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Topreventtheunfortunateorunexpectedfatiguefailureofmetallicmechanicalstructural

elements，ｉｔｉｓｉｍｐｏｒｔａｎｔｔｏｓｕｒｖｅｙａｎｄｔｏａｎａｌysetheloadconditionsonthecriticallocation

ofthemechanicalstructurecarefUllyatfirst，ａｎｄthen，toobtainthepreciseknowledgeon

thefatiguestrengthorthefatiguelifeofthecorrespondingmaterialthroughanappropriate

fatiguestudy・

Typesofthefatigueinvestigationshavingbeenconductedhithertocanbeclassifiedinto

twocategoriesessentiallyasfollows：OneisthefUndamentalstudyconductedunderthe

sinusoidallyvaryingloadconditiontoinvestigatethemetallurgicalfeatureoffatigueprocess，

anotheristhefatigueexperimentundertheseveralsortsofthevaryingloadconditionsto

obtainthemethodforpredictingthefatiguelifeunｄｅｒｔｈｅｓerviceload，Theloadpatterns

forthelatterstudyarenon-sinusoidalloadl，compositeload2，programload3，randomload4

andimpactload5forexample・Intheloadpatternslistedabove，ｔｈｏｓｅｅｘｃｅｐｔｆＯｒｉｍｐａｃｔｌｏａｄ

ａｒｅｔｏｂeclassifiedasnon-impactload・Asforthefatiguestudyunderprograｍｌｏａｄｗhich

belongstonon-impactload，abouttwentyreportshavingbeenpublishedinayear、Onthe

otherhand，thereportsconcerningtheimpactfatiguebehavioramounttoonlyabouｔｆｉｖｅｉｎ

ａｙｅａｒ６、Afimdationfortheimpactfatigueinvestigationseemsstilltobeshallowasmattels

stand・

Ｓｉｎｃｅｔｈｅｉｍｐａｃｔloadisconsideredasthatinducedbｙａｃｏｌｌｉｓｉｏｎｏｆｔｗｏｂｏｄｉｅｓｉｎａｓｅｎｃｅ

ofphenomenlogicaldefinition，theimpactloadisnecessarilyaccompaniedwithtransmissionand

reflectionofthestresswave7，whichmakesitdifficulttomeasurethestressproducedonthe

spec1men・

Consequently，evaluatioｎｏｆｔｈｅｒｅｓｕｌｔｓｏｆｔｈｅｉｍｐａｃｔｆａｔｉｇｕetestshasbeenmade，mainly，

fromtheviewpointoftheimpactenergyvalueobtainablefromtheloadgeneratingmechanism・

Insuchacase，theexperimentalresultsarerepreｓｅｎｔｅｄｏｎａｎルⅣdiagram，andthemain

purposeistoresearchtherelativeimpacttoughnessortomakeacomparisonoftheimpact

fatigueresistancesamongtheseveralsortsofthemetallicmaterials・Furthermore，suchan

evaluationmethodoftheresultsasmentionedabovemakesitimpossibletocomparewith
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thoseoftheordinaryfatiguetestresultsrep1℃sentedonanS-1Vdiagram，

Ofcource，afewinvestigationsontherelationshipbetweentheimpactenergyandimpact

loadinimpacttestshavebeencarriedouttoovercomesuchadifficultyaccompanyingthe

impactfatiguetest．Howeverthegeneraltheoryforthisrelationshiphasnotbeenestablished

becausethisrelationshipdiffｅｒｅｄｏｗｉｎｇｔｏｔｈｅｄｉｆｆｅｎｃｅｉｎｔｈｅｉｍｐacttestingconditionssuch

astherigidityofthechuckingdevice，theshapeanddimensionsofthespecimenusedand

thecharacteristicsoftheload-timecurve8.9．

Ｂｕｔrecently，ｉｔｈａｓｂｅｃｏｍｅｐｏｓｓｉｂｌｅｆｏｒｔｈｅｒａｐｉｄvaryingloadtobemeasuredsoeasily

bymeansofnewtechnicalprocedures,ｆｏｒｅｘａｍｐｌｅｗｉｔｈｔｈｅａｉｄｏｆｔｈｅｗｉｌｅresistancestrain

gages，ｔｈａｔｔｈｅｉｍｐａｃｔｌｏａｄｉｓｎｏｗｄｅｔｅｒｍｉｎｅｄｉｎｍｏｓｔｃａｓｅｓｉｎｔｈｉｓｗａｙｌｏ･ｌ１

Ｎｏｗ，loadsactingonthemanymechanicalsystemsandelements，suchasgearteethl2，

roller-chainsl3-16andtheprintinghammerofamechanicalprinterl7alewellknownas

impactloads．Astheotherexamples，wheelsandshaftsofrailwaytrainsａｒｅｓａｉｄｔｏｂｅ

ｓｕｂｉｅｃｔｅｄｔｏｉｍｐａｃｔｌｏadwhentheyrunoverswitchingpoinｔｓｏｒｗｈｅｎｔｉｒｅｓａｒｅｆｌａｔｔｅｎｅｄｂｙ

ｔｈｅbrakingactionl8-21，ａｎｄａｌｓｏｔｈｅｇｅａｘｓｉｎ

amechanicalprinterl7alewellknoｗｎａｓ

ａｎｄｓｈａｆｔｓｏｆｒａｉｌｗａｙｔｒａｉｎｓａｒｅｓａｉｄｔｏｂｅ

ｉｔｃｈｉｎｇｐｏｉｎｔｓｏｒｗｈｅｎｔｉresareflattenedby

thebrakingactionl8-21，ａｎｄａｌｓｏｔｈｅｇｅａｘｓｉｎ

ｔｈｅｐｏｗｅｒｐｌａｎｔsofearthmovingeqUipment22･

Thepracticalexampleoftheimpactload

patternmeasuredontheprintinｇｈａｍｍｅｒｏf

amechanicalprinterisshowninFi9117,and

examplesofloadpatternsactinｇｏｎｔｈｅｇｅａｒ

ｔｅｅｔｈａｎｄｏｎｔｈｅｓｈａｆｔｓｏftherailwaytrain

arereplesentedschematicallyinFigs､２ａｎｄ３，

respectively・

Referringtotheexperimentalresultson

impactfatiguecarriedoutsofar，thegeneral

characteristicsoftheimpactfatiguebehavior

ofmetallicmaterialsareexaminedbelow．
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Inglancingattheimpactfatiguetestssofarcarriedout，ｔｈｅｔｙ

ａｒｅｔｏｂｅｄｉｖｉｄｅｄｍａｉｎｌｙｉｎｔｏｔwogroupsforthepurposesinvolved：

toinvestigatetheplasticdeformationandthefatiguedamageonl

anotheristhattoinvestigatethoseatthe
lmpodrod

weakestlocationundertheloadcondition

に二!〉causｅｄｂｙｔｈｅｃｏＵｏｓｉｏｎｏｆｔｗｏｂｏｄｉｅｓ･Ｓｏｔｏ

ｓａｙ，theformertypeoftheinvestigatonｉｓ

ｎａｍｅｄａｓａｄｉｒｅｃｔｉｍｐａｃｔｆａｔｉｇｕｅｔestand

thelatterasanindirectimpactfatiguetest．（ｏ）schemoncrepre
fordirectimpqc

lllustrationsforthesetwotypesofｔｈｅｅｘ‐

perimentsarerepresentedinFig4．

sofarcarriedout，thetypesofimpactfatiguetests

)rthepurposesinvolved：Oneistheexperiment

thefatiguedamageonthecollidingsurface，ａｎｄ

Specimen
、
ノ
〆
こ

Lｏｏｄｃｅｌｌ

Schemo↑icrepresemo↑ionofoppqrQ↑us
fordirectimpqc↑ｆｑｎｇｕｅ↑esT

Specimen
S↑eel

First,theexperimenttoobservethefail‐

ureprocessofthespecimensurfaceunder

thecollidingconditionofthesteelball23

ortheplainsulface24.25withthespecimen

surface，andfurthermore，ｔｈａｔｔｏｓｔｕｄｙｔｈｅ

○

lｍｐｑｄｒ

（ｂ）Schemoticrepresemo↑ionofopporq↑us
surfacetailureunderimpactloaｄｉｎｃｏｎｎｅ‐forindirec↑impqc↑fo↑igue↑est

ctionwithｗｅａｒ２６ａｒｅｃｉｔｅｄａｓｅｘａｍｐｌｅｓｏｆＦｉ９．４TWotypesofimpactfatiguetests

thedirectimpactfatiguetest・

Next，asfortheindirectimpactfatiguetest，considerablyextensivestudieshavebeen

madetolesearchthefollowingsubiects,thefatiguestrengthoftheseveralsortsofmetallic

materialsundertheimpactload27-33，propagationofthetatiguecrack34-37,hysteresisphenom‐

enon38-42，theresidualcompressivestressvariationunderimpacttatigueloadbytheX-ray

diffractionmethod43，thefractographicobservation44･45,ｔｈｅｅｆｆｅｃｔｏｆｔｈｅultimatetensile

strengthandthedeformationresistance46，theeffectofnotch47-5o，microscopicalstructure51

andcrystalgrainsize52.58ontheimpacttatiguestrength，therelationwiththelowtemperamre

brittleness35･38.54,theeffectofthecrystalgrainsizeｏｎｔｈｅｐｒｏｐａｇａｔｉｏｎｏｆｔｈｅｉｍpactfatigue

crack55-57，theettectoftheshockabsorptiononthetensileimpacttatiguest1℃ngth58，the

effectofthemagnitudeandtheholdingtimeoftheimpactstresspattern50.59-61ａｎｄｏｆｔｈｅ

ｓｔｒｅｓｓｒａｔｉｏ６２ｏｎｔｈｅｐlasticdeformationandthefatiguefailure，andtheeffectofthetransi‐

tionalloadvibrationinducedbytheimpactloadingonthefatiguestrengthandthecrack

propagationbehavior63-65 ●

Besides，impactfatigueexperimentsontheactualstructuralelementshavebeencarried

outoveralongperiodl2-16.66-68

Theexperimentaldevicesusedinthｅｉｍｐａｃｔｆａｔｉｇｕｅｔｅｓｔｓａｒｅａｓｆonows；Amslertype

universaltensileimpactfatiguetestingmachine9，Fujiitypeuniversalimpactfatiguetesting

machine27，drop-weighttypetensileimpactfatiguetestingmachine6o，rotatingdisktypeimpact

fatiguetestingmachine51，drop-weighttypecompressiveimpactfatiguetestingmachine59,

Matsumuratypebendingimpactfatiguetestingmachine34，push-pullimpactfatiguetesting

machine5androtatingbendingimpactfatiguetestingmachine68．
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Asfortheimpactloadgeneratingmechanismofthedevicescitedabove，ｉｔｃａｎｂｅｓａｉｄ

ｔｈａｔｔｈｅｉｍｐａｃｔｌｏａｄｉｓinallcasesobtainedbythecollisiｏｎｏｆｔｗｏｂｏｄｉｅｓ，whichcharacter‐

izestheimpactfatiguetestingmachine・Accordinglythedefinitionoftheimpactloadde‐

scribedintheprecedingchapterisappropriatetodiscusstheresultsofimpactfatiguebehavior

obtaiｎｅｄｕｐｔｏｄａｔｅａｓａｗｈｏｌｅ・

Asthelastofthischapter，theprinciplesofsomeimpactfatiguetestingmachinesand

thetypicalstresspatternsobtainｅｄｗｉｔｈｔｈｅｓｅ

ｍａｃｈｉｎｅｓａｒｅｓｈｏｗｎｉｎＦigs､５６０，６６９and75

forthepurposeofreference，whiletheexper‐

imentalresultsaregiveninthefollowing

chapter・ｌｔｉｓｎｏｔｅｄｔｈａｔｔｈｅｉｍｐａｃｔｓｔｒｅｓｓ

ｐａtternsaremoreorlessinherenttothetest‐

ingmachineused，andareselectedinconnec-

tionwiththepurposeofthestudy．
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Thedescriptionofthegeneralcharacteristicsoftheimpactfatigueiｓｔｏｂｅｄｏｎｅｂｙｔａｋｉｎｇ

ｎｏｔｉｃｅｏｆｔｈｅｉｎdirectimpactfatiguetestbecausethenumericalstudiesontheimpactfatigue

belongtothistypeoftest・

AsmentionedinChaps1and2，theimpactfatiguetestshavebeenconductedbygener‐

atinｇｔｈｅｌｏａｄｗｉｔｈｔｈｅｃｏｌｌｉｓｉｏｎｏｆｔｗｏｂodies・Therefore，inmanycases，theloadfreqUency

orthelepetitｉｏｎｒａｔｅｃａｎｎｏｔｂｅｓｏｈｉｇｈａｓｔｈａｔｏｆｔheordinaryfatiguetestbecauseofits

loadgeneratingmechanism・Forthisreason，ｍｏｓｔｏｆｔｈｅｓｔｕｄｉｅｓｏｎｔｈｅｉｍｐａｃｔｆａｔigueare

restrictedtotheexperimenｔｓｉｎｌｏwstresscyclesrange，forexemplelO5stresscyclesatmost、

However,endeavorshavebeenmadetoincreasｅｔｈｅｌｏａｄｆｒ℃quencybyseveralinvestigatols
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whosepulposeis，mainly，toevaluatetheimpactfatiguecharacteristicincomparisonwiththat

undertheordinaryfatigueloadcondition

Sometypicalimpactfatiguetestingmachinesandtheloadfrequencyofthesearelisted

intherevieｗｏｎｔｈｉｓｓｕｂｊｅｃｔｂｙＡ・Chatani7q

Inthischapter,ｔｈｅｉｍｐａｃｔｆａtiguestudiesinwhichtheexperimentalrangeofthenumber

ofstresscyclesliesbelowlO5stresscyclesarｅｔｒｅａｔｅｄａｓｔｈｅｌｏｗｃｙｃｌｅｉｍｐａｃｔｆａｔiguetest

andthoseoverlO5stresscyclesashighcycleimpactfatiguetest、

3-1.Ｃｅ"eγαノＣﾉWzγαc/eγＭｃｓｑﾉｲLoz(ﾉ･ﾉc/ＧＩ>Mzc/F1zzﾉｵg"C

Bsaedontheexperimentalresultsobtainedinthefatiguetestswhoserun-outnumberis

aboutlO5stresscycles，ｔｈｅcharacteristicsfmmthestrengthaspectcanbedescribedasfollows．

ｌｎＦｉｇ､８thetypicalimpactloadpattern

meaｓｕｌｅｄｉｎｓｕｃｈａｌｏｗｃｙｃｌｅｉｍｐａｃｔｆａｔigue

testisshown，andtheapproximationofthis

practicalstresspatterntotherectangularone

isillustratedschematicallyinFi9.9．Ｓｏｍｅ

studieshavebeenconductedtoexaminethe

effectsoftheimpactstressぴａｎｄｔｈｅｈold

timeTonimpactfatiguefailure44.59-61.71 ●

ＯｎｅｏｆｔｈｅｒｅｓｕｌｔｓｏｂｔａｉｎｅｄｂｙＡ・ChataniEI暦=H＝
Fig.８Exampleofimpactstlesspattern
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αα/、ｆｏｒ0.01％ＣｃａｒｂｏｎｓｔｅｅｌｉｓｓｈｏｗｎｉｎＦｉｇ､1060．Itisobservedthattheimpactfatigｕｅ

ｌｉｆｅｉｓａｆｆｅｃｔｅｄｎｏｔｏｎｌｙｂｙｔｈｅｍａgnitudeoftheimpactstlessぴｂｕｔａｌｓｏｂｙｔｈｅｈｏｌｄｔｉｍｅ

Ｔ・And,thestrengthcharacteristiccanbefolmulatedbytheequation(1)．

ぴＮｍＴｎ＝Ｃ……(1)，

ｗｈｅｒｅｍ，nandCarematerialconstants・But，ｓｉｎｃｅｍｉｓｎｅａｒｌｙｅｑｕａｌｔｏｎ,theaboveequa‐
ｔｉｏｎｃａｎｂｅｒｅｗｒｉｔｔｅｎａｓ

ひ（ＮＴ)ｍ＝Ｃ……(1)'・

Thislelationshipisalsorecognizedforseveralsortsofcarbonsteels72andalloysteels7o・

Futhermore，theconstantCiswellcorlelatedwiththestatictensilestrenglhぴＢａｎｄｔｈｅｌｅ

ｄｕｃｔｉｏｎｏｆａｒｅａｄ，asisreplesentedbythefollowingequation；

Ｃ＝（0.8＋0.002.）ぴＢ……(2)．

ItmaybeconsideredthatsuchaphenomenologicalrelationshipasisformulatedinEqs．

(1)ａｎｄ(1)′canbereducedtothegeneralprobleｍｏｎｔｈｅｓｔｒｅｓｓｈｏｌｄｉｎｇｔｉｍｅｉｎｃｏｎｎｅction
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withthestlessfleqUencyeffectintheordinaryhighcyclefatiguetest・

Besides，ＭＡｒｉｉｃ/ｃｚ/、demonstratethatthelowcycleimpactfatiguelifeiswellpredicted，
ｗｈｅｎｔｈｅｓｔｌＢｓｓｒａｔｉｏｉｓｔａｋｅｎｉｎｔｏaccount，bymeansofthelineardamagerule73・

Next，theresultsobtainedthroughtheexperimentsmadefromviewpointsofthehysteresis

enelgyandthetransitiontempetatu１℃alereviewedbriefly、Hitherto，ｔｈｅｍagnitudeofthe

impactenergyvalueobtainedinthesingleimpacttestc､９．Charpyimpacttesthasbeentaken

asameasuretoestimatethematerialtoughnessinconnectionwiththeexistenceoftheductile

-brittletransitiontemperatule，Astothetransitiontemperatule，ｉｔｍｕｓｔｂｅｎｏｔicedthatthe

Charpyimpactenelgyvａｌｕｅｃｏｎｓｉｓｔｓｏｆｔｈｅｓｕｍｏｆｔｈｅｅｎｅｌｇiesforinitiatingandpropagating
cracks，andthetransitionbehaviortakespｌａｃｅｂｙｔｈｅｆａｃｔｔｈａｔｔｈｅｌｏｗｅｒｔｈｅａｍbienttemper‐

ature，thesmallertheenergyexpendedincrackplDpagation74、Thoughthesingleimpact

valueｓｅｅｍｓtobecorrelatedwiththestatictensilestrengthtoacertainextent75，therelation

withtheimpactfatiguestrengthhasnotbeenestablishedyet・

Inimpactfatiguetestconductedinthelowcyclesrange，thetransitionbehaviorofthe

fatiｇｕｅｓｔｒｅｎｇｔｈｃａｎｂｅｔｌｅａｔｅｄａｓａｎｅｘtensionofthesingleimpacttest，sincetheimpact
fractulemechanisｍｓｅｅｍｓｔｏｂｅｄｏｍｉｎａｎｔ Ⅱ

ｒ
ト
ト
Ｌ
’
十
十
十
上
げ

ratherthanthefatiguefailuremechanismin
E50

considerablylowst斑sscyclesrange・Ａｎｅｘ‐o
pD

anlpleofsuchinvesigatioｎｓｃａｒｒｉｅｄｏｕｔｂｙＫ・二４ｏ
Ｌｌ

Ｎａｇａｉｉｓ１℃p１℃sentedinFig､1138．Ｉｔｉｓｏｂｓｅｒ‐
＞、

vedthattlleeffectofthelowtemperatuleon：3ｏ
こ

①

theimpactfatiguefailulegraCluallyvanishes石

Withtheincreaseinthenumberofstresscy．§2o
cles54，andthenthefatiguestrengthinlow ，ｏ，cＦ，cPcles54，andthenthefatiguestrengthinlow

ＮｕｍｂｅｒｏｆｉｍｐｏｃＩｓｔｏｆｑｉｌｕｒｅＮｔｅｍperatureambianceisincleased，ｓｉｎｃｅｔｈｅ
Ｆｉｇ・l1E-1Vcurvesforseveraltesting

fatiguefailulemechanismbecomesdominant
temperatu1℃s

ratherthantheimpactfracturemechanismin

therangeofthestresscyclesexceｅｄｉｎｇｌＯ３ｕｊｃｃＵｃ瘤α76-79

AnotherexampleobtainedbyK・Nagai，whichdemonstratesthetemperatureeffectonthe

hysteresisenelgybehaviorinimpactfatigue
宮
･

ビア
二匹

test，ｉｓ１℃presentedonlog-1ogpaperinFigl2

bytakingthehystelesisenergy△Watthelife

fmctionn/Ｎ＝50％ａｓｔｈｅｏｒｄｉｎａｔｅａｎｄｔｈｅ

ｎｕｍｂｅｒｏｆｉｍｐactstofailureastheabscissa38・

Thisfigurerevealsthattheimpactfatigue

failuresoccurwithnn1chlesshysteresisenergy

attheambienttemperatuleot-40.Cdueto

thereducedlesidualstrainretainedinthe

specimen・AndthefracturesurtaceObtained

underthistemperatureconditionisｏｆｔｈｅ
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failure，and，therefo1℃，ｉｔｉｓ１℃cognizedthattheaccumulationofthehysteresisenergyplays

theroleofthefatiguefailurecriterionbecausearegressionlinefortheseresultscanbedrawn

suitably・Beisdes，thediscrepancylyingbetweentwolｉｎｅｓｓｈｏｗｎｉｎｔｈｉｓｆｉｇｕｒｅｓｅｅｍｓｔｏｄｅ‐

creasegradllallywiththeinc1℃ａｓｅｉｎｔｈｅｎｕｍｂｅｒｏｆｉｍｐａｃｔｓ・

Resultｓｏｆｓｏｍｅｓｔｕｄｉｅｓｏｎｔｈｅｃｒａｃｋｉｎｔｉａｔionandpropagationbehaviorundertheimpact

fatigueloadwouldbedescribedbelowinconnectionwiththeevaluationfmmthestressinten‐

sityfactorandthefractographicaspect・Thoughthefundamentalstudyonthefatiguecrack

initiationandpropagationbehaviorhasbeenmadeｆｏｒａｌｏｎｇｔｉｍｅｔｏｒｅｓｅａｒ℃hthewhole

fatigueprDcesssystematically8o，ｓｔｕｄｙｆｒｏｍｓｕｃｈａｖｉｅｗｐｏｉｎｔｈａｓｃｏｍｅtobecalTiedout

vigorouslywiththedevelopmentoftheelectronmicroscopictechniqUeandwiththedifussion

oftheFractureMechanicsconceptinthiscountry・

Intheordinaryfatigueloadcondition，ｉｔｉｓｗｅｌｌｋｎｏｗｎｅｍｐｒｉｃａｌｌｙｔｈａｔｔｈｅfatiguecrack

propagationrateda/ｄＮｃａｎｂｅｃｏｌＴｅｌａｔｅｄｔｏｔｈｅｃｒａｃｋｌｅngtha81，andtothestxessintensity

factｏｒｍｎｇｅ△Ｋ８２ｗｉｔｈａｐｏｗｅｒｌａｗａｓａｌｅｗｒｉｔｔｅｎｄｏwninthefollowingeqUations*；

ｄａ/ｄＮ＝Ｂａ＝ＡぴＺａ……（３）

ｄａ/ｄＮ＝（△Ｋ)ｍ……（４）

ｗｈｅｒｅＢ,Ａ,ノｉｎＥｑ．（３）ａｎｄＣ,ｍｉｎＥｑ．（４）areconstantsdependingonthematerialused

orontheexperimentalcondition・ＴｈｅｉｎｄｅｘノｉｎＥｑ．（３）ｔａｋｅｓｔｈｅｖａｌｕｅｏｆ２８３ｏｒ３８４,and

thoughtheindexminEq．（４）takesthevaluerangingfrom０．５ｔｏ8.085,ｔｈｅｖａｌｕｅｏｆｍ＝４

isadoptedinconsideringthelongrangecharacteristicasisdemonstratedbyP.Ｃ・Parisand

RErdogan82、

Inimpactfatiguetests，ｔｈｅｖａｌｕｅｓｏｆノー1.956ｍ＝1.745ａｎｄ2.244havingbeenobtained，

peculiarityofthecrackpropagationbehaviorhasnotbeenobserved・Besides，accordingto

theimpactfatiguetestcalTiedｏｕｔｉｎｔｈｅｌｏｗｔｅｍｐｅｒａｔｕｒｅａｍbianceof-40oC，itisrevealed

thatfatiguecracksinitiatewithsmallernumberofimpaｃｔｓｉｎｔｈｅｌｏｗｔｅｍｐｅｒａｔｕｒｅａｍｂｉａｎｃｅ

thanthatneededinroomtemperaturｅａｔｔｈｅｒｅｌａｔｉｖｅｌｙｈｉｇｈｉｍｐａｃｔｅｎｅｒgylevel，butthis

relationisrevelsedatthe1℃lativelylowimpactenergylevel35・

Referringthe1℃sultsofthefractographicobservationdonewiththeaidoftheeleclron

microscope，Laird,sfatiguecrackpropagationmodeｌ８６ｓｅｅｍｓｔｏｂｅａｌｓｏａｖａｉｌａｂｌｅｔｏｉｎｔerpret

thefracturesulfaceconfigurationinimpactfatiguetest，ａｎｄｔｈｅｆｉｎａｌｓｔａｇｅｏｆｔｈｅｃｒａｃｋｐｒｏｐ‐

agationshowstheriverpatterndueｔｏｃｌｅavagefractu１℃44.45.46

Finally，thouｇｈｉｔｓｅｅｍｓｔｏｂｅｉｍｐｏｒｔａｎｔｔｏｃｏｍｐａ１℃theimpactfatiguestrengthwiththe

ordinaryoneinevaluatingtheeffｅｃｔｏｆｔｈｅｉｍｐａｃｔｌｏａｄｐａｔｔｅｒｎｏｎｔｈｅfatiguestIength

qUantitatively，ｏｎｌｙａｆｅｗｓｔｕｄｉｅｓａｒｅｍａｄｅｆｒｏｍｓｕｃｈａｐｏｉｎｔｏｆｖｉｅｗ・Resultsofthesestudies

revealthattheimpactfatiguestlengthshowsloweringnendincomparisonwiththeordinary

fatiguestrengthforthreesortsofmetallicmaterials，/､c､,carbonsteels（JISS25C,JIS・ＳＫ５)６１

ａｎｄａｐｕｒｅａｌｕｍｉｎｕｍｏｆｃｏｍｍｅｒ℃ialbase87・Ｓｕｃｈａｓｔｘ℃ngthtrendinlowcycleimpact

fatiguetestcoincideswiththeimpactfatiguecharacteristicfromthestrengthaspectdemon-

stratedbythepresentautholsthroughaseriesofstudiesontheimpactfatigueinhighstress

CyCleSmnge88．

＊Ｈｉｓｔｏｒｉｃａｌｒｅｖｉｅｗｏｎｔｈｅｔｒｅａｔｉｓｅｏｆｔｈｅｆａｔｉｇｕｅｃｒａｃｋｐｒｏｐａｇａｔｉｏｎｉｓｄｅｓｃｒｉｂｅｄｉｎ

ｄｅｔａｉｌｓｉｎＱＴｎｔｒｏｄｕｃｔｉｏｎｔｏＦｒａｃｔｕｒｅＭｅｃｈａｎｉｃｓ，，，ｅｄ・ｂｙＨ・ＭｕｒａｋａｍｉａｎｄＭ・Ｏｈｎａｍｉ，Ｏｈｍ－

ｓｈａ．（1979)，Ｐ,１３０．
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Inthischapter，thehighcycleimpactfatiguecharacteristicscomposedofseveralaspects

wouldbereviewed・Thoughtheleexistsome１℃sultsofimpactfatiguetestswithoｕｔｔｈｅｃｏｍ・

parativefatiguetest１℃sultsundertheordineryloadcondition,ｃ､9.,thattolesearchtherelative

stlengthofthedefectedmaterials89，theqUantitativecomparisonwiththelesultsofthe

ordinaryfatiguetestswouldbeintendedifpossible・

Tobeginwith，discussionontheimpactfatiguecharacteristicsfromthestrengthａｓｐｅｃｔｉｓ

ｔｏｂｅｄｏｎｅ、ＴｈｅｒｅｓultsoftheexperimentconductedbyK・Akizonoe／ｃｚ/，ｆｏｒ0.21％Ccarbon

steeltoresearchtheeffecｔｏｆｃｒｙｓｔａｌｇｒａｉｎｓｉｚｅｏｎｔｈｅｉｍｐａｃｔfatiguestrengthalerepresented

inFi9.13,wheretheimpactloadpatternmeasu１℃ｄisalsoiUustratedandthelettersA，Ｂａｎｄ
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Ｓ－ｊＶｃｕｒｖｅｓｆｏｒ0.21％Ccarbonsteel

Ｎｕｍｂｅｒｏｆｓ↑ｒｅｌ

Ｆｉｇｌ３Ｓ－ｊＶｃｌ

Ｃｍｅａｎｔｈｅｃｒｙｓｔａlgrainsizerespective

thesinusoidalloadpatternarealsocom

withtheimpactfatiguetestingmachinｅ

Ｔｈｅｆｏｒｍｅｒｌｅｓｕｌｔｓａｒｅｆｏｒ０．５３％Ｃ（

Steel，ｔｈｅｌａｔｔｅｒｆｏｒＳＣＭ４ａｌｌｏｙ，where

E澪

respectively52・Inthisshldy,thecomparativefatiguetestsunder

alsoconducted・And，resultsobtainedbythepresentauthors

ImachineshowninFi9.7ａｒｅ１℃p1℃sentedinFigs､１４３９ａｎｄ1532.
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Ｆｍｍｔｈｅ１℃sultsshowninabovethleefigures，ｉｔｃａｎｂｅＯｂｓｅｒＶｅｄａｓａｃｏｍｍｏｎｔｒｅｎｄｔhat

theimpactfatiguestrengthislｏｗｅｒｔｈａｎｔｈｅｏｒｄｉｎａｒｙｏｎｅｉｎｔｈｅｒｅｌativelyhighstIesscycles

range・But，thewholefeatureofthefatiguest[℃ngthdiffersf1℃moneanother・Inthefirst

place，ｔｈｅｓｔ１℃ngthbehavioriｎｔｈｅｌｏｗｓｔｒｅｓｓｃｙｃｌｅｓｒａｎｇｅｏｆＳＣＭ４alloyissomewhatdiffer‐

ｅｎｔｆｒｏｍｔｈｏｓｅｏｆｔｗｏｓｏｒｔｓｏｆｔｈｅｃａｒbonsteels・Ｔｈａｔｉｓ，ｉｎｔｈｅｃａｓｅｏｆＳＣＭ４ａｌｌｏｙ，the

loweringtrendofimpactfatiguestrengthisobservedoverthewholestlesscyclesrange,while

thelesultsofthecarbonsteeｌｓｄｏｎｏｔｓｈｏｗｓｕｃｈａｓｔｌｍｇｔｈｔｒend，Inthesecondplace，ｔｈｏｕｇｈ

ｉｔｓｅｅｍｓｔｏｂｅａｍａｔｔｅｒｏｆｍｏｒｅimportancetoobtainaexperimentalknowledgeontheexist‐

ｅｎｃｅｏｆｔｈｅｆａｔｉｇｕｅｌｉｍｉｔｉｎｔｈｅｉｌｎｐactfatiguetestinapracticalmeaning，theledoesnot

existadefiniteopiｎｉｏｎａｓｉｓｓｅｅｎｆｒｏｍｔｈｅｓｅｔｈ1℃efigures・Ｂｕｔｔｈｅｌｏｗｅｒｉｎｇｔｒｅｎｄｏｆｔｈｅ

ｉmpactfatiguestrengthinhighstresscyclesrangemustbenoticed

ThelesultsoftheimpactfatiguetestobtainedS・Ｋｏｎｄｏｃ/α/､areintroducedhere9o，which

showstheoppositestrengtht泥ndtothosedescribedabove・Ｔｈａｔｉｓ，thoughtheoldinary

fatiguetestsareconductedonlyinthenarmwrangeofstlesscycles，itisobservdthatthe

fatiguestrengthsundertheimpactloadarehigherthanthoseundertheoldinaryloadcondition

inthestresscyclesrangelowerthanlO6stresscycles・

However,ｔｈｅｓｔｕｄｙｏｎｔｈｉｓｓｕｂｊｅｃｔｂｙＳ・Ｔａｉｒａｃ/cz/､suggeststhatsuchast１℃ngthtrendin

impactfatiguetestdependsontheshapeofthespecimen，Z.ｃ､，theoreticalstlessconcentration

factorKt91，ｓｏｔｈｅｅｆｆｅｃｔｏｆｎｏｔｃｈｓｈａｐｅｏｎｔｈｅｉｍpactfatiguemustbeinvestigatedhereafter

systematically・

AsthestresspatternobtainedwiththetestingmachiｎｅｓｈｏｗｎｉｎＦｉｇ､７wellresemblesthe

compositest1℃sspattern，theloweringtlendundertheimpactloadisexaminedqUantitatively

bｙｍｅａｎｓｏｆｔｈｅｃｏｍｐａｒｉｓｏｎｗｉｔｈｔｈｅｓｔrengthcharacteristicunderthecompositeloadcondition

referringtheresultsobtainedbytheplesentautholsshowninFi9.14．ｓｏ，theimpactstress

patternischaracterizedasthecompositeslresspatterntomakethecorrespondeｎｃｅｐｏｓｓｉｂｌｅ

ａｓｉｓｓｈｏｗｎｉｎＦｉ９．１６schematically・Thus，theS-1VrelationslepresentedinＦｉｇ．１４ｃａｎｂｅ
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１０５ １０６ １０７ ｌ０Ｂ
Ｎｕｍｂｅｒｏｆｐｒｉｍｏｒｙｓ↑resscycles↑ｏｆｏｉｌｕｒｅＮｌ

Ｆｉｇ､’７Re1ationbetweenぴｍａｘａｎｄＮ１

ｆｏｒＯ､53％Ccarbonsteel

Ｆｉｇ．１６Approximationofimpactstress

patterntocompositestlesspattern

1℃writtenasinFig､17,wheretheimpactstresspatternissupposedtobecomposedofthe

primarystresswaveぴ，ｏｆｔｈｅｆｌｅｑＵｅｎｃｙｆ,＝57.5Hzandthesecondarystlesswaveぴ２whose

magnitudeandthefreqUencyaledeterminedleferringtotheneighbourhoodofthemaximum

stresslevelintheimpactstresspattern、Besides,msultsoftheimpactfatiguetesta1℃divided
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intotwogroupsbecausethevalueofｔｈｅｒａｔｉｏｏ２/ひmax,takingasaparameter，isspreading

inthewiderange・

Accordingtothegeneralconceptonthefatiguestlmgthcharacteristicsunderthecomposite

loadcondition，ｉｔｃａｎｂｅｓａｉｄｔｈａｔ，thoughthedecreaseinthefatiguelifeandfurthermore

theloweringofthefatiguelimittakeplaceｗｈｅｎｔｈｅｖａｌｕｅｏｆｔｈｅｒａｔｉｏｏ２/ひmaxisconsiderably

large2･92-96,theeffectofthesecondarycomponeｎｔｉｓｎｅｇｌｉｇｉｂｌｅｏｒａｃｔｓｅｖｅｎａｓａｓｔｌengthen‐

ingfactorwhenthisratiotakessucｈａｓｍａｌｌｖａｌｕｅ,ｃ､９．ぴ2/ぴmax<0.1,asinthecaseofthis

experiment2・Therefore，ｉｔｓｅｅｍｓｔｏｂｅａｌｍｏｓｔｉｍｐｏｓｓｉｂｌｅｔｏｅｘｐlaintheloweringtrendinthe

impactfatiguetests，observedinthelcsultsexceptforｔｈｏｓｅｂｙＳ・KondocZcz/､，withtheaid

ofthepreviousstudiesonfatigueundercompositestress．

Ｓ・Tanakaapprovesthatthelineardamａｇｅｍｌｅｃａｎｂｅａｐｐｌｉｅｄｔｏｐｒｅｄｉｃｔｔｈｅimpactfatigue

lifeinhisexperimentsdonewiththeapparatusshowninＦｉｇ．６６９But，thescatteringofthe

experimentalresultsfromthetheoreticallypledictedlineisobservedtobelalgeintheuncon‐

servativesideratherthanintheconservatiueside・

Then，theimpactfatiguecharacteristicfromtheinelasticstrainbehavioraspectistobe

describedbelowdependinglaIgelyonthe１℃sultsobtainedbythep１℃sentauthols・

Thefollowingisthoughttobeatypicalprocessoffatiguefailure：Crystallatticestrains，

whichgrowintothenucleioffatiguedamage，accmulateinamaterialduringtheearlystage

ofstresscycling，ａｎｄthen，afatiguefailureoccuresinthegrowingprocessofthesenuclei

frommicro-crackstomacro-craks・Suchafatigueprocessdescribedabovecanbemeasuled

asahytseresisloopshowninFiｇｌ８ｓｃｈｅｍａｔ．

icallywiththeaidofthestraingagesmount‐

edonthespecimen・There，ｉｔｉｓｗｅｌｌｋｎｏｗｎ

ｔｈａｔｔｈｅｖａｌｕｅｓｅｘｔｍctedfmmthishystelesis
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△Ｓｉ－１Ｖｃｕｒｖｅｆｏｒ0.53％Ccarbon
steel

0４
、

△ Ｆｉｇ．１９

Ｆｉｇ．１８I11ustmtionofhystelesisloop

loop，Z.ｅ､，theinelasticstrainamplitude△eiandthehysteresisenergy△Ｗａｒｅｔｈｅｋｅｙｐａｒａｍ‐

eterstoestimatethefatiguelifeofthemetallicmaterialseveninthehighstresscycles

mnge97despitethatthis△ei-Nrelationwasadvocatedinthestudiesonthermalfatigueand

lowcyclefatigueindividually，

Oneoftheresultsobtainedfor0.53％Ccarbonsteelbythepresentauthorsisrepresented

inFi9.19,ｗｈｅｒｅｔｈｅｏｒｄｉｎａｔｅｉｓｔａｋｅｎａｓｔｈｅｒｅpresentativevalueofinelasticstrainamplitude

－１０２－



atthelifefractionn/Ｎ＝50％ａｎｄｔｈｅａｂｓｃｉｓｓａａｓｔｈｅｎｕｍｂｅｒｏｆｓｔｒesscyclestofailule39、Ｉｔ

ｉｓｏｂｖｉｏｕｓｉｎＦｉｇ､１９thattheimpactfatiguefailurestaｋｅｐｌａｃｅｗｉｔｈａｓｍａｌｌｖａｌｕｅｏｆ△e，at

whichtheordinaryfatiguefailu1℃ｓｄｏｎｏｔｏｃｃｕｒ、Ｔｈｅｌｏｗｅｓｔｖａｌｕｅｏｆ△ａｉｓａｂｏｕｔ３３/zｓｔｒａｉｎ

ｉｎｔｈｅｃａｓｅｏｆｔｈｅｉｍｐａｃｔｆａｔｉguefailure，andthiscorrespondstoaboutafourthoftheendurance

inelasticstrainlimit△eiwofl2qustrain,where△8,wisdefinedasthemagnitudebelowwhich

nofailuresoccurintheordinaryfatiguetest9８．９９

Thespeculationonsuchainelasticstrainbehaviorinimpactfatigueteｓｔｉｓｔｒｉｅｄｉｎｔｈe

previouspaperindetalsbythepresentauthors，inwhichthedistinctlocalizationｏｆｔｈｅｉｎ－

ｅｌａｓｔｉｃｓｔｒａｉｎａｎｄｔｈｅｆａｔiguefailu１℃prDcessbasedonthislocalisedinelasticstrainunderthe

impactloadaresupposed39、Describingbriefly，theslipbands，whosevisco-elasticandplastic

behavioraccordingtostlesscyclingappearastheinelasticstrain，distributingwithlowdensity

onthespecimensurfacegrowintothefatiguedamagenucleievenunderlowimpactstress，

whilesuchasmallplasticstrainstrengthenthematerialwiththecombinedeffectofthestrain

aginglooandworkhardeninglolundertheoldinaryloadcondition・

Fromthedescriptiondoneabove，ｔｈｅｌｏｗｅｒｉｎｇｔ1℃ndofimpactfatiguestrengthseemsto

beexplainedfromtheviewpointofthepeculiarinelasticstrainbehaviorinimpactfatiguetest・

However，ｉｔｉｓａｍａｔｔｅｒｏｆｍｏｒｅｉｍｐｏｒｔａｎｃｅｔｏｃlaritywhythispeculiarityisallowedunder

theimpactload，ａｎｄｉｔｍｕｓｔｂｅｓｔｕｄｉｅｄｈｅ1℃after・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，ｉｔｉｓｉｍｐｏｓｓｉｂｌｅｔｏｔｒｙｓｕｃｈａｄｉｓｃｕｓｓｉｏｎｆｏｒｔｈｅｓｏｍｅｓｏｒｔｓｏｆｈａｒｄｅｎｅｄ

ｍetallicmaterials，ｃ､９．，．ｕｒａｌｕｍｉｎａｎｄＳＣＭ４ａｌｌｏｙａｎｄｓｏｆｏｒｔｈ，becausetheimformative

hysteresisbehaviorcannotbeobtainedforthesesortsofthematerials32･４０ ●

Hele，ａｓｉｓｒｅｖｉｅｗｅｄｂｙＨ・Matsumotoａｎｄ

Ｈ・Nakazawathestlessconcentrationfactor

underthedynamicloadtakessomewhathigher

valuethanunderthestaticloadlo2，ａｎｄｉｔｉｓ

ｗｅｌｌｋｎｏｗｎｔｈａｔｔｈｅｉｎｃｌｕｓｉonslyingnearthe

specimensulfaceｐｌａｙａｒｏｌｅａｓｃｒａｃｋｓｔａｒｔｅｒ

ｉｎｔｈｅｃａseofthehaldenedmateriallo3・Ｓｏ，

theloweringtrcndforthesematerials，ａｓｏｎｅ

oftheexampleislepresentedinFi9.15,isto

beexplainedbyconsideringthefatiguedamage

nucleationarOundtheinclusions．
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Ｆｉｇ､２１Impactfatiguebehavioroflow

andhighcarbonsteelsonE-1V

diagram

０２０４o6

Corboncomen↑Ｃ(%）

Relationbetweentheimpactfatigue

st1℃ngthmtioandcarboncontent

０

Fig.２０
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Miscellaneousaspectsconcerningthehighcycleimpactfatiguewould正viewedbriefly・

Singleimpact-highcycleimpactfatiguetransitionbehaviorisrepresentedinFigs、２０ａｎｄ２１．

FromFig.２０obtianedthrough１℃arrangementoftheexperimentalreｓｕｌｔｓｂｙＴＥ,Stantton，ｅ/

α/､,ｌｏ４ｉｔｃａｎｂｅｓａｉｄｔｈａｔｔｈｅｓｉｎgleimpactcharacteristicunderN＝lvanishesgraduallyaccord‐

ｉｎｇｔｏｔｈｅｉｎｃＩｅａｓｅｉｎｔｈｅｎｕｍｂｅｒｏｆstresscyclestofailuxe，andfinally，ｔｈｅｖａｌｕｅｓｏｆｔｈｅ

ｒａｔｉｏｗ/ぴBcometotakethestablevalueneverthlessthedifferenceofthecarboncontent,which

correspondstoacommontlendintheordinaryfatiguetestthatthevaluesofthefatigue

strengthratioぴw/ひBarealmostconstantlo5,ｗｈｅｒｅＷ，ひＢａｎｄぴwaretheimpactenergy，ulti‐

matestlengthandfatiguelimit１℃spectively・Otherexamplesarerepresentedintheprevious

reviewonthissubject88．

Ｔｈｅｅｘｉｓｔｅｎｃｅｏｆｔｈｅｔransitionalnumberofstresscycleｓｉｎｉｍｐａｃｔｆａｔｉｇｕｅｔｅｓｔｉｓｓｅｅｎｉｎ

Ｆｉ9.2146,ｔｈａｔｉｓ，thoughthesingleimpactcharacteristicisstillretainedinlowcyclerange，

oldinaryfatiguepropertycometoappearinhighcyclerangeexceedingthetransitionalnumber

ofst1℃sscycles・

TherelationshipbetweenthetheoreticalstressconcentrationfactorKtandthenotchfactｏｒ

βｉｎimpactfatiguetestisexaminedbyM・Kawamoto,ｅＭＪ.,４６andEHamayoshi,ｃｔａ/49.And

theydemonstratethattheledoesnotexistanypeculiarityinthisrelationincomparisonwith

thatinoldinaryfatiguetestl06.107

4．ＣＬＯＳＩＮＧＲＥＭＡＲＫＳＦＯＲＦＵＲＴＨＥＲＤＥＶＥＬＯＰＭＥＮＴ

Ｉｎａｓｅｒｉｅｓｏｆｔｈｅｉｍｐａｃｔｆａｔｉｇｕｅｔｅｓtsinlowtempemtureambianceconduｃｔｅｄｂｙｔｈｅａｕ‐

thors，ｉｔｉｓｌｗｅａｌｅｄｔｈａｔ,ａｓｉｓｌｅｐｒｅｓｅｎｔｅｄｉｎＦｉｇ､２２，thefatiguestrengthundertheimpact

load(●）ishigherthanthatundertheordinaryload(○）ａｔ-100.Clowtempetature42contmry

tothestlCngthbehaviorinlDomtemperatule、Suchastlengthtlendsuggeststhattheimpact

fatiguecharacteristicsmustbeconsideredfromthemetallurgicalpointofview，ｆｏｒexample，

fromtheviewpointthathowbehavethesoluteatomsascarbonandnitrogenatoms,whichcon、

stitutetheinteractionwiththemovabledislocations，undertheimpactloadcondition・

Then，ａｓｉｓｓｅｅｎｉｎｔｈｉｓｐａｐｅｒ，importanceoftheimpactfatiguecharacteristicsisessentia．

lly，ｉｔｓloweringtrendinhighcyclerange・ｓｏ，

fromthestandpointofthepracticaldesign

engineering，someamountoftheexperimental

resultsmustbeaccumulatedwiththeanalyt‐

icalrepresentationoftheimpactstresspatterns

todiscussthestrengthtlendmoreprecisely、

Mostpeculiaraspectｔｏｉｍｐａｃｔｆａｔｉｇｕｅｉｓ

ｉｎｔｈｅｐｒｏｂｌｅｍｏftheelasticwavepropagation

Thiｓｐｒｏｂｌｅｍｉｓｄｗａｒｆｅｄｔｏｔｈａｔｏｆｔｈｅｏｎe-

dimensionalelasticwavepropagationbylon‐

gitudinalwaveasmattelsstandSo，endeavor

mustbepaidtostudysuchasubjectconsider‐
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