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ABSTRACT 

Thel usel ofl highl strengthl aluminiuml alloys,l especiallyl thel alloysl ofl thel 7xxxl series,l inl thel constructionl ofl 

lightl armoredl vehicles,l lightl weightl bridging,l andl otherl equipment,l isl ofl interestl tol thel designersl ofl 

military equipment.l However,l inl thel usel ofl alloysl whichl exhibitl thel highestl mechanicall propertiesl andl 

providelsuperiorl ballisticl protectionl al majorl probleml hasl beenl exposed.l Stressl corrosionl crackingl hasl beenl 

foundl tol occurl inl bothl thel parentl platel andl thel weldedl joint. 

Inl thisl reviewl anl attemptl isl madel tol providel al basisl forl thel understandingl ofl thel physicall metallurgyl 

andl welding behaviorl ofl thel aluminuml alloys.l Recent alloysl havel beenl improvedl byl al betterl understandingl 

ofl thel effectsl ofl materialsl processingl operationsl onl thel microstructurel andl residuall stressl state.l Advancesl 

inl weldingl techniquesl offerl anl opportunityl tol substantiallyl reducel thel residuall stressl levell associatedl withl 

weldingl thickl sections. 
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INTRODUCTION 

Aluminiuml andl itsl alloysl havel widel rangel ofl applicationsl especiallyl inl thel fabricationl industriesl likel aircraftl 

manufacturing,l automobilel bodyl buildingl andl otherl structurall applicationsl duel tol thel goodl strengthl tol weightl 

ratio,l highl ductilityl andl corrosivel resistance.l Purel aluminiuml andl somel ofl itsl alloysl havel exceptionallyl highl 

electricall conductivityl secondl onlyl tol copperl amongl commonl metalsl usedl asl conductor.l Aluminiuml industryl 

worksl forl thel structurallyl reliable,l strong,l andl fracture-resistantl partsl forl airframes,l engines,l andl ultimately,l forl 

missilel bodies,l fuell cells,l andl satellitel components.l Thel productionl ofl semi-fabricatedl productsl utilizedl threel 

differentl typesl ofl aluminum,l namelyl superl purity,l commerciall purityl andl alloys.l Alloysl arel usedl forl producingl 

castingsl orl fabricatingl wroughtl products.l Thel alloysl usedl forl castingl containl greaterl amountl ofl alloyingl additionl 

thanl thosel usedl forl wroughtl products.l Thel additionl ofl alloyingl elementsl hasl thel effectsl ofl strengtheningl thel 

wroughtl alloysl andl improvingl thel castl abilityl ofl thel castingl alloys. 

PROPERTIESLOFLALUMINUMLALLOYSL  

Amongl thel mostl strikingl characteristicsl ofl aluminuml isl itsl versatilityl ofl application.l Thel rangel ofl physicall andl 

mechanicall propertiesl thatl canl bel developedl froml refinedl highl purityl aluminuml tol thel mostl complexl alloyl isl 

remarkable.l Thel propertiesl ofl aluminiuml thatl makel thisl metall andl itsl alloysl thel mostl economicall andl attractivel 

forl al widel varietyl ofl usesl arel itsl appearance,l lightl weight,l fabricability,l physicall properties,l mechanicall 

properties,l andl corrosionl resistance.l Aluminiuml hasl al densityl ofl onlyl 2.7l g/cm
2l 

approximatelyl one-thirdl asl muchl 

asl steell (7.83l g/cm
2
),l copperl (8.93l g/cm

2
),l orl brassl (8.53l g/cm

2
).l Itl canl displayl excellentl corrosionl resistancel inl 

mostl environments,l includingl seawater,l atmosphere,l petrochemicals,l andl manyl chemicall systems.l Thesel alloysl arel 

useful,l forl example,l inl high-torquel electricl motors.l  

Aluminiuml isl oftenl selectedl forl itsl electricall conductivity,l whichl isl nearlyl twicel thatl ofl copperl onl anl 

equivalentl weightl basis.l Aluminiuml isl non-ferromagnetic,l al propertyl ofl importancel inl thel electricall andl 

electronicsl industries.l Aluminiuml isl alsol nontoxicl andl isl routinelyl usedl inl containersl forl foodsl andl beverages.l 

Somel aluminiuml alloysl exceedl structurall steell inl strength.l However,l purel aluminiuml andl certainl aluminiuml 

alloysl arel notedl forl extremelyl lowl strengthl andl hardness.l  



EDUZONE: International Peer Reviewed/Refereed Multidisciplinary Journal (EIPRMJ), ISSN: 2319-5045 

Volume 2, Issue 1, January-June, 2013, Available online at: www.eduzonejournal.com 

57 
 

WELDABILITY OF ALUMINUM ALLOYS 

Weldabilityl ofl aluminiuml alloysl likel anyl otherl metall systeml mustl bel assessedl inl lightl ofl purposel ofl applicationl 

ofl weldl jointl consideringl servicel conditions,l weldingl procedurel beingl usedl andl weldingl conditionsl inl whichl 

weldingl needl tol bel performed.l Weldabilityl ofl aluminiuml mayl bel veryl poorl whenl joinedl byl shieldedl metall arcl 

weldingl orl gasl weldingl butl thel samel mayl bel veryl goodl whenl jointl isl madel usingl tungstenl inertl gasl orl gasl 

metall arcl weldingl process.l Similarlyl otherl aspectsl ofl weldingl procedurel suchl asl edgel preparation,l weldingl 

parameters,l preheatl andl postl weldl heatl treatmentl etc.l canl significantlyl dictatel thel weldabilityl ofl aluminiuml 

owingl tol theirl abilityl tol affectl thel soundnessl ofl weldl jointsl andl mechanicall performance.l Thus,l alll thel factorsl 

governingl thel soundnessl ofl thel aluminiuml weld,l thel mechanicall andl metallurgicall featuresl determinel thel 

weldabilityl ofl aluminiuml alloyl system.l Inl general,l aluminiuml isl consideredl tol bel ofl comparativelyl lowerl 

weldabilityl thanl steelsl duel tol variousl reasonsl a)l highl affinityl ofl aluminiuml towardsl atmosphericl gases,l b)l highl 

thermall expansionl coefficient,l c)l highl thermall andl electricall conductivity,l d)l poorl rigidityl andl e)l highl 

solidificationl temperaturel range.l Thesel characteristicsl ofl aluminiuml alloysl inl generall makel theml sensitivel froml 

defectl formationl pointl ofl viewl duringl welding.l Thel extentl ofl undesirablel effectl ofl abovel characteristicsl onl 

performancel ofl thel weldl jointsl isl generallyl reducedl usingl twol approachesl a)l effectivel protectionl ofl thel weldl 

pooll contaminationl froml atmosphericl gasesl usingl properl shieldingl methodl andl b)l reducingl influencel ofl weldl 

thermall cyclingl usingl higherl energyl densityl weldingl processes.l Formerl approachl mainlyl dealsl withl usingl variousl 

environmentsl (vacuum,l Ar,l orl theirl mixturesl withl hydrogenl andl oxygen)l tol shieldl thel weldl pooll froml ambientl 

gasesl whilel laterl onel hasl ledl tol thel developmentl ofl newerl weldingl processesl suchl asl laser,l pulsel variantsl ofl 

TIGl andl MIG,l frictionl stirl weldingl etc. 

WELDING PROBLEMS IN ALUMINUM ALLOYS: 

Porosity 

Porosityl inl aluminuml weldl jointsl canl bel ofl twol types.l  

a) Hydrogenl inducedl porosity 

b) Interl dendriticl shrinkagel porosity 

Formerl onel isl causedl byl thel presencel ofl hydrogenl inl thel weldl owingl tol unfavorablel weldingl conditionsl suchl 

asl improperl cleaning,l moisturel inl electrode,l shieldingl gasesl andl oxidel layer,l presencel ofl hydro-carbonsl inl forml 

ofl oil,l paint,l greasel etc.l Inl presencel ofl hydrogenl porosityl inl thel weldl metall mainlyl occursl duel tol highl 

differencel inl solubilityl ofl hydrogenl inl liquidl andl solidl statel ofl aluminuml alloy.l Duringl solidificationl ofl thel 

weldl metal,l thel excessl hydrogenl isl rejectedl atl thel advancingl solid-liquidl interfacel inl thel weldl whichl inl turnl 

leadsl tol thel developmentl ofl hydrogenl inducedl porosityl especiallyl underl highl solidificationl ratel conditionsl asl 

highl coolingl ratel experiencedl byl thel weldl pooll increasesl tendencyl ofl entrapmentl ofl hydrogen. 

Inclusionl  

Inl general,l presencel ofl anyl foreignl constituentl (onel whichl isl notl desired)l inl thel weldl canl bel consideredl asl 

inclusionl andl thesel mayl bel inl thel forml ofl gases,l thinl filmsl andl solidl particles.l Highl affinityl ofl aluminiuml 

withl atmosphericl gasesl increasesl thel tendencyl ofl formationl ofl oxidesl andl nitridesl (havingl densityl similarl tol 

thatl ofl aluminium)l especiallyl whenl a)l protectionl ofl weldl pooll isl notl enoughl b)l properl cleaningl ofl fillerl andl 

basel metall hasl notl beenl donel c)l shieldingl gasesl arel notl purel enoughl andl thereforel makingl oxygenl andl 

hydrogenl availablel tol moltenl weldl pooll duringl weldingl d)l gasesl arel presentl inl dissolvedl statel inl aluminiuml 

itselfl andl tungstenl inclusionl whilel usingl GTAl welding.l Mostlyl inclusionl orl oxidesl andl nitridesl ofl aluminiuml 

arel foundl inl weldl jointsl inl casel ofl unfavorablel weldingl conditions.l Presencel ofl thesel inclusionsl disruptsl thel 

metallicl continuityl inl thel weldl thereforel thesel providel sitel forl stressl concentrationl andl becomel al sourcel ofl 

weaknessl leadingl tol thel deteriorationl inl mechanicall andl corrosionl performancel ofl thel weldl joints. 

Solidificationl crackingl  

Thisl isl anl inter-dendriticl typel ofl crackingl mostlyl observedl alongl thel weldl centerlinel inl veryl lastl stagel ofl 

solidificationl primarilyl duel tol twol factorsl a)l developmentl ofl tensilel residuall stressesl andl b)l presencel ofl lowl 

meltingl pointl phasesl inl inter-dendriticl regionsl ofl solidifyingl weldl isl calledl solidificationl cracking.l Thel 

solidificationl crackingl mainlyl occursl whenl residuall tensilel stressl developedl inl weldl (owingl tol contractionl ofl 
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basel metall andl weldl metal)l goesl beyondl thel strengthl ofl solidifyingl weldl metal.l Moreover,l thel contributionl ofl 

solidificationl shrinkagel ofl weldl metall inl developmentl ofl thel tensilel residuall stressl isl generallyl marginal.l Alll thel 

factorsl namelyl thermall expansionl coefficientl ofl weldl andl basel metal,l meltingl point,l weldl beadl profile,l typel ofl 

weld,l degreel ofl constraint,l thicknessl ofl workl piecel etc.l affectingl thel contractionl ofl thel weldl willl governl thel 

residuall stressesl andl sol solidificationl crackingl tendency.l Thel presencel ofl tensilel orl shearl stressl isl mandatoryl forl 

crackingl meansl nol residuall tensilel stressl nol cracking.l Residuall stressesl inl weldl jointl cannotl hel eliminatedl butl 

canl hel minimizedl byl developingl properl weldingl procedure.l  

LITERATURE REVIEW 

Nl Karunakaranl etl al.,l (2010)l studiedl thel effectl ofl pulsedl currentl onl temperaturel distributionl andl weldl beadl 

profilel ofl gasl tungstenl arcl weldedl aluminiuml alloyl joints.l Thel effectsl ofl pulsedl currentl weldingl onl tensilel 

properties,l hardnessl profiles,l microstructurall featuresl andl residuall stressl distributionl ofl aluminiuml alloyl jointsl 

werel reported.l Itl wasl foundl thatl thel pulsedl currentl weldingl techniquel recordsl lowerl peakl temperature,l lowerl 

magnitudel ofl residuall stressesl andl superiorl tensilel strengthl asl comparedl tol constantl currentl weldingl duel tol 

formationl ofl finerl grainl structure. 

Al Hussainl etl al.,l (2010)l investigatedl thel effectl ofl weldingl speedl onl tensilel strengthl ofl thel weldedl jointl byl 

TIGl weldingl processl ofl AA6351l aluminiuml alloyl ofl 4l mml thickness.l  Weldingl wasl  donel  onl  specimensl  ofl  

singlel  vl  buttl  jointl  withl  weldingl  speedl  ofl  180l  -720l  mm/min.l Froml thel experimentall resultsl itl wasl 

revealedl thatl strengthl ofl thel weldl zonel isl lessl thanl basel metall andl tensilel strengthl increasesl withl reductionl 

ofl weldingl speed. 

 

Al Kumarl etl al.,l (2008)l weldedl 5456l aluminiuml alloysl sheetsl usingl Pulsel TIGl weldingl usingl ERl 5356l fillerl 

wirel forl optimizationl ofl thel processl parametersl tol improvel thel mechanicall properties.l Thel processl parametersl 

werel variedl betweenl asl pulsel currentl 70-80l A,l basel currentl 40-50l A,l weldingl speedl 210-l 230l mm/minl andl 

pulsel frequencyl 42-45l Hz.l Taguchil methodl wasl usedl tol optimizel thel processl parametersl andl al regressionl modell 

wasl developed.l Thel optimuml processl parametersl improvel thel mechanicall propertiesl byl 10-15%l duel tol grainl 

structurel refinementl atl weldl center. 

Tl Senthill Kumarl etl al.,l (2007)l weldedl AA6061l alloyl sheetsl usingl pulsedl currentl tungstenl inertl gasl weldingl tol 

observel thel influencel ofl weldingl parametersl onl thel tensilel propertiesl ofl weldedl joints.l Taguchil methodl wasl 

usedl tol findl outl thel effectl ofl variousl parametersl andl theirl responsel wasl measured.l Itl wasl reportedl thatl peakl 

currentl andl pulsel frequencyl havel directl relationshipl withl tensilel strengthl whilel basel currentl andl pulsel onl timel 

havel indirectl relationshipl withl tensilel strength.l  

Vl Balasubarmanianl etl al.,l (2006)l weldedl AAl 7075l singlel Vl groovel buttl jointsl usingl continuousl currentl 

GTAWl (CCGTAW),l pulsedl currentl GTAWl (PCGTAW),l continuousl currentl GMAWl (CCGMAW)l andl pulsedl 

currentl GMAWl (PCGMAW)l withl AAl 5356l fillerl wire.l Thel effectl ofl fourl weldingl processesl onl fatiguel 

propertiesl andl microhardnessl propertiesl wasl reported.l Transversel tensilel propertiesl ofl thel weldedl jointsl werel 

evaluated.l Itl isl increasingl byl increasingl peakl currentl andl pulsel frequencyl andl decreasingl withl increasingl basel 

currentl andl pulsel onl timel wasl foundl thatl currentl pulsingl leadsl tol relativelyl finerl andl morel equi-axedl grainl 

structurel inl gasl tungstenl arcl (GTA)l andl gasl metall arcl (GMA)l welds.l Fatiguel performancel ofl pulsel currentl 

weldedl jointsl wasl foundl tol bel superiorl asl comparedl tol continuousl currentl weldedl joints.l Pulsedl currentl GTAWl 

processl enduredl largel numberl ofl cyclesl asl comparedl tol otherl weldedl joints. 

Urenal etl  al.,l  (2000)l  investigatedl  thel  influencel  ofl  thel  interfaciall  reactionl  betweenl  thel  All  alloysl matrixl  

andl  SiCl  particlel  reinforcementl  onl  thel  fracturel  behaviorl  inl  TIGl  weldedl  All matrixl composites.l TIGl 

weldingl wasl carriedl outl onl 4l mml thickl AA2014/SiC/Xpl sheetsl usingl currentl settingl inl thel rangel ofl 37-155l Al 

andl voltagel ofl 14-16.7l V.l Froml study,l itl  wasl  foundl  that,l  thel  failurel  occurredl  inl  thel  weldl  metall  withl  al  

tensilel  strengthl  lowerl  thanl 50%l ofl thel parentl material.l Fracturel ofl thel weldedl jointl wasl controlledl byl 

interfacel  debondingl throughl  thel  interfacel  reactionl  layer.l  Probabilityl  ofl  interfaciall  failurel  increasesl  inl  thel  

weldl zonel duel tol formationl ofl aluminium-carbidel whichl lowersl thel matrix/reinforcementl interfacel strength. 

Normanl  etl  al.,l  (1999)l  investigatedl  thel  microstructuresl  ofl  autogenousl  TIGl  weldedl  Al-Mg-Cu-Mnl alloyl forl 

al widel rangel ofl weldingl conditions.l Weldingl wasl donel withl currentl inl thel  rangel 100-190l  Al  andl  weldingl  

speedl  150-420l  mm/min.l  Thel  finel  microstructurel  wasl  observedl  atl thel centrel ofl thel weldl whichl wasl forml 
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duel tol higherl coolingl ratel atl thel weldl centrel  comparedl tol thel fusionl boundary.l Itl wasl observedl thatl asl thel 

weldingl speedl increases,l thel coolingl ratel atl thel centrel ofl thel weldl alsol increases,l producingl smallerl sizel 

dendritel structure. 

APPLICATIONS OF ALUMINIUM ALLOYS 

Aerospacel alloysl (Aluminium–Scandium) 

Itl hasl beenl suggestedl thatl thisl sectionl bel splitl outl intol anotherl articlel titledl Aluminium–scandiuml alloy.l  

Thel additionl ofl scandiuml tol aluminiuml createsl nanoscalel Al3Scl precipitatesl whichl limitl thel excessivel grainl 

growthl thatl occursl inl thel heat-affectedl zonel ofl weldedl aluminiuml components.l Thisl hasl twol beneficiall effects:l 

thel precipitatedl Al3Scl formsl smallerl crystalsl thanl arel formedl inl otherl aluminiuml alloysl andl thel widthl ofl 

precipitate-freel zonesl thatl normallyl existl atl thel grainl boundariesl ofl age-hardenablel aluminiuml alloysl isl reduced.l 

Scandiuml isl alsol al potentl grainl refinerl inl castl aluminiuml alloys,l andl atoml forl atom,l thel mostl potentl 

strengthenerl inl aluminium,l bothl asl al resultl ofl grainl refinementl andl precipitationl strengthening. 

Anl addedl benefitl ofl scandiuml additionsl tol aluminiuml isl thatl thel nanoscalel Al3Scl precipitatesl thatl givel thel 

alloyl itsl strengthl arel coarseningl resistantl atl relativelyl highl temperaturesl (~350l °C).l Thisl isl inl contrastl tol typicall 

commerciall 2xxxl andl 6xxxl alloys,l whichl quicklyl losel theirl strengthl atl temperaturesl abovel 250l °Cl duel tol rapidl 

coarseningl ofl theirl strengtheningl precipitates. 

Thel effectl ofl Al3Scl precipitatesl alsol increasel thel alloyl yieldl strengthl byl 50–70l MPal (7.3–10.2l ksi). 

Inl principle,l aluminiuml alloysl strengthenedl withl additionsl ofl scandiuml arel veryl similarl tol traditionall nickel-basel 

superalloys,l inl thatl bothl arel strengthenedl byl coherent,l coarseningl resistantl precipitatesl withl anl orderedl L12l 

structure.l However,l Al-Scl alloysl containl al muchl lowerl volumel fractionl ofl precipitatesl andl thel inter-precipitatel 

distancel isl muchl smallerl thanl inl theirl nickel-basel counterparts.l Inl bothl casesl however,l thel coarseningl resistantl 

precipitatesl allowl thel alloysl tol retainl theirl strengthl atl highl temperatures. 

Thel increasedl operatingl temperaturel ofl Al-Scl alloysl hasl significantl implicationsl forl energyl efficientl applications,l 

particularlyl inl thel automotivel industry.l Thesel alloysl canl providel al replacementl forl denserl materialsl suchl asl 

steell andl titaniuml thatl arel usedl inl 250-350l °Cl environments,l suchl asl inl orl nearl engines.l Replacementl ofl thesel 

materialsl withl lighterl aluminiuml alloysl leadsl tol weightl reductionsl whichl inl turnl leadsl tol increasedl fuell 

efficiencies. 

Additionsl ofl erbiuml andl zirconiuml havel beenl shownl tol increasel thel coarseningl resistancel ofl Al-Scl alloysl tol 

~400l °C.l Thisl isl achievedl byl thel formationl ofl al slow-diffusingl zirconium-richl shelll aroundl scandiuml andl 

erbium-richl precipitatel cores,l formingl strengtheningl precipitatesl withl compositionl Al3(Sc,Zr,Er).l Additionall 

improvementsl inl thel coarseningl resistancel willl allowl thesel alloysl tol bel usedl atl increasinglyl higherl temperatures. 

Titaniuml alloys,l whichl arel strongerl butl heavierl thanl Al-Scl alloys,l arel stilll muchl morel widelyl used. 

Thel mainl applicationl ofl metallicl scandiuml byl weightl isl inl aluminium–scandiuml alloysl forl minorl aerospacel 

industryl components.l Thesel alloysl containl betweenl 0.1%l andl 0.5%l (byl weight)l ofl scandium.l Theyl werel usedl inl 

thel Russianl militaryl aircraftl Migl 21l andl Migl 29. 

Somel itemsl ofl sportsl equipment,l whichl relyl onl highl performancel materials,l havel beenl madel withl scandium–

aluminiuml alloys,l includingl baseballl bats,l lacrossel sticks,l asl welll asl bicyclel framesl andl components,l andl tentl 

poles. U.S.l gunmakerl Smithl &l Wessonl producesl revolversl withl framesl composedl ofl scandiuml alloyl andl 

cylindersl ofl titanium. 

Potentiall usel asl Spacel Materials 

Duel tol itsl light-weightl andl highl strength,l aluminiuml alloysl arel desiredl materialsl tol bel appliedl inl spacecraft,l 

satellitesl andl otherl componentsl tol bel deployedl inl space.l However,l thisl applicationl isl limitedl byl thel energeticl 

particlel irradiationl emittedl byl thel Sun.l Thel impactl andl depositionl ofl solarl energeticl particlesl withinl thel 

microstructurel ofl conventionall aluminiuml alloysl canl inducel thel dissolutionl ofl mostl commonl hardeningl phases,l 

leadingl tol softening.l Thel recentlyl introducedl crossoverl aluminiuml alloysl arel beingl testedl asl al surrogatel tol 6xxxl 

andl 7xxxl seriesl inl environmentsl wherel energeticl particlel irradiationl isl al majorl concern.l Suchl crossoverl 

aluminiuml alloysl canl bel hardenedl vial precipitationl ofl al chemicall complexl phasel knownl asl T-phasel inl whichl 

thel radiationl resistancel hasl beenl provedl tol bel superiorl thanl otherl hardeningl phasesl ofl conventionall aluminiuml 

alloysl alloys. 
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CONCLUSION 

Weldingl andl structurall designl isl anl areal inl whichl furtherl advancesl arel likely.l Itl wouldl bel desirablel tol obtainl 

anl understandingl ofl thel naturel ofl residuall stressl inl al structurel asl al functionl ofl jointl designl andl weldingl 

process.l Weldingl processesl suchl asl synergicl pulsedl MIGl withl synchronizedl transversel oscillationl offerl thel 

possibilityl ofl veryl highl quality,l highl productivity,l weldingl atl markedlyl reducedl heatl inputs,l andl thereforel withl 

lowerl accompanyingl residuall stresses.l Thesel processesl mayl alsol leadl tol improvedl 'outl ofl position'l mechanisedl 

weldingl proceduresl which,l inl thel future,l mayl bel capitalisedl onl byl roboticl workl stationsl tol allowl designl 

freedoml froml straightl downl handl runs. 
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