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  Abstract:Bymeansofvelocityinterferometersystemforanyreflector(VISAR),X-raydiffraction(XRD)

andscanningelectronmicroscope(SEM),phasetransitionandspallingbehavioroftheFeMnNialloywere
studiedthroughsymmetricimpactandreverseimpactexperiments.TheFeMnNialloyexperiencesaα→εphase
transformationwhenshockedtothepressureabove6.5GPa.TheFeMnNialloyproducesε→αreversephase
transitionandrarefactionshockwavewhenthepressurereduceto4~5GPaduetotherarefactionwave.By
analyzingtheinteractionamongplasticwave,phasetransitionwave,rarefactionwaveandrarefactionshock
wave,itwasfoundthattheFeMnNialloyhasaphysicalmechanisminducingtheformationofspallbehaviorin
symmetricimpactexperimentsastheimpactstressexceedsα→εtransitionthreshold.
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1 Introduction
  Thespallingstudyisawidefieldofinterest.Whenamaterialissubjectedtopolymorphicphase
transitionundershock,thewavestructureisextremlycomplex,andthereisthepossibilityofrarefac-
tionshockwave(RSW)formation,whichmayaffectthedamagebehavior[1-7].
  Inthispaperweareinterestedintherelationshipbetweenspallandphasetransitionbehavior.
TheinfluencesofphasetransitiononthespallingresponseforFeMnNialloyareinvestigatedbymeans
ofsymmetricandsamethicknessimpactandreverseimpactexperiments.TheFeMnNialloywiththe
singleαphase,whosenominalcomposition(massfraction)isFe85.03%,Mn7.63%,Ni7.01%and
Al0.30%,wasselectedinthisstudy[8-9].Thesymmetricimpactexperimentwastostudythespalling
behaviorandtheshockwavestructureofFeMnNialloyundergoingα→εphasetransition.Thereverse
impactexperimentwastoreasearchthereversephasetransitionandtherarefactionshockwaveofthe
FeMnNialloy.

2 ExperimentalSetupandMeasuringTechnique
  Theshockexperimentswereconductedona100mmsinglestagelightgasgun.Ourprincipal
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diagnosticisadouble-sensitivityvelocityinterferometersystemforanyreflector(VISAR)(100m/s
and250m/s).Thesymmetricandsamethicknessimpactandreverseimpactexperimentswerecarried
outasshowninFig.1.ThesymmetricimpactexperimentalsetupisshowninFig.1(a),wherethe
FeMnNitargetplateandtheFeMnNiflyerplatearethesamethickness.Thesurfacevelocityofthe
sampleoppositeweremeasuredbyVISAR,andacatcherwasusedtorecoverthesample.Fig.1(b)

showsthereverseimpactconfigurationwhichcomprisesofaFeMnNiflyerplate,asapphirewindow
andaVISARmeasurementoftheflyer/windowinterfacevelocity.Theparametersofexperimental
conditionsarelistedinTable1.

Fig.1 Schematicoftheexperimentalsetup

Table1 Parametersofexperimentalconditions

Experiment
number

Pressure
/(GPa)

SizeofFeMnNiflyer
/(mm×mm)

Sizeofsapphirewindow
/(mm×mm)

SizeofFeMnNitarget
/(mm×mm)

1# 12.2 ⌀95×6.0 ⌀95×6.0

2# 11.9 ⌀95×2.0 ⌀45×15.0

3 ExperimentalResultsandDiscussion
3.1 SymmetricandSameThicknessImpactExperiment
  Insymmetricimpactexperiment,whentheimpactpressureishigherthanα→εphasetransition
pressure,FeMnNialloyphasetransitiontakesplacebothinimpactorandtarget.Theshockwavesepa-
ratesintothreedistinctwaveswhileprogressingthroughthetarget,andtheVISARdetectsthem
whentheyarriveatthefreesurfaceandaccelerateit.Thevelocityofthetargetfreesurfaceasafunc-
tionoftimeinexperiment1#isshowninFig.2.ThefirstwavetoappearisanelasticwaveE;itisa
sensitiveindicationofthesamplequality.NextisaplasticwaveP1,whichtakesthetargetuptoa
pressurenohigherthanthatatwhichtheα→εphasetransformationbegins.ThethirdwaveP2occurs
onlywhentheshockpressureissufficienttocausethephasetransformation.Becausethephasetrans-
formationoccursgradually,P2risesslowlyasthematerialtransforms.Thetransitionpressureofthis
FeMnNialloy(6.5GPa)canbeobtainedfromthevelocityofthetargetfreesurface(Fig.2).Andno
spallinghappensinthetargetfromthetargetfreesurfacevelocity.
  Inthesymmetricandsamethicknessimpactexperiment,wehaverecoveredthetarget.Therecov-
eredtargetalsoindicatesthatnospallinghappensinthetarget.Itisaccordingwiththeresultofthe
targetfreesurfacevelocity.
  Inordertoobtainmoreinformationaboutthephasetransitionandspallingbehavior,westudied
themicrocosmicconfigurationoftherecoveredtargetbymeansofX-raydiffraction(XRD)andscan
electronmicroscopy(SEM).
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  TheresultsofXRDisshowninFig.3.ItillustratestheoriginalFeMnNialloysampleisα-phase.
Afterundergoingloadingandunloading,theFeMnNialloysampleisalsoα-phase,noε-phaseisfound.
TheresultindicatesthattheFeMnNialloyexperiencesaα→εphasetransformationduringtheshock
impactprocessandthenexperiencesanε→αreversephasetransformationduringtherarefaction.

Fig.2 Freesurfacevelocityprofileinexperiment1# Fig.3 XRDpatternsoftheFeMnNialloy

  Fig.4showstheresultofSEM.Fromthepicture,wecanseethattheoriginalmetallographic
configurationoftheFeMnNialloysampleisα-phase.JustliketheresultofXRD,themicrostructureof
theFeMnNialloysampleundergoingloadingandunloadingalsoisα-phase,noε-phaseisfound.Con-
sequently,italsodemonstratesthattheFeMnNialloytargetproducesα→εphasetransitionduringthe
impactprocess,theε-phaseisunsteady,andthenthesampleproducesanε→αreversephasetransition
duringtherarefaction.

Fig.4 SEM micrographsoftheFeMnNialloy

3.2 ReverseImpactExperiment
  ToobservethecharacteristicofthereversephasetransformationandtheRSWintheFeMnNi
alloysample,wedesignedareverseimpactexperiment2# asshowninFig.1(b).Theimpedance
(soundspeedtimesdensity)ofthesapphireisnearlythatofFeMnNialloy,minimizingreflectionsat
theinterfaces.The15mmthicksapphirewindowensuresnorarefactionwavereflectingfromtherear
surface.Theshockpressureusedinthistestisabout12GPawhichismuchhigherthanthatofthe
phasetransition(6.5GPa)forthisalloy,leadingtooccurrenceoftheα→εphasetransitioninthefly-
er,andformingamulti-wavestructurewhichconsistsofanelasticwaveE,aplasticwaveP1anda
phasetransitionwaveP2.Butthemultiwavesdonotsplitattheimpactsurface,andtheywillbe
registeredbyVISARasasinglesignal.ThesewavestraveltothebackfreesurfaceoftheFeMnNifly-
er.Becausethemagnitudeoftheelasticwaveissosmallthatitcanbeneglectedinthewaveanalysis.
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TheplasticwaveP1reflectsattherearsideoftheflyerandtravelsasararefactionwavebackintothe
flyer,andthentherarefactionwavecollideswiththeoncomingphasewaveP2.Whentheleadingedge
oftherarefactionwavefromtheflyerarrives,theinterfacevelocitybeginstoslow.Wehaveobserved
thefirstrarefactionwaveRbyusingVISARtechnique.ThephasewaveP2,whichhascollidedwith
therarefactionwaveR,interactswiththeboundaryandtravelsbackasthesecondrarefactionwave
intotheflyer.Thesecondrarefactionwavecausestheinterfacevelocitytosuddenlydrop,sowepre-
sumedthatthesecondrarefactionwaveisaRSWinducedbytheε→αreversephasetransition.The
FeMnNi/sapphireinterfacevelocityisshowninFig.5.Fromthepicture,twopointscanbeoutlined.
  (1)ThefirstrarefactionwaveR1generatedbythereflectionoftheplasticwaveleadstheε→α
reversephasetransitiontobegin,butitisnotcomplete,thehighpressureα-phasetransformstoamet-
astablemixedphase.Becausethewavevelocityofthemetastablephaseislowerthanthatofhighpres-
sureε-phase,thetimedifferencefromwavefronttowavetailoftherarefactionwaveRincrease,and
norarefactionshockwaveoccurs.Thesecondrarefactionwavecausedbythereflectionoftheoncom-
ingphasewaveleadstheε→αreversephasetransitiontoentirelycomplete,andthentheRSWforms.
  (2)Thephasetransitionpressuresareabout6.5GPaforα→εandabout4~5GPaforε→αin
FeMnNialloy.Theforward-reversetransitiondecaypressureisabout2~3GPa.TheFeMnNialloy
holdsthetypicalhysteresischaracteristicofmartensitephasetransition.

3.3 Discussion
  Fortheexperimentof1#,theinteractionprocessamongtheshockwave,therarefactionwaveR
andtheRSWinthetargetisshowninFig.6.Thewavestructuresintheflyerandinthetargetare
symmetricalongtheimpactsurface.BecausethemagnitudeoftheelasticwaveEisverysmall,itcould
beneglectedinthewaveinteractionprocessanalysis.TheplasticshockwaveP1interactswiththe
boundaryandtravelsbackintothetargetasararefactionwaveR.TheRcollideswiththeoncoming
phasetransitionwaveP2,thentravelsbackintoε-phaseandlowersthepressure,andε-phaseistrans-
formedintoametastablephase,thetimedifferencefrom wavefronttowavetailoftherarefaction
waveRaugments.TherarefactionwaveRcollideswiththereflectingrarefactionwaveattherear
surfaceoftheflyerplate,andthefirsttensionregioncomesintobeing.ThephasewaveP2,whichhas
collidedwiththerarefactionwaveR,reflectsatthetargetfreesurface,andittravelsbackintothetar-
getasararefactionwaveandcutsdownthepressureofthetarget.Afterthat,themetastablephaseis
entirelytransformedintoα-phase,andtheRSWforms.TheinteractionbetweenRSWandtheresidue
oftherightrarefactionwaveRthroughthefirsttensionregioninducesthesecondtensionregion.The
tensionstressislikelylessthanthespallstrength,andnospallinghappensinsymmetricandthickness
impactexperiment(Experiment1#).

Fig.5 ReleasevelocityprofileoftheFeMnNialloy Fig.6 Schematicdiagramofstresswaveinteraction
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4 Conclusions
  Whentheshockpressurebeyond6.5GPa,theFeMnNialloyexperiencesaα→εphasetransforma-
tion.Astherarefactionwavereducesthepressureofthesamplenearto4~5GPa,theFeMnNialloy
sampleproducesanε→αreversephasetransformationandtherarefactionshockwave.Theforward-
reversetransitiondecaypressureisabout2~3GPa.TheFeMnNialloyholdsthetypicalhysteresis
characteristicofmartensitephasetransition.
  TheFeMnNialloysamplehasthephysicalmechanismofspallingbehaviorinsymmetricandsame
thicknessimpactexperiment,whenshockedtoaboveα→εtransitionthreshold.Andthespallingphe-
nomenaarebelievedtorelatetotheα→εphasetransition,theε→αreversephasetransformationand
therarefactionshockwave.
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  摘要:采用激光速度干涉仪(VISAR)、X射线衍射(XRD)和扫描电镜(SEM)联合测试技

术,利用等厚对称加载和逆向加载实验,研究了FeMnNi合金的冲击相变和层裂行为。结果发

现:加载压力大于6.5GPa时,FeMnNi合金样品发生α→ε相变;中心稀疏波的卸载作用使内

压力降至4~5GPa时,FeMnNi合金样品发生ε→α逆相变,并伴有卸载稀疏冲击波形成。分

析FeMnNi合金样品中塑性波、相变波、稀疏波和稀疏冲击波的传播作用过程,发现加载压力

大于其相变应力时,等厚对称加载下FeMnNi合金存在产生层裂行为的物理机制。
  关键词:FeMnNi合金;相变;逆相变;层裂;稀疏冲击波

  中图分类号:O346.4;O347.3   文献标识码:

┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈┈
A

《高压物理学报》征稿简则

  《高压物理学报》是我国高压物理领域唯一的专业性学术刊物,在国内外公开发行。力求及时报道高压物理学科基

础理论和应用研究方面具有创新性、高水平、有重要意义的研究成果,读者对象为国内外科技工作者。征稿内容为动态

及静态高压技术,人工合成新材料,高温高压下材料的力学、光、电、磁等特性以及物质微观结构的研究,动态及静态高压

研究中的测试技术,高温高压下的相变,高温高压物态方程等。接受中、英文稿件。
1.来稿应具有科学性、先进性和实用性,论点明确、论据可靠、数据准确、逻辑严谨、文字简练、图表清晰。每篇论文

的篇幅应在6000~8000字以内,请使用中华人民共和国法定计量单位。论文格式请参考近期出版的《高压物理学报》。
请使用网站(www.gywlxb.cn)的作者投稿系统进行投稿。
2.所投稿件不得涉及国家及本单位机密,投稿时请附本单位保密审查意见,由审查者签名并加盖公章。
3.文章标题字数应在20字以内。文中图、表应有自明性,所有图题、图注、表题、表注均为中、英文对照,图、表中的

文字一律用英文。
4.第一作者应确保全体作者同意文章署名,请提供第一作者、通讯作者简介(姓名、出生年、性别、职称、学位、研究方

向等),以及所有联系方式(通信地址、邮政编码、电话号码、传真、电子邮箱等),以备联系。请注明论文(工作)的资助项

目(资助项目名称和批准号),简要介绍工作背景和论文意义。
5.来稿应保证文章版权的独立性,严禁抄袭,文责自负,请勿一稿多投。

重点注意事项
▲ 中英文摘要 摘要用第三人称书写,语言要简练,应有具体内容。要求:(1)拥有与论文同等量的主要信息,重点

包括4个要素:即研究目的、方法、结果和结论。(2)以提供论文梗概为目的,不得评论、解释论文内容。中文摘要应在

200~400个字之间,英文摘要不少于120个实词。为便于EiCompendex以及国外其它数据库收录,英文摘要中尽量避

免特殊字符(各种数学符号、上下脚标及希腊字母)及由特殊字符组成的数学表达式;第一句不要与英文题名重复;尽量

用短句子并避免句形单调;用过去时态叙述主要工作,用现在时态叙述结论,尽量用主动语态代替被动语态。
▲ 参考文献 参考文献应是公开出版物。请充分著录参考文献,引用条数不宜太少,并尽量引用近期国内外文献,

采用“顺序编码制”著录。中文参考文献必须附英译文,著录项目应齐全。
▲ 版权与稿酬  《高压物理学报》已加入《中国学术期刊(光盘版)》、万方数据———数字化期刊群 、中国核心期刊

(遴选)数据库、中文科技期刊数据库、中国期刊网、台湾中文电子期刊服务———思博网(CEPS)等,并被EiCompendex光

盘收录。凡经本刊录用的稿件,其著作权(包括光盘版和网络版出版权)便自动转让给《高压物理学报》编辑部,编辑部不

再另行通知。来稿一经发表,即付稿酬(包括光盘版和网络版稿酬)。
《高压物理学报》一贯秉承服务科学、服务读者、服务作者的办刊理念,慎重对待每一篇来稿,尊重作者劳动。优秀稿

件享有快速发表通道,重大创新性成果可在3个月内刊出。
通信地址:四川绵阳919信箱110分箱 《高压物理学报》编辑部,邮政编码:621900
网  站:www.gywlxb.cn; 电子邮件:gaoya@caep.ac.cn(征订、咨询)
电  话:(0816)2490042; 传  真:(0816)2485139

《高压物理学报》编辑部

211         高  压  物  理  学  报             第24卷 


