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Abstract

Anewideaondesigmngandproducmgmetal-basedcompositematerialshavingbothhighdampmg
andgoodmechamcalpropertieshasbeencarriedout・Thekeyissueoftheideais(i)toselecttwohigll
dampmgmaterialsfbrthematrixphasethatcontributestothemechanicalpropertiesandfDrthesecond
phasethatfUrtherraisesthedampmgproperty；(ii)toutilizethemicrostructuraleBfbctbyahne
dispersionofthesecondphase,ａｎｄｔｈｕｓ(血)toharmonizetheadvantageofeachphasematerial
suf6cientlyAzmc-basedZA27alloywasmeltedandpermeatedmtocompressedsalt-grainprefoｒｍｂｙ
ｍｅａｎｓofcentrifUgalsqueezecastmgtechnique・ＴｈｅｓａｌｔｗａｓｒｉｎｓｅｄｏｕｔｂｙｗａｔｅｒｔｏｏｂtainafDamed
materiaL

Thetensileandcompressivestrengthswere83-119andlOO-189MPa,respectiveblbThedampmg
propertyofthefbamedmaterialmcreasedmarkedlyinearlytothelevelofvisco-elasticpolymer
materialｓ(dampmg,Ｑｌ,notlesstllan20×103)afteracarpenterplasterorrosm,thedispersmg
component,wasinmtratedmtotheporeofthefbamedmateria｣Ｌ

１．htroduction

Amachinewillvibrateandmakenoiseduringitsuse,whichnotonIydeterioratesitspIecisionandlifetimebutalso
harmshumanhealthlnordertominilnizethesedetrilnentaleffects,aveIyefTicientmethodistoapplymaterials
havingbothhighdampingandgoodmechanicalpropertiestothestructuralcomponentsofthemachine、Suchmaterials
canberefbrMtoasstructuraldampingmateriaIs(SDM),fbrdesigningandproducingamachines位ucture・

MetalsoraIloyshaveusuallygoodmechanicalpropertiesbutpoordampingpropertiescompalCdtopolymers・
A1thoughhighdampingalloyshavebetterdampingpropeltiesthanthoseofcommonmetalsoralloysl2),theirdamping
pmpertiesa1℃stilllowerbylto2magnitudesthanthoseofthevisco-elasticmaterials､Thustheycanbeconside1℃ｄ
ｎｅｉｔｈｅｒｔｏｂｅＳＤＭ１ｓｎｏｒｔｏｂｅｕｓｅｄｗhenagreatdecl3easeinvibrationisrequi1℃dOntheotherhand,sincepolymers，
especiallyvisco-elasticmaterials,havegooddampingpropertiesbutpoormechanicalpropeIties,theycannotusualIybe
usedasstructuralmaterials・ThispaperdescribesthedeveIopmentofanewmetal-basedSDMfbrstructuralcomponents
wherea1℃ductioninbothvibrationandnoiseisIcquired,inwhichcompositemate｢ialsconsistingofametallicmatrix
phaseandofavisco-elasticpolymersecondphasehavebeenprepalCd．

ThispapcrwaspresentedatthespringmeetingoftheJapanInstituteofMetals,heldinYbkohama,onMaiでh29,
2005.
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2．MaterialDesign

2.1TheoreticaIanalysis

lnrecentyearsmanyattemptsaimingatagreatincreaseindampingpropeltieshavebeenmadeusingtraditional

methods,butIittlepmgJcsshasbeenmade'~3).TherearemanyinherentdiffeIencesbetweenmetalsandvisco-elastic
materiaIsintheshuctureofatomicormolecularbonding,whichresultsingreatdifferencesindampingproperties・Itis

naturalthatthesediffelCncesinstructurecannotbeeIiminatedbyalloyingandheat-treatmentoftraditionalmetallic

materials､The1℃fbrethedampingpropertiesofmetalsoralloyshavenotbeenimprovedg1℃atlytolCachthelevelof

viscousmaterialsbymeansofthetraditionalideasormethods・Itiswidelyknownthatresinconcreteisatypical

compositemateriaIthatconsistsoftwophases,namely.,finerockparticlesanda1℃sinmatrix,ａｎｄhasexcellentdamping
properties・Thisispresumablyascribedtothemicrostructuraldampingmechanismbesidesthegooddampingproperties
ofrockandIesinthemseIvesStIessandstrainalenotunifOnninamuIti-pbasecompositeconsistingofdifferentkindsof

materialswhenaconstantmacroscopicstressisappIiedtotbecompositebecauseofthediffb1℃nteIasticmoduliofthe

components，ＴｍｕｓｔｈｉｓｗｉⅡIcsultindistoltionandinterfaceviscousflow，whichwillabsorbvibrationenergy・
Consequentlyitwouldbetheultimateapproachtoproduceacompositematerialconsistingoftwohighdampingphases

inoldertoobtainagreatincIeaseindampingpropertiesftomtlueviewpointoftakingadvantageofthecomponent
materialsthemselvesandalsoofthedispersioneffectofthesecondphasc

TheessenceofdampingisabsorbingvibrationenelgyTbtaldampingcapabilityofamateriaIisthesumofthe

capabilityofeachdampingmechanism,suchasdislocationdamping,grain-boundarydamping,dampingcausedbypoint
defectdiffUsion，visco-elasticdamping,etc・Sincemosttraditionaldampingalloyshaveonlyonemechanismtheir

dampingcapabilityislimitedlfacompositematerialconsistingofahigh-dampingalloyandavisco-elasticpoIymercan
besuccessfUllypmduced，notonlythedampingmechanismsofthetwoseparatematerialsbutalsothedispersion
dampingmechanismdescribedabovecanbeutilizedtoagleatextent・Tbetotaldampinginthiscasewillbethe
superimpositionofeacbdampingmechaniＳｍ・Inthispaper,thedampingpropertywillbecharacterizedfbrsuch
compositematerialsoriginallyproducedasafUnctionofamicrostructuralparametem

2.2.MateriaIselection

lnoldertoobtainacompositemateriaIasdescribedabove,aporousmetalwasp1℃palCdfirstandthenavisco-eIastic
materialthatinc1℃asesthedampingwasincludedintotｈｅｐｏＩｃｓｏｆｔｈｅｍｅｔａＬＴｈｅｒｅａ1℃manymethodstopreparea

porousmetaLThemetalfbamingmethodwasadoptｅｄｉｎｔhisstudy､Thefbamedmetalhashighporosity，good
connectMtyandcontrollableporesize,ａｎｄalsotheprocessingoffbamedmeta］isrelativelysimpleandpractically
fbasibIe・Furthermore,thevisco-elasticmaterialcanbeincludedintothepoleswithoutdifficultyandwiIlhaveagood

effectinincreasingdampingproperty，

Theselectionofthematrixisanimportantissue、Inthepast,thefbamedaIuminumalloyswerewidelyinvestigated，

andthepreparationtechnologyseemstohavebeenmamreHowever,afOamedaluminumalloyhaslowstrength,and
benceisnotsuitableasasmcmralmaterialinｍａｎｙcases・Thezinc-basedalloys(ZAalloys)withhighaluminum

contenthavebecomepromisingengineeringmaterialsinrecentyearsbecausetheyhavenotonlyahigherstrengthand
betterdampingploperties,butalsoalowermeltingpointandhencebetterprocessingperfOrmancesthanaluminum
alloys・Therefb1℃,theyarewellsuitedtobethematrixmetal,andthusZA27,oneofZAseriesalloys,wasselectedasthe
matrixmetalinthispapeK

3．ExperimentalProcedures

3.LPreparationoffbamedmetalmamx

ThereareseveralmethodsfOrpreparingfOamedmetalmatrix､ThecentrifUgalsqueezecasting,inwhichthemolten
metalispouIedintoaprefabricatedsinteredsaItcompactbycentrifUgalfO1℃e,ispracticalandhasbeenadoptedinthis



DevelopmentofZinc-BasedCompositesHavingGoodDampingandMechanicalProperties l51

studyAsketchofthisisshowninFig､LThestaltingmaterialwassodiumchlorideparticlesfiDmwhichabsorbedwater

wasremoved,andthenthepalticlesweresievedThebinderwaspotassiumchloride・ThesaItcompactwassinteredat
660-670oCfOrO5hrandthenpIacedintoacentrifUgalmachine・Next,ｔｈｅｍoltenmetalat660-670oCwaspouredand
rotatedataspeedoflOs~lfbr4-5miniMhecentrifUgalmachine,bywhichthemoltenmetalwasincludedintheporesof
thesaltcompact・Aftcrward,themetal/saltcompoundwastransfen℃。intowaterandcooledtomomtemperatu1℃torinse
outthesalt,ａｎｄｔｈｅｎｄriedInthisway,thefbamedmetalwassuccessfUIlyobtained．

Lid

MoltenMetal

SinteredSalt

Compact

Crucible

Centrifugal
Canister

哩少

Fig.1SchematicdrawingshowingcentrifUgalsqueezecastingsystem

3.2．Compoundingthefbamedmetalandvisco-elasticmaterial

ManykindsofpoIymer(visco-elastic)materialswe1℃pldiminarilytestedasthedamping-incl巳asingcomponentof
thecompositematerialinthisstudy､T11eresultsshowedthataspecialcalpenterplasterandlDsinhadgoodeffect・Ｔｈｅ
ｐlasterorrosinwasmelted,pouIcdintothecentrifUgalsqueezecastingmachineandthenkeptinamoltenstatefbrl3-15

min,whichallowedthevisco-elasticmaterialtobecompoundedwiththefOamedmetaLAfterthat,thewbolecomposite
was1℃movedfmmtbecmcible,watelLcooled,keptinthewateratroomtemperatuにfbrlO-12min,takenoutftomthe
waterandthendried

3３．Mechanicalanddampingtests

Thetensilest1℃ngthandcomp1℃ssivest1℃ngthsofthematrixfOamedmetalinas-castandannealedstateswere

detenninedinoldertocorldateitsmechanicalpropertieswithtboseofthecompositeTheannealingwasmadeat250oC
fbr3hfbllowedbyfUrnacecoolinginordertoeliminatetheresidualstresscausedbymachining

Tbnsiletestwascarriedoutatroomtemperatureusinglns位on-typetesteratinitialsなａｉｎｒａｔｅｏｆ２×104s~'・The
gaugedimensionsofthespecimenfbrtensiletestwelC8×３０×3ｔｍｍ３・

Anon-contact妃sonancemethodhasbeenadoptedtoevaluatetbedampingpropertiesofthecomposite､Aschematic
drawingofthemeasuringapparatusisillustratedinFig・zThesizeofthespecimenis3×８×120,ⅡnAsinewavewas
sentbythesignalgeneratorandtlansferredtosensor(1)byinstrument(1).ThCsensor(1)hPansfbrmedthewaveto

altematemechanicalenelgy，whichwasusedtocausethesimplevibration・Thensensor(2)transfbnnedthealternate

mechanicalenelgybacktoanelectricsignaLwhichistransfenedtoinstrument(2)afierbeingmagnifiedbytheampIifien
Tbeoscillographcanshowtheoriginalanddampedviblations・

ThechangingftequencyofthesignalgeneratorcanbringaboutaIesonancecurveofthespecimen・Thenthe
specimendamping,Ｑﾉ,canbederivedfromtheequation，

Ｑノーが/(V3ﾉﾄﾞ）（１）
whereaand/;arethehalfwidthandtheresonancefirequencyoftheresonancepeak,にspectivelyI)．AlthoughtheQノ
valuesmeasuredbythismethodalenottheintrinsicdampingofthematerial,beingaffectedbythespecimensizeａｎｄ
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1℃sonancefi℃quencies,theyalcconvenientandsufficientfbrassessingthediffe1℃nceinthedampingpropertyofdifferent

specimenswithintheplCsentstudy．

Signal
Generator

lｎ

Instrument

（２）
Frequency
Meter Oscmograph

Fig2Schematicdrawingofthedampingmeasulementappamtus(system)．

4．Resultsanddiscussion

Pomsity(volumefractionofpoles)andappalentdensityofthefOamedZA27aIloydependedonthe図ainsizeofthe

startingsaltparticles,whichaMistedinTnbleLThefinerthesalt図ainsize,thelowerthepomsityandthcgJ℃aterthe

appalcntdensity､Here,itistobenotedthattheappalCntdensityofthefbamedａｌｌｏｙｉｓｏｎｌｙｌ/2-1/３ofthatofthe

位aditionallycastZA27alloyう５９．ｃｍ~3,andisequaltoorIessthanthatoftheraditionaIcastingaluminumalloys・
nleshengihofthefbamedalloyisshowninTable2Forcomparison,thetensiIestlcngthofsometypicalalloysis

shownｉｎＴａｂｌｅ３・

ItisobviousthatthetensileandcompressivestrengthsofthefbamedZA27alloyincreasewithadecreaseinthepoIC

sizeortheporosity・AIthoughthebensilestmengthofthefbamedZA27alloyisonlyl/４tＣｌ/３ofthatofthetraditionally

castZA27alloylitismarkedlyhigherthanthatofthefOamedaluminumalloy,ａｎｄisclosetothelevelofZLlO2alloy・

ThusthefbamedZAZ7alIoycanbeusedasastructuralmateriallikealuminumaⅡoys．

ThblelMaincharacteristicpalameteIsoffbamedZA27alloy．

ASTMgrainnulnberofthestalting

saltparticles

1２２８４５６

0.61０．５２０．４２０．３１Polesize(､、）

6２５７４９４４Porosity(96）

Appalentdensity(9.ｃｍ-3） 1.8352.047２４０４２．９１８
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Tnble2StIengthoffbamedZA27alloyasalUnctionoftheglainsizcofthestartingsaltpaIticles．

As-cast Annealed＊

GrainsizenumberlTbnsile Complessive

stlmgth

（MPa）

Tensile Compressive

strength

（MPa）

stlength

(MPa）

stImgth

(MPa）

６ 83.4 100 810 8９

1２ 96.2 124 91.3 106

2８ 105 168 104 154

4５ 119 189 109 187

Note:＊Annealedat250oC,fbr3handtllenfilmace-cooled．

nlble3TbnsilestlcngthofseveraltypicaIalloys．

DamedAl-lZ恥

､凶

ｉＩＫ

Note:＊'Castinapennanentmold,andT2-treated6)．

＊2Castmapemanentmold,andT1-tleated`)．

＊3Castinasandmold,annealedat320oCfbr3handthenfUrnace-cooled7)．

＊4Porositybabout65968)．
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TheresultsoftheexaminationonthespecimendampingandresonanceけequencyofthefOamedZA27alloyand

compositematerialsareshowninFiｇｓ３ａｎｄ４,respectively,asafUnctionofthesizeofthestartingsaltpalticle,i､e､,pore
sizeofthefOamA1thoughthespecimendampingapp1℃ciablydeclinedbyannealing，itismarkedlyincreasedby

incIudingthevisco-elasticmaterialsintotheporesltistobenotedthattheeffectofcarpenterplasterisbetterthanthatof
rosln． Ｏ
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ＩｔｉｓｋｎｏｗｎｔｈａｔｔｈｅｄａｍｐｉｎｇｏｆｔｈｅｔｒaditionallycastZA27alloyshalplydecleaseswithincreasingl℃sonance

けequency2).Howeve『,thespecimendampingofthecompositesaswellasthefbamedZA27alloyiｎｔｈｅｐ1℃sentstudy
doesnotsignificantlychangewhentheresonancefTequencyincreaseswithdecreasingpolesize･Thisindicatesthatthe

compositesaswellasthefbamedalloyhaveadiffenentmechanismofdampingfmmthetraditionallycastZA27aⅡoy，

andalsothatthemechanismisnotsensitivetoftequencychange

ThedampingpropertiesofdifferentmaterialsareshowninT1able41tisobviousthatthedampingpropertyofthe

fbamedZA27isamagnitudehigherthanthatofthetraditionalcastings,andthatitincleasesmarkedlybyincludingthe

visco-elasticmaterialtofOrmthecomposite,asdescribedaboveTheobtaineddampingpropertyofthecompositeis

closetothelevelofmonolithicvisco-elasticmaterials(Ｑﾉz20×１０~3).Consideringthegooddampingpropertyaswell
asthemechanicalpropeItiesdescribedearlieEthecompositematerialsstudiedinthepIesentpaperalenowregaldedas

excellentsmIcturaldampingmaterials．

Tnble4Dampingpmpertyofdiffelcntmaterials．

Note:＊'Assessmgmethodandspecimensizeisbasicallythesameasinthispapel,)．

＊2Ｔｈｅgrainsizenumberofthestartingsaltparticlesis6andcalpenterplasteriscontained

afterannealing．

5．Conclusion

Anewideaofdesigningmetal-basedcompositeshavingbothhighdampingandgoodmechanicalpropertieswas

caITiedoutinpracticeonalaboratoryscaleTheideaconsistsofIcfiningdampingmicrostructules,applyingmostofthe

dampingmechanismsandsufficientlycombiningtheadvantageofeachcomponentmaterial・FOamedZA27alloys

pIeparedbyacemifUgalcastingtechniqueusingsinteredp【efbnnsofsaltparticleswel℃concludedtobemore

lightweightandamagnitudehigherindampingthanthetraditionalcastingsofthesamealloy・AFurthermarkedincIcase

indampingwasnotedwhenthevisco-elasticmaterials,namely・caIpenterplasterorrosin,welCcontainedintothepo1℃s

ofthefbamedZA27alloystoconvertthemintocompositematerials､Theresultantlyobtaineddampingpropertywas

closetothelevelofvisco-elasticmaterials(ｑ'三20×103).Thustheobtainedcompositematerialscanbeconcludedto
beexcellentstructuraldampingmaterials．

Materials ＺＡ２７*’
Foamed

ZＡ２７
ＣＯ、Ｐosite

Ⅵsco-elastic

materials

Specimendamping

Q~ﾉ(×１０３）
0４８７ 6８２ 16.46 三２０
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