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AcousticLocationofFractureOriglnin
OpticalGlassFibers
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DuringstrengthmeasurementsonplaslicICOaLedopticalglassjibers,EkeposL'EL'Ons
offractureoriginsweredeEermt'nedbyanacousEt'ctechnt'que･Forsamplesother
thanthoseinwhE'chfracturewast'nt'lt'aledaEorverynearlherLredends.Weibull
plotsoftheslrenglhdataexhibt'tedasingle-modedt'sErt'bulionwithlowvariability
(m-201025,Correspondingtoacoejfcientofvariationof6.61010.6%).

BcE,CeAaYesdE:fecTae｡ITc:len,とIidaebT.FSdofo;1ま:;
fibersforuseasoptICalwaveguides,
StrengthmeasurementsfordifferenHypes
ofopticalfibersandcoatlngSystemshave
beenreported･1-7Accordingtotheresults
or山esemeasurements,ablmOdalormulti-
modaldistribution,rather山anaunimodal
distribution,isusuaJlygeneratedwhen
strengthdataaredisplayedasWeibuI】
probabilityplots･Thismultimodalcharac-
teroftheWeibulldistributionsisinter-

pretedastheresultofthecombinedeffects
ofdifferentflawpopulationsproducedon
thesurfacesofopticalfibers･Forexample,
FranceeEall7proposedthatlow-Strength
tailsinWeibullplotsweredueinpartto
particlespresentinthecoatingandinpart
tofailureofthenonconcentriccoatlngrail-
1ngtOadequatelyprotectthefibers･

ltseemsa一mostinevitablethatsample
gnpplngduringtensiletestswouldcause
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flawsonthesamplesurface.Apparently,
however,nosystematicstudieshaveclari-
fiedwhethertheportionsofopLICalfiber
samplesneartheirgrlPpedendsa戊 mOre
likelytofracturethanotherportions;Visual
locationoffractureorlglnSing]assfiber
samp一esisimpracticablesincetheyareeas-
i]yfragmentedbysimpletensionbefore
suchanobservationcanbemade.h the

presentcommunication,theresultsora
studyuslnganacoustictechniquearere-
ported;theseresultsindicatethatsample
gnpplnghasamarkedeffectonthedevi-
ationfromlinearllyinWeibullprobability
plotsofstrengthdataforoptlCalrlbers･

ExpERIMENTALPROCEDURE

Thesamplestestedweretypicalmulti-
modeoptlCalglassribers･*Thecoreand
cladding(50and125〃･mindiameter)were
essentiallyfusedsilica･Theglasssurface
wascoatedin-linewlthathemosettlngSili-
coneresinsothattheouterdiameterOfthe

sampleswas恕250FLm･
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Fig.I.B加kdlagrarnOfsyslemformeasunngdiffer- Fig2 TypicalrelatIOnbetweenobserved
enceinarriva=lmeSOfacousticslgnalsattwoendsof tlmedlfferenceandlocatlOnOfFracture
glassfiber orLglningLassrlbers･
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TensilestTengthsweremeasuredfor
600fibersamples20cm ingagelength
withamechanicaltestlngmaChine十atlabo-
ratoryambientconditions.Thecrosshead
speedsused ,10,50,and500 m /min,

wereequlValenttostrainratesof8.4×10~2,
4･2×10-I,aJld4･2sql･TogriptherIbers,
bothendsofeachsamplewerewoundthree
timesaroundtheperipheryofaluminum
disks5cminradius,whichwassumcient

topreventapulledsamplefromstippJng.
Twopiezoelectricsensors(PZTce-

ramics),OnerlXedtoeachofthealuminum

disks,pickedupacousticslgnalsgenerated
fromthefractureorlglnatthemomentof
fracture,whichoscillatedatah･equencyof
%160kflz･Itshould,intheory,bepossible
tolocatetheorlglnbyclockingthediffer-
enceinarrivaHimeofthesJgnaJsbetween
(hetwosensors･Forthispurpose,adistri-
butlOnanalyzer暮wasused･Theblockdia-
gramofthesystemformeasurlngthetime
differenceisgiveninFig.l.

Figure2illustratestherelationbe-
tween山elocationor山ebreakversusthe
differencelnarrivaltimes,whichwasob-
tainedbyelongatingfibersorlglnally
20cmlongto23cmandthencunlng山em
atseveralpredeteminedpolntS･Goodlin-
eantyexistsbetweenthelocationand也e
differenceinaLTivahime,exceptforbreaks
occumngclosetothefixedends;sincethe
acousticslgnalsgeneratedintheseareas
reachthenearbysensorswi山outappre-
ciableattenuation,theleadingedgesofthe
slgnalwaves,ratherthanthepeaks,were
apparentlyhighenough totriggerthetime
counterused.
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TENSILESTRENGTH

Fig･3･Strengthhistogramsforopticalglass
fiberssubjectedtotensiletestsatloadLngrates
indicated･flatcheda.redsrepresentspecimens
ln.WhichfracttJreinltlatedwithin32mmof
gnppedend,



June1984 Communicationsof/heAme,t'canCeramicSoct'ety

Tablel･ AverageStrengthsandStandardDeviationsofOpticalFibersTested

CrossheadSpeed Numberof Mean Standard Coefficient

(StrainRate) Trials Strength Deviation ofVariation

lGPal tGPa〕 [%)

10mm/min(0.083%/S) Total 200 5.64 0.90 15.9Selected 142 5.88 0,62 10.6

50mm/min(0.42%/ら) Total 200 5ー72 1.12 19.5Se一ected 156 6.16 0.45 7ー2

500mm/min(4.2%/S) TotaJ 200 6.48 一.15 17.7
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Fig4 WelbuHplotsofstrengthdataforoptlCalglassfibersTnang/esrepresentalldata,cz'rcLes
thesetofdataexcludlngthosewhichcorrespondtohatchedareaslnFlg3.

RESULTSANDDISCUSSION

Flgure3ShowsstrengthhlStOgramS
forthespecimensSubjectedtotensionat
thethreeloadingrates.Theresu一tsaresum-
marlZedinTable1,wh二chindicatesthaHhe

averagestTengthincreasedwith山eloading
rate,aphenomenonknownasdynamicfa-
tlgue･ThehatchedareasinFlg3represent
thosespecimensforwhichfracturewasIni-
tiatedatorverynear(i.e.within;≒2- )
agrIPPedend･SlnCemostOfthespeclmenS
withsLrengthslowerthan-5.6GPa(or
570kg/mm2)fallintothisCategory,the
widescatterlnthestreng山dlStributionsof
opticalflbersamplesseemstoresultpr1-
malilyfromthegrippingeffect･Asseenin
TableI,acoefficientofvariation(standard
deviation/arithmetlCmean)ofstrengthas
lowas】0%orlesswasobtainedwhenthe

dataforthespecimensco汀eSPOndingto山e
hatchedareaswereexc】uded.

TheresultsareplottedonWelbull
probabllityscaleslnFlg･4,inwhichthe
Chclesrepresentthesetofdataexcluding

thosedatacorrespondingtothehatched
areasinFig･3whereasthetriangles
representallthedata.Asisevidentfrom
Fig･4,asfarasthecirclesareconcemed,
thedataarewel一describedbytheslngle-
modeWeibulldistribut)on.Thedistribution

shape parameter(characteristicofthedlS-
tributlOnOfflawsizes),8m,for山iscase
hasbeenestimatedtobe;¥20to25by山e
leasトsquaresmethod･

Flgure5showsdistrlbutionsorthe

fractureorlglnl∝ationsforfivegroupsor
fiberspecimens,classirledbybreaking
strength･ForlowIStrengthspeclmenS,frac-
tureorlglnatedprimarilylnareasCloselo
thefixedends(Fig.5(d)and(e)).Onthe
otherhand,formediumstrengthspecimens
(Fig･5(C)),fractureapparentlybeganat
differentplacesalongthegage-lengthwith
equalprobability.ThisresuLtiscertainly
loglCal,sincethereisnopartlCularreason
whyoneposltionalongthespecimenwas
morelikelytobreakthananotherFor
higherstrengthspecimens(Fig･5(a)and
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Fig5,Fractureoriglndistributionsforfiber
samplegroupsdlffennginstrength.

(b)),however,itisevidentthatfracture
orlg】natedmorefrequentlyinthemiddle
thaninotherareas.Becausethetotal&e-

quenciesinthesestreng山regionswerenot
veryhigh,itLSnotCertainifthisisslgnirl-
cant,i.e･Itmghtbetheresultofarandom
nuctuation.Inaddition,theacoustic
methodforlocatlngthefractureonglnWas
notasrellableathigherstrengthsasat
lowerstrengthsbecausethecalibration
curve(e･g･Fig･2)usedfordetermningthe
locationoffractureorlglnWasObtalned
onlyFrom flberselongatedtoextents
co汀eSpOndingtothebreakingstrainsor
medium-strengthfibers.

Asafinalstatement,notethatinllght
ofthepresentstudy,thoseflawswhichare
producedwhengrlpplngfibersamplesin
tensilestrengthtestsshouldbegreatly
responsiblefortheweakertailofthe
multimodalWelbulldistributionwhichis

usuaHyobservedinstrengthmeasurements
oroptlCalglassfibers･
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