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Additivemanufacturingalsoreferredas3Dprintinghascomeforthasatransformativeapproachin
industrialproductionforthecreationoflighter,morepotentandflexiblecomponents.Inthepastfew
years,metaladditivemanufacturingtechnologieshaverevolutionizedthemanufacturingindustrydue
toitspotentialtoproducecomplexgeometrieswithspecialconnectionsincontrasttothetraditional
productiontechniques.Inparticular,componentsthataremulti-functionalcanbemodelledtoprovide
solutionstostructural,protectiveengineeringandinsulationproblemsatthesametime.Expirationof
earlierpatentson3Dprintingtechnologies,costreductionof3Dprinters,continuousencouragementfrom
thegovernmentandtheflexibilityinmassmanufacturingofcustomizedpartsarekeyfactorsindriving
theAMindustrysofast.ArecentsurveybyWohlersAssociatesindicatesabout50%of3Dprintingwill
evolvearoundthemanufacturingofcommercialproductsin2020andanincreaseoftheAMmarketto
2%intheworldmanufacturingeconomyof12trillionUSdollarsintheyear2030.(Ngoetal.,2018)

ThedemandforAMtechnologiesinaerospace,automotiveandmedicalfieldsisduetolimitations
oftraditionalprocessessuchaslongleadtime,lackofflexibilityandexpensivetooling.(Culmoneet
al.,2019;Faseletal.,2020;Gisarioetal.,2019;Ngoetal.,2018)AmongvariousAMtechnologies
forproducingmetalparts,processessuchaspowderbedfusion(PBF)anddirectenergydepositions
(DED)techniquesarefindingtheirplaceinindustrialapplications(Adeyemietal.,2018).High-quality
metalpowderandwirefeedstockarecriticaltothesuccessfulbuildingofpartsinAM.Anumberofnew
anddissimilarmetalsinpowderedformtosuitexactprocessrequirementsthatareincludedinlibrary
ofmaterialsarealuminium,steel,copper,titanium,stainlesssteelandcopper,cobaltchrome,nickel
andtitanium-basedalloysinadditiontopreciousmetalslikeplatinum,amber,silverandpalladium.A
broadrangeofwirefeedstockoptionsisalsoavailablelikethoseofsteelandstainless-steelalloysas
wellaspuremetalslikealuminium,niobium,titanium,molybdenumandtungstenareavailableaswire
feedstock(Ngoetal.,2018).

Duetotheemergenceofadditivemanufacturing,designerswereabletocomeupwithcomplicated
designlikeneverbeforeandmanufacturerswereabletoproducecomponentsatease.Additivemanu-
facturingisdesirablewhenthevariationinproductionishighanddesigntendstobemorecomplicated
likethoseofaerospaceandnavalapplication.Additivetechniquesrenderhugebenefitsincaseofnew
inventionwhereitcallsforadealofmoneyduetotheneedofpreparationofmouldsincaseoftraditional
procedures,thereforeenablingtheproducerstobeamplycompetentinthesecuritiesindustry.Basedon
theplaceofusagetheadditivetechniqueslikethoseofSelectiveLaserMelting/SelectiveLaserSintering
(SLM/SLS),binderjetting,DirectMetalDeposition(DMD),wirearcadditivemanufacturing(WAAM),
powderbasedandwire-basedDirectEnergyDeposition(DED),LaserEngineeringNetShaping(LENS)
andLaserMetalDeposition(LMD)areused.(Azarniyaetal.,2019;Froes&Dutta,2014)
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Compositematerialshavebeenusedwidelyduetotheirinheritingsuperiormechanicalstrengthand
highperformanceinvariousapplications.Metalmatrixcompositesofferproductionoflightweightcom-
ponentwhichmakethemasabetteralternativetotheirmetalcounterparts.ApplicationofAMtechniques
thatareusedfortheproductionofmetalswithminormodificationmakethemsuitableforproducing
composites;somecommonlyusedtechniquesareSelectiveLaserMelting/SelectiveLaserSintering
(SLM/SLS),powderbasedandwire-basedDirectEnergyDeposition(DED),LaserMetalDeposition
(LMD),DirectMetalDeposition(DMD),LaserEngineeringNetShaping(LENS),PlasmaDeposition
Manufacturing(PDM),andsheetlamination(Faseletal.,2020;Froes&Dutta,2014;Kirkaetal.,2018)

ThoughpartscanbeproducedinAMinvarioussizesfrommicroandmacroscale,constraintson
anisotropicbehaviour,residualstressbuiltinanditsassociatedresidualstress,postprocessingrequired
foralteringmicrostructureandpoorfatiguelifearechallengedinthefield(Liuetal.,2018;Munford
etal.,2020).Thisbookwillbeauniqueguidetoadditivemanufacturing/three-dimensional(3D)print-
ingofmetalsandcomposites.Examiningarangeofmanufacturingtechnologiesandtheircapabilityto
manufacturebothfunctionallivescaleproductsaswellsasprototypes,thechaptersthatarediscussed
inthebookaddressmetalcomponentsandexploresomeofthemainresearchissuesassociatedwith
theuseofthesetechnologies.Thenewertechnologiesthatarecurrentlyunderdevelopmentarealso
exploredhere.Thebookalsopresentsuniquereal-lifecasestudiesfromindustry,thecontentsspecified
hereofferstheperspectiveofengineerswhoareassociatedinthefieldsofaerospaceandtransportation
systems;itisalsointenttohelpengineerstodesigncomponentsandmanufacturingnetworks.Written
bytheleadinguniversityandindustryexperts,thebookisaimedatprovidingacomprehensiveinsight
forstudentsandpractitionersinthefield.

Thebookconsistsof14chaptersformulatedbyexpertsandthefollowingsectionsbrieflyoutline
variouschaptersenclosedinthebook.

Chapter1representsanintroductiontometalAMtechniquesanditsbenefitsinthefabricationprocess
overconventionalmethods.ItalsoexplainsabouttheconventionalCNCandAMprocesseswhichare
detailed.Chapter2throwslightonthreeAMprocesses,namely,PowderBedFusion(PBF),Electron
BeamMelting(EBM),BinderJetting(BJ)whicharemajorlyusedforcommercialpurposesandtheir
advantageanddisadvantagesarealsodetailed.Thecontentsalsoexplainabouttheroleof3Dprinting
infuturemanufacturingindustries.

Chapter3discussesbrieflyabouttheadvancementsinadditivemanufacturingofNi-basedsuperalloys
whichareusedinaero-engines.Theinfluenceofpre-alloyedpowder,processparameters,andscanning
strategyonthemicrostructureandmechanicalpropertiesinas-builtconditionarealsoexplained.Chapter
4summarisestheprocess-structure-propertyrelationshipsinlaserpowder-bedfusionofInvar36.The
processparametersforL-PBFofInvar36toobtainoptimumpropertieswerealsodetailed.Chapter5
detailsthefundamentalconceptsofthethreearcweldingtechnologies,namelymetalarc,tungstenarc
andplasmaarcweldingmethodswhichareexplainedindetail,thechapteralsoprovidesinformation
aboutthevariousmodificationsthatcanbeintroducedintothesemethodstocreatetheircapabilitiesas
additivemanufacturingprocesses.

Chapter6elucidatestheproductionofcomplexshapesusingWAAMtechnique.Thetechniqueof
WAAMautomationandmodellingadvancementshasknowntoimprovetheprocesspenetrationinto
themarketforproducingawiderangeofproducts.ItalsodeciphersthereasonwhyCMThasbecome
apopularheatsourceforWAAMprocesses,whichisfollowedbyChapter7thatexpoundsthedevelop-
mentofproductswithmulti-materialandcompositestructuresusingdifferentadditivemanufacturing
techniques. The mechanical, metallurgical and functional properties enhanced through various AM
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processesarediscussedinbriefwiththeirresults.Thechapteralsodetailsthebenefitsoffunctionally
gradedmaterialsdevelopedthroughhybridAMprocessratherthantheexistingadditivemanufactur-
ingsystems.Chapter8briefsabouttheDirectLaserFabrication(DLF)whichprovidesbenefitstothe
healthcaresectorforthedevelopmenttowardsthecreationofhigh-qualityprostheticdevices/implants.
Thistechniquecanbeusedtorepair/remanufacturedamagedcomponentswithinanassemblysuchas
tool/diesandturbinebladesandthusavoidingthenecessityofthefabricationofnewcomponents.The
futureperspectivesofDLFasatoolforthefabricationofhigh-quality,high-endcomponents,including
thedevelopmentofefficientlasersources,improvedpowderutilizationduringthedepositionprocess,
thedesignofflexible/protectiveprocesschambersforDLFplatformsandeffectivepowderrecycling
strategiestoreducetheenvironmentalimpactsoftheprocessaredetailed.Chapter9discussesthecurrent
statusoftheAMprocesssimulationsoftware,andtheAMprocesssimulation.ItalsostatesthattheAM
processsimulationmustbeperformedwhentheshapeofthestackedoutputislargeandcomplex.The
chapterendswithamarvellouspostulationclaimingthatdespitethepromisingresultsreported,onemust
keepinmindthekeychallengesinadditivemanufacturingtechnology.Thetopologyoptimizationand
cutting-edgeAMsimulationtechnologiesispresentedinChapter10.Applicationsinthesetwodirections
werecitedwithcasestudyexamples.Despitethepromisingresultsreported,onemustkeepinmindof
thekeychallengesinadditivemanufacturingtechnology.Chapter11describesaboutacompensationthat
canminimizedeformationandpredictthedeformationduetohighthermalsource(Laser)inmanufactur-
ingcranialimplantswitha3Dprinter.Chapter12focusesontheimportanceofmultiscalemodelling
inAMprocesses.Itstatesthatusingphasefieldandatomisticmodelling,simulationsareperformed
tounderstandtheneckingbehaviourofAlSi10MginoneoftheAMprocesses(DMLS).Thechapter
endsbygivingoutafewareaswhereadditionalscopeofresearchisrequiredproceededbyChapter13
thatbriefsonPBFtechnology,whichbringstolightaboutthefactthatitisimportanttonotethatdue
totheinherentnatureof theprocesses,additivemanufacturingmayleadtonewprocessandsupply
chainsaswellasnewmanufacturabilityproblemsrelatedtohighresidualstressesandleadingdeforma-
tions,inferiorsurfacequalityanddimensionalaccuracyincontrasttomachining,anisotropicmaterial
properties,etc.Chapter14compilestheevolutionandglobalstatusofLAMtechnology,highlighting
itsadvantagesandfreedomsforvariousindustrialapplications.ItdiscusseshowLAMiscontributing
toIndustry4.0forthefabricationoftailoredpartsforengineeringandprostheticapplicationsthrough
casestudies.Itcompilesresearch,developmentanddeploymentscenariosofthisnewtechnologyin
developingeconomiesalongwiththefuturescopeofthetechnology.

Alotofpeoplerenderedtheirhelpinthepreparationofthisbookdirectlyandindirectly.Thoughit
isverydifficulttonameeveryoneatthispoint,fewofthemwhoseimmensecontributionforthefruition
oftheeffortmustberemembered.Theauthorsofthisbookhavealongassociationwitheachother,
bothworkingatNationalInstituteofInstituteofTechnology,Tiruchirappalli(NITT)foroveradecade.
BothauthorshavebeenteachingManufacturingTechnology,WeldingTechnologyandMachineDesign,
MetalformingandMachiningforthepastseveralyears.Furthertheyhavesupervisedseveralmasterand
doctoralstudentsintheareaoflaserprocessing,metaladditivemanufacturingandprocesssimulation.
Interactionwiththegraduate,doctoralstudentsandindustrypersonnelthatareworkingintheAdditive
Manufacturingfieldarethedrivingforcefortakingtheassignmentofeditingofthisbookthatcovers
therecentadvancesinadditivemanufacturingofmetalsandcomposites.Ourheartfeltthankstoour
InstituteDirectorDrMiniShajiThomasforhersupportinoureffortsfortakingupoftheprojectandits
timelycompletion.Ourfriendsandcolleagueshavehelpedtremendouslyinthecompletionofthework
andweowealotfortheirconstantencouragementandcriticismduringtheeditingofwork.Wethank
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allourreviewers,especially,Dr.ÖzgürPoyraz,Dr.MostafaYakout,FredrickMadaraka,Dr.Anagh
Deshpande,Dr.JithinJoseph,Dr.EvrenYasawhohavespenttimetoreviewtheindividualchapters
andmakingcommentsandsuggestionsfortheimprovementofthechapter.SpecialthankstoourPhD
studentsMr.S.DivakarandMr.C.T.JustusPanickerforhelpingusinoureditorialwork.
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