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Abstract:lnthisnote,theeffectofapermeableorimpermeablemembraneattachedbehindanMPPonitsabsorpt10n

characteristicsistheoreticallyanalysed.AttachedmembranesglVeanadditionalacousticreactance,aswellasanadditional

acousticresistanceinthecaseofapermeableone.ThepossibilitytoadjusttheabsorptlOnCharacteristicsofanMPPabsorber

bytheseeffectsisdiscussedthroughnumericalexamples.Theresultsshowthat:(1)apermeablemembraneofsuitable

resistancecanincreasethepeakabsorpt)onofanMPPabsorber.Themassofapermeablemembranehasonlynegligible

effect.(2)TheadditionalreactanceofanimpermeablemembranecanbeusedtoshifttheabsorptionpeakofanMPPto

lowerfrequencies.
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1.lntroduction

Microperforatedpanels(MPPs)arenowverypopularamongthenext-generationsoundabsorptionmaterials.Since

Maa,sp10neerlngWOrkl13),therehavebeenmanystudiesontheirapplications4,5).MPPsaretypICallymadeofathinmeta)
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panelandtheirmanufacturlngprocessrequlreShightechnicalstandard.Thiso触nresultsinthehighcostofMPPs.Tnactua)

situationsinabuilding,ltisnecessarytotunesoundabsorberstohavedesirableabsorptlOnCharacteristicsforeachparticular

case.However,sinceMPPsareexpensiveanditisnoteasytoadjusttheirproperties,suchacustomisationcannotbe

availableinreality.TtcanbeusefultoextendMPP'sapplicabilityandtoloweritscost,iftheabsorpt10nCharacteristicsofan

MPPcanbeadjustedbysomesimplemeans.Ttiswel一knownthattheabsorptlVltyOfanMPPisfullydependentonthe

acousticresistanceofitssubmillimetreperfわration.Theuseoraporousabsorbentinacavlty,aSpractisedfわrconventional

perforatedpanels,canspoilMPP'sresonantabsorpt)onefficiency.Therefore,anadjustmentshouldbemadebyadding

acousticresistanceorreactancetoMPP'sperfわration.

OnepossibilityofadjustlngtheacousticpropertiesofanMPPisbyuslngaCOVerlngmaterial,e.g.,athinlimpmateria)

suchasapermeableorimpermeablemembrane.Thesecoverlngmaterialscanaddacousticresistanceandreactanceifthey

arepermeable,orreactanceonlyiftheyareimpermeable,therebyaffectingtheacousticalpropertiesofMPPsoundabsorbers.

Forexample,theadditionalacousticresistanceofapermeablecoverlngmaterialcanimproveanMPPwithinsufrlCient

resistanceduetoinadequatelydesignedperfわration.Also,theadditionalreactanceofimpermeablecoverlngmaterialcanbe

usedtoadjustanMPP'sresonancefrequencies.

SimilarstudieswereconductedtoinvestIgatetheeffectofanattachedthinpermeablematerialontheacousticproperties

ofaconventionalperforatedpanelwithmuchlargerperforations6,7)･lnthesestudies,theacousticaleffectoftextilesand

otherthinpermeablematerialsattachedbehindaconventionalperforatedpanelwereexperimentallylnVeStlgated,anditwas

shownthattheuseofapermeablemateria)CanincreaseboththeabsorptlOnCOefrlCientandtherelationshipbetweenthe

material'sflowresistanceandtheabsorptIOn.A)thoughtheseresultsarelimitedtothecasesofconventionalperforatedpanel

withperfわrationsmuchlargerthanMPPs,theysuggestthattheadditionalresistanceduetoapermeablematerialcanbeused

toadjustanMPP'sacousticproperties.ThismaybeappliedevenfわranMPPmadewithalargerperfわration,e.g.around

lmm,thatislessdifficultandcostlytomake,but)esseffectivewithloweracousticresistance.

As fortheeffectofanimpermeable)impmaterial,itisenlplricallyknownfrompublisheddataofacommercialproduct

thatasheetofpaperorafilmcanaffecttheabsorpt)Oncharacteristicsofaconventionalperforatedpanelabsorber.However,

detaileddiscussiononthemechanismsassociatedwiththeuseofanimpermeablemembranetoprovideadditionalreactance

(totheauthors'knowledge)doesnotexist.lnthisnote,theeffectofpermeableandimpermeablecoveringmembranesonthe

acousticalpropertiesofMPPsistheoretica日ystudied.NumericalresultsdemonstratethepossibilitytocontrolMPP'S

acousticalpropertiesbycoverlngmaterials.

2.AnalysIS

Figure1showsthemodelforanalysISOfanMPPwithamembraneattachedonitsexposedsurface.Thereisanairback

cavityofdepthDlm]betweentheMPPandarigidwall.TheMPPischaracterisedbyitsholediameterdlm]thickness

(throatlength)tlm],perforationseparationblm]andperforationratiop.Themembraneischaracterisedbyitssurface

densitym〃,lkg/m2],andwhenitispermeable,itsnowresistancermlPas/m2].

Theanalystsisperformedbyus)ngthee)ectricalequlValentcircuitshowninFig.2.Tnthecircuittheimpedanceofthe

MPPisrepresentedby:

Z=r-i(乙7m (1)

whereristhespecificacousticresistanceanda)misthespecificacousticreactanceoftheMPP.Notethatallimpedancesare
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normalisedbytheairimpedanceiX7hereaRer･Now,randalmareglVenbythefollowlngMaa,sformulae3):

Figure1. SketchoftheMPPabsorberwithanattachedmembrane.

MPP membrane

B

Figure2. Electricalequiva)entcircuitoftheMPPwithamembraneonthesurface(Fig.1).

Ejli-

where

3277gppcd21+ii+垂k旦3232g

a)istheradianfrequency(aF2オ)andTTthecoefficientofviscosityoftheair(7-17.9LIPas).

(2)

(3)

(4)
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TheimpedanceofthemembraneisgIvenas:

zm-;(三･i〕~1
forthepermeablecase,and

(5)

(6)

fortheimpermeablecase.NotethatthemembraneimpedanceshouldbeaddedonlytotheholesoftheMPP.Consideringthe

impedanceofaholeoftheMPP,zp,andtheimpedanceofthemembraneadjacenttotheholezmp,theimpedanceofthehole

becomeszp+zmp.Therefore,theaverageimpedanceperunitareaofthecombinedmembrane-MPPisglVenbyz+zm.

Theacousticreactanceoftheair-backcavltylS

Z(D)-icot(a)D/C) (7)

ThetotalimpedanceoftheabsorberisnowrepresentedbytheimpedancebetweenAandBintheequlValentelectrical

circuit(Fig.2).DefiningthisasZ,0,al-rlolal-ix tolal,theabsorptioncoefrlCientisderivedas

α 4rlola/

(1+r,0,a/)2+x,20,a/

(8)

3.Numericalresultsanddiscussion

Numericalresultsarepresentedtoillustratethesoundabsorptioncharacteristicsof(1)anMPPwithapermeable

membraneattachedtoitssurface,and(2)anMPPwithanimpermeablemembraneattachedtoitssurface.Thegeometric

parametersoftheMPParegiveninTable1(unlessotherwisestated).

Table1. GeometricparametersoftheMPP

Referencevalue

Holediameter dlmm] 0.4

Holeseparation∂[mm] 3.5

ThicknessofPanel(throatlength)Hmm] 0.4

Perfわrationratiop[%] 1.0

Depthofair-backcavityDlmm] 50.0
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(1)MPPwithapermeablemembraneattachedtoitssurface

TheuseofapermeablemembraneattachedtothesurfaceofanMPPgivesadditionalacousticresistancetothesound

absorbingsystem,whichcanresultinanincreaseoftheabsorptlOncoefficient.Figure3presentstheabsorptlOn

characteristicsofanMPPwithapermeab)emembrane,ComparedwiththeMPPwithoutthemembrane.Resultsshowthat

whenapermeablemembrane(offlow resistance204Pas/m andsurfacedensity1kg/m2)isattached,theabsorption

coefficientincreasesatalmostallfrequencies:theabsorptlonpeakbecomesbroaderandthemaximumvaluereachesunlty.

AnotherexampleshowninthisfigureisanMPPwithandwithoutapermeablemembranelayer,ofthesamegeometric

parametersasbeforebutwithalargerholediameterofO.8mm.Tnthiscase,itsabsorpt10ncoefficientislower,howeverit

increasesuptoabout0.8whenthepermeablemembraneisattached.ThisprovesthepossibilitytoadjusttheabsorptlOn

characteristicsofanMPPbyattachingapermeablemembrane.ThiscanbeutilisedwhenanMPPisnotmanufactured

properly,forexample,duetopoorprecisionintheperforatingprocess.Makingsubmillimetreperforationsinthinmetal

panelsisverycostly.ApermeablemembranecanbeusedwithanMPPwithlargerperforation,whichiseasiertomakeand

lesscostly,toobtainasimilarperformance.However,oneshouldnotethatiftheMPPisalreadyoptlmised,theattached

membranecandeterioratetheabsorpt)Oncharacteristicsofthesoundabsorbingsystemwhenthemembrane'sf一owresistance

istoohigh.Forexample,theacousticperformanceofanMPPwiththeparametersglVeninTable1deteriorateswhena

permeablemembraneofflowresistancehigherthan816Pas/misattached.lnordertogalnmorePhysicalinsight,theeffect

ofthef一owresistanceofthemembraneisnowexamined.

63 125 250 500 1000 2000 4000
Frequ昏nCyLHZ】

Figure3. Examplesofcalculatedabsorpt)OncoefficientofanMPPwithapermeablemembraneattachedonthe

surface.ThicksolidlineshowsanMPPwiththeparametersinTable1withapermeablemembrane(rnF204Pas/m,

mm-1.0kg/m2)onthesurface,tobecomparedwiththeMPPwithoutmembrane(dottedline).Thinsolidlineshows

anotherMPPwiththeparametersinTab一e1,butholediameterischangedto0.8mm,withthesamepermeab)e

membrane,tobecomparedwiththecasewithoutthemembrane(dashedline).

Figure4Showstheeffectofthenowresistanceoftheattachedpermeablemembrane(ofsurfacedensity1kg/m2).The

parametersoftheMPPareglVeninTbble1.Asdiscussedabove,theabsorptlOnpeakbecomesalmostunltyWhenthef一ow

resistanceis204Pas/m,butitdecreaseswhenthef一owresistanceisincreasedto816Pas/m.However,thepeakvalueis

stillhigharound0.8andthepeakbecomesbroader.Howmucheffectoccursisdependentontheacousticresistanceofthe

orlglnalMPP:itisdependentoneachindividualMPPcase.Tnthecaseofaconventionalperforatedpanelwithamuchlarger

perforation,theresistanceofthepaneHsusuallyqulte)Ow andtheadditionalresistanceduetothepermeableleafis

dominantinmanycases6,7)･ThisisduetothefactthattheleafcanofferthemaximumabsorptlOnWhenitsnowresistanceis

aroundunity(normalisedtoiX:).HoweverthisisnotthecaseforMPPabsorbers:thetotalacousticresistancecanexceedits

optlmalrangeduetotheadditionalresistanceoftheattachedleafiftheacousticresistanceoftheorlglnalMPPisalready
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optlmised･Kimura6,7)polntedoutforconventionalperforatedpanels,oneshouldnotethatthemaximumabsorptlOnis

obtainedwhenthetotalacousticresistanceoftheabsorbingsystem,includingthemembrane,isclosetounlty･Maa1-3)also

demonstratedthatanMPPabsorberbecomesmostefflCientwhenitsacousticresistanceisunlty.Therefore,theflow

resistanceofthemembraneshouldbeadjustedtomakethetotalacousticresistanceofthecombinedmembrane-MPPsystem

unltytOObtainthebestresults.
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Figure4. EffectoftheflowresistancermofthepermeablemembraneattachedonthesurfaceofanMPP.Solidline:

nomembrane;Dottedline:rm-51Pas/m(=iX:/8);Dashedline:r〃,=408Pas/m(=/刀);Dotted-dashedline:rm=816Pa

s/m(-2iXl).Memebrane'ssurfacedensitym〝lis1kg/m2.MPPparametersareasinTable1.

As fortheeffectofthesurfacedensltyOfthepermeab)emembrane,itisshownnottoaffectslgnificantlytheabsorptlOn

coefficient.Figure5showstheeffectofthemembrane'ssurfacedensltyOntheabsorptlOnCharacteristicsofanMPPwitha

largerperforation(d-0.8mm)withapermeablemembrane(rm-204Pas/m).Whenthemembraneis0.5kg/m20rheavier,

theabsorptioncharacteristicsdonotchangeatalLHowever,ifthemembraneisverylightweight,0.1kg/m2inthisexample,

theabsorptlVltySlightlydecreases.Thisiscausedbytheeffectofthevibrationofthemembrane,whichmakestheacoustic

resistanceofthemembranelower8)･As thiseffectisnotverys.gnificant,itcanbestatedthatthesurfacedensltyOfthe

permeablemembraneattachedtotheMPPsurfacedoesnotgreatlyaffecttheabsorptlOnCharacteristics.However,ifavery

lightweightmaterialisused,thiseffectshou)dbetakenintoconsideration.
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Figure5. Effectofthesurfacedensltym",OfthepermeablemembraneattachedonthesurfaceofanMPP.TheMPP

withalargerperforation(d-0.8mm)withapermeablenlembraneofthef一owresistancerm=204Pas/m.OtherMPP

parametersareasshowninTablel･Thicksolid一ine:immobilemembrane;Thinsolidline:mm-1kg/m2;Dottedline:

mm-015kg/m2;Dashedline:mm-0･1kg/m2･NotethattheresultsforthecaseswiththesurfacedensityoverO･5kg/m2

areoverlapped.
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(2)MPPwithanimpermeablemembraneattachedtoitssurface

AttachedimpermeablemembranesglVeadditionalacousticreactancetothesoundabsorptlOnSystem,Whichcanresultin

ashiftoftheresonancefrequencyoftheHelmholtzresonatorofanMPP.ThiseffectmaybeusedtoadjusttheabsorptlOn

characteristicsofanMPPsoundabsorbingsystem.Figure6Showsnumericalresultsoftheabsorpt10nCOeffTICientsofan

MPPwithanimpermeablemembrane,fordifferentvaluesofthesurfacedensltyOfthelayer.AlsoshownistheabsorptlOn

coefficientoftheMPPintheabsenceoftheattachedmembrane.TheparametersoftheMPPusedareglVeninTable1.The

resonancepeakshi允stolowerfrequenciesasthesurfacedensityofthemembraneincreases.However,thepeakvaluealso

decreasesandthepeakbecomessharper.Therefore,althoughthiseffectcanbeutilisedtoadjustthepeakfrequency,one

shouldnotethatthemaximumabsorptIOnandabsorptlonwidtharesacrificed.

As ShowninFig･6,whenthesurfacedensityisO･Ikg/m2,theeffectoftheattachedmembraneisnotverysignificant･The

peakvaluekeepsalmostthesameva)ueastheorlglnalMPPwithoutamembrane.Thepeakfrequencyshi允stolower

frequencies.ThepeakissharpenedsothatitsabsorptlOnWidthbecomesnarrower.Therefore,althoughtheadditiona)

reactancebyanimpermeablemembranecanshiftthepeakfrequencyandcanbeusedtoadjusttheabsorptlOnCharacteristics

ofanMPP,itisdiffTICulttoshi允theresonanceabsorpt10nSlgnificantlywhilstmaintainlngtheorlglnalwide-band

characteristics.
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Figure6. EffectofthesurfacedensltymmOftheimpermeablemembraneattachedonthesurfaceofanMPP.Solid

line:nomembrane;Dottedline:mm-0･1kg/m2;Dashedline:mm-1･0kg/m2;Dotted-Dashedline:mm-2･Okg/m21

MPPparametersareasinTable1.

4.Concludingremarks

lnthisstudy,theacousticaleffectofpermeableandimpermeablemembranesattachedtothesurfaceofanMPPsound

absorberistheoreticallystudied.Apermeab)emembraneglVeSadditionalacousticresistancetothesoundabsorbingsystem,

therebymakingtheabsorptlOnpeakhigherandbroader.However,ifthetotalacousticresistanceofthesystemexceedsits

optlmalrangebyaddingapermeablemembrane,theabsorptlOnPerformancedeteriorates.ThesurfacedensityOfthe

membranedoesnotgreatlyaffectthecharacteristicswhenitispermeable.

Tnthecaseofanimpermeablemembrane,itglVeSadditionalacousticreactancewhichresultsinashiftoftheMPP

resonancepeak.However,itdecreasesthemaximum absorpt10naSWellasthewidthoftheeffectiveabsorptlOn.lfan

impermeablemembranelayerisused,itshouldbeaslightweightaspossible.

Theresultsabovecanbeappliednotonlytocontro一theacousticpropertiesofMPPs,butalsotousecovermaterialdueto

otherconsiderations.Forexample,Coverlngmaterialsmayberequiredforprotectionofthesurfaceordesignconsiderations.
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