminium is the third most abundant element
(after oxygen and silicon), and the most abundaetamin the Earth's crust. It makes up about 8%veight of the Earth's
solid surface. Aluminium metal is so chemicallyatdze that native specimens are rare and limitedxtoeme reducing

environments. Instead, it is found combined in /&) different minerals. The main ore of aluminiignbauxite.

Aluminium is remarkable for its low density andl# to resist corrosion due to the phenomenompassivation.
Structural components made from aluminium andllts/s are vital to the aerospace industry and amgortant in other
areas of transportation and structural materiale Most useful compounds of aluminium, at leastomeight basis,

are the oxides and sulphates.
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Physical Characteristics of Aluminium

Aluminium is a relatively soft, durable, lightwéig ductile and malleable metal with appearancgiranfrom
silvery to dull gray, depending on the surface tmggs. It is nonmagnetic and does not easily ighitéresh film of
aluminium serves as a good reflector (approxima®286) of visible light and an excellent reflectas (much as 98%) of
medium and far infrared radiation. The yield stténgf pure aluminium is 7-11 MPa, while aluminiuftogs have yield
strengths ranging from 200 MPa to 600 MPa. Alurmmmilnas about one-third the density and stiffnessstegl.
It is easily machined, cast, drawn and extrudedmihium atoms are arranged in a face-centered dH&CE) structure.
Aluminium has stacking-fault energy of approximgt200 MJ/mi. Aluminium is a good thermal and electrical cortduc

having 59% the conductivity of copper, both theramadl electrical, while having only 30% of coppeesisity.
Chemical Characteristics of Aluminium

Corrosion resistance can be excellent due torasthiface layer of aluminium oxide that forms witlee metal is
exposed to air, effectively preventing further @tidn. The strongest aluminium alloys are lessasion resistant due to
galvanic reactions with alloyed copper. This coensesistance is also often greatly reduced byags salts, particularly

in the presence of dissimilar metals.

Owing to its resistance to corrosion, aluminiunoie of the few metals that retain silvery reflec&in finely
powdered form, making it an important componentsibfer-colored paints. Aluminium mirror finish hake highest
reflectance of any metal in the 200—400 nm (UV) #mal 3,000-10,000 nm (far IR) regions; in the 4@®-Am visible
range it is slightly outperformed by tin and silad in the 700-3000 (near IR) by silver, gold, eadper

Aluminium Alloys

Aluminium alloys are alloys in which aluminium (Ak the predominant metal. The typical alloyingraénts are
copper, magnesium, manganese, silicon and zincreTaee two principal classifications, namely castailoys and
wrought alloys, both of which are further subdiddénto the categories heat-treatable and non-heatable.
About 85% of aluminium is used for wrought produdts example rolled plate, foils and extrusiongsCaluminium
alloys yield cost effective products due to the lowlting point, although they generally have lovwessile strengths than
wrought alloys. The most important cast aluminidfoyasystem is Al-Si, where the high levels of @iln (4.0% to 13%)
contribute to give good casting characteristicsundihium alloys are widely used in engineering dues and

components where light weight or corrosion resistan required.

Alloys composed mostly of aluminium have been vémportant in aerospace manufacturing since the
introduction of metal skinned aircraft. Aluminiumagnesium alloys are both lighter than other aluommialloys and
much less flammable than alloys that contain a Vegih percentage of magnesium. Aluminium alloy aces will keep
their apparent shine in a dry environment due te tbrmation of a clear, protective layer of alumimi oxide.

In a wet environment, galvanic corrosion can ooghen an aluminium alloy is placed in electrical wa with other

metals with more negative corrosion potentials talaminium.
Aluminium 5083 Alloy

Aluminium 5083 is a high strength non-heat trelgtatioy in commercial use. The major additive hie glloy is

Magnesium. It has good formability and weldabibiyd retains excellent tensile strength in the vzeldge. It has excellent
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resistance to corrosion and high strength-to-weiglib. Reduction of mass is a prime concern fomynadustries

involved in transportation especially the automehihdustry, which has become significant becausduef saving,

reduction of emission, and recyclability. Hence fbeus on lightweight materials like aluminium anggnesium has

become predominant.

Chemical Composition of Aluminium 5083 Alloy

The chemical composition of Aluminium 5083 allgygiven in Table 1

Table 1: Chemical Composition of Aluminium 5083 Alloy

Element | % Present
Si 0.4
Fe 0.4
Cu 0.1
Mn 0.4-1.0
Mg 4.0-4.9
Zn 0.25
Ti 0.15
Cr 0.05-0.25
Al Balance

Mechanical Properties of Aluminium 5083 Alloy

The Mechanical properties of Aluminium 5083 allsygiven in Table 2

Table 2: Mechanical Properties of Aluminium 5083 Alby

Property Value
Tensile Strength (MPa 330
Shear Strength (MPa) 185
Elongation (%) 17
Hardness Vickers (HV 95

Applications of Aluminium 5083 Alloy

Due to high strength, good welding properties, éased wear and corrosion

strength-to-weight ratio, Aluminium 5083 is widelged in

Ship building
Rail cars
Vehicle bodies
Tip truck bodies

Pressure vessels

LITERATURE REVIEW

resistance and high

Literature review briefly describes about literagion welding of aluminium alloys. Literature seywvas carried

out for understanding methods for refining weldidaszones and influences of welding parameters @thanical

& microstructural properties. Detailed study wasducted to find out the most suitable method foldimg aluminium

alloys and finalize the process parameters.
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Methods for Improving Mechanical & Microstructural Properties of Weldment & for Refining Weld Fusion Zones

Dongxia Yanget al™ in 2010 Studied on microstructure and mechaniaap@rties of Al-Mg—Mn—Er alloy joints
welded by TIG and laser beam. Al-4.7Mg-0.7Mn-0.3Hoy plates were welded by laser beam welding ()BW
and tungsten inert gas (TIG). Mechanical properéied microstructures of both welded joints werelyneal.
The results showed that the tensile strength of j6l@ was 315 MPa, which was approximately 10%hkigthan
that of LBW welded joint. This was attributed toetliine grains, dispersed primary ;BF phase and low
Mg evaporation in TIG weld. Equiaxed grains witleeage size of 3(dm were obtained in the fusion zone, which
were much smaller than that of 90n in the fusion zone of LBW joint. The result clgaindicates that

TIG welding improves mechanical & microstructurabperties of Aluminium alloy weldment.

Sindo Kou? 2003 “Welding Metallurgy”, A John Willey & Sons plication explains several methods of

refining weld fusion zones which have been triechsas

o Surface nucleation induced by gas impingement

o0 Micro cooler additions

o Introduction of physical disturbance technique sastiorch vibration
o Inoculation with heterogeneous nucleants

0 Pulsed Current Welding

The result reveals that, new technique namelyepulsurrent welding have gained wide popularity tuéts

striking promise and the relative ease of applicgtcan be effectively used for a refined weldduasione. This technique

can be applied to actual industrial situations witty minor modifications to the existing weldingugpment.

Gas Tungsten Arc Welding (GTAW) on Aluminium

Dongxia Yanget al® in 2011 studied the microstructural and mechanijealperty characterization of
Er modified Al-Mg-Mn alloy TIG welds. Al-Mg-Mn-Zr-E alloy samples have been welded using TIG welding.
Tensile test and hardness test was conducted. aptigcroscopy (OM) was conducted to characterize
microstructures. Test results revealed the relatigm between mechanical properties and microstrestu
Result indicates that the tensile strength of piat72% of that of base metal. The fusion zomaagly made up

of dendrite grains. A characteristic equiaxed zisnebtained at the fusion boundary between the beal and
fusion zone. So from the tests, it is clear thab Welding is the most suitable process for joinadgminium

alloys.

J M Kuk et al Min 2004 studied the effects of temperature andldihig gas mixture on fatigue life of
5083 aluminium alloy. The study was conducted tal@ate fatigue life of 5083 alloy according to #teelding
gas mixing ratio and temperature change. The gagstan arc welding of the base metal was carrigdwith
different ratios of shielding gas wiz Ar100% + He08667% + He33%, Ar50% + He50% and Ar33% + He67%.
The results indicate that the fusion line and HAZrevnot influenced greatly with change in mixingas of

shielding gas.
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Pulsed Current Gas Tungsten Arc Welding (PCGTAW) onAluminium

« T Senthil Kumaret al’® in 2007 studied influences of pulsed current TI€lding parameters on the tensile
properties of AA 6061 aluminium alloy. Pulsed cutr&lG welding process utilizes arc energy morécifhtly
by reducing the wastage of heat energy by condudtito the adjacent parent metal. In PCTIG weldisgt
required to melt the base metal is supplied onlyndupeak current pulses for brief intervals oféinallows the
heat to dissipate leading to a narrower HAZ. Thaulte reveal that the refinement of microstructisrelue to
pulsed current welding is more compared to coneeati continuous current welding. It is also obsdrtreat the

pulsed current welding also improves mechanicaberes like tensile strength & hardness.

« N Karunakaran and V Balasubramarfiaim 2010 studied the effect of pulsed current anperature distribution,
weld bead profiles and characteristics of gas tiemgarc welded aluminium alloy joints. The reseleals that
use of pulsed current technique is found to impribnetensile properties of the weld compared withtimuous

current welding due to grain refinement occurrindusion zone.

+  Sanjeevkumdf in 2010 conducted an experimental investigatiorpalsed TIG welding of Aluminium plate.
The study compared the conventional continuouseotirwelding and pulsed current welding. Resultscie
that maximum reported tensile strength of PCTIGdivg is 92 MPa while that of CCTIG welding is only
32 MPa. Results also reveal that maximum reportedrsstrength of PCTIG welding is 85 MPa while toht
CCTIG welding is 80 MPa. So it is clear from theidst that PCTIG welding is advantageous compared to
CCTIG welding

« Madusudan Reddy @t al'® in 1998 carried out optimization of pulse frequeit pulsed current gas tungsten

inert gas welding of Al-Li alloy sheets.

« S Babuet al™ in 2007 optimized pulsed current gas tungstemaiding parameters of AA6061 aluminium alloy
using Hooke and Jeeves algorithm. Results inditete PCGTA welding yield finer fusion zone graimgiich
leads to higher strength of AA 6061 aluminium aljoints compared to CCGTA welding. It was also aded
that the peak current (Ip) and base current (Ib)the most significant parameters, which decidefub®mn zone

grain size and the tensile strength of the aluminalioy joints.

« A Kumar and S Sundarrafafl in 2009 studied influences of pulsed TIG weldingpqess parameters on
mechanical properties of AA5456 Al alloy weldmefihe important process parameters were found akistge
gas flow rate, electrode diameter, electrode naltand pulse ratio. The study also revealed thet imgzortant
process parameters which are having greater irdRiane peak current (Ip) and base current (Ibxepirequency

and pulse on time.

« Ravisankar V and BalasubramanialiVin 2003 studied the influences of pulsed curreeltimg parameters on

tensile and impact behavior of Al-Mg-Si alloy weldnts and found the important process parameters.
FINDINGS FROM THE REVIEW

e The literature review reveals that research havenlmarried out in the field of welding of aluminiuatioys.

However very few studies have been carried outlequl current gas tungsten arc welding on aluminium
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Moreover, no systematic study has been reportddrso analyze the mechanical & microstructuralpamies of
AA 5083 weldment with AA 5356 as filler metal.

AA 5083 was selected as the base metal as it hhergd wide acceptance in the fabrication of liglight
structures requiring a high strength-to-weightaaind excellent weldability, such as transportéloigge girders,

military vehicles, road tankers and ship building.

The GTA welding was found more beneficial compat@dther welding process as the mechanical pragserti
found to increase. Further studies revealed tlapthsed current gas tungsten arc welding (PCGTAWjluces
less HAZ and improved mechanical & micro structyredperties compared to conventional continuousecair
gas tungsten arc welding (CCGTAW) process.

AA 5356 was selected as the filler material duet$osimilarities in properties with AA 5083 and easf

availability.

Process parameters of PCGTAW

The following are the process parameters of PCGTAW
o Peak current 220-290 Amp

0 Base current- 50 % of peak current

o Voltage-24V

o Filler diameter- 4.8 mm

0 Tungsten electrode diameter- 4.8 mm
o Inert gas flow rate 14 Lit/min.

o Arc travel speed 4 mm/sec.

o Gas cup inside diameter- 12.7 mm

0 Pulse on time- 50% of total time

o Pulse frequency 4 Hz

o Pulse width 60 us

DISCUSSIONS
Pulsed Current Gas Tungsten Arc Welding (PCGTAW) Ppcess

Pulsed current gas tungsten arc welding, develapd®50’s, is a variation of gas tungsten arc \wejdwvhich

involves cycling of the welding current from a hifglvel to a low level at a selected regular freqyehe high level of

peak current (Ip) is generally selected to giveqadée penetration and bead contour, while the xell of background

current (Ib) is set at a level sufficient to mainta stable arc. This permits arc energy to be aféciently to fuse a spot

of controlled dimensions in a short time producihg weld as a series of over lapping nuggets aniislithe wastage of

heat by conduction into the adjacent parent mdtasain normal constant current welding, the fdwittheat energy
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required to melt the base material is supplied @hlying peak current pulses for brief intels of time allows the heat
affected zone (HAZ). The technique has securedlzerfor itself in specific applications such asvelding of root passe
of tubes and in welding thin sheets, where prec@atrol over penetration and heat input are reguto avoid burn

through.
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Figure 1: Gas Tungsten Arc Welding (GTAW) Process
PCGTAW on Aluminium 5083 Alloy

For finalizing the process parameters trial andremethod is adopted. For evaluating propertiehefweldmen

various tests are to be conducted.
Tests to be Conducted

For evaluating micro structural properties SEM iing, macro imaging& micro structural stuc is to be

performed.
Equipments to be Used

Equipments to be used con of aPulsed current gas tungsten arc welding machingddiorming thewelding
process.For evaluating microstructural properties an opticacroscope & scanning electron microscope (SEM

required.
Scheme of Investigation
The work was conducted the following sequent
» Selection of base metal and filler mate
* Weld joint preparation
» ldentify the pulsed current welding process parans
» Find the range of pulsed current welding procesamater
» Perform the welding process
» Conduct various s#s for evaluating microstructural properties & teldment & base me
* Record the results

* Compare and analyze the microstructural propeofi¢ise weldment with that of base me
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Selection of Base Material & Filler Material

The base metal employed is AA 5083 alloy. Filletenal used is AA 5356 alloy. The selection ofdillmaterial
is based on the mechanical properties, resistafieeed during welding process and similarity in pedties to that of
parent metal. The chemical composition of theffiffeetal AA 5356 is shown in Table 3

Chemical Composition of Aluminium 5356 Alloy
Chemical composition of aluminium 5356 alloy ise in Table 3

Table 3: Chemical Composition of Aluminium 5356 Alby

Si 0.25
Fe 0.40
Cu 0.10
Mn 0.05-0.2
Mg 4555
Zn 0.10
Ti 0.06-0.2
Cr 0.05-0.20
Others 0.15
Al Balance

RESULTS & DISCUSSIONS
Macro Structure

After welding, samples were cut into suitable sifeng cross-sectional direction for metallograpitamination.
The samples were grounded and polished accordistatalard process starting with 120 grit silicorbiie belt grinder
followed by 1, 2, 3, 4 grade emery papers.

And finally the samples were cloth polished on dg#lishing machine with alumina and diamond paste.
Then the samples were etched in Keller's Reagebtr(® HNO;+ 1.5 ml HCL + 1 ml HF + 95 ml Distilled Water) for
15 seconds before they were examined by opticalosiopy at 10X and 15X zoom levels.

(a) (b)
Figure 2: Macrostructure (a) 10X Zoom, (b) 15X Zoom

Macro structural study revealed that
¢ Proper weld penetration has occurred,

« Weldment is free from pores,
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¢ Proper bead contour is obtained,
¢ Less HAZ,
* Weldment is free from cracks & defects.

Micro Structural Study

@) (b) (©)

(a) (b) (©)
Figure 4: Microstructure of HAZ (a) 100X Zoom, (b) 200X Zoom, (c) 400X Zoom

(a) (b) (c)
Figure 5: Microstructure of Weldment (a) 100X Zoom,(b) 200X Zoom, (c) 400X Zoom

A detailed optical microscope study was conduttedtveal the micro structural details of base métAZ and
the weldment. Comparing the grain sizes, the graiimse metal is coarse and elongated (FigurenBg whe weldment is
having fine grains (Figure 5). In base metal, eldad grains are along the rolled direction. Thidue to strain hardening
during rolling. The HAZ is having intermediate graize compared to the same of base metal and weld(frigure 4).

On correlating the mechanical and microstructpralperties, the tensile sample fractured at the H#¥ch
showed maximum hardness value (Hv) and moderaia gize. This may be due to the formation of priéatps at the
HAZ during welding. Traces of Magnesium are uniftyrdistributed throughout the weldment. Misorieigatof grains

between weldment and base metal may be one ofabsecfor failure of weld sample. The details abmécipitate
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formation and reason for failure may be revealety &y conducting advanced tests like SEM with ED® &RD.
The weldment is having fine grains. As finenesgafins increases, the mechanical as well as mtcuotaral properties
improve. So presence of fine grains of the weldniadicates the perfect weld joint preparation, atwpof proper

welding technique and usage of suitable filler mate

Scanning Electron Microscope (SEM) Imaging

(a) (b)
Figure 6: SEM Images of Fractured Face of Weld Sanip (a) 250X Zoom, (b) 500X Zoom, (c) 1500X Zoom

@) (b)
Figure 7: SEM Images of Fractured Face of Base Metga) 250X Zoom, (b) 500X Zoom, (c) 1500X Zoom

SEM images of fractured faces of tensile samplesild about the grain structure and reasons factdre.
On comparison, the base metal shows regular shgmeds compared to that of weld sample. (Figure &(a’(a)).
The presence of mixed or distorted grains on watdme may be due to the heat treatment occurradgithe welding.
Figure 6(b) & 7(b) clearly shows the differenceggain structure and boundaries between weld samupdebase metal.

The base metal is having clear grain boundariefewteld sample shows irregular boundaries.

On analyzing 1500X zoom images, (Figure 6(c) &)Y (e reasons for fracture of samples is revealed.
The weld sample failed due to shearing of grairniguifé 6(c)). This may be due to the formation cfqgipitates, which
increased the hardness of HAZ. Due to this phenomeveld sample showed somewhat brittle fractureorigxamining
the SEM image of base metal, (Figure 7(c)) it bee@wident that failure occurred due to complete put of grains.
Pulling out of grains occurs when the elastic liofitmaterial is reached. Due to this, the base Insti@wed somewhat

elastic behaviour during tensile testing compacetth¢ weld sample.
CONCLUSIONS & FUTURE SCOPE

The effect of pulsed current gas tungsten arc iwgldPCGTAW) on microstructural properties of
AA 5083 aluminium alloy weldment welded with AA 53%5as filler material has been studied and the \fdlg

conclusions are made.
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Macro imaging of the weld sample revealed the eropeld penetration, less HAZ and quality of wetdin
Micro structural study indicates that the weldmbkas got fine grains while the base metal has gatseoand elongated
grains. HAZ has got intermediate grain size. Firarg of the weldment indicate perfect weld joirégaration, adoption

of proper welding technique and usage of suitabiér fnaterial.

SEM images of the tensile specimens revealedethgons for brittle failure of the weld sample. Dlase metal is
having fine and arranged grain structure with clgaain boundaries while weld sample is having migrdins.
It may be due to the post weld heat treatment. Gatyaing the SEM images it is clear that base nfefdd due to pull
out of grains while weld sample failed at HAZ dweshearing of grains. Due to this phenomenon wefdpée showed

brittle fracture compared to base metal.

As a future scope, application of optical micrqdraest will give better idea about the surfaceotppphy of the
weld zone and heat affected zone. Optimizationroé@ss parameters can be utilized to predict teetedf pulsed current
welding parameters on tensile properties of PCGTeddead aluminium alloy joints. Optimization of preseparameters
can be also employed for improving the mechanindlricro structural properties of the weldment.duble V butt weld
joint can be used to improve the penetration duvietfling with thick plates. Advanced SEM imagingheiques such as

SEM with EDS and XRD should be adopted to revealktkact reason for the failure of tensile sample.
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