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Supersonicscrewdislocation

Withthesupportbythe NationalNaturalScienceFoundationofChinaandtheStrategicPriority
ResearchProgramoftheChineseAcademyofSciences,theresearchteamledbyProf．WeiYuJie(魏宇杰)
fromtheInstituteofMechanics,ChineseAcademyofSciences,withmembersfromShanghaiJiaoTong
UniversityandZhejiangUniversityfoundthatscrewdislocationscanglidesteadilyattheshearwavespeed
andevenmovesupersonicallyinatomicsystems,andthosephenomenahadbeenexcludedincontinuum
mechanicalanalysis．TheresultswerepublishedinPhysicalReviewLetters(２０１９,１２２:０４５５０１)．

Thestrengthandductilityofcrystallinemetalsareingeneralgovernedbythemobilityofdislocationsin
responsetostress．Dislocationsarelinedefects,which,fromthegeometricalaspect,arecategorizedinto
twotypes:screwdislocationsandedgeones．Themotionoftheformerleadstoirreversibledisplacements
alongthedislocationline,whilethemotionofthelattergivesrisetopermanentdeformationperpendicular
tothedislocationline．Thescrewones,intermsoftheirnumberandtheiractivity,playaprimaryrolein
thestrengthanddeformabilityofmetals．However,thestressＧvelocityrelationshipofascrewdislocation
anditsspeedlimitremainunclear．Theconventionaltheorypredictsthatasupersonicscrewdislocationis
impossibleduetoenergydissipationsingularity．

Usingmoleculardynamicssimulationinsinglecrystallinecopper,thisgroupfoundthatboththefull
screwdislocationandthetwinningscrewpartialdislocationcanglidesteadilyattheshearwavespeed,and
alsocanmovesupersonically—fasterthanthethreeshearwavespeedsintheanisotropicfaceＧcentredcubic
crystal．Inaddition,theirsimulationandtheoreticalanalysisrevealedthatthestresscomponentwhich
doesnotcontributetotheresolvedshearstressaffectsthedislocation motion,incontrasttothe
conventionalSchmid􀆳slaw．ThisresearchoverthrowsthelongＧstandingconventionaltheorythatthe
energydissipationforascrewdislocationmovingattheshearwavespeedbecomesinfinite,andishence
impossible．Theyconfirmtheexistenceofsupersonicdislocationandpavethewaytobetterunderstandthe
dynamicbehaviorofcrystallinematerials．

Figure　Theshearstressfieldinducedbyascrew dislocation (left)and Machconesformedbythedislocation moving
supersonically(right)insinglecrystallineCu．


