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ABSTRACT

Hotstampinghasbeenwidelyusedincarindustrytoproducesafetycomponents．MostexistingreＧ
searchesfocusedonthestampingandquenchingprocess, butlessonthemechanicalpropertiesof
stampedparts．ThefracturebehaviorsofhotstampedboronsteelB１５００HShavebeenstudied,and
otherfourcommonlyusedsheetmetalswithdifferentstrengths,includingQ２３５, TRIP７８０, QP９８０
andMS１３００, werealsointroducedforcomparison．Bothuniaxialtestsandmechanicaltrimmingtests
wereperformed,andthefracturesurfacesunderdifferentstressstateswereobservedanddiscussed．
TheSEMobservationsshowedthatthefracturemodelsarecloselyrelatedtothestressstates,i􀆰e．,
thetensilesurfaceshaveductilerupturecharacterswhilethetrimmingsurfaceshavebrittlerupture
characters．Comparedwithothersteels,thequenchedboronsteelhassmallerdimplesizeaccompaＧ
niedbyshearplanesinthetensilesurface,andhassmallerburnishzoneinthetrimmingsurface,and
itscuttingsurfacewith‘S’likeshapeisalsoverydifferentwithothers．Furthermore,twofittedemＧ
piricalmodelswerederivedtodescribethequantitativecorrelationsbetweentheaveragedimplediamＧ
eterandthesteelstrengthandbetweenthepercentageofburnishzoneandthesteelstrength．

１．Introduction
　Inordertoreducethevehicleweightandmaintain
performanceandcostcompetitiveness, advancedhigh
strengthsteels(AHSS)suchasdualphase(DP)steel,
transformationinducedplasticitysteel(TRIP) and
martensiticsteelhavebeenwidelyusedintheautoＧ
motiveindustry[１] ．Recently, hotstampingprocess
hasbeenregardedasaneffectivewaytoproduceulＧ
traＧhighstrengthsteelautoparts,inwhichtheboＧ
ronsteelcanbeshapedandquenchedsimultaneously
insidethetoolwiththefinalstrengthover１５００MPa[２] ．
　Comparingtomiddleandlowstrengthsteels, most
highstrengthsteelshavepoorplasticityandareeasy
tofractureduringtheformingprocess, whichdepends
onthestressstate,strainrate,temperature,etc．[３,４] ．It
isnotedthatthefracturemechanismiscommonly
analyzedthroughsurfacemorphologies．Sunetal􀆰[５]

investigatedthefracturesurfacesofDP６００, DP７８０
and DP９８０ undertensileloadingconditions, and
theydiscoveredthattheamountofmicroＧvoidsnear
thefracturesurfacedecreaseswithincreasingstrength

level．BarsoumandFaleskog[６] studiedtherupture
oftwodifferentstrengthsteelsincluding Weldox
４２０midＧstrengthsteeland Weldox９６０highＧstrength
steelbyusingSEM,inwhichtheydiscoveredthat
thestressstateplaysanimportantroleinthefracＧ
tureofbothsteels．Tasanetal􀆰[７]observedthefracＧ
turesurfaceofDPsteelspecimensalongdifferent
strainpaths;intheirwork,theDPsteelshowsa
throughＧthicknessshearfractureinallstrainpaths
andthefracturesurfaceiscompletelyfilled with
dimples．
　Soand Hoffmann[８] usedfiniteelementsimulaＧ
tionstostudytheinfluencesofprocessparameters
includingtrimmingangle, clearanceandspeedon
thesectionprofileofhotstamped２２MnB５steels
parts．Morietal􀆰[９] developedapunchingprocess
usinglocalresistanceheatingofashearingzoneto
shearultraＧhighstrengthsteel (２２MnB５) sheets,
anddiscoveredthatastheheatingtemperatureinＧ
creased,thedepthoftheshinyburnishedsurfaceon
theshearededgealsoincreasedbuttheroughfracＧ
turesurfacedecreased．Theexperimentalresultsof
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Savicetal􀆰[１０] indicatedthatductilefracturehapＧ
penedtotheheatＧtreatedboronsteelinaminiature
tensiletestingstage．Hanetal􀆰[１１,１２]studiedthemeＧ
chanicaltrimmingprocessforahotstampedsteel
anddiscoveredthatthefracturemodechangesfrom
cleavagefractureforshearＧdominatedstatetodimＧ
plefracturefortensileＧdominatedstateasstresstriＧ
axialityincreases．
　Hotstampedpartsareusuallytrimmedbylaser
insteadofmechanicalcuttingbecauseofitsultraＧ
highstrength[１３,１４] ．However, theshortcomingof
lasercuttingisalsoquiteobvious,inparticularthat
thecyclingtimeismuchlongerthanthatofthemeＧ
chanicaltrimming process[１５,１６] ．Warmingcutting
technology[１７,１８] hasbeenpresentedasanoptional
method,inwhichthehotstampedpartistrimmed
duringthequenchingstageatelevatedtemperature,
shorteningtheprocesschainandreducingthecutＧ
tingforceevidently, butthedesignoftheforming
toolsiscomplexandtheshapeofthepartshouldbe
precisely predicted and controlled．Hard cutting
(mechanicalcutting)hasevidentadvantagesofhigh
efficiencyandgoodprecision;itispresentlyseldom
usedforhotstampedpartsbecauseitiseasyto
causetoolwearandthetoolfailureappearsrelativeＧ
lyearly[１９] ．However,recentdevelopmentonsteels
withhighhardnessandgoodwearresistancecanreＧ
ducesuchrisk,andmoreattentionshavebeenpaid

tohardcuttinginhighstrengthsteelproducts．BeＧ
sides,thestudyofmechanicalfractureisalsoimＧ
portantforcarcrashsimulations,inwhichthehot
stampedproductsareusuallyusedasantiＧcollision
components．
　Inthispaper,thefracturebehaviorsofquenched
hotstampingsteelB１５００HS werediscussed with
bothuniaxialtensiletestandmechanicaltrimmingtest．
Inaddition,fourtypicalsteelswithdifferentstrengths,
includingQ２３５, TRIP７８０, QP９８０andMS１３００, were
alsointroducedandcompared．BasedonthemeasＧ
urementresults, theempiricalformulasweredeＧ
rivedtodescribetherelationshipsbetweentensile
strengthandfracturecharacteristicsincludingthe
averagedimplediameterandthepercentageofburＧ
nishzone．

２．MaterialCharacteristicsandExperimental
Design

２􀆰１．Materialcharacteristics

　Inthispaper,theuncoatedandcoldＧrolledboron
steelB１５００HSproducedbyBaosteelwasreferredas
thehotstampedsteel．ItschemicalcompositionsdetecＧ
tedbyAilＧ３４６０spectrometeraregiveninTable１,
whichissimilarto２２MnB５andothercommonly
usedhotstampedsteels[２,２０] ．
　InordertobetterunderstandthefracturecharacＧ

Table１
Chemicalcompositionsofstudiedsteels(wt􀆰％)

Steel C Si Mn P S Cr Mo B

B１５００HS ０􀆰２３ ０􀆰２５ １􀆰３５ ０􀆰０１５ － ０􀆰１９ ０􀆰０４ ０􀆰００３０
MS１３００ ０􀆰１６ － １􀆰６５ ０􀆰００９ ０􀆰００７０ ０􀆰０１６ － －
QP９８０ ０􀆰２０ １􀆰４９ １􀆰８２ ０􀆰０１７ ０􀆰００４３ － － －
TRIP７８０ ０􀆰１９ ０􀆰３８ １􀆰６８ ０􀆰０１２ ０􀆰００２４ ０􀆰００２１ － ０􀆰００２１
Q２３５ ０􀆰１６ ０􀆰１４ ０􀆰５３ ０􀆰０３１ ０􀆰０２６０ － － －

teristicsofthehighstrengthsteel, fourdifferent
kindsofcoldＧrolledsteelsincludingQ２３５, TRIP７８０,
QP９８０andMS１３００areintroduced,andtheirchemiＧ
calcompositionsarealsogiveninTable１．Q２３５isa
commonlyusedstructuralsteelwithlowstrength
butgood plasticity[２１] ．Asatypical TRIP steel,
TRIP７８０ offers an outstanding combination of
strengthandductilitybenefitedfromthetransformaＧ
tioninducedplasticityeffect[２２] ．QP９８０steelproＧ

ducedbyBaosteelisdesignedwiththestandardof
the３rd generationautomotivesteel with agood
combinationofstrengthandplasticity[２３] ．MS１３００is
akindofmartensiticsteel, whichhashigherstrength
butlowerelongationthanQP９８０andTRIP７８０．The
abovefoursteelsarenormallyformedatroomtemＧ
perature．Thesemetalstogetherwiththequenched
B１５００HShaveawiderangeofstrengthdistribution
asshowninTable２,inwhichotherrelatedmechanical

Table２
Mechanicalpropertiesofstudiedmaterialsatroomtemperature
Steel Yieldstrength/MPa Tensilestrength/MPa Elongationatmaximumforce/％ Totalelongation/％

B１５００HS(quenched) １３５６ １７７０ ３􀆰１８ ４􀆰５３
MS１３００ １２１０ １４７０ ３􀆰３１ ６􀆰８１
QP９８０ ９４７ １０１６ ６􀆰７１ １０􀆰７７
TRIP７８０ ５２０ ８４０ １９􀆰０１ ２２􀆰６５
Q２３５ ２０１ ４１５ １９􀆰２０ ３４􀆰３０
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