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ABSTRACT

고장력강 (AHSS_590MPa)의

Nd:YAGLaserStitch용 에 한 연구

Kim,Du-Song

Advisor:Prof.Cha,Yong-Hun,Ph.D.

DepartmentofMechanicalengineering,

GraduateSchoolofChosunUniversity

최근 자동차업계는 연비향상,환경오염 충돌안 규제강화 등에 한 법

규제의 강화에 기 하여,기존의 주행성능 향상 배기량 형화 등에

을 맞춘 신차 개발의 에서 탈피하여 이산화탄소 배출이 고 연비가

폭 향상된 친환경 자동차의 개발에 몰두하고 있다. 한 자동차 산업은 총

매출 120조,총고용 9%,수출총액의 13%를 차지하는 주력 기간산업으로,매

출 완성차 부품 제조업체의 매출 비 이 거의 동등한 구조로 되어있으

며,부품 제조에 필수 인 용 · 합기술과 같은 생산기반기술에 한 의존도

가 매우 높은 산업이다.그래서 재는 차체경량화 이와 련된 기술은

연비와 이산화탄소 배출을 동시에 개선할 수 있는 가장 효과 인 방법이며,
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기자동차,클린디젤자동차 연료 지자동차와 같은 모든 미래형 친환경

자동차에 공통으로 용될 수 있는 공통핵심기술임에 틀림없다.

차체의 경량화를 해서 Al,Mg합 과 같은 경량 속의 용이 극 검토되

고 있는 가운데,경량화와 함께 비용 생산구조이면서 승객의 안 성을 동

시에 충족시킬 수 있는 고장력강(AHSS:AdvancedHighStrengthSteel)의

개발이 포스코를 심으로 진행되고 있으며, 기아자동차를 비롯한 완성

차 업체를 심으로 고장력강을 용한 부품 제조를 한 선행연구가 진행되

고 있는 상황이다.그리고 자동차용 고장력강의 수요는 향후 폭발 으로 증

가할 것으로 상되며,특히 재 주로 사용되고 있는 400MPa 후의 강재

는 근시일 내에 600MPa～1GPa 의 고장력강으로 체될 것으로 업계의

문가들은 상하고 있고,2015년에는 그 유율이 80%에 육박할 것으로 상

하고 있다.

그러므로 주력 기간산업인 자동차 련 부품산업을 발 시키고 로벌 경

쟁력을 선 하기 해서는 향후 수요의 폭발 확 가 확실시 되는 고장력강

에 한 새로운 개념의 용 / 합 기술개발이 실히 요구되어 진다. 한

재 국내 자동차 차체에는 일반강에서 AHSS까지 다양한 강종들이 용이 시

도되고 있으며,경량화를 해 더욱 선진화 된 AHSS강종을 용하기 해

철강업체들의 연구 개발이 가속화되고 있다.하지만 이러한 AHSS강종을

용하기 한 용 법은 선진국에 비해 상당히 낙후되어 있는 실정이다.

특히 자동차 산업에서의 기존 항 용 에 의하여 도장도 강 을 용 시

도장/도 이 녹아 비산되어 합하고자 하는 부 를 오염시키므로 용 불량

이 많이 발생하나, 이 스티치 용 을 용하면 이러한 문제 이 없을 뿐

만 아니라 용 장의 길이가 상 으로 길어 용 강도가 증가하며 상이두께

의 용 도 가능하다.

이에 따라,본 연구에서는 자동차용 AHSS 강재 DP590에 한 이 용

특성을 알아보고자 Nd:YAG 이 스티치 용 을 실시하고 용 성,용입

상,미세조직 경도 그리고 인장특성 강도에 미치는 공정변수에 한

향을 평가하고자 한다.
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Chapter1

INTRODUCTION

1.1ResearchBackground& Purpose

Recentlyfrom theautomaticindustryiscausedbywithcontinuedratio

improvementand,CO2 environmentalregulation and demand ofcrash

safety reinforcement etc.from the world-wide automobile advanced

various nations leads a continued these rules and celebration ofthe

environmentalcharacteristicautomobiledevelopmentwhichhitsthehigh

performanceandtheresearchanddevelopmentforabodylightweightand

isinparallelandproductivityimprovementtechnicaletc.isresearchand

developmentcontinuously.

Speciallybody lightweightisnotonly theenvironmentalcontamination

improvementwhichoriginatestoastackgasdecrementdevelopmentfor

theefficientimprovementofthefuturefuelcellautomobilewhichwillbe

completedfrom thelightweighttechnicaldevelopmentearnestlyismore

demandedwithin5years.

Accordingly, lightweight non-ferrous materials (aluminum alloy,

magnesium,and specialreinforced plastic),butthe costofincreased

coverage,weldingstrengthhasalotofproblemstobesolvedinterms.

In responseto recentautomotivepartsindustry forsafety apply the

existingstrength(HSS;highstrengthsteel)comparedtothestrengthand
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forming new advanced high strength steelexcellent(AHSS;advanced

highstrengthsteel)bodypartstodevelopandapplyforthetechnology

developmentisunderway.

However,ifthedevelopedstrengthsteelduetoitscharacteristics,such

ascomplexshapeandFormabilityspringbackeffectduetoaproblem

have a problem with body parts,and recently secured theirmaterial

strengthandelongationoftheTRIP (transformationinducedplasticity),

TWIP(twinninginducedplasticity)steel,andhotstamping,etc.havebeen

developed mainly applied in the European car markethas increased

graduallyinNorthAmerica,Japan'sbecomingitsapplication.

AHSScomparesinthegeneralmildsteelandthealloyadditionquantity

increases and the welding quality differs with automatic AHSS

developmenttogetherresearchearnestlyisdemandedaboutthetechnique

which is various fora welding quality and a welding characteristic

improvement.

Thishighaccessibilityofthelaserweldinghead,fasterweldingspeeds

andhavesuperiorweldquality,Sobyusinglaserweldingvehiclebody

assemblyline,reducingthenumberofcellsatthesametimeimproving

the strength of body and body weight reduction, fuel efficiency

improvement,costsavingscan.

Accordingly,thepresentstudyAHSSautomotivegradesteeltoevaluate

thecharacteristicsoflaserwelding fortheNd:YAG laserwelding and

weldingperformed,weldability,hardnessandtensilepropertiesandprocess

parametersontheintensityistoevaluatetheimpacton.
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Fig.1.1ApplicationofLaserWeldinginthecarbodyassembly

1.2ResearchMethodology

Inthisstudy,Nd:YAG LaserStitchWeldingAfterselectingtheoptimum

weldingconditions,weldingconditionsselectedfortheonepointweld(KS

B0851)standardtensiletestsareconductedbasedontheshearstrength

andtensileloadsonthebasisofNd:YAG LaserStitchdeterminedthe

optimallengthofweldbead.

Investigatesthepitchoftheweldingdepartmentspotweldingfrom the

actualautomobileandafterdeciding thelength oflaserstitchwelding

departmentpitchrespectivelywith40mm,50mm and60mm,tensile-shear

testaboutthespecimeninstandard,aboutNd:YAG LaserStitchwelding

departmentpitch.
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In thisexperiment,Nd:YAG LaserStitch Welding equipmentused to

condition selection 3KW grade Nd:YAG laserwelding using a Laser

Power,Welding Speed as a variable and,FocalDepth and +1 mm,

ShieldingGasandArgon15ℓ/minwereweldedto.Weldbeadsurface,as

wellasphotographsselected by thestateand SpotWelding using a

specimen ofthesamesizeasthe10mm,15mm,20mm weldedtensile

tests were conducted, each Nd:YAG Laser welding of the beads

determinesthelengthofStitchwas.

ThepitchofNd:YAG LaserStitchweldingdepartment30mm topileup

themultispotwelding specimen (DP590)at300✕100✕1mm sizesand

produce,thespotweldingdepartmentpitchoftheactualautomobilepitch

ofthespotweldingtoinvestigate,holdanexaminationoftensile-shear

test.

Atthesizewhichisidenticalwiththemultispotweldingspecimenand

Nd:YAG LaserWeldingConditionsforSelectedStitchweldbeadsizeof

theweldwas20mm.Andpitchfor40mm,50mm,60mm andatensiletest

afterapplying,themultispotweld tensileloading and shearstrength

accordingtotheNd:YAGlaserweldingofStitchpitchweredetermined.

Inaddition,thethermalcamerausingaHeatDistributionTestandWZ,

HAZ,BM HardnessTestwasmeasuredon.
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1.3RecentlyTechnologyTrends

In recentyears,automobile weightand acceleration ofresearch and

developmentforhigh-temperparallelHigh Strengthening ofthebody,

light weight, increase productivity, technology and research and

development is ongoing.Therefore,the conventional resistance spot

welding based on the costofa cardesign and production methods,

technologicallimitationsand lightweightbody,improvesafety,increase

productivity,to achieve the TB (Tailored Blank) applies lightlaser

weldingtechnologyand3-D laserweldingtechnologyintheautomobile

industryhasemergedasakeytechnology.

Automotiveindustrysincethe1960s,Ford'smassproductionofacarand

two second oilshock increased demand forlightercars were going

through.Thedemandqualitychangesabouttheautomobileandinorder

tocorrespond in automobilelightweightdecreasesthethicknessofthe

steelwiththeplanwhichreducesabodyweightandthesteelwhich

raisesthestrength,thenamelyAHSSorUHSSwillapplymentquickly,is

developing.
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Fig.1.2Highstrengthsteeldemandforecasting

Therefore,resistancespotwelding,weldingtechnologysincethe1980s,to

obtain high-quality welds while also improving productivity, the

applicationoflaserweldingcanbestarted.Laseroutput,especiallythe

growingautomotiveenginepartsandmissionbegantobeappliedtothe

laserweldingprocessisrequiredsincethe3-Dimensionalcarbodyand

electricparts,etc.havebeenincreasinglyapplied.

Fig.1.3LaserWeldingapplications-AutomotiveIndustryindetails
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Indevelopedcountriesin1995toproduceautomotivebodypartsapplied

inlaserweldingtechnology,industrialrobots,articulatedNd:YAG laser

head mounted on thewelding flangewelding Spotwelding technology

comparedtoconventionalweldingtimeby45% byreducinghasmadeto

improvetheproductivityboost.

However, the Nd:YAG laser welding, the system's investment in

comparisonwiththeexisting six timesmoreexpensivebecauseofthe

weldingmachine,productionlinedoesnotapplytothesituationisrapidly

expanding.

Therefore,Spotwelding productivity overfive times more than the

minimum weldingtechnology,lasermarkingdeviceisusedinthescanner

(Galvanometric Scanner)and robotic laserwelding technology in the

leadingforeigncarmakerisconsideringapplyingtodevelopedandsome

parts,domesticcartechnologydevelopmentinindustry,itisrequiredfor

thesystem becausethemanufacturing industry todevelop robot-based

remotelaserweldingtechnologyhasemergedasanimportanttask.

Domesticautoproductionline,mostoftheresistancespotwelding,and

automotivemanufacturersaround theinstituteofaluminum alloy,high

tensile strength materials such as applying for a welding,bonding

technologyinthepreviousstudiesareinprogress.

AlreadyinEuropeandCONCACAF,theJapaneseautoindustryinthe

hightensilestrengthbyperforminglaserweldingvehiclebodyassembly

line,reducingthenumberofcellsatthesametimeimprovebodystrength

andlightweightofthebodyisrecentlydevelopedanddevelopingofultra

highstrengthsteelplatejoiningtechnologiesfortheapplicationofbasic

researchisunderway.
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Chapter2

THEORETICALBACKGROUND

2.1PrinciplesandcharacteristicofNd:YAG Laser

Weldingprocess

2.1.1PrinciplesofNd:YAGLaserWelding

TheNd:YAG Laserisoneofthemostversatilelasersourcesusedin

materialsprocessing.Therelativerobustnessandcompactnessofthelaser

andthepossibilityforthe1.06micronlightitproducestobetransmitted

to the workpiece via silica opticalfibres,are two features which

contribute to its success.Nd:YAG Lasers were firstcommercialised

operatingmainlyinpulsedmode,wherethehighpeakpowerswhichcan

begeneratedwerefoundusefulinapplicationssuchasdrilling,cutting

andmarking.Thesepulsedlaserscanalsobeutilisedforweldingarange

ofmaterials.Morerecently,highpower(upto10KW),continuouswave

(CW)Nd:YAG Lasershavebecomeavailable.TheNd:YAG crystalsin

theselaserscanbepumpedeitherusingwhitelightflashlampsor,more

efficiently,using laserdiodes.Thelattermethodsareusedtoproduce

highqualitybeams,whichcanbefocusedtosmallerspots(andtherefore

produce higher power densities) than the flashlamp pumped lasers.

Becauseofthepossibilityofusingfibreopticbeam delivery,theselasers

areoften used in conjunction with articulated arm robots,in orderto
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workoncomponentsofcomplexshape.

Fig.2.1PrinciplesstructureofaNd:YAGLaser

Becauseofthewiderangeofappliedpowerandpowerdensitiesavailable

from Nd:YAGLasers,differentweldingmethodsarepossible.Ifthelaser

isinpulsedmode,andifthesurfacetemperatureisbelow theboiling

point,heattransportispredominantlybyconductionandaconduction

limitedweldisproduced.Iftheappliedpowerishigher(foragiven

speed),boilingbeginsintheweldpoolandadeeppenetrationweldcan

beformed.Afterthepulse,thematerialflowsbackintothecavityand

solidifies.

Boththesemethodscanbeusedtoproducespotwelds.A seam weldis

producedbyasequenceofoverlappingdeeppenetration'spot'weldsor

bytheformationofacontinuousmoltenweldpool.Fortheformer,once

theenergyinputissufficienttoensurethatthewelddoesnotsolidify

betweenpulses,the'keyhole'typeweldnormallyassociatedwithCO2

laserweldingcanbeformed.Pulsedlaserweldingisnormallyusedat

thicknessesbelow about3mm.Higherpower4-10kW CW Nd:YAGLasers

arecapableofkeyholetypeweldinginmaterialsfrom 0.8mm (carbody
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steel)to15mm (shipsteel)thickness.

Fig.2.2ImportantinfluentialvariablesofLaserWeldingprocess

Nd:YAGLaserweldingisusedcommerciallyonawiderangeofC-Mn

steels,coatedsteels,stainlesssteels,aluminium alloys,titanium and

molybdenum.Thelow heatinputweldingofferedbyNd:YAGLasersis

utilisedintheelectronics,packaging,domesticgoodsandautomotive

sectors,andsignificantinteresthasbeenshownmorerecently,particularly

forthehighpowerCW lasers,intheshipbuilding,oilandgas,aerospace

andyellow goodssectors.ImportantR&D issuesinvolvedevelopmentof

highpowerlasersofbetterbeam quality,useofdistributedenergyinthe

beam focus,weldqualitymaintenanceforboththickandthinsectionsand

weldclassification.

2.1.2CharacteristicsofNd:YAGLaserWelding

1)AdvantagesofNd:YAGLaserWelding
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• Thelaserbeam weldingprocessproducesnarrow fusionand

heat-affectedzones,minimalshrinkageanddistortion

• Weldrepeatabilityfrom parttopart

• Byusingmagnifyingopticsforalignments,accurateplacementis

possible

• Itisanoncontactprocess– thebeam needsonlyaline-of-sightto

theweldjoint

• Sectionsasthinas.025mm (.001")canbesuccessfullywelded

• Weldsareusuallymadedirectlyinatmosphereusingashieldinggas

• Thelaserbeam isunaffectedbymagnetism

• Nox-raysaregeneratedbythisprocess

• Thelaserbeam canbetime-sharedamonganumberofworkstations

2)DisadvantagesofNd:YAGLaserWelding

• Weldingoperationsare,dependingupontype,quitecostintensive.

• Veryexpensiveaswellistheweldingadditionalmaterial,duetominor

productionquantities.Thisparticulardisadvantagewillbeabolished

duetothefactthat,correspondingwiththeweldingtimeonlyminor

quantitiesarebeingapplied.

• Foranopenandthusflexiblehandlingtechnology,anisolatedand

correspondinglysecuredworkingroom isnecessary(laserprotection).

2.2PrinciplesandcharacteristicofResistanceSpot

Weldingprocess

2.2.1PrinciplesofResistanceSpotWelding(RSW)
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Spotweldingisoneofagroupofresistanceweldingprocessesthat

involvethejoiningoftwoormoremetalpartstogetherinalocalisedarea

bytheapplicationofheatandpressure.Theheatisgeneratedwithinthe

materialbeingjoinedbytheresistancetothepassageofahighcurrent

throughthemetalparts,whichareheldunderapre-setpressure.

Theprocessisusedforjoiningsheetmaterialsandusesshapedcopper

alloyelectrodestoapplypressureandconveytheelectricalcurrent

throughtheworkpieces.Heatisdevelopedmainlyattheinterfacebetween

twosheets,eventuallycausingthematerialbeingweldedtomelt,forming

amoltenpool,theweldnugget.

Themoltenpooliscontainedbythepressureappliedbytheelectrodetip

andthesurroundingsolidmetal.

Fig.2.3PrinciplesofSpotWeldingprocess

Spotweldingisoneoftheoldestweldingprocesses.Itcanbeusedon

verythinfoilsorthicksectionsbutisrarelyusedaboveabout6mm

thickness.Itisusedinawiderangeofindustriesbutnotablyforthe

assemblyofsheetsteelvehiclebodieswheremorethan100millionwelds
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aremadeperdayinEuropealone.Highqualityweldscanalsobemade

instainlesssteels,nickelalloys,aluminium alloysandtitanium for

aerospaceapplication.

Buthighstrengthandultra-highstrengthsteels,coatedsteelsand

aluminium alloysareofgreatinteresttotheautomotiveindustrybutcan

haveweldabilityproblems.Althoughtheproblemsareunderstood,further

improvementsinweldabilityandelectrodelivesarestillbeingsought.

Therearealsolimitationsintheabilityofspotweldingtojoinsheetto

tube,whichneedtobeaddressed.

2.2.2CharacteristicsofResistanceSpotWelding(RSW)

1)AdvantagesofResistanceSpotWelding(RSW)

• Highspeedwelding

• Easilyautomated

• Suitableforhighrateproduction

• Economical

2)DisadvantagesofResistanceSpotWelding(RSW)

• Lowertensileandfatiguestrengths

• Lapjointsaddweightandmaterial

• CracksandPinholes

• Electrodedepositonwork

• Porosityorcavities

• Deepelectrodeindentation

• Improperweldpenetration

• Surfaceappearance
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• WeldsizeandIrregularshapedweld

2.3PrincipleandcharacteristicofLaserStitch

Weldingprocess

2.3.1PrinciplesofLaserStitchWelding

ThestitchweldingisrandomlyinawaythatweldingSpotWeldingof

automotiveweldedatregularpitch,similartotheweldingatregularpitch

todoingStitchiscalledwelding.

CurrentlyusedinEuropeasbodyweldingandweldingofsheetmetal

iswidelyusedinLapJoint.Thestitchlengthof20-30mm is

foundonthebasisoftheexperimentresultsandreferences.Thepitchof

stitchesissettobegreaterthan18mm regardingstrengthandthermal

stress.

Fig.2.4PrinciplesofLaserStitchWeldingprocess
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LaserStitchWeldingofthese,unliketheexistingnon-contact,somuch

the problem ofthe body and the tensile strength and accuracy,and

innovativeimprovementstotheweldinggroovewidthforthepurposeof

eliminating the need to increase the weightand design freedom is

possible.

Also,thenumberofmoldandweldlocationsduetothereductionand

workprocesssimplificationcanreducevehicleassemblyoperations.(When

applyinglaserweldingprocess 2~3USD ofcostsand,2㎏ maybe

lightweightandlookatarateof10-20% )

Theresistancespotwelding ofexisting (resistancespotwelding)one

automobile plan and economic ofproductive method,willbe able to

overcomeatechnicallimitwithfoundation.(Therebeingapossibilityof

50% ormoreofreducing thesolubleareawhich isnecessary tothe

weldingofLaserstitchweldingatthetimeofexisting)

2.3.2CharacteristicsofLaserStitchWelding

1)AdvantagesofLaserStitchWelding

• ThicknessandmaterialbodiesoftwokindsofSpotweldingquality

thantheexistingstrengthandweldqualityisexcellentandthatwill

becanget.

• Unlikethecurrentweldingsystem weldingoperationtakesplaceafter

thepressmoldingmaterialsusefulinthedesignoflow losshigh.

• Thenumberofmoldandweldlocationsduetothereductionandwork

processsimplificationcanreducevehicleassemblyoperations.

• Designahighdegreeofsafetyispossible.

• Thelaserweldingcomparesgenerallyinexistingweldingmethodand
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theprecisionishighandTheweldingspeedisquickandthereisnot

objectivestrainandtheriskislow thenoxiousgas.

• weldingisfast,andverygoodweldability,weldingprocesscanalsobe

simplifiedintermsofproductioncanexpectasignificantimprovement

compared.

2.4CharacteristicsofObjectMaterials

ThematerialsusedforthisstudyisDP590.Tominimizethemechanical

effectinweldssuchascontractionandexpansioninweldment,specimens

withdimension30×10×1mm wasmadetoconducttheweldingexperiment.

AndthisusedthestandardwhichisseenclearlyinKSB0851.

Chemicalcompositionandmechanicalpropertiesofbasemetalsaregiven

inTable1.1and1.2respectively.

Table2.1ChemicalcompositionsinDP590

Material ChemicalComposition(Wt%)

DP590
C Fe Mn P S

0.128 0.263 0.015 0.037 2.554
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Table2.2MechanicalpropertiesofDP590

Material T.S(N/mm2) Y.S(N/mm2) Elongation(%)

DP590 595 492 34.3

DP590hashighspecificstrengthsandgoodelongation,andthushave

been applied widely in the automobile.Study of welding structure

characteristicsisessentialforitspromotionandapplication.

2.5TypeofcharacteristicsofAHSS(Advanced

HighStrenghSteel)

2.5.1TypeofAdvancedHighStrenghSteel(AHSS)

Advanced High Strength Steels are being developed for automotive

applications.Theseautomotivegradesaredifferentwhencomparedwith

the conventionallow and high strength steels.AHSS has superior

mechanicalproperties which are developed in it due to the steel’s

structureandduetoitsdistinctprocessing.AHSS ismanufacturedby

adoptingcontrolcoolingfrom austeniteorausteniteplusferritephaseon

therunoutrollertableinahotrollingmillorinthecoolingsectionofa

continuousannealingfurnaceincoldrolledproduct.
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Fig.2.5SchematicofAHSSandUHSSsteels

Asarepresentativeofthekindsofhigh tensilesteelplate,theDual

Phase(DP)steel,TransformationInducedPlasticity(TRIP)steel,Complex

phase (CP)steel,Martensitic (MS)steel,Twinning Induced Plasticity

(TWIP)steelandsoon.

So,Advnacedhighstrengthsteelcanbereductionofcarweightandfuel,

emissionsofhazardoussubstancesislikelytocontributeto.

2.5.2CharacteristicsofDP590

Dual-Phasesteelisamixtureofferritematrixandmartensite

decoratinggrainboundaries.Somehaveadditionsofbainite.Thesoft

phaseferriteprovidestheductilitywhilethehardphasemartensiteoffers

thestrength.

Thesteelhavingthecombinedphasesappearstopossesssuperior

mechanicalpropertiesoverconventionalmildsteelsandhighstrength

steels.

Itthereforehasquicklybecomeoneofthemostpopularandversatile
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materialsintoday'sautomotiveindustry.

Fig.2.6SchematicofDP590

DPsteelalsohasabakehardeningeffectwhichisanimportant

advantage.Thehardeningeffectistheincreaseintheyieldstrength

resultingfrom theelevatedtemperatureagingafterpre-straining.The

degreeofthehardeningeffectwilldependonthespecificchemistryand

thermalhistoryoftheDPsteel.

CarbonenablesmartensiteformationatpracticalcoolingratesinDPsteel

byincreasingthesteelhardenability.Chromium,manganese,molybdenum,

nickelandvanadium whenaddedindividuallyorincombination,helpalso

toincreasethehardenability.Carbon,asaferritesolutestrengthener,also

strengthensthemartensiteasdonebysiliconandphosphorus.

TheseadditionsarecarefullybalancedinDPsteelforproducingdistinct

mechanicalpropertiesaswellasformaintainingsuperiorcapabilityfor

laserwelding.
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Chapter3

OPTIMALWELDABILITY OFLASERSTITCH

BY Nd:YAGLASERWELDING

3.1ExperimentalworkforLaserStitchWelding

3.1.1 Nd:YAG LaserWelding equipmentand experimental

setup

To conduct experiment,Nd:YAG Laser Welding equipment (Trumpf

HL3006D)usedtoconditionselection3KW gradeNd:YAG laserwelding

usingaLaserPower,WeldingSpeedasavariableand,FocalDepthand

+1mm,ShieldingGasandArgon15ℓ/minwereweldedto.Weldbead

surface,aswellasphotographsselectedbythestateandWeldingSpot

Weldingusingaspecimenofthesamesizeasthe10mm,15mm,20mm

weldedtensiletestswereconducted,eachNd:YAG Laserweldingofthe

beads determines the length ofStitch was.Fig.3.1 is shown the

specificationofNd:YAGLaserWeldingequipment(TrumpfHL3006D).
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Fig.3.1Nd:YAGLaserStitchWeldingequipmentindetails

Fig.3.2ExperimentalsetupforNd:YAGLaserStitchWeldingprocess

3.1.2Detailsofobjectivematerial

Thechemicalcompositionsandmechanicalpropertiesofthematerialsfor

DP590usedintheexperimentaregivenatTable3.1Specimensofsize

30mm(L)× 10mm(W)× 1mm(T)weremade.(Table3.2)Thewelding
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surfacewaswiped with MethylAlcoholto removethegreasebefore

weldingprocess.

Table3.1ChemicalcompositionandmechanicalpropertiesforDP590

Material ChemicalComposition(Wt%)

DP590

C Fe Mn P S

0.128 0.263 0.015 0.037 2.554

Mechanicalproperties

T.S(N/mm2) Y.S(N/mm2) Elongation(%)

595 492 34.3

Table3.2Dimensionsofweldedspecimen

<Unit:mm>

Material L B T

DP590 30 10 1

3.2Experimentalprocedure

3.2.1Nd:YAGLaserStitchWeldingcondition

Inthisstudy,Nd:YAG LaserStitchWeldingAfterselectingtheoptimum

weldingconditions,weldingconditionsselectedfortheonepointweldKS

B 0851standardtensiletestsareconductedbasedontheshearstrength
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andtensileloadson thebasisofNd:YAG laserStitchdeterminedthe

optimallengthofweldbead.

Table 3.3 shows the ParametersofNd:YAG LaserStitchwelding and

Fig.3.3isshowntheLaserweldedspecimengeometryforTensile-Shear

Test.

Table3.3Nd:YAGLaserStitchWeldingparameters

WeldingParameters IndexValues Remarks

LaserPower(KW) 2.0,2.5,3.0 RobotControl

WeldingSpeed

(m/min)
0.1~2.0 RobotControl

FocalDepth(mm) +1 RobotControl

ShieldingGas(ℓ/min) Argon15(ℓ/min) -

3.2.2TheweldingconditionwhichfollowsinBead-Size

In thisexperiment,Nd:YAG LaserStitch Welding equipmentused to

condition selection 3KW grade Nd:YAG laserwelding using a Laser

Power,Welding Speed as a variable and,FocalDepth and +1 mm,

ShieldingGasandArgon15ℓ/minwereweldedto.Weldbeadsurface,as

wellasphotographsselected by thestateand Welding SpotWelding

usingaspecimenofthesamesizeasthe10mm,15mm,20mm welded

tensiletestswereconducted,eachNd:YAG Laserweldingofthebeads

determinesthelengthofStitchwas.
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Table3.4OptimalNd:YAGLaserStitchWeldingcondition

Laser Power Focal Depth Welding Speed Shielding Gas

3.0KW +1 mm 0.3 m/min Argon 15ℓ/min

Fig.3.3LaserweldedspecimengeometryforTensile-ShearTest

:L=10mm,15mm,20mm _KSB0851

3.2.3TheweldingconditionwhichfollowsinPitch-Size

ThepitchofNd:YAG LaserStitchweldingdepartment30mm topileup

the multispotwelding specimen DP590 at300✕100✕1mm sizes and

produce,thespotweldingdepartmentpitchoftheactualautomobilepitch

ofthespotweldingtoinvestigate,holdanexaminationoftensile-shear

test.

Atthesizewhichisidenticalwiththemultispotweldingspecimenand

Nd:YAG LaserWeldingConditionsforSelectedStitchweldbeadsizeof
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theweldwas20mm.Andpitchfor40mm,50mm,60mm andatensiletest

afterapplying,themultispotweld tensileloading and shearstrength

accordingtotheNd:YAGlaserweldingofStitchpitchweredetermined.

*(SpotweldinggapbyPitch:1tperspacingof18mm ormore)

Fig.3.4Nd:YAGLaserStitchweldedspecimengeometryinPitch-Size

:P=40mm,50mm,60mm

3.3Evaluationofmechanicaltest

3.3.1Tensile-Sheartest

TensiletestwascarriedoutwithDongil-SimazUniversalTesting

Machine(EHF-EG200KN-40L)usingWINSERVO program.Fig.3.5is

showntheEHF-EG200KN-40Landtensiletestingsetup.

Thespecimensarefabricatedinaccordancewiththekoreanstandards

(KSB0851).ThespecimendimensionsaregiveninTable3.5Tensile

testwasdonewithLoadspeed0.0833mm/secandstress-straincurvewas
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obtained.

Ingeneral,thetensileelongationgreaterthan50% using50mm/min,50%

lessthanif5mm/minisused.

*(ElongationofDP590:34.3%,used5mm/min)

Fig.3.5ProcessofTensile-ShearTest

Fig.3.6CommonrulesofTensile-ShearTestspeed
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Table3.5DimensionofTensile-ShearTestspecimen

SpecimenSTD.

(KSB0851)

Dimension(mm)

W L A B

30 30 100 90

LoadSpeed

mm/sec
0.0833

3.3.2Hardnesstest

ThehardnessofweldedspecimenwasmeasuredusingAkashiHM-112

VickersHardnesstesterasshowninFig.3.7.Theindenteremployedin

theVickerstestwasasquare-basedpyramidwhoseoppositesidesmeet

attheapexatanangleof136°withload500gappliedfor10sec.

Fig.3.8isshownhardnessmeasurementpointsofweldedspecimen.The

hardnesstestwascarriedouton theweldedspecimenat0.25gapat

threedifferentpositionsat0.4mm distanceapart.
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Fig.3.7MicrovickersHardnessTester

Fig.3.8Hardnessmeasurementpointsofweldedspecimen

3.3.3Heatdistributiontest

Thehighenergydensitylaserweldingheatsourceinashorttimebythe

melting,solidificationprocess,becausetheheatdistributionexperiment

usingathermalimagingcamerafortheshort-term temperatureriseof

thetemperatureandHeatAffectedZone(HAZ).Theheatdistributionof

weldedspecimenwasmeasuredusingThermaCAM_P25testerasshown

inFig.3.9.AndFig.3.2isshownheatdistributionmeasurementpointsof

weldedspecimen.
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Fig.3.9SpecofThermaCAM_P25
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LaserPower FocalDepth WeldingSpeed ShieldingGas

2.0,2.5,3.0KW +1mm 0.1~2.0m/min Argon15ℓ/min

Chapter4

EXPERIMENTALINVESTIGATION & RESULTS

4.1Optimalweldingcondition& beadshape

4.1.1ExperimentbyNd:YAGLaserWelding

In thisexperiment,Nd:YAG LaserStitch Welding equipmentused to

condition selection 3KW grade Nd:YAG laserwelding using a Laser

Power,Welding Speed as a variable and,FocalDepth and +1 mm,

ShieldingGasandArgon15ℓ/minwereweldedto.Weldingconditions

areshowninTable4.1.Crosssectionalview ofthestateandtheweld

beadsurfacethroughtheproperweldingconditionswereselected.

Table4.1Nd:YAGLaserStitchWeldingconditions

Table4.2andTable4.3oftheselectedweldingconditionsandweldbead

surfaceandeachofthecrosssectionsandafterTensile-Sheartestspecimen.
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Table4.2BeadShapeofNd:YAGLaserStitchWeldsofeachconditions

Welding Speed Top Bead Bottom Bead

Shear

Strength

(kN)

2.0KW

0.1m/min 7.68kN

0.3m/min 6.88kN

0.5m/min 6.23kN

0.7m/min 5.87kN

1.0m/min 5.69kN
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Welding Speed Top Bead Bottom Bead

Shear

Strength

(kN)

2.5KW

0.1m/min 13.25kN

0.3m/min 11.69kN

0.5m/min 11.08kN

0.7m/min 9.01kN

1.0m/min 7.59kN
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Welding Speed Top Bead Bottom Bead

Shear

Strength

(kN)

3.0KW

0.1m/min -

0.3m/min 18.69kN

0.5m/min 17.69kN

0.7m/min 13.53kN

1.0m/min 5.20kN
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Table4.3LaserweldedspecimenafterTensile-ShearTestandCross

Section

2.0KW
AfterTensile-ShearTest

2.0KW_0.3m/min

2.0KW_0.1m/min
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2.5KW
AfterTensile-ShearTest

2.5KW_0.3m/min

2.5KW_0.1m/min
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3.0KW
AfterTensile-ShearTest

3.0KW_0.5m/min

3.0KW_0.3m/min
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4.1.2ExperimentbyeachBead-Size

In thisexperiment,Nd:YAG LaserStitch Welding equipmentused to

condition selection 3KW grade Nd:YAG laserwelding using a Laser

Power,Welding Speed as a variable and,FocalDepth and +1 mm,

ShieldingGasandArgon15ℓ/minwereweldedto.

Weldbeadsurface,aswellasphotographsselectedbythestateandSpot

Weldingusingaspecimenofthesamesizeasthe10mm,15mm,20mm

weldedtensiletestswereconducted,eachNd:YAG Laserweldingofthe

beadsdeterminesthelengthofStitchwas.

OptimalLaserStitchWeldingconditionsareshowninTable4.4.Fig.4.1

ofresultofNd:YAG LaserStitch Welding ofBead-Sizeshows.And

LaserStitchWeldedSpecimenafterTensile-ShearTestofBead-Sizeare

shownTable4.5.

Table4.4OptimalNd:YAG　LaserStitchWeldingCondition

LaserPower FocalDepth WeldingSpeed ShieldingGas

3.0KW +1mm 0.3m/min Argon15ℓ/min
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Fig.４.１ ResultofNd:YAGLaserStitchWeldingofBead-Size
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Table４.５ LaserStitchWeldedSpecimenafterTensile-ShearTestof

Bead-Size

AfterTensile-ShearTest

Bead-Size10mm

Bead-Size15mm

Bead-Size20mm
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4.1.3ExperimentbyeachPitch-Size

ThepitchofNd:YAG LaserStitchweldingdepartment30mm topileup

the multispotwelding specimen DP590 at300✕100✕1mm sizes and

produce,thespotweldingdepartmentpitchoftheactualautomobilepitch

ofthespotweldingtoinvestigate.

SpecimengeometryforLaserStitchWeldingshowninFig.４.２.

Table.４.６ ofresultofLaserStitchWeldedSpecimenofeachPitch-Size

areshown.

Fig.４.２ SpecimengeometryforLaserStitchWelding

:Pitch=40mm,50mm,60mm
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Table.４.６ Nd:YAGLaserStitchWeldedSpecimenofeachPitch-Size

Pitch=40mm_TopBead AfterTensile-ShearTest

Pitch=50mm_TopBead AfterTensile-ShearTest

Pitch=60mm_TopBead AfterTensile-ShearTest
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4.2Tensile-ShearTestresults

4.2.1Tensile-ShearTestofNd:YAGLaserWelding

Priorto this experimentofDP590 LaserStitch welding in orderto

identify thecharacteristicsofthetensilestrength and Table4.2were

testedwiththesame conditions.Fig.4.3,TensileStress-Straincurve

sectionandwavecharacteristicsareshown.

Nd:YAG LaserStitchWeldingConditionsfortheexperimentasaresult

ofafullpenetrationwelddefect-freeoutputoccurring conditions3KW,

weldingspeedcanpresent0.3m/min.

ThetensilestrengthoftheNd:YAG LaserStitchweldedjointswas

obtainedas644Mpaandshearstrengthis18.69kN whichisoverthe

tensilestrengthofbasemetal(595MPa).

  

Fig.4.3TensileStress-Straincurvesectionandwavecharacteristics

(3KW_0.3m/min)
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Table4.7ResultofTensile-ShearTestinNd:YAGLaserWelding

2.0KW_0.1m/min 2.0KW_0.3m/min

2.5KW_0.1m/min 2.5KW_0.3m/min

3.0KW_0.3m/min 3.0KW_0.5m/min
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Table4.8TensileStrengthandShearStrengthbyeachconditions

ResultofTensile-Strengthbyeachconditions

ResultofShear-Strengthbyeachconditions
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4.2.2Tensile-ShearTestofeachBead-Size

Priortothisexperiment,theintensitywasshownthebestexperimental

conditionswerecarriedout.AndSpotWeldingusingaspecimenofthe

samesizeasthe10mm,15mm,20mm weldedtensiletestswereconducted,

eachNd:YAG LaserStitchWeldingofthebeadsdeterminesthelengthof

Stitchwas.

Table4.9andTable4.10oftheResultofTensileTestinNd:YAGLaser

Stitch Welding and Tensile Strength and Shear Strength of each

Bead-Sizeresults.
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Table4.9ResultofTensile-ShearTestinNd:YAGLaserStitchWelding

ofBead-Size

Bead-Size:10mm

Bead-Size:15mm

Bead-Size:20mm
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Table4.10TensileStrengthandShearStrengthofBead-Size

ResultofTensile-StrengthbyBead-Size

ResultofShear-StrengthbyBead-Size
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4.2.3Tensile-ShearTestofeachPitch-Size

Investigatesthepitchoftheweldingdepartmentspotweldingfrom the

actualautomobileandafterdeciding thelengthofmultipointwelding

departmentpitchrespectivelywith40mm,50mm and60mm,tensileload

aboutthe specimen in standard,aboutNd:YAG LaserStitch welding

departmentpitch.

Atthesizewhichisidenticalwiththemultispotweldingspecimenand

Nd:YAG LaserWeldingConditionsforSelectedStitchweldbeadsizeof

theweldwas20mm.Andpitchfor40mm,50mm,60mm andatensiletest

afterapplying,themultispotweld tensileloading and shearstrength

accordingtotheNd:YAGlaserweldingofStitchpitchweredetermined.

Table4.11andTable4.12ofResultofTensileTestinNd:YAG Laser

StitchWeldingofPitch-SizeandTensileStrengthandShearStrengthof

Pitch-Sizeresults.
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Table4.11ResultofTensile-ShearTestinNd:YAGLaserStitchWelding

ofPitch-Size

Pitch-Size:40mm

Pitch-Size:50mm

Pitch-Size:60mm
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Table4.12TensileStrengthandShearStrengthofPitch-Size

ResultofTensile-StrengthbyPitch-Size

ResultofShear-StrengthbyPitch-Size
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4.3HardnessTestresults

ThehardnessdistributionsofjointsbyNd:YAG LaserStitchWeldingis

shown in Fig.4.4.The indenteremployed in the Vickers testwas a

square-basedpyramidwhoseoppositesidesmeetattheapexatanangle

of136°withload500gappliedfor10sec.

HardnessofLaserWelded(HardnessTest)Bottom sideofthespecimen

hardnesstestresultsfrom each0.4mm,0.8mm,1.2mm,1.6mm was

measuredasthedistance,lookingatthedistributionofhardnesswith

excellenceandlaserweldingofDP590steelEffectofhardnessofthe

substrateduringtheprocessoftheheterogeneouscharacteristicsmakeof

them showingawidthoftheweldmetalhardnessvalues.itisthat

almostseemstohavesimilarcharacteristics.
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Fig.4.4HardnessdistributionofDP590byNd:YAGLaserWelding

4.4HeatDistributionTestresults

Thehighenergydensitylaserweldingheatsourceinashorttimebythe

melting,solidificationprocess,becausetheheatdistributionexperiment

usingathermalimagingcamerafortheshort-term temperatureriseof

thetemperatureandHeatAffectedZone(HAZ)smallerthanotherwelding

methodscouldbeseen.Andhighpowerdensityoflaserbeam withina

veryshorttime,becausetheweldingappropriateHeatAffectedZone(HAZ)

lessinternalstressisexpectedtoform aweldingdeformationis

consideredtobelessthan.

TheheatdistributionofNd:YAGLaserStitchWeldedbyeachtimesis

showninFig.4.5.
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Before 1sec

3sec 7sec
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15sec 20sec

30sec 40sec

Fig.4.5TendencyofHeatdistributionofLaserWeldedbyeachtimes
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Chapter5

CONCLUSION

Inthisstudy,high-qualitylasersforweldingcarbodiesLaserStitch

Weldingprocesstoreview theapplicationofLaserStitchweldingwere

reviewedtoevaluatethemechanicalproperties.HighStrengthSteel

(AHSS_DP590)Nd:YAG LaserWeldedLapJointbyLaserStitch

WeldingWeldabilitystudyresults,thefollowingconclusionscouldbe

drawn.

From thisstudyconclusionsaremadeasfollows:

► LaserStitchWeldingConditionsfortheexperimentasaresultofafull

penetrationwelddefect-freeoutputoccurringconditions3KW,welding

speedcanbepresent0.3m/min,laseroutputcanbeincreasedthehigher

thelaserwasfoundthatweldingspeed.

► Optimum conditionsforweldinginthecaseoftensiletestspecimen

fractureinbasemetaltensilestrengthvalueswere644MPa,theshear

strengthvalueswere18.69kNthan595MPahightensilestrength,shear

strengthvalueswereobtained.
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► Onthebasisofoptimum conditionsforweldbeadcharacteristicsSize

10mm,15mm,20mm lengthofthesplitbeadexperiments,thewider

thetensileshearstrengthandtensiletestcameevengreatervalueand

lengthof20mm from thebeadfracturewasfound.Sizeofeachbead,

andatregularbeadsize,thetensileshearstrengthvalueswere

extracted.

► EachofthepitchofLaserStitchWelding40mm,50mm,60mm,was

chosenas.

*(SpotweldinggapbyPitch:1tperspacingof18mm ormore)

► HardnessofLaserWelded(HardnessTest)Bottom sideofthe

specimenhardnesstestresultsfrom each0.4mm,0.8mm,1.2mm,1.6mm

wasmeasuredasthedistance,lookingatthedistributionofhardness

withexcellenceandlaserweldingofDP590steelEffectofhardnessof

thesubstrateduringtheprocessoftheheterogeneouscharacteristics

makeofthem showingawidthoftheweldmetalhardnessvalues.it

isthatalmostseemstohavesimilarcharacteristics.

► Thehighenergydensitylaserweldingheatsourceinashorttimeby

themelting,solidificationprocess,becausetheheatdistribution

experimentusingathermalimagingcamerafortheshort-term

temperatureriseofthetemperatureandHeatAffectedZone(HAZ)

smallerthanotherweldingmethodscouldbeseen.Andhighpower

densityoflaserbeam withinaveryshorttime,becausethewelding

appropriateHeatAffectedZone(HAZ)lessinternalstressisexpectedto

form aweldingdeformationisconsideredtobelessthan.
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► Nd:YAGLaserStitchWeldingavailableconventionalresistancespot

weldingareamorethan50% oftheavailablespacebyreducingcar

weightandfuelefficiencyimprovements,costsavingsmayleadto

sucheffects.

► Theseresultsas,Nd:YAG LaserStitchweldingprocesstheinitial

installationcostofanexpensivedownside,despitetheweldingspeedis

fast,theweldabilityisverygood,andtheweldingprocessalsocan

simplifyaproductiveintermsofaverylargepotentialfor

improvementscanbeconsidered.
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