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Recentlytheapplicationofnon-metallicandinter-metalliccompositematerialshascome

intowideruseconsiderablyforstructuralelementsforautomobilel)２）andothermechanical

stmctures・

Inthisstudyreportedhere，thestatisticaltreatmentofthefatiguetestresultsdonebyus‐

iｎｇｔｈｅｆriction-weldedbuttjointcomposedofthesimilarmetallicmaterial,consideledasone

oftheinter-metalliccompositematerials，isdescribedindetail8)．

Furtherincreaseindemandforfriction-weldedbuttjointisanticipatedbecauseofitsutiL

ityforsomeengineeringpurposesandthetechnicaleasinessofthisweldingmethodtomake

upthebuttjointaxescomposedofdissimilarmetallicmaterials、Howeverthereexistonlya

fewpapelsconcernedwiththestrengthcharacteristicsofthistypeofjoint4)-13） ●

Especiallyasforthefatiguestrengthcharacteristics，theredoesnotexistthepleciseand

thesystematicalknowledgetoestablishthereasonabledesignstandａｒｄｆｏｒｌａｃｋｉｎｇｏｆｔｈｅｓｔ‐

udiesonthefatigueprOblemdonewithattentiontothepecularconditiontothefriction-welded

buttjointl4)１５)．SuchastateoftheinvestigationonthissUbjectseemstobesupportedwith

thefollowingreason；Ｔｈａｔｉｓ，ithasbeenrecognizedempricallythattheredoesnotexistany

noticableproblemonthistypeofjointespeciallyfromtheviewpointoffatiguestrenghtbe‐

causethefatiguestrengthofthefriction-weldedintelfacedoesexceedthatofthebasemateriaL

But,inthefundamentalstudyconductedbytheauthorsusingthefriction-weldedbuttjoint

specimencomposedｏｆ0.23％Ccarbonsteel，itwasrevealedthatthefatiguelivｅｓｏｆｔｈｉｓｔｙｐｅ

ｏｆｔｈｅｓｐｅｃｉｍｅｎｓｈｏｗｅdaconsiderablywiderangescatterｉｎｇｉｎｃｏｍｐａｒｉｓｏｎｗｉｔｈｔｈｏｓｅｏｆｔｈｅ

ｂasematerialspecimenl6)．

Toclarifythestatisticalstrengthcharacteristicsofthefriction-weldedbuttjointSpecimen

infatigue，aseriesoftheexperimentswereplannedandconducted，wherethebasematerial

specimenof0.46％Ccarbonsteel（JISS45C）andthefriction-weldedbuttjointspecimenwe１℃

usedandexperimentsweredoneattheseveralstresslevelsintheoverstressrange・

StatisticaldiscussionsontheresultsObtainedweremadebyacceptingtheWeibulldistri‐

＊RecCj"ＣｄＺ６ｔハル""αγｙＺ９８Ｚ

Ｚ）ASS/s/α"/Ｐγq/とSSOγ，Ｆ`zc""jﾉげん"ｊ０γＣＯ此ｇｃＱハＭｏ”06舵１Ｍ"s/か，Ｏｓａｈα"｡"s/γ/αノ助ｉｔﾉeγsﾉﾉjﾉ．

2）Ｔｅｃｈ"/cα〃)@s/γ"c/0γ，Ftzc""jﾉｑ／〃"ｊｏγＣＯ此ｇｅｑ／Ａ"ﾉ0”レルＩＭｚＪＷｊﾉ，ＯＳαﾙａＩＭＣｓﾉｧﾉαノ肋/ＤＢγsﾉﾉjﾉ．

3）血Cf"γeγ,〃"/0γＣＯﾉﾙｇｃｑ／Ｉ)z〃s/”，〃/zﾉeγsがｙｑ／ＯｓａｈａＰｒ舵Cf"γe、

－１７－



butionastheoriginaldistributionofthefatiguelife，anditwasrevealedthatthereexisted

distinctdifferenceintheS-1Vrelationswiththedistributionofthefatiguelifebetweenboth

oftheSpecimensusedinthisinvestigation，／､e､,onewasthebasematerialspecimenandano‐

therthefriction-weldedbuttjointspecimen．

2．ＥＸＰＥＲｌＭＥＮＴＡＬＭＡＴＥＲ１ＡＬＡＮＤＳＰＥＣｌＭＥＮＳ

0.46％Ccarbonsteel（mSS45C）wasusedasabasematerialinthisstudy・Thechemical

composition，andtheconditionfortheheattI℃atmentandmechanicalpropertiesinstaticten‐

ｓｉｏｎｔｅｓｔａｒｅｌｉｓｔｅｄｉｎＴａｂｌｅｓｌａｎｄ２respectively・Thismaterialwassuppliedasthehotrolled

TablelChemicalcompositionofthematerial．

Chemicalcomposition（％）
Material

Ｓ Ｎｉ Ｃｒ ＣｕＳｉ Ｍｎ ＰＣ

0.46％C
carbonsteel 0.018 0.01 0．１２ 0．１２0．７９ 0.0180．２３0．４６

Table2Conditionofheattreatmentandmechanical

prOpeltiesofthematerial．
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ｂａｒｏｆ２５ｍｍｉｎｄｉａｍｅｔｅｒ,andwasmachine-finishedtothespecimenshapeindicatedinFi9.1

aftertheannealingt工eatment,thenthusObtain‐

edspecimensweresuppliedtotheexperiment

asthebasematerialspecimen・Ontheother

hand，toObtainthefriction-weldedbuttjoint

specimen（hereafter,called奴jointspecimen,,for

brevity)，thematerialwasmachinedtothe

shapeanddimensionsshowninFi9.2afterthe

heattreatmentdoneintheｓａｍｅｍａｎｎｅｒａｓ

ｔｈａｔｆｏｒｔｈｅｂａｓｅｍａｔｅrialspecimen,andapair

ofthesematerialswerefriction-weldedunder

theconditionｓｌｉｓｔｅｄｉｎＴａｂｌｅ３・Ａｎｅｘａｍｐｌｅｏｆ

Fig.１Shapeandsizesofthespecimen．

罪

Ｆｉｇ．２Materialforfrictionwelding・
thewholefeatu１℃ofthelongitudinalcross-sec‐

tionalareaisrepresentedinFi9.3.Then,thefriction-weldedbuttjointwasmachine-finished

tothesameshapeｏｆｔｈｅｓｐｅｃｉｍｅｎａｓｔｈａｔｆｏｒｔｈｅｂａｓｅｍaterialspecimen・Here,thefriction‐

weldedintelfaceislocatedattheminimumsectionalarea,ｏｒａｔｔｈｅｒｏｏｔｏｆｔｈｅｓｅｍｉ－ｃｉｒｕｌａｒ

ｎｏtchofthespecimen・ThesejointSpecimensweresuppliedtotheexperimentwithoutany
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Table3Conditionsforfrictionwelding．

Ｐ，４．０（kg/ｍｍ２）

Ｐ２８．０（kg/ｍｍ２）

８，５．０（ｍ、）

6２８．２（ｍ、）

Ｔ16.0（sec､）

Ｔ２１．８（sec､）

Ｎ２８８３（rpm）

Heatingpressure

Forgingpressure

Heatingupset

Totalupset

Heatingtiｍｅ

Ｆｏｒｇｉｎｇｔｉｍｅ

Ｒｏｔａｔｉｎｇｒａｔｅ

heattr℃atmentaftermachiningtothespecimen・

Besides,theoreticalstressconcentrationfac‐

ｔｏｒｄｕｅｔｏｔｈｅｅｘｉｓｔｅｎｃｅｏｆｔｈｅｓｅｍｉ－circular

notchunderthebendingloadconditionisabout

1.08．

Forthepurposeofreference，illustrationof

thefrictionweldedprocessisrepresentedin

Fi9．４．

Ｆｉｇ．３Wholefeatu１℃nearthefriction
weldedintelface．
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Fig4Schematicrepresentationoffriction

weldingprocess．
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Hardnessdistributiononthelongitudinal

cross-sectionalareawasmeasuredforthefric

tion-weldedbuttjointwiththeaidofamicro-

Vicker，shaldnesstestingmachine,ｆｏｒｔｈｅｍａ‐

terialnearthefriction-weldedinterfacewasex‐

pectedtobehardenedbecauseofthesegrega‐

tionofthecrystalgrainscausedbymdynamic

recrystalization，,whichseemedtobeocculTed

duringtherapidthermalriseandthestrong

workinginupsettingprocess・Thehardness

distridutioncurvesobtainedareshowninFi９．５，

whelethehardnessdistributionswelcmeasmed

０２３４５

，is↑onceｆｒｏｍ↑ｈｅｃｅｎｔｅｒｄ(ｍ、）

（ｂ）Hordnessdis↑ribu↑ioncurves

Fig5Hardnessdistributionnearthe
frictionweldedinterface．
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Table5Resultsforthejointspecimen・

Numberofstresscycles（×105）

stress（kg/ｍｍ２）
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specimens、Here，thecumulativeprObability

forfailuleP,theoldinateofWeibullprObabi‐

litypaper，wasleckonedwiththefollowing

formula，

ｊ
Ｐ＝…………(1)，

〃＋Ｉ

ｗｈｅｒｅｊｉｓｔｈｅｏｒｄｅｒｏｆｔｈｅｆａｔｉｇｕｅｌｉｆｅａｎｄｌｚ

ｔｈｅｔｏｔａｌｎｕｍｂｅｒｏｆｔｈｅｓｐｅcimenusedateach

stlesslevelinvolvingmn-outspecimens,And

fatiguelivescoｎ℃spondingtoP＝２０，５０ａｎｄ

80％ｗｅ1℃determinedｆｒｏｍｔｈｅｃｕｒｖｅｓｄｒａｗｎ

ｓｍｏｏｔｈｌｙｔｏｍｎamongtheeXperimentalre

sultsplottedonWeibullprObabilitypaper・This

figureshowsthatthefatiguelimitsforboth

typesofthespecimensaretobeestimatedto

takethevaluesofabout26and34kg/ｍｍ２（255

and333MPa）respectively,andthest1esslevels
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Numberofs↑resscycles↑ofoilureN

forthefatiguetestsweretakenattheinterval
Fig6ExperimentalresultsandP-S-N

of2kg/mm2abovefatiguelimitsasmentionｅｄ
ｃｕｒｖｅｓ・

above・

Besides,thenumericalvalueswrittennearthｅｐｌｏｔｓｍｅａｎｔｈｅｎｕｍberofthesuperposed

experimentalresultsandtheplotswitharrowtherun-outSpecimens・

ＦｒｏｍFig.6,itisObservedthatthefatiguestrengthofthejointspecimenismuchhigher

thanthatofthebasematerialspecimenasawholeandsuchastrengthbehaviorcanbe

recognizedfromthehardnessdistribuｔｉｏｎｓｈｏｗｎｉｎＦｉｇ､５，ｔｈａｔｉｓ，thehardnessvalueatthe

minimumsectionalareaofthejointSpecimenisconsiderablyhigherthanthatofthebase

materialspecimen・Ｂｕｔｔｈｅｓｃａｔｔｅｒｉｎｔｈｅｆａｔｉｇｕｅｌｉｆｅｏｆｔｈｅｊｏｉｎｔｓｐｅｃｉｍｅｎｓｅｅｍｓｔｏｂｅ

ｃｏｎｓiderablylargeincomparisonwiththatofthebasematerialspecime､．
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Thecharacteristicsofthefatiguefailulelifedistributionforbothtypesofthespecimens

wouldbeevaluatedbelowbasedontheconfigurationontheWeibunprObabilitypaper・

EspeciallythedifferenceinthethreeparametersofWeibulldistributionfUnction，/､８．，１oca‐

tionparameter7，scaleparameteraandshapeparmetermwillbecompaledanddiscussed・

Inthisstudyreportedhere,thestatisticalanalysisismadebyneglectingthecontribution

oftherun-outspecimenstothefatiguelifedistributioncharacteristics，ｆｏｒｍａｉｎｐｕｒｐｏｓｅｏｆ

ｔｈｉｓｓｔｕｄｙｉｓｔoclarifythediffelcnceinthefatiguefailurelifedistributionbetweenbothtypes

ofthespecimensuseｄｉｎｔｈｉｓｓｔｕｄｙ、

Tobeginwith，thestatisticalanalysiswiththesingleWeibulldistributionfunctionwas

triedbasedonthepostulationthatthefatiguefailurelifedistributionateachstresslevelcan

beapproximatedbyasingledistributionfUnctionasfollows，

Ｐﾙﾉｰ"(-(ギア)………(，Ｉ
ｗｈｅｒｅｌＶｉｓｔｈｅｎｕｍｂｅｒｏｆｓｔｒｅｓｓｃyclestofailuleand7,α,maretheWeibullthreeparame‐

tersdescribedabove・

ByusingtheleastsqUa１℃method,theregressioncurvesfortheresultsateachstresslevel

wereobtained,ａｎｄａｌｅｓｈｏｗｎｉｎＦｉｇ､7．TheordinateofFig､７wascalculatedwithEq.(1)，
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thetotalnumberofthebrokenspecimenonly・

Furthermore，thevariationtrendofthethree

WeibullParametersagainstthestx℃ssdifference
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o-ぴu)ｉｓ1℃pIesentedinFig､８，whereひistheexperimentalstｴｅｓｓｌｅｖｅｌａｎｄひＷｔｈｅｆａｔｉｇｕｅｌｉｍｉｔ

ｆｏｒｂｏｔｈｔｙｐｅｓｏｆthespecimens･

Fig.８ｓｈｏｗｓｔｈａｔｔｈｅｖａｒｉａｔｉｏｎｓｏｆｔｈｅｔｗｏparameters7,atendtodecreasegradually

withthｅｉｎｃｘｅａｓｅｉｎｔｈｅｓｔｒｅｓｓひ-ぴめandthereexistsnoremarkabledefferencebetweenthe

behaviorｓｏｆｂｏｔｈｔｙｐｅｓｏｆｔｈｅｓｐｅｃｉｍｅｎｓ，Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，thedistinctdifferencecanbe

Observedinthevariationtrendoftheshapeparameterm・Ｔｈａｔis,ｔｈｅjointSpecimentakes

thevalueslesｓｔｈａｎｕｎｉｔｙｏｎａｎａｖｅｒａｇｅｉｎｔｈｅｒａｎｇeofthisexperimentdespitethatthe

basematerialSpecimendoesthevaｌｕｅｓｏｆｍ＞１ｉｎｔｈｅｏｖｅｒｓｔｒｅｓｓｒａｎｇｅａｎｄｓｈｏｗｓａｔｒｅｎｄｔｏ

ｔａｋｅｔｈｅｖａｌｕｅｏｆｍ二１ｎｅａｒｏｒｂｅｌｏｗｔｈｅｆａｔｉｇｕｅｌｉｍｉｔａｓｉｓwellknownforordinarymetal‐

liCmaterialSl7)．

FromthecomparisonoftheWeibullparametersdoneabove，itisconcluded，depending

onthevalueofm,thatthefatiguefailurelivesofthejointspecimenscatterinlargerrange

thanthoseofthebasematerialSpecimen，whenfailurelifedistributionisapproximatedwith

adistributionfunctionofEq、(2)．

Secondly,ｉｔｓｅｅｍｓｔｏｂｅｍｏ１℃reasonabletoadoptthemixedWeibulldistributionfUnc‐

tionformulatedinEq．(3)，whentheconfigurationoftheexperimentalresultsplottedonthe

WeibullprObabilitypaperisObservedinmoledetails・Examplesofthisprocedureareillus

tratedinFi9.9（a）ａｎｄ（b)．
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Fig.９ExamplesofWeibullanalysiswithmixeddistributionfunction．

ＰルF腓Ｍ１(｣V)WWV)}………(ａＬｐ,＋，2＝Ｉ

ＩｎＥｑ.(3)，Ｆ１(１V）ａｎｄＦ１２(１V）alcthelstandthe2nddistributionfunctions,ａｎｄ，,,此the

prObabilitiesofoccunenceofＦ１(Ｍａｎｄ剛(１V）respectively・Heleafter,１ａｎｄ２ｍｅａｎｔｈｅ

ｅｖｅｎｔｓｏｆｔｈｅｌｓｔａｎｄｏｆthe2nddistributionoffatiguelife,whereinawordthelstdistribu‐

tioncolTespondstothefatiguefailuleeventswhichoccurinrelativelylowstresscyclesrange

andthe2nddistributiontothosein１℃lativelyhighstresscyclesrange・

VariationtrendsoftheWeibullthreeparametersandoftheprObabilityofocculTenceln

mixedWeibullstatisticsanalysisaｪerepresentedinFigs・l0andllrespectively．
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First，thedistinctdifferenceintheseparametersbetween

bothtypesofthespecimensisObservedcharacteristicallyon

thevaluesoftheshapeparａｍｅｔｅｒｓｍ１ａｎｄｍ２ｉｎｔｈｅｓａｍｅ

ｗａｙａｓｉnthecaseofthesingleWeibullstatisticsanalysis

showninFig・aAsisObservedinFig､１０，theshapeparame‐

tersfortwodistributionfunctionstakethｅｖａｌｕｅｓｏｆｍ１，，２

＞１ｉｎｔｈｅｃａｓｅｏｆｔｈｅｊｏｉｎｔｓｐｅｃｉｍｅｎｄｅｓpitethatthevalues

ofm,＞1,,2＜１aretakenforthebasematerialspecimen、

Next，itmustbenoticedthattheattentionabledisc1℃pa‐

ncycanbeObservedinFig・ｌＬＴｈａｔｉｓ，thelstdistribution

ispredominanｔｉｎｈｉgherstressrange,ｂｕｔｓｕｃｈａｔｒｅｎｄｉｓｒｅ

ｖｅｒｓｅｄｉｎｌｏｗｅｒｓｔｌｅｓｓｒａｎｇｅｉｎｔｈｅｃａｓｅｏｆｔｈｅｂａｓｅmaterial

specimen,ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,asforthejointspecimenboth

valuesoftheoccurrenceprObabilities,Ｐ１ａｎｄＰ２ｔａｋｅａｌｍｏｓｔ

ｓａｍｅｖａｌｕｅａｎｄｔｈｅｖａｌｕｅｏｆ’２showssomewhathigherval‐

uｅｔｈａｎｔｈａｔｏｆｔｈｅｌｓｔｏｎｅｉｎthewholerangeoftheexper‐

iment・

ThecharacteristicfeaturesoftheprObabilitydensityfUnc‐

tionsforseveralstresslevelsmeevaluatedforbothtypesof

theSpeciｍｅｎｓｂａｓｅｄｏｎｔｈｅｐａｒａｍｅｔｅｒｓｓｈｏｗｎｉnFigs・１０and

ll，andarerepresentedinFig,１２schematically・

Thisfigu1℃revealsthatthesequenceoftheprObability

densityfunctionsforbothtypesofthespecimensisafUnda-

mentallydifferentonedependingonthedifferenceintheval‐

ｕｅｏｆｔｈｅｓｈａｐｅｐａｒａｍｅｔｅｒｏｆｔｈｅ２ｎｄｄistributionfunction・

Thedifferenceinthefatiguefailurelifedistributionbehavior

asseenabovesuggeststhatthereexistssomecharacteristic

processintheinitiationandthegrowｔｈｏｆｔｈｅｆａｔｉｇｕｅｄａｍ‐

agenucleiforthejointspecimen,fortheaspectofthefatigue

failurelifedistributionofthebasematerialspecimenusedin
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Fig.１０VariationofWeibull
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Ｕ－Ｄｍ.

thisexperimentshowstheordinaryｏｒｔｈｅｗｅｌｌｋｎｏｗｎｆｅａｔｕｒｅｆｏｒｍａｎｙｓｏrtsofthemetallic

materialsl7)，ｔｈａｔｉｓ，thelstdistributionfunctiontakeｓｔｈｅｆｏｒｍｏｆＧａｍｍａｔｙｐｅｏｎｅａｎｄｔｈｅ

２ｎdonethatofExponentialtype,And，thedetailexaminationonthefatigueprocesswould

beneededtoclarifythefatiguefailurelifedistributioncharacteristicsofthejointspecimen・

But，suchanapproachfromthemetallurgicalpointofviewhavingbeenoutofthemain

interestofthestudy，anyevaluationfromthisstandpointisnotdescribedinthispaper、

Here，asforthebasematerialspecimen,therelationshipbetweenthefatiguefailurelives

andthehardnessvalueswaslCsearchedforthepulposｅｏｆｌＣｆｅ１℃nce，ｂｕｔａｎｙｃｏｎ℃lationbe‐

ｔｗｅｅｎｔｈｅｍｗａｓｎｏｔＯｂｓｅｒｖｅｄａｎｄｔｈｅｃorrelationfactorwasnearlyequaltozerowhenthis

factorwasevaluatｅｄｆｏｒａｌｌｏｆｔｈｅｂｒｏｋｅｎｓｐｅｃｉｍｅｎｓｉｎdisregardofthedifferenceofthe

stlesslevelexperimented

lnthedescriptiondoneabove，ｔｈｅｎｏｍｉｎａｌｓｔｒｅｓｓａｔｔｈｅｍｉｎｉｍｕｍｓｅctionalａｴ℃ａｏｆｔｈｅ

－２４－

ぴ
ぴ

￣－■■

召 ■ 可又

、

ヘリ石

■

面

巳

へ
、｢Z

、

ぶ 弓１Ｆ
Ｔ１

四 ﾘﾉL､
～

'へ） 西 （
､ Ｉ トエ

（
～

~（ ､‐
-《 》－

、～ 《 ）
、 ～

、 －－

、

ＣＤ

、T《

６ ノ

と ノ '<へ

一三｛
、
暦

~￣工

言
、 可弓 〆、「

～巴■
～

～■
)m2＝

■Pへ

Ｉ【
１
<、
、

、

ＵＩｌＩ

○●Ｂ-Ｍ

聾
speclmen

F-Wspecimen

ｌｌｌｌ
フン。〈

／１
２

■

「

－ｋ ／

い’ 缶 函

（
、

ミ リノ
/iｉ 、、

！

－Ｑ
】 、

、
q

、

画 ン

ペ ノ
で

、

》《》＞《 【 》

へ

～

～

|/ン
O<Ｉ

、
、

I ▽、

、

■ ■ 、Ｉ】

【 】 「 ＆



ｓ
ｏ
ｏ
ｏ
ｏ
ｏ
ｏ
ｏ
Ｃ
Ｏ
５

ｓ
９
ｓ
７
ｓ
５
４
ｓ
２
１

（
幻
が
）
凸
二
・
の
ｏ
こ
の
」
」
．
○
・
・
一
・
易
←
ｌ
－
－
Ｃ
ｏ
Ｃ
ｅ
Ｌ

８
７
６
５
４
３
２

６
５
４
３
２

（
ｑ
Ｅ
Ｅ
ミ
ワ
ニ
）
犀
Ｃ
Ｊ
Ｃ
⑩
の
①
」
←
の

Ｏ●Ｂ－Ｍｓｐｅ

００ 】ト

2S尋･皇＆｡;i(kJi,m爲2）
Ｎｕｍｂｅｒｏｆｓ↑resscycles↑ofqilureN

Fig､１１VariationofprObabilityof
Fi９．１２Schematicrepresentationofthe

occurrencetostlessひ-ぴ妙
Ｓ－１ＶＩｅ１ａｔｉｏｎｗｉｔｈｔｈｅｄｉstribu-

tionoffatiguelife・

specimenwasusedtodiscussthefatiguelifedistributioncharacteristicsofbothtypesof

specimens、Ｈｏｗｅver，itisworthnoticingthatthafatiguｅｆａｉｌｕｒｅｄｏｅｓｎｏｔｏｃｃｕｒａｔｔｈｅｒｏｏｔ

ｏfthesemi-circularnotchinthecaseofthejointspecimen,forthematerialatthislocation

ishardenedconsiderablyasshowninFig.５．Sothedistanceofthefracturelocationfrom

thenotchrootwasmeasu1℃ｄｔｏＯｂｔａｉｎｔｈｅ正alstressvalue,especiallyforthejointspecimen

brOkenunderthenominalstressconditionofび＝40kg/ｍｍ２，anditwasrevealedthatthe

distancｅｆｒｏｍｔｈｅｎｏｔｃｈｒｏｏｔｗａｓａｂｏｕｔＬ９８ｍｍａｓａｍｅａｎｖａｌｕｅ，inotherwords，thatthe

fatiguefailureocculTediｎｔｈｅＨＡＺ１℃felTingtoFig､５．

Additionally，thehardnessvalueatthefracturedlocationwasalsomeasuredtoestimate

thefatigｕｅｌｉｆｅｂａｓｅｄｏｎｂｏｔｈｖａｌｕｅｓｏｆｔｈｅｈａrdnessthusObtainedandthe１℃alstresscalcu‐

1ated

Hele，thestatisticalrelationshipbetweenthehardnessHvandthefatiguelｉｍｉｔぴｍｓｈｏｗｎ

ｉｎＥｑ.(4)19）ｗａｓｍｏｄｉｆｉｅｄｔｏｔｈｅｆｏｒｍｓｈｏｗｎｉｎＥｑ.(5）byconsideringthelesultsObtained

inthisexperimentforthebasematerialspecimen,ｔｈａｔis,thefatiguelimitofabout26kg／

ｍｍ２ｗａｓｇｉｖｅｎｗｉｔｈｔｈｅｓｐｅｃｉｍｅｎｏｆｔｈehardnessHiノー188．

ぴめ＝０.Ｉ７Ｈｉノー０．９７…………(4)．

ぴw＝０．１７Ｈｆノー６．７１…………(5)．

Ｂｙｕｓｉｎｇｔｈｅｖａｌｕｅｓｏｆｔｈｅ１℃alstressandthehardnessatthefracturedsection，results

forthejointspecimenunderthenominalstressconditionofぴ＝40kg/mm2arerearranged

andareplｏｔｔｅｄｏｎａｎＳ－１ＶｄｉａｇｒａｍｉｎＦｉ9.13,wherethesmallsolidcirclemeanstheplot

forthecumulativeprObabilityforfailureP＝50％ofthebasematerialspecimenshownｉｎ

Fig.６，theopencirclethatObtainedbyconsideringtherealstressonlyandthedoublecircle

thatObtainedbyconsideringbothvaluesoftherealstxessandthehardness、Andachain

linemeanstheestimatedS-NrelationforthehardnessHiノーl９７ｗｈｉｃｈｉｓthemeanhardness
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valueatthefracturedsectionofthejointspe‐

ｃ１１ｎｅｎ・

Besides,thefatiguelivesplottedwiththe

kｅｙ◎ｗｅ正determinedIwiththefollowing

manner；Atfilst，S-1Vcurveconcernedwith

thecor1℃spondinghardnessvaluewasdrawnto

mnparallelwiththeoriginalS-lVcurvefor

thebasematerialspeciｍｅｎafterestimating

thefatiguelimitｂａｓｅｄｏｎＥｑ．(5)，thenthe

intelsectingpointofthisＳ－Ｎｃｕｒｖｅｗｉｔｈｔｈｅ

３
３

（囚Ｆ医くｇ）医）の⑩①」←ｍ－ＲＥ

２
OrJ

Ｎｕｍｂｅｒｏｆｓ１ｒｅｓｓｃｙｃｌｅｓ１ｏｆｏｉｌｕｒｅＮﾕｭﾕQ～▲心へ～レム▲ﾕらヒーュュユレリユレユユーーム、ﾚｰｭｖ～ｗムレユュレュ～

Fig.１３Fatiguelifeofthefrictionweldedrealstresslevelwassearchedandthispoint

buttjointsPecimenevaluatedwithwasplottedwiththekey◎・TheS-1Vrelation
therealstressandthehardnessat

presentedwithachainlinewasalsodetermi‐
thefracturedsection・

ｎｅｄｗｉｔｈｔｈｅｓａｍｅｍａｎｎerasabove、

Figユ３showsthat，ａｓａｗｈｏｌｅ，thefatiguelivesfortherealst【℃sｓ（○）arelyingin

longerliferangethanthoseObtainedbyconsideringthehardnessvalue（◎),ａｎｄfUrthermole

exceedtheS-1VrelationforthemeanhardnessvalueofHiノー197．

Wholestrengthfeatureofthefriction-weldedbuttjointSpecimenshownabovesuggests

thattheS-1Vrelationofthistypeofjointcannotbepredictedaccuratelyfromtheordinary

conceptthatthefatiguestrengthiswellcorrelatedtothehardnessofthespecimenandthat

themetallugicalcharacteristicsinducedduringthefrictionweldingprocessmustbetaken

intoaccount．

5．Conclusions

Ａｓａｌｉｎｋｏｆａｃｈａｉｎｔｏｓｔｕｄｙｔｈｅｆａｔｉｇuestrengthbehaviorofthefrictionweldedbutt

jointspecimen,aseriesoftheexperimentswerecanPiedoutbyusingthejointspecimenｃｏｍ‐

posedofasimilarmaterial，ｊ､ｅ・’0.46％CcarbonsteeLAndtheresultsObtainedweleanalised

fromtheviewpointofWeibullstatisticstoclarifythefatiguefailu1℃１ifedistributioncha‐

racteristicsofthistypeofjointspecimenincomparisonwiththoseofthebasematerial

spec1men･

Maiorconclusionsobtainedareasfollows．

(1)Atfirst,Weibullanalysisdonewithsingledistributionfunctionshowedthatthedistinct

differenceinthreeWeibullparameterscanbeObservedontheshapeparameterm・Ｔｈａｔｉｓ，

theparametermtakesthevaluelessthanunityinthecaseofthejointspecimenasamean

valuedespitethatthevalueｓｍｏｒｅｔｈａｎｕｎｉｔｙｍｅＯｂｔａｉｎｅｄｆｏｒｔｈｅbasematerialspecimen・

Sayinginotherwords,thescatterringoffatiguefailurelivesislmHerforthejointspecimen

thanforthebasematerialspecime､．

(2)Secondly,resultsofthemixedWeibullanalysisdemonstratedthatthestatisticaldifference

inthefatiguefailurelifedistributionbetｗｅｅｎｔｗｏｓｏｒｔｓｏｆｔｈｅｓｐｅｃｉｍｅｎｓｕｓｅｄwasalso

Observedontheshapeparameterandontheprobabilityofoccurrenceforeachdistribution

function．

－２６－

５

０

５
'0５105 Ic7

(6) グー、

、

､、

Ⅲ
Ⅲ
、
■

Ｊ
済 Ｌノ

Ｃ

、7口、

、

、
、

■

､ﾐﾆﾞ 、

、

弓

』
（

￣

形

qミ

、

〃

､くこ

、

～＿／
、､

●

■

、／

く
へ、

に
辰

、
》

、

&
グー

、
Ｘ

．
、
ノ
Ｉ

、

、
、
、 Ｆ￣■

､

へ- 〃

ペ

へ

〕‐

へ

】，。、一

へ

■
、
卍

、
、

臣
、

～

、 ｕｒｖｅ

￣ミニfor卜hﾉｰ'9７
￣ へ｜｜Ｉ

lｌｌｌｌｌｌｌｌｌｌｌｌ

PIO↑fbr
－Ｏｏｎｄ

ｓｐｅｃ喬
１１着ijP8;ibPB9i6i
ｅ、

OResuⅡfor↑her巳ＯＩＳ↑尼sＳ

◎ＥＳ↑imo↑edb1iguelife

、

、
へ
エ
￣、

へ
～■

■

■

〈
、
、

Ｉ
Ｔ
Ｉ
－
Ｉ
Ｔ
Ｉ



Asforthebasematerialspecimen,thelstdistributionfUnctiontakeｓｔｈｅｖａｌｕｅｏｆｍ,＞１

ａｎｄｔｈｅ２ｎｄｏｎｅｍ２＜1．Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,ｔｈｅｐａｒａｍｅｔｅｒｓｍ１ａｎｄｍ２ｔａｋｅｔｈｅｖａｌｕｅｓｍｏｒｅ

ｔｈａｎｕｎｉｔｙｉｎｔｈｅｃａｓｅｏｆｔｈejointspecimen・

ValueoftheprobabilityofocculTencetakesalmostconstantvalueforeachdistribution

fUnctioninthecaseofthejointspecimeninspiteofthevariationofthestressleveltested

contrarytothewellknowngeneraltrendforcarbonsteelsandothermetallicmaterials，』.ｃ､，

theprObabilityofoccurence山forthe2nddistributionfUnctionbecomesplCdominantgrad

uallywiththedecreaseinthestresstestedasisobservedontheresultsforthebasematerial

specimeninthisstudy，

Fromthedescriptiondoneabove，itisseeneasilythattheconfigurationofbothproba‐

bilitydensityfUnction,p1f1andp2f2showssomewhatdifferentfeaturebetweenthejoint

andthebasematerialspecimens．

(3)Througharoughevaluationofthefatiguefailurelivesofthejointspecimensdonebased

ontherealst1℃ssandthehardnessatthefractuledlocation，itwasrevealedthatthefatigue

strengthofthistypeofthejointspecimencouldnotbeestimatedfromtheviewpointofthe

hardnessonlyandthatcarefUllresearchonthemetallugicalcharacteristicsnearthefriction-

-weldedinterfacewouldbeneededtoestablishthesuccessfUllunderstandingonthefatigue

stlmgthbehaviorofthistypeofjoint．
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ＡＰＰＥＮＤＩＸ＊

ＤＯ５１＝１，Ｎ１

Ｆ１(1)＝I/(Ｎ１＋1.0）

ＦＰ(1)＝F1(1)*100.0

５ＣＯＮＴＩＮＵＥ

Ｌ＝Ｎ１－１

ＤＯ１０１＝１，Ｌ

Ｋ＝Ｉ＋１

，０１０Ｊ＝Ｋ,Ｎ１

１Ｆ(Ｓｍ(1).ＬＥ・SB1(J)）ＧＯＴＯ１０

Ｓ＝SB1(1)

sB1(1)＝sB1(Ｄ

ＳＢ1(J)＝Ｓ

１０ＣＯＮＴＩＮＵＥ

ＷＲＩＴＥ(10,300）（SB1(1),I＝1,Ｍ）

300ＦＯＲＭＡＴ(1Ｈ’6ＨＮＦ(1),Ｅ12.4）

ＤＯ１５１＝１，Ｎ１

ＸＳＢ１(1)＝ＡＬＯＧ(SB1(1)）

ｌ５ＣＯＮＴＩＮＵＥ

ＷＲＩＴＥ(10,350）（FP(1),I＝1,Ｎ1）

350ＦＯＲＭＡＴ(1Ｈ'6ＨＦ(1)，Ｆ１2.2）

ＤＯ２０１＝１，Ｎ１

ＹＯＦ１(1)＝1.0/(1.0-F1(1)）

Y1F1(1)＝ＡＬＯＧ(YOF1(1)）

ＹF1(1)＝ＡＬＯＧ(Y1F1(1)）

２０ＣＯＮＴＩＮＵＥ

ＣＡＬＬＬＳＯ(XSBLYF1,Ｎ1,Ａ,Ｂ）

ＡLFA＝1.0/Ａ

ＢＥＴＡ＝ＥＸＰ(B）

ＷＲＩＴＥ(1.0,400）ＡＬＦＡＢＥＴＡ

４００ＦＯＲＭＡＴ(1Ｈ’5ＨＡＬＦＡ＝,F9.2,5X，

５５ＨＢＥＴＡ＝,Ｅ10.3）

Ｂ２＝ＡＬＯＧ(BETA）

ＺＡ２ＷＡ＝０.Ｏ

ＤＯ２５１＝１，Ｎ１

ＣＫＳＥＮ(1)＝ＡLFA*(XSB1(1)－Ｂ２）

CKSN1(1)＝ＥＸＰ(CKSEN(1)）

ＣＫＳＮ２(1)＝ＥＸＰ(CKSN1(1)）

ＦＣ(1)＝1.0-1.0/CKSN2(1)

ＦＣＰ(1)＝ＦＣ(I)*100.ｏ

ｚＡＮＳＡ(1)＝ＹF1(1)－ＣＫＳＥＮ(1)

MainprogramforsingleWeibullstatistics

analysis

ＣＳ４５ＣＳＴＥＥＬＲＯＴＡＴＩＮＧＢＥＮＤＩＮＧ

ＣＦＡＴＩＧＵＥＴＥＳＴ

ＤＩＭＥＮＳＩＯＮＡＮ(45）

DIMENSIONF1(45),XSB1(45),YOF1(45)，

１Y1F1(45),YF1(45）

ＡＣＣＥＰＴＱＱＮ２＝，，，Ｎ２

ＮＮ＝Ｎ２

ＴＹＰＥｍＡＮＮＯＡＴＡＩ'，

ＲＥＡＤ(11,150）（ＡＮ(1),I＝ＬＮＮ）

１５０ＦＯＲＭＡＴ(Ｅ10.3）

ＣＡＬＬＰＡＲＴ１(ＮＮ,ＡＮ,Ｆ１,XSB1,YOF1，

２Y1F1,YF1,ESBLVSB1,ＺＡ２ＷＡ）

ＸＭＩＮ＝ＺＡ２ＷＡ

ＤＧＡＭ＝2.0*10**３

ＤＯ２０Ｍ２＝１，３００

，０１５１＝１，ＮＮ

１５ＡＮ(1)＝ＡＮ(1)－ＤＧＡＭ

ＣＡＬＬＰＡＲＴ２(ＮＭＡＮ,Ｆ１,XSB1，YOF1，

３Y1F1,YF1,ESB1,VSB1,ＺＮ２ＷＷ）

ＩＦ(ＸＭＩＮＬＴ・ＺＮ２ＷＷ）ＧＯＴＯ３０

ＸＭＩＮ＝ＺＮ２ＷＷ

２０ＣＯＮＴＩＮＵＥ

３０，０３５１＝ＬＮＮ

３５ＡＮ(1)＝ＡＮ(1)＋ＤＧＡＭ

ＣＡＬＬＰＡＲＴ１(ＮＮＡＮ,Ｆ１,XSB1，YOF1，

４Y1F1,YF1,ESB1,ＶＳＢＬＺＡ２ＷＡ）

ＳＴＯＰ

ＥＮＤ

|Sub-program（１）
ＳＵＢＲＯＵＴＩＮＥＰＡＲＴ１(Ｎ1,ｓB1,F1,XSB1，

１YOF1,Y1F1,YF1ESB1,VSB1,ＺＡ２ＷＡ）

DIMENSIONSB1(45),Ｆ１(45),XSB1(45)，

２YOF1(45),Y1F1(45),ＹＦ(45）

ＤＩＭＥＮＳＩＯＮＳＢ２(45)，ＳG1(45)，ＺＡＮＳＡ

３（45)，ZNSA2(45）

ＤＩＭＥＮＳＩＯＮＦＰ(45),ＦＣ(45),FCP(45）

ＤＩＭＥＮＳＩＯＮＣＫＳＥＮ(45),ＣＫＳＮ１(45)，

４CKSN2(45）

＊WiththecourtesyofMr.Ｋ､Okada，ｏｎｅｏｆｍｙｇｏｏｄａｄｖｉｓｅｒｆｏｒｔｈｅｓｔｕｄｙｏnthestatistical

treatmentoffatiｇｕｅｐｒｏｂｌｅｍ、Fundamentalprogrampatternlisteｄｈｅｒｅｗａｓｏｆｆｅｒｅｄｆｒｏｍ

ｈｉｍ．
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ZNSA2(1)＝ZＡＮＳＡ(1)**２

ＺＡ２ＷＡ＝ZNSA2(1)＋ＺＡ２ＷＡ

ＷＲＩＴＥ(10,450）Ｉ,SB1(1)，XSB1(1)，ＹF１

６(1)，ＣＫＳＥＮ(1)，ＦＣＰ(1)，ＺＡＳＡ(1)，

７ＺＮＳＡ２(1)

450ＦＯＲＭＡＴ(1Ｈ，14,7E15.3）

２５ＣＯＮＴＩＮＵＥ

ＷＲＩＴＥ(10,451）ＺＡ２ＷＡ

４５１ＦＯＲＭＡＴ(1Ｈ，73Ｘ’6ＨＺＡ２ＷＡ＝,Ｅ15.3）

ＷＲＩＴＥ(10,405）

405ＦＯＲＭＡＴ(1ＨＯ）

ＲＥＴＵＲＮ

ＥＮＤ

ＡLFA＝1.0/Ａ

ＢＥＴＡ＝ＥＸＰ(B）

Ｂ２＝ＡＬＯＧ(BETA）

ＺＮ２ＷＷ＝０．０

，０２５１＝１，Ｎ１

ＣＫＳＥＮ(1)＝ＡLFA*(XSB1(1)一Ｂ２）

CKSN1(1)＝ＥＸＰ(CKSEN(1)）

CKSN2(1)＝EXP(CKSN1(1)）

ＦＣ(1)＝1.0-1.0/CKSN2(1)

ＦＣＰ(1)＝ＦＣ(1)*100.ｏ

ｚＡＮＳＡ(1)＝ＹF1(1)一ＣＫＳＥＮ(1)

ＺＮＳＡ２(1)＝ＺＡＮＳＡ(1)**２

ＺＮ２ＷＷ＝ZNSA2(1)＋ＺＮ２ＷＷ

２５ＣＯＮＴＩＮＵＥ

ＲＥＴＵＲＮ

ＥＮＤ

|Sub-program（２）

ＳＵＢＲＯＵＴＩＮＥＰＡＲＴ２(Ｎ1,ｓB1,F1,XSB1，

１YOF1,YFLVSB1,VSB1,ＺＮ２ＷＷ）

DIMENsIoNsB1(45),Ｆ１(45),､XsB1(45)，

２YOF1(45),Y1F1(45),YF1(45）

DIMENSIONSB2(45)，ＳG1(45)，ＺＡＮＳＡ

３（45)，ZASA2(45）

ＤＩＭＥＮＳＩＯＮＦＰ(45ＬＦＣ(45),FCP(45）

ＤＩＭＥＮＳＩＯＮＣＫＳＥＮ(45),CKSN1(45)，

４CKSN2(45）

ＤＯ５１＝１，Ｎ１

Ｆ１(1)＝I/(N1＋1.0）

ＦＰ(1)＝F1(1)*100.0

５ＣＯＮＴＩＮＵＥ

Ｌ＝Ｎ１－１

ＤＯ１０１＝１，Ｌ

Ｋ＝Ｉ＋１

，０１０Ｊ＝Ｋ,Ｍ

ＩＦ(SB1(1).ＬＥ､SB1(J)）ＧＯＴＯ１０

Ｓ＝SB1(1)

sB1(1)＝sB1(Ｄ

ＳＢ１０)＝Ｓ

１０ＣＯＮＴＩＮＵＥ

ＤＯ１５１＝１，Ｎ１

ＸＳＢ１(1)＝ＡＬＯＧ(SB1(1)）

ｌ５ＣＯＮＴＩＮＵＥ

ＤＯ２０１＝１，Ｎ１

ＹＯＦ１(1)＝1.0/(1.0-Ｆ１(1)）

Y1F1(1)＝ＡＬＯＧ(YOF1(1)）

ＹF1(1)＝ＡＬＯＧ(Y1F1(1)）

２０ＣＯＮＴＩＮＵＥ

ＣＡＬＬＬＳＯ(XSB1,YF1,Ｎ1,Ａ,Ｂ）

|Sub-program（３）

ＳＵＢＲＯＵＴＩＮＥＬＳＯ(Y,Ｘ,Ｎ,Ａ,B）

ＤＩＭＥＮＳＩＯＮＹ(45),Ｘ(45）

ＳＵＭＸ＝０．０

ＳＵＭＹ＝０．０

，０１０１＝１，Ｎ

ＳＵＭＸ＝ＳＵＭＸ＋Ｘ(1)

ＳＵＭＹ＝ＳＵＭＹ＋Ｙ(1)

ｌ０ＣＯＮＴＩＮＵＥ

ＡＮ＝Ｎ

ＸＭ＝ＳＵＭX/ＡＮ

ＹＭ＝ＳＵＭＷＡＮ

ＳＵＭＸＸ＝０.Ｏ

ＳＵＭＸＹ＝０．０

，０２０１＝１，Ｎ

ＳＵＭＸＸ＝ＳＵＭＸＸ＋(Ｘ(1)－ＸＭ)**２

ZＡＮＳＡ

ＳＵＭＸＹ＝SUMXY＋(Ｘ(1)一ＸＭ)＊(Y(1)－

１ＹＭ）

２０ＣＯＮＴＩＮＵＥ

Ａ＝ＳＵＭＸＷＳＵＭＸＸ

Ｂ＝ＹＭ－Ａ*ＸＭ

ＲＥＴＵＲＮ

ＥＮＤ

ProgramformixedWeibullstatisticｓａｎａ－

ｌｙｓｉｓ

Ｃ Ｆ(Ｎ）Ｆ１(N）Ｆ２(Ｎ）ＮＯＫＥＴＴＥＩ

ＡＣＣＥＰＴ鯉ＳＧ＝，，，ＳＧ

ＡＣＣＥＰＴｑ２Ｅ１＝,，，Ｅ１

ＡＣＣＥＰＴｑＱＡ１＝,,，Ａ１

－３０－



ＡＣＣＥＰＴＱｃＧ１＝,,ｏＧ１

ＡＣＣＥＰＴＱｃＥ２＝,，，Ｅ２

ＡＣＣＥＰＴＱｃＡ２＝',，Ａ２

ＡＣＣＥＰＴｑｅＧ２＝,，，Ｇ２

ＡＣＣＥＰＴＱｑＰ１＝,，，Ｐ１

Ｐ２＝１.Ｏ－Ｐ１

ＷＲＩＴＥ(10,100）ＳＧＥ1,Ａ1,Ｇ１,Ｅ2,Ａ2,Ｇ２，

１Ｐ1,Ｐ２

１００ＦＯＲＭＡＴ(1Ｈ'3ＨＳＧ＝,F5.1,2Ｘ'3HE1＝

２，Ｆ5.2,2Ｘ'3ＨＡ１＝,Ｅ10.3,2Ｘ,3ＨＧ１＝,Ｅ１０．３，

３２Ｘ,3ＨＥ２＝,Ｆ5.2,2Ｘ,3ＨＡ２＝,Ｅ１０．３，２Ｘ'3ＨＧ

B1＝(ＡＮ－Ｇ１)/Ａ１

Ｃ１＝－(B1**E1）

F1＝1.Ｏ－ＥＸＰ(C1）

ＩＦ(ＡＮＬＥ・Ｇ２）ＧＯＴＯ２

Ｂ２＝(ＡＮ－Ｇ２)/Ａ２

Ｃ２＝－(B2**E2）

F2＝ＬＯ－ＥＸＰ(C2）

Ｆ＝Ｐ１*Ｆ１＋Ｐ２*Ｆ２

ＷＲＩＴＥ(10,200）ＡＮＦ1,Ｆ

ＦＯＲＭＡＴ(1Ｈ’4E15.3）

ＧＯＴＯ１０

Ｆ＝Ｐ１*Ｆ１

ＷＲＩＴＥ(10,300）ＡＮ,F1,Ｆ

ＦＯＲＭＡＴ(1Ｈ’3E15.3）

ＧＯＴＯ２０

ＡＮ,Ｆ1,Ｆ2,Ｆ

200

４２＝,E10.3,2Ｘ'3HP1＝,Ｆ5.2）

５２Ｘ,3ＨＰ2＝,Ｆ5.2）

ＤＮ＝2.0*10**４

ＡＮ＝Ｇ１

ＡＮ＝ＡＮ＋ＤＮ

ＩＦ(ＡＮＧＴ、0.8ＥＯ７）ＧＯＴＯ３０

2０
Ⅱ
加
加

３

ＧＯＴＯ１

ＳＴＯＰ

ＥＮＤ

１

－３１－
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