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ABSTRACT

ToinvestigatemicrostructurefailureinferriteＧmartensitedualphasesteel,inＧsituobservationswereperＧ
formedonmultipleplateDP８００specimensduringuniaxialtensiletests．Microstructureevolutionofthe
observedregionwasinvestigatedindetails．TheexperimentaldatashowedthatmicroＧcracksinvariousreＧ
gionsdifferedintheinitiationtime, andmicroＧfailuresmainlyoccurredfromthelocationswithtypical
characteristicsofstressconcentration(ie．ferriteinteriors,theinterfacesofferriteＧmartensitegrainsand
themartensiteＧmartensiteinterfaces)．GrowthofmicroＧcrackgenerallyexperiencedthefollowingstages:
crackingfrom martensiteboundaries,tinyparticlesinferriteinteriors,ormartensiteinteriors,propagaＧ
tinginferrite,bypassingmartensiteboundaries,orpassingthroughmartensiteＧmartensiteinterfaces,fiＧ
nallyendingonmartensiteboundaries．MartensitewasoneimportantsourceofmicroＧfailureandchanged
thepropagationofmicroＧcrackssignificantly．Microstructuredeformationwasinhomogeneousinthestage
ofplasticdeformation．

１．Introduction
　FerriteＧmartensitedualphase (DP) steelshave
beenwidelyusedinautomobileindustryduetotheir
good mechanicalproperties[１Ｇ３] determinedbythe
microstructure formed in production process[４] ．
Plentyofstudiesaboutmicrostructuredeformation
andevolutionhavebeenconductedtoseek microＧ
failuremechanismofDPsteels[４Ｇ１６] ．
　Researchesshowedthat martensitefailuresin
DP６００steelmostlyoccurredasaresultofmicroＧ
crackinitiationattheboundarieswiththesurroundＧ
ingferritefollowedbycrackpropagationtothecenＧ
teroftheislands[５] andthedamageinDP６００steel
wasdominatedbydecohesionfrom theinterfaces
between martensiteandferrite[６] ．Thefailureof
continuousmartensitebandswasfoundduringthe
earlystageofdeformation[７,８] butithadnosubstanＧ
tialcontributiontothevoidnucleation[４] ．However,
martensitemorphologyanddistributionhadasigＧ
nificantimpactonthedamageaccumulationrelated
tothemicrostructureinhomogeneity[４] ．Inaddition,

theinfluencesofmartensiteonthedamageandfracＧ
tureoftheDPsteelswereinvestigatedbymanyreＧ
searchers[９Ｇ１２] ．Basedonthesestudies,thedamage
initiationandfracturemechanismsofDPsteelshave
beenwidelystudied．However,foraspecificmicroＧ
crack,itisveryimportanttodeterminetheinitialtime,
theinitiallocation,thepropagatingruleandtheinfluＧ
encefactorsofthemicroＧcrackduetotheirsignificance
forunderstandingmicrostructurefailure,whiletheseisＧ
sueshavenotbeenreportedcomprehensivelyyet．
　ToresolveaboveＧmentionedproblems, boththe
initiationandthepropagationofmicroＧcracksinmiＧ
crostructuresofDP８００steelwerecapturedbyinＧsitu
observationduringtheuniaxialtensiletests．MicroＧ
structurefailuresinDP８００steelwereinvestigated
andanalyzedbasedonagreatdealofinＧsituobserＧ
vationdata．

２．ExperimentalProcedures

２１．Materialandspecimen

　DP８００steelwastakenasthemainobjects．The
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chemicalcompositionsandmechanicalpropertiesare
giveninTable１．SpecimensusedininＧsituobservaＧ
tionareshowninFig１(a)．
　Morethanthreespecimenswerepolishedusing
watersandpapersandwereetchedby４vol％ nital

beforetensiletests．Thepolishedandetchedregions
areshowninFig１(b)．Intheobservationareaon
eachspecimen, martensitefraction wasapproxiＧ
matelyevaluatedusingPSimageprocessingsoftＧ
ware．

Table１
Chemicalcompositions(mass％)andmechanicalpropertiesofDP８００steel

Material C S Si Mn P Cr Cu Ni Mo YS/MPa UTS/MPa

DP８００ ０１６ ０００２ ０１８ １５１ ０００８ ００３ ０００６ ００３ ００１ ３９９ ７５５８

　Note: YS—Yieldstrength; UTS—Ultimatetensilestrength．

Fig１．　Schematicdiagramofspecimendimensions(inmm)
(a)andpolishedandetchedregions(b)．

２２．Testingmethods

　Statictensiletestwasperformedonthespecimens
byusingthetensilemachine,asshowninFig１,and
microstructureintheinＧsituobservationarea(Fig２
(a)) wasobservedusingaBJＧAportableopticalmiＧ
croscopeatdifferentstrainlevels．Theexperimental
deviceisshowninFig２(a)．Thetensilespeedandthe
strainratewere００１mm/sand００００２５７s－１,respecＧ
tively．TheprocessoftheinＧsituobservationisshown
inFig２(b)．Total３７inＧsituobservationswereperＧ
formedonthediscussedspecimenduringthewhole
processofthetensiletest,asshowninFig２(c)．

３．ResultsandAnalysis
　TheinitiationandpropagationofmicroＧcracksinthe
observedmicrostructure(Fig３) withmartensitefracＧ

(a) Experimentaldevice; 　 (b) Loadingprocess; 　 (c) Observationpoints．
Fig２．　ProceduresofinＧsituobservation．

tionof３２４％ wereobservedandcaptured．TosimＧ
plifytheanalysis,theobservedmicrostructurewas
dividedintofoursubＧregionsnamedA, B, CandD．
MartensitefractionsinfoursubＧregionswereabout
３０５３％, ３３７１％, ３６８９％ and２４５９％, respecＧ
tively．

３１．RegionA

　MicrostructureevaluationinregionAisshownin
Fig４．Fig４indicatesthatseveralmicroＧcracksmarked
witharrowsbegantoappearatstrainof００５４．MicroＧ
cracksgenerallyoccurredfromferriteinteriorsand
theferriteＧmartensiteinterfaces．Martensitegrains
changedthepropagationdirectionofmicroＧcracksand Fig３．　MicrostructureobservedintheinＧsituobservationtest．
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