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HighTemperatureLowCycleFatigueBehaviorofGH４７４２Alloy
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Abstract:HightemperaturelowcyclefatiguetestsonGH４７４２superalloywerestudiedunderthetotalstrainＧconＧ
trolledconditionsat６５０℃．Combinedwithfatiguetestdata,fatiguepropertiesofthealloywereanalyzed．Fracture
morphologyanddislocationstructurewereobservedbyscanningelectronmicroscopyandtransmissionelectronmiＧ
croscopy．TheresultsshowedthatfatiguelifeandfatigueresistanceofGH４７４２alloydecreasedsignificantlywithinＧ
creasingtotalstrainamplitude．Thecyclichardening,cyclicsofteningandcyclicstabilityphenomenaofthealloyocＧ
curredduringthelowcyclefatigueprocess．Theincreasingtotalstrainamplitudeisconducivetotheformationofγ′
phase．Fatiguecrackpropagationiscontrolledjointlybyductileandbrittlefracture．Inhomogeneousdeformationand
deformationrestrictedinslipbandsarethemainreasonsforthereductionoffatiguelifeofGH４７４２alloy．
Keywords:superalloy;lowcyclefatigue;cyclichardening;cyclicsoftening;fracturemorphology;dislocationstructure

　　Withthedevelopmentofaviationindustry,furＧ
therimprovementofthrustＧweightratioisanimporＧ
tanttrendinenginedevelopment．HigherrequireＧ
mentsareputforwardforrotatingcomponentswith
highＧtemperaturebearingcapacityusedinnewenＧ
gineswithhighthrustＧweightratiosuchasturbine
disksandturbineblades．Turbinediskisoneofthe
mostimportantrotating componentsin aeroＧenＧ
gines,whosematerialsmustpossesshightemperaＧ
turestrength,thermalfatigueresistanceandcorroＧ
sionresistanceandthuscanadapttothereliable
workingrequirementsunderharshconditionssuch
ashighpressure,highspeed,hightemperatureand
corrosion．NiＧbasesuperalloysperform welldueto
theirexcellentheatresistance,hightemperatureoxＧ
idationresistance,corrosionresistance,excellent
creepresistance,goodfatigueresistanceandfracture
toughnesspropertiesathightemperature．NiＧbase
superalloysbecomethekeymaterialsofhightemＧ
peraturecomponentssuchasaeroＧenginecombusＧ
tion chambers,turbine blades,vanes,turbine
disks[１]．StrainＧcontrolledhighＧtemperaturelowcyＧ
clefatigue(LCF)damageresultedfromtheeffects

ofhightemperatureandalternatingloadingfora
longtimeisthekeyfailuremodeofhightemperaＧ
turecomponents[２]．ThefatiguecracksgraduallyiniＧ
tiateandrapidlypropagatefromonepartofcompoＧ
nentsunderhightemperatureoxidationcorrosion
conditions, which seriously reduced components
servicelife[３,４]．Thus,thelowcyclefatigueofsuperＧ
alloyhasbecomearesearchhotspotinrecentdecＧ
ades．Extensiveresearcheshavebeenconductedabout
theeffectsofcyclicfrequency,strainrate,strain
range,holding period,predeformation,corrosive
environmentandtestingtemperatureonhightemＧ
peraturelowcyclefatigue[５Ｇ１４]．Thefatiguelifeof
GH４７４２alloydependsnotonlyonthetestingtemＧ
peraturebutalsoontotalstrainamplitudeunder
high temperature low cycle fatigue conditions．
ThoughalotofstudiesonGH４７４２alloyhavebeen
carriedout,itsphysicalnaturehasnotbeencomＧ
pletelyrevealedsofar．Thus,accidents,causedby
lowcyclefatiguedamage,cannotbepreventedfunＧ
damentallyduetothecomplexityofhightemperaＧ
turelowcyclefatiguephenomenon．
　　GH４７４２alloypossesseshighoxidationresistＧ



ance,corrosionresistance,persistentstrengthand
fatigueresistance．ItismainlyusedforaircraftenＧ
gineturbinedisks,deflectors,compressordisksand
bearingringsinthetemperaturerangeof５５０－８００℃．
Researchesonhightemperaturelow cyclefatigue
behaviorofGH４７４２alloyhavenotbeenreported,
andthusitisofgreatsignificancetostudystrainＧ
controlledlowcyclefatiguebehaviorofGH４７４２alＧ
loy．Inthiswork,inordertostudytheeffectoftoＧ
talstrainamplitudeoncyclic mechanicalresponse
andmicrostructureofGH４７４２alloy,hightemperaＧ
turelowcyclefatiguetestswerecarriedoutunder
thetotalstrainＧcontrolled conditions at ６５０ ℃．
Combinedwithfatiguetestresults,fatigueproperＧ
tiesofthealloywereexplored．Fracturemorphology
anddislocationstructurewereobservedbyscanning
electronmicroscopy (SEM)andtransmissionelecＧ
tron microscopy (TEM)soastoinvestigatethe
fracturemechanismoflowcyclefatigue．

１　Experimental
　　Experimentalmaterialsareobtainedfromlarge
sizeturbinediskofGH４７４２alloy．Thechemical

compositionofGH４７４２alloyislistedinTable１．
Theprocedureofheattreatmentwasasfollows:
１１００℃/８h,AC＋１０００℃/４h,AC＋７７５℃/１６h,
AC＋７００℃/１６h,AC(ACmeansaircooling)．
　　StandardlowcyclefatiguespecimensweremaＧ
chinedfromheatＧtreatedspecimensof６􀆰３６０mmin
diameterand６０mmingaugelength．LowcyclefaＧ
tiguetestswereconductedonanMTSNEW８１０faＧ
tiguetesting machinethroughinduction heating,
andthetemperaturewascontrolledat６５０ ℃．The
totalaxialstrainwasmeasuredandcontrolledbyan
extensometermountedupontheledgesofthespeciＧ
mens．Thetotalstrainrangevariedfrom０􀆰３％ to
０􀆰７％ withafullyreversedstrainＧcontrolledpushＧ
pullmode,i􀆰e􀆰,R＝－１．Theloadingfrequencyof
０􀆰５０Hzwasappliedinatriangularwaveform．All
specimenswereruntofailure．Inordertodetermine
thefatiguefracturemechanism,thefracture morＧ
phologyoffatiguefailurespecimenswereobserved
bySEM．SpecimensforTEM wereobtainedfrom
thinslices(５００μminthickness)atadistanceof１mm
awayfromthefracturesurfacesofthefailedspeciＧ
mens．Thinslicesweregroundtoabout７０μmandthen

　　　　　　　　Table１　ChemicalcompositionofGH４７４２superalloy　　　　　　　　　　mass％

Element C Cr Co Ti Al Mo Nb Ni

Experiment ０􀆰０６ １４􀆰０ ９􀆰９５ ２􀆰５２ ２􀆰５４ ５􀆰１２ ２􀆰６０ Balance
Standard ０􀆰０４－０􀆰０８ １３􀆰０－１５􀆰０ ９􀆰０－１１􀆰０ ２􀆰４－２􀆰８ ２􀆰４－２􀆰８ ４􀆰５－５􀆰５ ２􀆰４－２􀆰８ Balance

preparedbytwinＧjetelectrolyticthinning．

２　ResultsandDiscussion
２􀆰１　Lowcyclefatigueproperties
　　ThefatiguetestresultsareshowninTable２．It
showsthatthefatiguelifeofalloyGH４７４２signifiＧ
cantlyreducesandantiＧfatigueperformancesignifiＧ
cantlydropswithincreasingstrainamplitude．

Table２　LowcyclefatiguetestresultsofGH４７４２alloy
Δεt/２ Δεe/２ Δεp/２ ２Nf

０􀆰００３ ０􀆰００２９５ ０􀆰００００４ ９３６２６
０􀆰００４ ０􀆰００３７６ ０􀆰０００２３ １６８０２
０􀆰００５ ０􀆰００４１４ ０􀆰０００８４ ２７０２
０􀆰００６ ０􀆰００３２４ ０􀆰００２７５ １１０２
０􀆰００７ ０􀆰００３８６ ０􀆰００２１１ ３４４

　　Note:Δεt/２—Totalstrainrange;Δεe/２—Elasticstrainrange;
Δεp/２—Calculatedplasticstrainrange;２Nf—The
numberofcycletofatigue．

　　TheMansonＧCoffinrelationshipisalwaysused
todescribethestrainＧcontrolledlowcyclefatiguebeＧ

havior．Thetotalstrainrangecanbeseparatedinto
theelasticandplasticstrainrangesandexpressedby
Eq􀆰(１)combinedwiththeMansonＧCoffinrelationＧ
shipandBasqinrelationshipasbelow[１５]:

　　
Δεt

２ ＝
Δεe

２ ＋
Δεp

２ ＝
σ′f

E
(２Nf)b＋ε′f(２Nf)c (１)

where,σ′fisthefatiguestrengthcoefficient;bisthe
fatiguestrengthexponent;ε′fisthefatigueductility
coefficient;cisthefatigueductilityexponent;Eis
theYoung′smodulusofGH４７４２alloyat６５０℃．
　　σ′fandbcharacterizethemechanicalproperties
ofthematerialattheelasticdeformationstageand
theireffectsonthefatiguelifeofthematerialduring
thefatiguetestprocess．ε′fandccharacterizethe
plasticdeformationinthedeformationstageand
theireffectsonthefatiguelifeofthematerial．Itcan
beinferredthatthefatiguelifeofthe materialis
mainlyaffectedbythestressloadingattheelastic
deformationstageandplasticstrainloadingatthe
plasticdeformationstageduringthefatiguetestprocess．
　　Therelationshipcurvesofthetotal,plasticand
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