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1.Introduction

lntheprocessofafatiguefracture,thestructurechangeswithintheslipbandor

miCroICmCkonthesurfaceofspecimenoftenleadstothefracture.

Inthisconnection,W.A.Wood(1)reportedthattheslipmotionplaysan important

roleintheformationofacrackandthepropagation orthegrowthofacrack depends

uponajumplngmechanism.

P.J.E.Forsyth,(2) ontheotherhand,observedtheintrusionandextrusioninthe

processoffatigue.Then,N.Y.Potakinetal.(3) describedthatapull･inandpull-Out

werefoundoutinaslipbandofpolycrystallinecopperatthetestunderacertainofthe

stressorstrainamplitude.

M.Hempeletal.(4)reportedthatthecourseandthepropagationofafatiguecrack

areundercontrolofthedifferentorientationsinthecrystalgrains.ノ
Oneofthepresentauthors(5)～(竹observedalr飽dythestructuralchanges causedonthe

fatiguepr∝eSesofaaluminum bronzeandacarbon steel,andthen,researchedthe

diぽerencesbetweenthefractographsofthesamematerials.

Inthepresentstudy,theoriginationandthepropagationofacrackproducedinthe

18-8stainle弘Steelhasbeenstudiedbyopticalandelectron microscopes.Andfurther,

theamplitudechangesofbendingstressandstrainappliedtothetestspecimen were

measuredandtherelationbetweentheseamplitudechangesandthepropagationchanges

cmckwasstudied.

2.S礼mplyandexperimentalmethod

2.1.Testsample

ChemicalcompositionofthetestmaterialisshowninTable1. Thematerialwas

preparedintothetensiletestspecimen shownin Fig.1. Itwasquenchedinwater

afterkeepingatllOOoCforonehour. Thespecimenwasthenpolished with emery
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Table1 ChemicalCompositionofTestMaterial(SUS27日wt%)

!F .'

Fig.I Shape andDimensionsoEfatigueTestSpecimen.

paper,followedbybu氏ng.A mixedsolution ofonepartofnitricacid,twopartsof

hydr∝hloricacidandthreepartsofglycerinwasusedastheechingagentin･observing

thestructure.Thegrainsizeofthecrystallinematerialwasabout0.1-刀.3mm.Mecha-

nicalpropertiesofthetestspecimenaregiveninTable2.

Table2.MechanicalPropertiesofTestMaterial

atRoomTemperature(QuenchedfromllOOcCfor1hr.heating)

2.2.Expcrimental method

Fatiguetestwasperformedbyashenkfatiguetestingmachine. Itwasbyrepeated

bendingfatiguetestwiththerepeatedrotationalanglevariedbetween 2oto4odegree.

Fordetectionofthestress,fourwireresistancestraingaugeswereattachedonthesurface

ofthetorquerod,andalsothetorquecllangeSWeredet∝tedbythebridgecircuit; the

valuesobtainedwereapprovedbythestaticones. Theamplitudechangesofthenormal

bendingstre岱eS Causedduringthefatiguetestswereanalyzedbytheuseoftheseresults.

Theerrorinstressmeasurementwasabout3%.Fordetectionofthestrain,awireresi･

stancestraingaugewasattachedonthecentralportionofthespecimensurface,andalSo

thetemperaturecompensationcircuitwasconstructed.Theerrorinthisstrainmeasure-

mentwasabout± 2.5%.Thesurfacestructuralchangescausedduringthefatiguepr∝ess

wereobservedbytheuseofbothan opticalandanelectron microscope (byapsitive

replicatechnique)attheseveralstepsofthefatigueprocess.

3.Experlmental resultsanddiscussion

3.1.ApproximateS-Ncurve ~
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TheapproximateSIN curveinbndingfatigueofthe18J stainle盟Steelisgiven

inFig.2.Here,threelevelsofthestressamplitudesarecorrected,thatis,thelow

stressamplitudereferstoq-22±1kg/mm色(thenumberforafractureN-1× 106cycles),

theintermediateamplitudetoq=27土2kg/mm2 (thenumberforafractureN-1×105

cycles),andthehigh amplitudeto0-32±5kg/mm2(thenumberforafractureN-7×

104cycles).Thefatiguestrengthofthetestmaterial(at.N-1×107 cycles)Wasabout

o-16kg/mm2.
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Fig.2 RelationamongApproximateS-N curve,ExperimentalDamage

)ineandTheoriticalDamageline.(Thelastlinewasdetemined

fromthetheorysuggestedbyH.FrenchlO)

InthispapertheapproximateSIN curvedescribediscorrectedespeciallybythe

reasonofthattheconstantstressorstrainamplitudecan notbekeptduringthewhole

fatiguepm cessbytheuseoftheschenktype tester.Thatis,whilethetotalrepeated

rotationalangle,±p,onthedrivesideofthetestercanbemaintainedataconstant

value,thebendingstressappliedto.thetestspecimenonthefatiguepr∝ essischanged

bythe∝currenceofaworkhardeningorsoftening.Inthiscase,therefore,theprecise

SvaluesontheverticalaxisoftheS.Ncurvearenotestablished.

ThisfactisevidentasshowninFig.3,whichshowstherelationshipbetweenthe

stressandthenumberofrepeatedcycles.Ⅰnthecasesofboth thehigh andtheinter-

mediateamplitudes,thestrainamplitudesarelargerinthebeginningoftest,butthey

decreasewithincreaseoftherepititions.Thepresentauthorsconsideredthatthispheno-

menonwasprovabllycausedbythestre盟relaxationphenomenon.Inthecaseofthelow



50 長野工業高等専門学校紀要 ･第5号

102 103 101 105 106

N :NumberofCycles~ =
Fig.3 TheStressAmplitudechangetakingplaceduringtheFatigueprocess
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Fig.4 TheStressAmplitudechangecausedduringtheFatigueTest

(Therepeatedrotationalangleof3degree,O-27±2kg/mm2)

stressamplitude,theincreaseanddecreasephenomenainstressamplitudecausedatabout

therepititionof6×105were∝curredinconnectionwiththemultiplication,丘Ⅹationand
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movementofdisl∝ations,orconrleCtionWiththeorigirlationofmicro-cracks .

lnthecaseoftheintemediatestress amplitude(therotationalangleof± 3degree,)

therelationsbetweenstressamplitudechangesandthenumberofcyclesareshownin

Fig.4.

Theresultsobservedherecanbeexplainedbythephenomenathatthestressampli-

tudeincreasesgraduauywithdecreaseofthestrainamplitude,andthestrainamplitude

takesamaximum valueattherepititionwhichtheloweststr缶SarnPlitude∝curred.

3.2.Observationbytheopticalmicroscope

TlleStructuralchangescausedduringthefatiguetestsunderthethreestresslevels

mentionedabovewereobservedbytheoptical microscope.TheseObservationsareperfor一

medconcentricallyattllethreeportions,A,BandConthesurfaceofthetestspecimen

(a)lV=5×1030))N-1×101(C)N-5×104(a)N-1×105
(e)N-1.1×105tf)N-1.4×105(g)N-1.5×105m)N-1.55×105

Photo.1 Changesofthestructureproducedbytherepeatedbending
fatigueLest(a-27±2kg/mm2,N-1,55×105)
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asshowninFig.1.

Photo.1ShowsthestructuralchangescausedinthevicinityofthepointAonthe

s阿 imensurfacefatiguedundertheintemediatestressamplitude.Photo.1(a)wasob-

tainedatarepetitionofN-5×103; aslipbandwasobservedatallA.BandCpoints.

Theslipbandwasuniform,similartocaseoftheloworhigh stressamplitude.Itwas

largerinnum ber,however,thanthecaseofthelowstre弘 amPlitude.Thedoubleor

transverseslipbandsasobservedwiththehigh Stressamplitudewerehardlyseen.As in

indicatedinphoto.1(b)atN-1×104,theincreaseinextensionoftheuniformslipband

withthenumberofcyclesismoreremarkablethanwiththelowstressamplitude.But,
∝currenceofotherslipbandisnotobserved.

InPhoto.1(C)obtainedatN-5×101,theinitial micro･crack(thethick,blackish

lineofabout1-2mininlength,in200magnifications)iscausedalongthegrainboun-

daryortheslipbandinperpendiculartothelongitudinaldirectionofthespecimen,in

thevicinityoftheperipheryofthespecimen.TheslipbandsinthevicinityofthismiC-

r∝rackincludeprobablythesub･micr∝racks, asindicatedbytheblack-coloredcorrosion.

Theslipbando∝urringincrystalgrainsatN-1×101cyclesareretainedwithincrease

inthenumberofcycles,asinthecaseoftilelowortllehighstreesamplitude.

InPhoto.1(d)ObtainedatN-1×105,thesub-micr∝rackproducedatN-5×104

cyclesgrowsintonew form,traversingtheslipbandinacrystalgrain.As Seenin

photo.1(e),(f)and(g),thecrackgrowswithincreaseofthecyclesandatlast,arrives

attheanotheredgeofthespecimeninperpendiculartoitslongitudinalaxis.

InPhoto.1(h)obtainedatN-1.55×105cycles,afractureo∝ureinthespecimen,
mainlyalongthegrainboundary.Theslipbandinacrystalgrainthendevelopsintoa

crackwhenitsorientationcoincideswiththatofagrainboundary.

ThisresultisingoodagreementwiththatreportedbyP.C.Boettneretal.(8)(9)that

is,thegrainboundarygivesrisetoaminutecrack,which thendevelopsintoalarge

onebygrowth.

3.3.ObservationoftlleStructureChangesbytheuseoftheElectronMicroscope

MICROSCOPE

Photo.2Showsthestructural changesobservedbytheelectronmicroscopeinthe

vicinityofpointAofthespecimeninthecaseoftheintermediatestressamplitude,

comspondingtothoseinphoto.1obtainedbyanopticalmicroscope.

Photo.2(a)showsthesurfaceofthevirginsepeimen.Photo.2(b)wasobtained

attherepetitionsofN-5×103.Inthisphotograph,theslipsareintheunifom distri･r
butedstate,andequivalenttotheresultsobtainedfrom theobservationbytheoptical

micro紀Opeandtheyarealsoobservedatthetestsofthelowandhigh stressamplitudes.
Theripplingslipline,asseenonthenon-oxidizedcopperoralum inumbronzespecimens,

isnotobserved.Withincreaseofthecycles,eachsliplinebrmdensasshowninPhoto.
2(C)obtainedatN-1x104.Andthen,there∝cursmallintrusionsorextrusions of
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(a)N-0 〔b)N-5×103 (a)N-1×104((r)N-5×104

(e)N-1×105 (f)N-1.2×105 (g)N-1.4×105 (A)N-1.55×105

Photo.2 Changesthestructureproducedbytheintermediatestress

ampljtudefatiguetest.(O-27±2Kg/mm2,N-1.55×105)

about0.05/～indepthalongthesliplineasshowninPhoto.2(d)ObtainedatN-5×104

cycles.Theygrow intotheremarkableonesofabout0.3-1.Oil,with furtherincleaSe

ofthecycles. Theseintrusionsandextrusionsarethedoubleortransvereslipsobserved

inthegrains,andintheparticularcase,thelargeronesareobserved alongthegrain

boundaries.

Photo.2(e)showsastructureatN-1×105cycles.Thesub-micr∝racksareobserved
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(a)N-5×10203)N-1×108(G)N-5×108

((ON-3×101(g)N-7.3×10401)N-7.43×104

Photo.3 ChangesoftheStructureproducedbythehighstress

anlPlitudefatiguetest.(o･-32±5kg/mm2,N-7.43×104)

atthesameportionin Photo.1 (d)obtainedbytheoptical microscopeand theyare

foundoutasthesmallintrusionsandextrusions.Thepresentauthorsconsidered that

theintrusionsorextrusionswithdepthorheightabout2-4paretobethemicr∝racks

andthen,theywithdepthoverabout4FLaretO bethemacr∝racks.Theintrusions

alongthesliplinesinthevicinityoftlle血cr∝racksareabout0.2and theyarethe

sub-microcracks.

InPllOtO.2(f)and(ど)obtainedatN-1.2×105andN-1.4xlO5cycles,theauthors

conFlrmedthatthepropagationofrnicrocrack wasJ･eStrictedbytheorientationsinthe

austelliticphaseanddependeduponthejumpingmechanism suggestedbyW.A.wood.I

Photo.2(h)Showsthefeatureofacrossing intrusionsobservedinthevicinityof

thefracturelineonthesurfaceofthespeclmen,thises搾Cimenfracturedattherepeti-

tionsofN=1.554x105.

The∝CurenCeSanddevelopmentsofthestructuralchangesconform tothefouowLng

course,thatis,from theuniform 丘nesuptotheslipband,thentotheintrusionorthe

extrusion,tothemicro-crack,tothemacro-crackand丘nallytothefracture.

lntheeasedofthelowandthehigllStressamPLitudestests,theoccurrenceandthe

developmentofthestructuralchangesweregenerallysimilartothosefortheintermediate

stressamplitude,butespecially,itwasfoundoutthatthepropagationsofamicro-crack

andmacro-crackwerenotrestrictedbytheslipsystemsin oftheau.steniticpllaSeSOf
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Photo.4 FractureSurfaceproducedbytllelntermediaLestress

AmlpitudeFatigueTest(6-27±2kg/mme)

aspecimeTlunderthetestofthehighstressamplitude. Anevidenceforthem arepre-

sentedinPhoto.3.

Fourfractographscorrectedfrom theseveralportionsonthefracturesurfacepr∝luced

bythefatiguetestundertlleStressamplitudeofα-27±2kg/mm2arepresentedlnPhoto.

4.Photo.4(之L),(C)and(d)show thedistrubanceofthestriationm∝lescaused by the

grainboundary,andtheChangeOfstriationmodesproducedbyainclusion ispresented

illPhoto.4(b).

4.Conclusion

(1) UningaSchenktypefatiguetestingmachine,thetrueS-N curvein notable

tobeobtained.Thisbecausethatthestressarnplitudeisavariablequantityasshownin

Fig.3.ThecurveinthiscaselSthustobecalledthe"approximate=S-N cu∫､′e.

(2) Thechangesinamplitudesofthestressandstrainareincloseconnectionwith

thestructuralcllangeS.
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(3) The∝curencesanddevelopmentsofthestructuralchangesconform tofollowing

course,thatis,from theunifom 五mesliptotheslipband,thentotheintrusionorthe

extrusion,tothemicro-crack,tothemacroICraCkand丘nalytothefracture.

(4) The∝currenceofamicro･crackwasobservedattileCOrnerpartOfagrain

boundarywhichsituated about0.2-0.3mm distancefrom theperipheryofthecentral

portionofthespecimensurface.

Itspropagationwasrestrictedbythemultipleorientationsintheausteniticphasein

bythecasesoftheintermediateandthelow stressamplitudes,butwasnotrestrictedin

the-useofthehigh amplitudetest.

(5) Thegrainboundaryortheinclusionhastheeffectofpreventingthepropagation

oftheseveralkindsofthestracturalChangesandtheextensionofthecrack.
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