
∗ Correspondingauthor．Assoc．Prof．; Tel．:＋８６１３６１５５０９９３６．
EＧmailaddress:yuminＧbuaa＠１６３．com (M．Yu)．

Received３０July２０１６; Receivedinrevisedform１９October２０１６; Accepted２４October２０１６
Availableonline１５March２０１７
１００６Ｇ７０６X/Copyrightⓒ２０１７, TheeditorialofficeofJournalofIronandSteelResearch,International．PublishedbyElsevierLimited．Allrightsreserved．

MicrostructurefailureinferriteＧmartensitedualphasesteelunderinＧsitu
tensiletest

RuiＧbinGou１,２,３,　WenＧjiaoDan１,３,　WeiＧgangZhang１,３,　MinYu４,∗ ,　ChunＧyuZhang２,　YinＧhuQiao２,
LuMa４

１DepartmentofEngineeringMechanics,ShanghaiJiaoTongUniversity,Shanghai２００２４０, China
２SchoolofMechanicalEngineering, AnhuiScienceandTechnologyUniversity, Bengbu２３３１００, Anhui, China
３InnovationCenterforAdvancedShipandDeepＧSeaExploration,ShanghaiJiaoTongUniversity,Shanghai２００２４０, China
４CollegeofArchitecture, AnhuiScienceandTechnologyUniversity, Bengbu２３３１００, Anhui, China

ARTICLEINFO

Keywords:
MicroＧfracture
Dualphasesteel
Ferrite
Martensite
InＧsituobservation

ABSTRACT

ToinvestigatemicrostructurefailureinferriteＧmartensitedualphasesteel,inＧsituobservationswereperＧ
formedonmultipleplateDP８００specimensduringuniaxialtensiletests．Microstructureevolutionofthe
observedregionwasinvestigatedindetails．TheexperimentaldatashowedthatmicroＧcracksinvariousreＧ
gionsdifferedintheinitiationtime, andmicroＧfailuresmainlyoccurredfromthelocationswithtypical
characteristicsofstressconcentration(i􀆰e．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

２􀆰１．Materialandspecimen

　DP８００steelwastakenasthemainobjects．The
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chemicalcompositionsandmechanicalpropertiesare
giveninTable１．SpecimensusedininＧsituobservaＧ
tionareshowninFig􀆰１(a)．
　Morethanthreespecimenswerepolishedusing
watersandpapersandwereetchedby４vol􀆰％ nital

beforetensiletests．Thepolishedandetchedregions
areshowninFig􀆰１(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 ０􀆰１６ ０􀆰００２ ０􀆰１８ １􀆰５１ ０􀆰００８ ０􀆰０３ ０􀆰００６ ０􀆰０３ ０􀆰０１ ３９９ ７５５􀆰８

　Note: YS—Yieldstrength; UTS—Ultimatetensilestrength．

Fig􀆰１．　Schematicdiagramofspecimendimensions(inmm)
(a)andpolishedandetchedregions(b)．

２􀆰２．Testingmethods

　Statictensiletestwasperformedonthespecimens
byusingthetensilemachine,asshowninFig􀆰１,and
microstructureintheinＧsituobservationarea(Fig􀆰２
(a)) wasobservedusingaBJＧAportableopticalmiＧ
croscopeatdifferentstrainlevels．Theexperimental
deviceisshowninFig􀆰２(a)．Thetensilespeedandthe
strainratewere０􀆰０１mm/sand０􀆰０００２５７s－１,respecＧ
tively．TheprocessoftheinＧsituobservationisshown
inFig􀆰２(b)．Total３７inＧsituobservationswereperＧ
formedonthediscussedspecimenduringthewhole
processofthetensiletest,asshowninFig􀆰２(c)．

３．ResultsandAnalysis
　TheinitiationandpropagationofmicroＧcracksinthe
observedmicrostructure(Fig􀆰３) withmartensitefracＧ

(a) Experimentaldevice; 　 (b) Loadingprocess; 　 (c) Observationpoints．
Fig􀆰２．　ProceduresofinＧsituobservation．

tionof３２􀆰４％ wereobservedandcaptured．TosimＧ
plifytheanalysis,theobservedmicrostructurewas
dividedintofoursubＧregionsnamedA, B, CandD．
MartensitefractionsinfoursubＧregionswereabout
３０􀆰５３％, ３３􀆰７１％, ３６􀆰８９％ and２４􀆰５９％, respecＧ
tively．

３􀆰１．RegionA

　MicrostructureevaluationinregionAisshownin
Fig􀆰４．Fig􀆰４indicatesthatseveralmicroＧcracksmarked
witharrowsbegantoappearatstrainof０􀆰０５４．MicroＧ
cracksgenerallyoccurredfromferriteinteriorsand
theferriteＧmartensiteinterfaces．Martensitegrains
changedthepropagationdirectionofmicroＧcracksand Fig􀆰３．　MicrostructureobservedintheinＧsituobservationtest．
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