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MeasurementofYoung'sModulusbytheTransient
LongitudinalVibrationofWoodenBeamsUsing
aFastFourierトTransformationSpectrumAnalyzer*1

NobuoSoBUE*2

FFTスペ クトルアナライザを用いた木材の

過渡的縦振動によるヤング率測定 *1

祖父江信夫*2

木材の木口面を打撃したときに発生する打晋をFFTスペ クトルアナライザによって周波数分

析 し,得られた共振周波数から木材のヤング率を測定する方法について検討した｡打音によって

木材の過渡的な縦振動を検出することにより,簡単で高感度の振動の検出が可能となり,小試験

体および莫大構造材で 6-7次までの共振が確認された｡

試験体の長さを変えることにより,広い周波数範囲に渡たるヤング率を容易に測定することが

でき,ベイスギとアガチスでは2kHz～40kHzの範囲でヤング率はほぼ一定値を示した.

FFTスペクトルアナライザを周いた打音分析によるヤング率の測定は,小試験体のみならず寛

大の構造用相にも容易に適用できることが確かめられた｡

AtapmethodtomeasuretheYoung'smodulusorwoodbytransientlongitudinalvibrationwas

investlgated.Smallclearbeamsandcommercialconstructionlumberweretappedwithasmall

hammer,andthetaptoneswereanalyzedbyaFFT (FastFourierTransfわrmation)Spectrum

analyzertoidentifytheresonancefrequency.

Asimpleandsensitivedetectionorthevibrationsbythetaptoneswasaccomplished,andthe

resonancefrequencieswereobtaineduntilthe6thor7thvibrationmodeinbothsmallbeamsand
incommerciallumber.

Bychangingthelengthofthebeams,theYoung'smodulusinawiderfrequencyrangeof2to40

kHzeasilywasobtained.TheYoung'smoduliofwesternredcedarandagathiswerealmostconstant

inthisfrequencyrange.

ThetapmethodusingaFFTspectrumanalyzerwasfeasiblenotonlyforsmallbeamsbutalso

forconstructionlumberofcommercialsizeinobtainlnBtheirYoung'smoduli.

1.INTRODUCTION

TheYoung'smodulusmeasuredbylongitudinal
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vibrationisusefulbecauseitisnotaffectedbythe

shearandrotatoryInertiaeffectswhichareinevitable

innexuralvibration.Somelongltudinalvibration

methodshavebeenappliedtowood,fわrexample,the

steady-state resonance method (Tonosaki and

others,1) KamiokaandKataoka2)), thestress-wave

method(Dunlop,3) Marraandothers,4) Gerhards5))

andtheultrasonicvelocitymethod(Bucur6,7)).

Thetapmethodproposedinthisworkissimilar

tothestress-wavemethodintapplngabeam,but
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itd消-ersin the pointwhere theinstantaneous

rl･equenCyanalysis｡rthetransientresonanceV五brか

tionismadebyaFFT岬astFouTierTransforma_

tionい pectrum analyTJCr.

TherapidmeasurementortheYoung,smoduliof

shortbeamsandcommercialconstructionlumber

wasinvestlgatCd.

2.MAWE配ⅠAmSANDM濫甘狐OD

Thce叩erimcntwasmadeon shortbeamsが

hino虹 buna,shirakash工 rosewood, Western reか

ccdar､meramti,andaga撒is,icm 冗 1cm x 40的鞘

cm,andalsoonrlVePlacesOf2冗 4in.dimension

iumbeFandtwelvepleeC.qOFconstruction】umberfor

traditi()nal弛paneschouses,9cm 冗 9cm 冗 3mto

10.5cm 冗 10.5cm x 4m .

Eachshortbeam wassupportedlightlyandhori-

zontaHybytherlngCrSatthecenterofthebeam,and

thecommerciaiconstructionlumberwaslaidhori_

zontaHyonarubberplaceatthecenteroFthebeams,

whiletheyweretappedwithasmallsteelhammerat

anendorthepleCe･Thetaptonewasdetectedby

a microphoneattheotherendofthebeam.

Theresonancefrequenciesofthetaptonewere

identified byaFFT spectrum analyzer,and the

Young'smodu畳usoffree-freelongitudinalvibration

wascalculatedaccording to thevibrationtheory

oflelasticbodies.8)

Theaccuracyofthefrequencymeasurementbythe

FFTanalyzerwasonebyeight-hundredofthefull

scalerangeoftheanalysis.
●

3.RESULTSANDDⅠSCUSSION

3.1ApplicationEoshortbeams

TheintensityOfthepowerspectrum decreased

remarkablywim anincreaseinthenumberofthe

vibrationmodeasshowninFigureI(a).However,by

theseconddifferentialoperationonthepowerspec-

trum,thepeakintensitiesathighervibrationmodes

wereraisedasshowninFigure1(也),andresonance

什equencieswereidentifieduntilthe7thvibration

mode.

Abeamwassupportedatitscenterinthiswork･

Thei･efore,toclarify theeffectofthesupportofa

beam ontheresonancefTrequenciesofthehigher

vibrationmodes,abeam wassupportedatthenodal

pointsOfsevenVibrationmodes,andthemeasured
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Fig･1･Typicalpowerspectrum orlongitudinal
vibration.

(a)Origirlalpowerspectrum.(b)Afterdifrer-
entialoperationontheoriginalspectrum･

Note: Specimenwasaclearshortbeamorkeyaki･

resonancefrequencyforeachvibrationmodewas

comparedwithwhatwasidentifiedfromthetaptone

obtainedbysupportlngthebeamatitscenter.Both

frequenciescoincidedwithintheexperimentalerror;

nevertheless,thecenterofthebeam coincidedwith

theloopsoftheeven-numberedvibrationmodes･

Accordingly,therewasnoslgnirlCanteffectofthe

supportpositionof-abeam onthemeasuredres0 -

mancefrequencies.

TheYoung'smoduliwerealmostconstantagalnSt

thenumberorthevibrationmodeasshowninFigure

2.TheslightchangeoftheYourlg'smodulusis

probablyduetosuchnaturaldefectsaslocalgrain

distortion.

虫ecausethedenectionofthesteady-statelongitudi一

matvibrationisverysmall,themeasuredfrequency

bythismethoddoesnotexceed15kHz･However,by

thetapmethodusingaFFTanalyzerthemeasure一

mentinawiderfrequencyrangeismadeeasily･

Figure3showstheYoung'smodulimeasuredby

charlglngthelengthsofthebeamsofwesternredcedar

andagathis,斤om90to30cm･TheirYoung'smoduli

werealmostconstantinthefrequencyrangeof2to40

kHz.

Inthesteady-statevibrationmethod,asmalliron

pieceShouldbegluedtothebeam toexciteits
●

vibration･Thispiecemustberegardedasanaddi･
l●

tionalmasswhichaffectsthefrequencywhenabeam

islight.Onthecontrary ,thetapmethodproposed

doesnotrequlrethisadditionalpiece･
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Fig.2.RelationshipbetweentheYoung'smodulus
andthenumberorthevibrationmodeor
shortbeams.

Legend:O,rosewood;△,tuna;× , keyaki;㊨,
Shirakashi;A,hinoki.
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Fig.3.RelationshipbetweentheYoung7srnodulus
andtheresonancefrequencyofclearspeci-
mens.

Note: TheYoung'Smoduliofwesternredcedar
andagathiswereobtainedbychanglngthe
lengthsofthespecimens.

Legend:㊨,westernredcedar;O,agathis;A,keya-

ki;X,Shirakashi;△,hinoki.

3･2AMlicaiiontoconstructionlumberof commer-
Cialsize

Tbepeaksorthepowerspectrum on2in･×4in.

dimensionlumberwerefわunduntilthe9thvibration

lMokuzaiGakkaE'shL'

modeintheもestmeasurlngCaseandatleastuntilthe

5thvibrationmode.

AsshowninFigure4,theYoung'smoduluswas
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Fig14. RelationshipbetweentheYoung'smodulus
andthenumberorthevibrationmodefわr2
in.× 4in.dimensionlumber.

almostconstantagalnStthenumberorthevibration

modelHowever,thechangeoftheYoung'smodulus

wasslightlymorethanthatoftheclearshortbeams

showninFigure2.Thiswasprobablybecauseof

knotsandotherdefectsinthecommerciallumber.

Themeasurementofthecommercialconstruction

postsfTorthetraditionalJapanesehousealsowas

madeatthelumberyardorasawmill.A FM 仲e-

quencymodulation)wirelessmicrophoneandthe

usualFM radiowereusedtodetectandtransfer･the

taptonebecauseoftheeaseofoperationoutdoors.

Theresonancefrequencieswereidentifieduntilthe

7thvibrationmodeinthebestcaseandatleastuntil

the3rdvibrationmode.

A beam l14kginweightand20cm X 20cm x

6孤washunghorizontallybyahoistatthecenteror

thebeamwhichalsowastapped,andclearresonance

peaksuntilthe6thvibrationmodewhichwereade-

quate to calculate the Young'smoduluswere

obtained.

ThecomparisonbetweentheYoung'smodulusby

thelongitudinalvibrationandthatbythenexural

vibration isshown inFigure5.Thecorrelation

coefficientofO･963illustratesthenearperfectagree-

mentbetweenthetwomethodsinsplteOfthegreat
●

differenceintheresonancefrequencies.However,the
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Fig.5.RelationshipbetweentheYoung'srnodulus
measuredbythetransientlongitudinalvibra-
tionandthatbythenexuralvibration･

Legend:㊨,commercialconstructionlumber;O,
clearshortbeams.

dispersionorthedataorcommerciallumberisslight-

lygreaterthanthatoftheclearshortbeams･This

probablyisduetotheexistenceofsuchdefectsas

knotsinthecommerciallumberandtothefactthat

thestressdistributionwhichactsonthesedefectsis

notthesameforthesetwomethods.

Concernlngtheoperationtimeorthissystem,the

readingtimeorthetap-tonedatabytheFFTana-

1yzerwas20to80ms,andtheFFTanalysistimewas

about200ms.Therefore,anautomatedinstantaneous

measurementwillbecomefeasibleifamicrocomputer

isconnectedtothismeasuringsystem.

4.CONCLUS耳ONS

Theimportantconclusionofthisworkisthatlong

lumberorcommercialsizecanbevibratedsufrlCient-

■
1ybyalighttapplngandthatthistapmethodusing

aFFFspectrum analyzerisfeasiblenotonlyfわr

shortbeamsbutalsoforconstructionlumberof

commercialsizeto obtain the Young'smoduli･

Anotheradvantageousfeatureofthismethodisthat

themeasurementortheYoung'smodulusinawider

frequencyrangeupto40kHzcanbemadeeasily･
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