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ABSTRACT

Duringhighspeedmachininginthefieldofmanufacture,chipformationisasevereplasticdeformation
processincludinglargestrain,highstrainrateandhightemperature．AndthestrainrateinhighspeedcutＧ
tingprocesscanbeachievedto１０５s－１．３０CrMnSiNi２AsteelisakindofimportanthighＧstrengthlowＧalＧ
loystructuralsteel with wideapplication range．Obtainingthe dynamic mechanicalproperties of
３０CrMnSiNi２Aundertheconditionsofhighstrainrateandhightemperatureisnecessarytoconstructthe
constitutiverelationmodelforhighspeedmachining．Thedynamiccompressivemechanicalpropertiesof
３０CrMnSiNi２AsteelwerestudiedusingsplitHopkinsonpressurebar(SHPB)testsat３０－７００°Cand
３０００－１００００s－１．ThestressＧstraincurvesof３０CrMnSiNi２Asteelatdifferenttemperaturesandstrain
rateswereinvestigated,andthestrainhardeningeffectandtemperatureeffectwerediscussed．ExperimenＧ
talresultsshowthat３０CrMnSiNi２Ahasobvioustemperaturesensitivityat３００°C．Moreover,theflow
stressdecreasedsignificantlywiththeincreaseoftemperature．Thestrainhardeningeffectofthematerial
athighstrainrateisnotsignificantwiththeincreaseofstrain．Thestrainratehardeningeffectisobvious
withincreasingthetemperature．Accordingtotheexperimentalresults,theestablishedJohnsonＧCook(JＧ
C)constitutivemodelof３０CrMnSiNi２Asteelcouldbeusedathighstrainrateandhightemperature．

１．Introduction
　３０CrMnSiNi２AsteelisakindofhighＧstrength
lowＧalloysteelwhichiswidelyusedinthemanufacＧ
tureofaircraftlandinggear, wing,engineshelland
otheraviationstructuralparts[１,２] ．However,itis
difficultto machinebecauseofitshighstrength,
highhardnessandpoorplasticity[３] ．AsanimporＧ
tantproductofthecuttingprocess,theformationof
chipcontainsthedynamicmechanicalcharacteristics
oflargestrain,highstrainrate,andhightemperaＧ
ture,andsoon．Thus,itishelpfultostudythe
mechanismofchipformationforinvestigatingthe
dynamicmechanicalbehavior．
　Inrecentyears, studieshavemainlyfocusedon
thetensilepropertiesofhighＧstrengthsteel．Qinet
al[４] investigatedtheeffectsofstrainrateonthe
tensilepropertiesoftwohighＧstrengthsteel, and
theresultsshowedthatDP７００andDP５００steelshad
significantstrainratesensitivity．Liuetal[５] studＧ

iedtheeffectsofstrainrateonthetensileproperＧ
ties,deformationandfracturebehaviorofthelaser
weldedDP７８０steeljointbyquasiＧstaticanddynamＧ
ictensiletests．Yanetal[６] introducedthetensile
behaviorofthehighＧstrengthS６９０steelatlowtemＧ
peraturesencounteredinthearcticregion．InRef[７],
theeffectsofstrainrateontheneckingandfracture
behaviorofhighＧstrengthsteelswereinvestigated
usingquasiＧstaticanddynamictensiletests．Trajkovski
etal[８] studiedtheflowandfracturepropertiesof
highＧstrengtharmorsteelPROTAC５００at２０－４００°C
andvariousstrainrates (０００１－１s－１)．Onthe
otherhand, someresearcheshavebeendonefocuＧ
singonthedynamiccompressivepropertiesofhighＧ
strengthsteel．Themechanicalpropertiesofdirect
metaldeposition(DMD)generatedhighＧstrengthsteel
alloypartswithprismaticcavitiesunderquasiＧstatic
anddynamiccompressiveloadingwereinvestigated
inRef[９]．Qietal[１０] gavetheresultsaboutthe
compressivedeformationbehaviorsof３００M highＧ
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strengthsteelatthetemperaturesof８５０－１２００°C
andstrainratesof０００１－１０s－１．
　However,therewerefewstudiesaboutthedyＧ
namicmechanicalbehaviorof３０CrMnSiNi２Asteel,and
theexistingresearchesmainlyaimedatthedynamic
tensileorcompressivebehaviorof３０CrMnSiNi２A
steelatlowstrainratesandlowexperimentaltemＧ
peratures．Chenetal[１１] studiedtheeffectsofelecＧ
tronbeam localpostＧweldheatＧtreatmentonthe
propertiesof３０CrMnSiNi２Asteel,andthenewheatＧ
treatmentprocedurewasaneffectivemethod．Wuet
al[１]analyzedthedynamiccompressivedeformation
behaviorof３０CrMnSiNi２Aatthestrainratesof５００－
５０００s－１ andobtainedthematerialparametersof
itsJohnsonＧCook model．Thedynamic mechanical
propertiesofthe３０CrMnSiNi２Asteelsheattreated
by different processes were studied at different
strainratesandroomtemperatureinRef[１２,１３]．
　Inthispaper,thedynamicmechanicalbehaviorof
３０CrMnSiNi２Asteelathighstrainratesandhigh
temperatureswasinvestigatedusingthesplitHopＧ
kinsonpressurebar (SHPB) tests．Theeffectsof
temperature,strainrateandstrainonthestressof
３０CrMnSiNi２Asteelwereanalyzedinthedynamic
compressionprocess,andthestrainratesensitivity,
temperaturesensitivityandstrainhardeningeffectofthe
materialwerealsodiscussed．Moreover,theJohnsonＧ
Cook(JＧC)constitutivemodelof３０CrMnSiNi２Asteel
wasestablished．

２．Experimental

２１．Material

　TheultraＧhighstrengthsteel３０CrMnSiNi２A, which
wasquenchedbyoilatthetemperatureof９００°C, was

employedinthisstudy．Itschemicalcompositionis
showninTable１[１１] , andthehardnessandtensile
strengthare４８HRCand１５７０MPa,respectively．
　ThecylindricalspecimensfordynamiccompresＧ
siontestsweremachinedintodimensionsofϕ２mm×
２mmbywireＧcutting,andthesurfacesofsamples
werepolishedusingsandpaperandcoatedwiththe
butter．Thespecimens usedin quasiＧstatictests
werethecylinderswithdimensionsofϕ５mm×５mm
consideringtheaccuracyoftheexperimentaldata．

Table１
Chemicalcompositionofexperimentalmaterial(wt．％)

Mn Cr Si Ni C P S Fe

１１４ ０９２ １１９ １７１ ０３０ ≤０００１５ ≤００２５ Balance

２２．Experimentalprocedures

　Dynamiccompressiontestswereconductedona
microHopkinsonpressurebarexperimentalapparaＧ
tus, whichwasselfＧdesignedbyanimpactdynamics
researchgroupofProf．LiYulongofNorthwestern
PolytechnicalUniversity．Schematicdiagramofthe
SHPBexperimentalapparatusisillustratedinFig１．
Alldynamiccompressiontests werecompletedat
temperaturesof３０,１５０,３００,５００,and７００°C．MoＧ
reover,consideringthedifferenceofdynamicmeＧ
chanicalbehaviorofthetestmaterialunderdifferent
strainrates,fourstrainratesof３０００,５０００,８０００,
and１００００s－１ wereadoptedintheSHPBtests．The
methodofsinglefactorexperimentwasusedinthis
paper．Then, accordingtotheresultsofthreeexＧ
perimentsundereachsetofparameters,theaverage
valuesforeachgroupwereobtainedwithgoodrepeatＧ

Fig１．　SchematicdiagramofSHPBexperimentalapparatus．

ability．ThequasiＧstatictests werecarriedoutat
temperatureof３０°Candstrainrateof０００１s－１by
usingauniversaltestingmachineWDWＧ１００D．

３．ResultsandDiscussion

３１．Thermalsofteningeffects

　ThedynamicstressＧstraincurvesof３０CrMnSiNi２A

steelatdifferenttemperaturesandstrainratesarepresＧ
entedinFig２．ItcanbeseenthattheflowstressdeＧ
creaseswithincreasingthetemperatureatasimilar
strainrate．Especially,theflowstressdecreasessigＧ
nificantlywithincreasingthetemperaturefrom５００to
７００°C, butitdecreasesslowlyattemperaturesof３０
and１５０°Cwiththedecreaseoftemperature．MoreoＧ
ver,itcanbeseenfromFig２thatatstrainratesof
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