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ABSTRACT

AnexperimentalsetupforcoldextrusionprocesswithelectricＧhydraulicchatteringwasdevelopedandits
workingprinciplewasintroduced．Thefiniteelement(FE) modelforakindofcuppart(material:２０Cr)
wasbuiltbyusingthesoftwareDeformＧ３D．FEsimulationexperimentswithandwithoutelectricＧhydraulic
chatteringwerecarriedouttoanalyzethevelocityfieldsandthemetalgridflowlines．TheextrusionexＧ
perimentsofthecuppartwerealsoperformedunderdifferentconditions．Thedifferenceofmetalflow
lineswithand withoutelectricＧhydraulicchattering wasdiscussedviaascanningelectron microscope
(SEM)andtheKeyencesuperＧdepththreeＧdimensionalmicroscopicsystem．Theresultsshowedthatwith
theelectricＧhydraulicchattering,thevelocityofmaterialflowincreases, whereasdeformationresistance
decreases．ElectricＧhydraulicchatteringresultsineasymetalflow, smallbendingdegreeofmetalflow
lines,slenderanddensemetalgrains,andtherebyanimprovedqualityofthedeformedparts．

１．Introduction
　Coldextrusiontechnologyhassomeadvantages
suchasgoodmechanicalproperties, energysaving
andlowcost．Thus,ithasbeenwidelyusedinthe
automotive, light, aerospace, military, hardware
andotherindustries．ThemetalflowduringcoldexＧ
trusionwasstudiedbyKydhakob[１] ．Themetalflow
ruleandformation mechanism ofextrusionfunnel
duringtheextrusionprocessofbrasswereanalyzed
bySchweissguth[２] ．ViscoplasticitymethodwasdeＧ
velopedbyThomsenetal[３] bycombiningthemetＧ
alflowexperimentswithstresscalculationtodeal
with plastic deformationtheory．Different metal
flowcharacteristicsofaluminumduringforwardexＧ
trusionandbackwardextrusionwerepresentedby
Kang[４] ．Andtakingforwardextrusionprocessasan
example,theeffectsofprocessconditionsonmetal
flowwerealsodiscussed．Usingfiniteelement(FE)
simulationandexperimentalmethods,theeffectsof
moldcomplexityon metalflowruleandforming
deadwerediscussedbyQamar[５] ．CombiningexperＧ
iments (grid method) withFEsimulation, metal
flowcharacteristicsduringplasticformingprocess
werepresented by Valberg[６] ．TheseaboveＧmenＧ
tionedresultsshowthattheuniformityof metal

flowandrationaldistributionofthemetalstreamＧ
lineduringcoldextrusionprocessdirectlyaffected
thesurfacequalityandmechanicalpropertiesofexＧ
trudedparts,productdefectrateandthedielife．Good
metalstreamlinecanreducedeformationresistance,imＧ
provethedielifeandreduceextrusiondefects．
　 However, enormousextrusion pressureisreＧ
quiredtoforcemetaltobeplasticallydeformedat
roomtemperature, whichcauseshugefrictionbeＧ
tweentheblankandthedies．ThehugefrictioninＧ
creasesdeformationresistance,resultinginrelativeＧ
lydifficultmetalflowandmachiningdeadzoneposＧ
siblyformedinthefinishingstage．Thisnotonly
causesprocessingdefectsofparts,butalsoseriousＧ
lydecreasesthelifeofthedies．Inrecentyears,sevＧ
eralscientificandeffectivewayshavebeendevelＧ
opedtosolvetheseproblemsfrom “surfaceeffects”
and“volumeeffects”bothathomeandabroad．
　BlahaandLangenecker[７]foundthatadditionalulＧ
trasonicvibrationcanreducethedeformationresistＧ
anceofasinglecrystalofzincduringplasticdeformＧ
ation, namelytheBlahaeffect．Then, severalreＧ
searcherscarriedouttheoreticalandexperimental
researchesontheapplication ofvibration during
metalplasticprocessing．Theultrasonicvibration
drawingtechnologywassystematicallyreviewedby

　　　　　　　　　JournalofIronandSteelResearch,International２４(２０１７)１３８－１４６　　　　　　　　　　



GebhardtandFunke[８] ．ThemechanismofultrasonＧ
icvibrationtoimprovethedrawingtechnologywas
quantitativelystudiedby Haysdhietal[９] ．They
foundthatthemaximumstresswassignificantlydeＧ
creasedwhentheultrasonicvibrationdirectionis
consistentwiththedrawingdirectionorperpendicuＧ
lartothedrawingdirection, anditfellevenmore
sharplyundertheformercondition．Basedonfinite
elementmethod (FEM), theeffectsofextrusion
speed, vibrationfrequencyandamplitude, friction
coefficientand otherparameterson metalflow,
strokeloadandequivalentstrainwerepresentedby
Mousavietal[１０] ．UltrasonicvibrationdrawingexＧ
perimentswerecarriedoutbyLietal[１１] ．Anda
methodwasproposedtodeterminethesoundspeed,
frequency, polarizationcurrentandotherparameＧ
ters．Xieetal[１２] alsocarriedoutsomeultrasonic
vibrationdrawingexperiments[１２]andfoundthatthe
drawingforcedecreasedafterultrasonicvibration
frequencyof２０kHzwasappliedonthedrawing
die,andtherewasacriticalamplitudethatledtoa
significantdecreaseinthedrawingforce．AtpresＧ
ent, vibration plasticprocessingexperimentsare
mainlycarriedoutforpunching, cutting, rolling,
anddrawingofpipesandprofiled materials[１３Ｇ２１] ,
andhighＧpowerultrasonicvibration (calledpower
ultrasonicvibration)ismainlyused[２２Ｇ２６] ．
　Coldextrusionprocessingalwaysneedsahuge
extrusionpressure, butultrasonicvibrationoutput
forceissmall．Thus,itcannoteffectivelytransmit
vibrationstothemold．Then,anewkindofelectricＧ
hydraulicchatteringcoldextrusiontechnologyis
proposed．Andmechanismofstrokeloadreduction
afterelectricＧhydraulicchattering has been studＧ
ied[２７Ｇ３０] ．Inthispaper, akindofcuppartwasseＧ
lectedastheresearchobject．CombiningFEM with
experimentalresults,theeffectofelectricＧhydraulic
chatteringonmetalflowwasproposed．

２．Experimental

２１．Experimentalsetup

　TheschematicdiagramofelectricＧhydraulicchatＧ
teringcoldextrusionprocessisshowninFig１．The
electroＧhydraulicchatteringcoldextrusionprocessＧ
ingsystemincludesthreesubsystems: (１)anelecＧ
tricＧhydraulicchatteringsystem, (２) acoldextruＧ
sionsystem,and(３)acontrolanddataacquisition
system．Thissystemcanrealizeconventionalcold
extrusionprocess (diesfixed) andtheelectricＧhyＧ
draulicchatteringＧassisted cold extrusion process
(dieschattering)．Withthissetup, thechattering
frequency, amplitude, extrusionspeedandother
parameterscanbecontrolled．AnditcancollectexＧ
perimentaldata,includingstrokeandload．
　Theschematicdiagramofforwardextrusionforthe

Fig１．　SchematicofelectricＧhydraulicchatteringcold
extrusionprocessingsystem．

cuppartisshowninFig２．ItconsistsofelectricＧhyＧ
draulicchatteringplatform, lowerdie, upperdie
andotheraccessories．Thechatteringplatformis
controlledbyahighＧfrequencyexcitingvalve, and
theaxial microＧamplitudevibrationoftheelastic
coverwhichisapartofchatteringplatformcanbe
achieved．BecausetheelasticcoverisrigidlyconＧ
nectedwiththelowerdie,themicroＧamplitudeviＧ
brationofthelowerdiecanberealized．

１—Uppermoldplate;　２—Upperbearer;　３—PunchＧconnectionbolt;
４—Upperpunchholder;　５—Upperpunch;　６—Blank;

７—Container;　８—Lowerpunch;　９—Dieholder;
１０—Ejectorsheet;　１１—Lowerbearer;　１２—ContainerＧfixedbolt;

１３—Grommet;　１４—Lowermoldplate;　１５—Chattering
platformroof;　１６—Dieejectorrod;　１７—Upperplate;
１８—Hydraulicmachineejectorrod;　１９—Lowerplate．

Fig２．　Schematicofforwardextrusionforthecuppart．

　Theexperimentalhardwareplatformisalsobuilt．
ThephotooftheexperimentalsetupisshowninFig３．

２２．Experimentalprocedure

　AsshowninFig４,anultraＧhighspeed/highacＧ
curacylaserdisplacementsensor manufacturedby
KEYENCEwiththemodelofLKＧH０５５wasusedto
measurethechatteringamplitudeofthelowerdie．
Themeasurementrangeis±１０mm,theresolution
is４μm, andthesamplingfrequencyis３９２kHz．
Theexperimentalresultsshowthatthechattering
amplitudeisabout００１２mmwhentheoilpressureis
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