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Abstract:TheinfluencesofdieparametersonshearstrainwereinvestigatedbyusingtwoＧdimensionalfiniteelementsimulaＧ
tion．Newformulasofshearstrainwereproposed．Accordingtotheresultsofformulas,theshearstrainshowedalineardeＧ
pendenceonthedifferencebetweeninternalandexternalfilletradiusandtheslopewasdeterminedbytheintersectionangle．
Thesimulationresultsindicatedthatthevelocitiesofthepointsfromdifferentzonesweredifferentinthespecimenandthe
motiontrajectoriesofdifferentpointsdidnotfollowgeometricallaws．TheinfluencesoftheaveragevelocityandthemoＧ
tiontrajectoryonshearstrainwereincorporatedintheformulatocalculatetheshearstrainproducedduringequalＧ
channelangularpressingprocess．Thereliabilityofsimulationresultshasbeenpartiallyvalidatedbyexperiments．
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　　TheprocessofequalＧchannelangularpressing
(ECAP)issuchaprocedureinwhichamaterialis
subjectedto anintense plasticstrain by simple
shear[１Ｇ５]．AsthespecimenpassesthroughtheinterＧ
sectionbetweenbothchannels withidenticalsecＧ
tion,thematerialisseverelydeformedbysheardeＧ
formation．Submicrometricorevennanometricgrain
sizecanbeobtainedbyusingECAP,whichfavors
theimprovementofmechanicalproperties,suchas
yieldstressandultimatestress[６Ｇ９]．Generally,asthe
importantinfluencingfactorsofshearstrain,thedie
geometricalparameters mainlyincludeintersection
angleΦ,internalfilletradiusRint,externalfilletraＧ
diusRext,andwidthofchannelD[９Ｇ１１]．
　　Inordertodescribetheplasticstrainproduced
duringECAP,Segaletal􀆰[１]firstcalculatedtheshear
straininthediewithasharpcorner．Iwahashiet
al􀆰[１２]proposedadieconfigurationwhichhadafillet
radiusintheouterpartoftheECAPdieandanaＧ
lyzedtheshearstrain．Lurietal􀆰[９]furtherconsidＧ
eredbothinternalandexternalfilletradiusofthe
ECAPdieandpredictedtheshearstrain．However,

theaboveformulascouldnotexplainwhytheECAPed
specimenwasinhomogeneous．
　　Finiteelementmethod (FEM)[１３,１４]hasbeen
widelyusedtoanalyzetheECAPproceduresinceit
showssomeadvantagesoversliplinetheory[１５],anＧ
alyticalmodelingofmaterialflow[１６],upperＧbound
method[１７Ｇ１９],as wellasartificialneuralnetwork
method[２０],including powerfulanalysisfunction,
high reliability and more details during ECAP
process．Untilnow,FEM hasbeenwidelyusedto
investigate the deformation homogeneity[２１],the
roleoffriction[２２],backpressure[２３]anddiegeomeＧ
try[９,１０,２４]duringECAPprocess．Furthermore,strain
hardening[２５],strainＧhardeningrate[２６] and plastic
instability[２７]duringECAPprocesshavealsobeen
simulatedusingFEM．
　　Inthispaper,theinfluenceofdiegeometrical
parametersonshearstrainduring ECAP process
wasanalyzed．TwoＧdimensionalfiniteelementanalyＧ
siswascarriedoutbyusinggeneralpurposefinite
elementsoftwareDEFORMＧ２D．Theemphasiswas
placedonthevelocities,thedistanceandthemotion



trajectoriesforthedifferentlocationsofpointsdurＧ
ingECAPprocess．ConsideringtheeffectoftheveＧ
locitiesandthemotiontrajectories,newformulasof
shearstrainwereproposed．Inaddition,theinfluＧ
enceofdiestructureonhomogeneitywasstudiedby
usingthenewformulas．Thesimulationresultswere
partiallyverified using XRD test,optical microＧ
graphsanddistributionofthemicrohardness．

１　FiniteElementSimulation

　 　 AccordingtothepreviouslyreportedliteraＧ
tures[９,１０],therewerefourmaingeometricalparamＧ
eters,includingΦ,Rint,Rext,andD asshownin
Fig􀆰１．AdiewithΦ of１２０°andD of１０mm was
usedinthesimulation．RintandRext werechanged
from０to１０mm withanincrementof１mm．The
dieandpunchweremodeledasrigidbodies．AconＧ
stantpunchspeedof２ mm/swasimposedonthe
rigidplunger．AnperfectplasticmaterialwasemＧ
ployedastheprocessedspecimenbecausediecorner
gapwouldbeformedasthematerialstrainＧhardenＧ
ingrateincreased[２８]．TheyieldstressσsofthespecＧ
imenwas３００MPa．Tomakethespecimenfullyfill
thedie,aconstantbackpressureP (３００MPa),was
appliedunderboundarycondition．ThefrictionbeＧ
tweenthediechannelandspecimenwasassumedto
bezeroduringthesimulation．
　　AccordingtostudybySuoetal􀆰[２９],theplastic
straininthemiddleregionwasmuchmoreuniform
andlargerthanthoseofthetailandheadregions．
NinepointsinthemiddleregionwereusedtoanaＧ
lyzethestrainhomogeneityandthepointspositions
weredefinedasshowninFig􀆰１．Points１－９inthe
planewereequidistantfromonetoanotherandthe
distancewas１mminXaxisdirection．Thedistance
fromthepoints１－９totheheadofthespecimen
was１５mminYaxisdirection．

Fig􀆰１　DiestructureandtargetpointsforFEMsimulation

２　Experimental
　　ThematerialusedinthisinvestigationwashotＧ
rolled３０４Lstainlesssteelwithcompositioninmass％
ofC０􀆰０１,Cr１８􀆰５６,Ni８􀆰８２,Si１􀆰５８,S０􀆰００８,P
０􀆰０１５,Mn０􀆰５,andFebalance．Beforeprocessing,
thespecimenswereannealedat１１５０℃for２hfolＧ
lowedbyairquenching．CircularspecimenswithdiＧ
mensionsofϕ１０mm×６mmwerepressedviaECAP
processatroomtemperaturewiththeramspeedof２
mm/s．AdiewithΦ＝１２０°,D＝１０ mm,Rint＝０
andRext＝１０wasused．
　　ThephaseconstitutionwasdeterminedbyXＧ
raydiffraction(XRD)onaPanalyticalXＧpert′PRO
diffractometeratroomtemperatureusingCuKαraＧ
diation．Microstructure observations werecarried
outonanOlypusＧPmg３１１uopticalmicroscope．The
Vickersmicrohardnesstestwasperformedusingan
HXＧ１０００TMdigitalhardnesstester．Theschematic
diagramofmeasuredplaneisshowninFig􀆰２．The
microhardnessvaluewasmeasuredusingaregular
gridpatternwithspacingof１mminXdirectionand
０􀆰５mminY direction．Thecentralzonewasthe
centerofthemeasuredplaneandtheexternalzone
wasabout１􀆰０－１􀆰５mmfromthebottomedge．

Fig􀆰２　MeasuredplaneofECAPedspecimens

３　ResultsandDiscussion

３􀆰１　Theoreticalanalyses
　　AccordingtothestudiesperformedbyLuriet
al􀆰[９],theshearstrainγisgivenbyEq􀆰(１):
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