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Abstract— Rolling beanngs are enical automotive and mechamical components. For lugh loaded bearings, the steel
rolling elements are subjected to fatlure having 2 drect impact on overall beanng fangue hfe performance Fatigue
phenomenz mvolve both rolling contact fatizue and matenal fangue damage processes.

Metallwrzical. mechanical geometnical, physical properties affect fatizue behavior and they can be controlled also
by precise manufactunng process parameters. Despite acowrate manufactng, during the workmg condition. di-
mensional stability of some rolling elements withm the beanng can be affected and dismbution of stresses can
strongly change with respect to design thus affecting fatizue performance Faihwe can then occur for load values
In&!plwt&amhlmdeOOCanSnMsuelaﬂoys undergoing different thermal treatments. mvolving
hardenmg undercooling and tempering are analyzed Rolling elements m the selected alloys are subjected to fa-
figue tests on automotive wheel hub bearng units and. winle testing and after fathwe. metallwzical and dimen-
sional parameters are measured.

The present paper reports about fathwre cases in rolling elements and imvestigates on the relation between dimen-
the different fatizue performance as well as the different metalhursical and mechamcal behavior obtained by teshing
roling element: from different combinations of steel alloys and thermal treatment 1t 15 possible to conclude how
the rolling element dimensional stability can sen=ibly affect the beanng fatizue life. especially under severe con-
ditions in terms of apphed load, speed and temperature.

Eeywords — Bearing, RCF, Rolling elements, Dimensional stability.

1. Introduction 2. Materials and methods

The typrcal factors wiuch mfluence the fatizue hife of  The fahizue performances of two matenals have been
rolling elements within beanngs are metallhwzical me-  evaluated by ng tests. Eiglnestswepafamdﬁa
gem;lchanmhcsofrol]mge]mtscmm— Rig tests are struchured with an electnical motor that
duce vibrations m nmning condifions: this can reduce drives a rotating shaft on wiuch the mner nnzs of two
the fatizue hife due to higher swnface piting phenom-  double row ball bearings are trapped. The rotary mo-
During nunning the bearing element= are subjectedtoa  fluted shell The apphed load 15 axaal and 15 guaranteed
dimensional vanation which results in anon-constancy Y 3 pneumo-hydraulic pistons system. The tempera-
of the operating conditions. ture of the outer nng. the vibration of the system and
Dimensional stability of the rolling elements is the ca- ¢ 3Pplied load were controlled for the duration of the
pability to maintan its dimension along the life-cycle test using all the necessary transducers. Within each
of the components. One of the goals of this study isto  tested. first-generation wheel beaning. only one row
comrelate dimensional stability with fatigne perfor- was filled wath balls due to the umdrectionality of the
mzncesofrol]mgelanems axial load Lubncation was performed using nuneral
One of the key £ B i el sl grease. To evaluate the performance of the balls, tests
ity is e soliiossd susionite content of e ARSI SZI00 “‘;fif“d”t“"*mw""f
steel [1]. Sub-zero heat treatment performed after :é!dmbe;;ch“'mm cms Gpam“‘”‘“”n?ﬁm
qnepchngum*edl[y‘,]m&:cesﬁnmdmt-mble pressure on surface, on ball-IR contact).

=7 . . Tests are designed by testing blocks: races, grease and

mof;hcogandmngmemd:eﬁhg::pgfa- S h 1 il il
. lstzl'l'_.g'n:e ofl o in beas; mtsmmmedmdmfacammpected
steels improves the stability of the retamed austenite
Bl
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Fatizue tests were performed on samples descnibed
m table 1.

Table I - Sampie description

Sample :d. TestA TestB TastC
Steal alloy 100Cs6 100Cs6 100C:MnSié-4
Quanch §50°C,0a | 850°C,0il $60°C, 0dl
Swbcooling - -70°C -
Tezpering 150°C 20°C 240°C
Resultant
HRC (AVG) 621 610 0.1
3. Results

Cmgﬂ:rolhngelmsbehnwmtumso&'

tensite phase in the early testing moments, causing a
general volume increase; m the second part of test life,
the swface wear phenomena cause a dimensional re-
duction comparable with the austenite transformation
effect.
Sample “B” showed quite absent retained austemute be-
fore starting tests, which caused a lower transfor-
mation rate respect to Sanple “A™: such behavior
caused the mappreciability of the vohime merease ef-
fect respect to the reduction one related to swrface
wear.
Sample “C” showed a retaned austemite amount
higher than Sample “A”™ one before test startmg, but
the different chemucal composition caused a higher
Thareical stability which implied 2 behaviar si-
lar to the one occumred to Sample “B™.
The above described results are showed by the fizure
1, representing the dimensional measwrements per-
formed at the end of each testing block (mangles rep-
resent ball farlures, dots represent measuwrements at
testing block end).
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Fizwe 2 and figure 3 show the retained austemte levels
measured before and after testing by XRD equpment
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with =0.7% accwracy, considenng the longest life test
for each sample.

Retaned Austanite amount
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Figure 2 - Retained austenite bgfore resting

Retained Aust enite amount after testing
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Figure 3 - Retained austenite qfter testing

fizure 4, fizure 5 and figure 6 show an exanple of frac-
ture surface from sanple “A”, sample “B” and sample
5 M- theplctulesmcmsaduedastq:usmnveof
the whole samples, since no NMI 1ssue was hugh-
ture swrfaces. As shown by the below fizures, sanple
“A” and sample “C” reached fashwe with smular me-
chamic behavior: subswface spallmg mnduced by the
hgh RCF stress apphed Confrarywise. sample “B”
showed a bnttle faihwe behavior: the absence of re-
tained zustemite phase facilitated the crack propaga-
um,mngaﬁsamdmmhuhge[ﬂ

Figure 4 - Sampie A failure mode
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Figure 0 - Sampie C faiiure mode

Moreover, the fracture location respect to ball poles
and equator occwrred randomly.

4. Conclusions

The goal of this study was to deepen the comelzhon
between rolling contact fatizue performances and
bearmng rolling elements dimensional stability. To do
so, three different rolling elements samples were man-
nfacmredfoﬂomgdﬂ'meipmwsa sample “A”
by standard process setup, 100Cx6 steel quenched and
temperedatlSO’C sanp]e‘“B"bvadthngzsub—cool—
mg at -70°C between quenching and 220°C tempermsg;
using 100C:MnSi16-4, quenched and tempered at
240°C. The results obtained by testing such rollmg el-
ements showed different behaviors m terms of dimen-
sional stability: sample “A” showed a2 dumension n-
crease dunng the first testing phase, which was over-
come cunng the second phase by the wear phenomena;
sample “B” and sample “C” showed simmlar behavior:
the dumensional increase related to retamed austemite
transformation occwred at lower rate respect to fa-
figue wear phenomenz. The dumensional lower -
creasing rate obtained by samples “B” and “C” 15 re-
lated to the retained austerte stability: the sample “B”
showed quute absent Gamma phase due to the subcool-
higher level of Gammaz phase. winch was kept stable

by the higher Sihcon and Manganese content respect
to samples “A” and “B™.

The below reported fizure 7 shows the Weibull Dism-
bution of the three samples: the larger scattering of
sat:q:le “C” 15 related to the higher survived speci-
men’s population obtamed by fatizue testing The
specimen’s quantity considered for the statistical anal-
wsis 15 the same for each sample.

The main difference lnghhighted by “B™ and “C” sam-
ples 15 related to frachwe mode: while sample “B”
showed a bnttle frachwe roling element breakage,
sample “C” showed a ductile behavior with the typical
subswrface spalling. Considenng also that fahgue per-
formances obtamed by samples “B” and “C” showed
Lo mcrease of 38% and 48% respectively 1f compared
to sample “A”, 1t 15 possible to conclude how the
higher dunensional stability can lead to higher fatigue
performance of the whole bearng.
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Figure 7 - Weibull distribution
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