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RollingContactFatiguePropertiesofSAE８６２０Steelafter
CaseCarburizing
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Abstract:Rollingcontactfatigue(RCF)propertiesofSAE８６２０steelaftercasecarburizinghavebeeninvestigated
undertwocontactstressesof４􀆰０and５􀆰５GPa．ResultsshowthattheRCFliferangesfrom２􀆰５×１０６to３×１０７cyclesunＧ
derthecontactstressof５􀆰５GPa,whileitcanbemorethan１×１０８cyclesunderthecontactstressof４􀆰０GPa．The
ratedfatiguelifeL１０ (liveswiththe１０％failure)isalsodrasticallyshortenedfrom９􀆰８×１０６to５􀆰４×１０５cycles
whenthecontactstressisincreasedfrom４􀆰０to５􀆰５GPa．Theoreticalcalculationsandfractographsshowthatthe
maximumshearstressandthecontactareaincreasewithincreasingthecontactstress,makingRCFtendtooccur
earlier．
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　　CasehardeningsteelsarewidelyusedforimＧ
portantcomponents,suchaspowertransmission
gearsofautomobilesandindustrialmachines,dueto
thecombinationofhighhardnessinthecaseand
goodtoughnessinthecore．Recently,transmission
gearswithsmallersizeandlessmassarehighlyreＧ
quiredtomeettheincreasingdemandofautomobiles
capableforenergysavingandpollutionreduction,
which mayresultin higherloadsforthegears．
Thus,itisnecessarytostudythepropertiesofcase
hardeningsteelsunderhigherstresslevels．Rolling
contactfatigue(RCF)isoneofthecommonfailure
modesoftransmissiongears[１]．Itisreportedthat
RCFpropertiesofbearingsteelsunderthehighconＧ
tactstressof５􀆰３－５􀆰８GPaarequitedifferent[２Ｇ６]．
However,few studieson RCFpropertiesofcase
hardeningsteelsforgearsunderhigherstresslevels
havebeenreportedinliteratures．Thisstudyaimsto
compareRCFpropertiesofcasehardeningsteelunＧ
derthecontactstressesof４􀆰０and５􀆰５GPa．

１　Experimental
　　AcommercialSAE８６２０steelhasbeenusedas
theexperimentalmaterial,anditschemicalcompoＧ
sitionislistedinTable１．HotＧrolledbarswiththe
diameterof１００mm weremachinedintospecimens

forRCFtests．Thespecimenswere５２mminouter
diameter,３０ mmininnerdiameterand１０ mmin
thickness,asshowninFig􀆰１．

Table１　Chemicalcompositionoftheexperimentalsteel
mass％　

C Si Mn S P Cr Ni Mo

０􀆰２０ ０􀆰２９ ０􀆰７９ ０􀆰０１７ ０􀆰０１３ ０􀆰５４ ０􀆰４６ ０􀆰１５

Fig􀆰１　Dimensionsofspecimensforrolling
contactfatiguetests(unit:mm)



　　Thespecimenswerecarburizedfirstat１２０３K
for７hwithacarbonpotentialof１􀆰０mass％,and
thenatalowertemperatureof１１０３Kfor０􀆰５hwitha
carbonpotentialof０􀆰８mass％,oilquenched,folＧ
lowedbytemperingat４５３Kfor２h,asshownin
Fig􀆰２．Afterheattreatment,thespecimensweresurface
groundforRCFtests．

Fig􀆰２　Schematicillustrationofcarburizingand
heattreatmentprocess

　　RCFtestswereconductedonathrustＧtypemaＧ
chineofJPＧ５２withthecyclicspeedof２８００r/minunＧ
derthecontactstressesof４􀆰０and５􀆰５GPa,respecＧ
tively,atroomtemperature,asshowninFig􀆰３．The
loadP wasselectedaccordingtothefollowingequaＧ
tionsgiveninChinesenationalstandardGB/T１０６２２:
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where,p０isthemaximumcontactstress;αandβ
areconstants;andρistheprincipalcurvaturebeＧ
tweenspecimensandaccompanytestingspecimens．
Thiscontacttestwasregardedasapurerollingand
slidewasnegligible．Whenspindlerotated,thespecＧ
imenkeptstill,andballsrevolvedandrotated,drivＧ
enbyfriction．Then,arollingtrackappearedatthe

Fig􀆰３　Schematicillustrationofrollingcontact
fatiguetestmachine

surfaceofspecimens．Whenapittingorspallingwith
thelengthofmorethan０􀆰５mmformed,avibration
signalwaspropagatedtoanautomaticcontrolinＧ
strumentthroughtransducer,andthenthetest
stoppedautomatically．Thetestwasstoppedwhen
thespecimensdidnotfailatalifemorethan１０８cyＧ
cles．RCFlimitswereobtainedinaccordancewith
theChinesestandardGB/T１０６２２Ｇ８９．Theballsin
contactwithspecimenswere madeofAISI５２１００
steel,withthediameterof９􀆰５２５mm,andspindle
oilNo􀆰５wasusedasthelubricant．
　　Fractographsofthespecimenswereobservedon
anSＧ４３００typescanningelectronmicroscope(SEM)atＧ
tachedwithenergydispersiveXＧrayanalysis(EDX),
operatedat１５kV．Microstructureofthecarburized
surfacewasobservedbymeansofopticalmicroscope
afteretchedin２vol􀆰％ nital．InＧdepth microhardＧ
nesswastestedbyanFM３００typedigitalmicrohardＧ
nesstester．

２　ResultsandDiscussion
２􀆰１　Microstructureandhardnessdistribution
　　Fig􀆰４showsmartensiticmicrostructureatcarＧ
burizedcasesurfaceoftheSAE８６２０steelafter
etchedin２vol􀆰％ nital．Itiscomposedofacicular
martensite,retainedausteniteandsomecarbides,as
usualforcarburizedcase[７]．
　　TheinＧdepthhardnessatthecrossＧsectionof
RCFtestspecimenaftercarburizationisshownin
Fig􀆰５．ItcanbeseenthatthehardnessofthecarbuＧ
rizedcasewasmuchhigherthanthatofthematrix
(about４５０HV)．Thehardnessvalueof５５０HVis
definedasthethresholdvalueforcarburizedcaseacＧ
cordingtoISO２６３９;therefore,theeffectivecarbuＧ
rizedcasedepthswere１􀆰２mmforthesteel．Thepeak
hardnessinthecarburizedcasewasabout７８０HV,
locatedatthedistanceof０􀆰２mmfromthesurfaceof

Fig􀆰４　Opticalmicrographatcarburizedcaseof
experimentalsteel
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