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SUMMARY

Microscopic examination and hardness testing
revealed that the failure of one of the bearings and
possibly both was primarily due to the presence of
retained austenite, The decomposition of the austenite
in service caused considerable distortion, This distor-
tion was responsiblé for the fretting corrosion of the
outside diameter of the cup and the spalling of the
raceways, The passage of the spalled fragments around
the raceways caused the numerous small indentations in

the raceways.

R Scientific Officer, Physical Metallurgy Division,
Mines Branch, Department of Mines and Technical Surveys,
Ottawa, Canada,
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INTRODUCTION

Two roller bearings were received following a letter dated
November 8, 1957 from Dr. F.W. Smith of the Fuels and Lubricants
Laboratory, National Research Council, concerning the failﬁre of
such bearings by spalling, An examination for any metallurgical
evidence of the origin of failure was requested. Illustrative
plctures of defects, and an examinastion of the corrosion product on

the outside diameter of the cup, were also requested.
VISUAL EXAMINATION

Bearing No. 1
A view of bearing No., 1 is shown in Figure 1. The

imporﬁant visusl observations concerning thls bearing were summar-
)
ized by Dr. Bmith as follows:

l. The outside diameter of the cup showed two relatively
rough, dark sreas surrounded by polished regions.

2. The raceway of the cup had two shallow spalls and a large
number of small, smooth-bottomed depressions. The spalls
vers in the same section of the cup as the larger of the
dark areas on the outside diameter,

3. The raceway of the cone showed severe spalling at the
flange edge of the raceway. Numerous smgll smooth in-
dentations were also present.

4e The rollers showed many small, smooth depressions, but
no spalling was evident., ‘









CHEMICAL ANALYSES
‘The results of chemical analyses carried out .on drillings
- taken from the cup and cone éamples are shown in Table 1,. The steels
were within the chemical limits of SAE 3310 except for the slightly

high nickel content of cone No, 1,

Table 1

Percent, Chemical Analyses

Element  SAE 3310 Limits - Cup No, 1 Cone No, 1 Cone No, 2
c .08/.13 12 ,12 13
Mn W45/.60 ) Sl W9
1. .20/,35 3 .38 36
s .025 max, 014 .020 ,022
P 025 max, f01h 015 011
Ni 3.25/3.75 3,40 he12 3.45
or 1.40/1.75 S WY: L4 L3
Mo | - 11 .08 .09
v - - ,005 401 .0k

EXAMINATION OF CORROSION PRODUCT
Photomicrographs showing some of the corrosion product found
at the outside diameter of cup No, 1 are shown in Figures 3 and 4, The
results of an X-ray identification carried out on samples of the

corrosion product are shown in Table 2,












(Mag. X8)

Figure 7 - Spalls on raceway of cup No, 1, See 12 o'clock position
in Figure 1, Microspecimens were cut at, and adjacent to,
these defects,

(Mag, X8)

Figure 8 - Spall shown at 5 o'clock position of cone No, 2 (Figure 2),
This defect was cross-sectioned for microscopic examination,
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Figure 11 -

(Mag, X100; Etched in 2% Picral)

Cross-section at edge of largest pit seen in Figure 6,
Shows single spall developing into multiple spall,
Hardness impressions shown indicated Rc hardnesses of
61, 57, 57, 56 and 60 from the edge inward,
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(Mag, X100; Etched in 2% Picral)

Figure 14 - Shows varied microstructure through case. Photomicrograph
taken at outer surface of cup, Hardness values from surface
inward are Rc 56, 56, 56, 55, 56 and 55, The core hardness
was Rc 42, (Cup No. 1).









(Mag, X500; Etched in 6% Nital)

Figure 19 - Shows structure at about 0,04-inch below surface (near 6th
impression in Figure 14), Structure appears to be tempered
bainite. (Cup No. 1).

Figure 20 - Shows structure at same depth as Figure 19, (Cup No, 1),
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Other samples of cup No, 1 were given hardness surveys after

varlous temperlng treatments, and after teuper - liquld nltrogen rnuench

treatments, The hardnesses near the surface (O 002-inch below), the

hardness peaks, and the 1nd1cated core hardnesses are given in Table 3

‘(converted to Rc units), The d1etance below the surface at whlch the

hardness peak occurred varied due’ to variations in the depth of the zone

containing retained austenite,

Table 3

Summarized Results of Hardness Surveys on Tempered
And Tempered and Iiquid Nitrogen Quenched Samples

Rockwell "C!" Hardnesses

Sample " Hardness Hardness Core

near peak hardness
surface

As recoived 52 B 575 41,5

As received (B) 56 . 59 41,5

As received ~Q (B) 57 59

220°F (B) 57.5 59 : 42

220-.Q (B) 61 : 63

300°F (B) , 51,5 57 - h2

300-Q (B) 61 62

LOO°F (B) 5 . , 58 © 42

4,00-Q (B) 575 59 L2

700°F (B) 50 53 40,5

700-Q (B) 20 : 53

NOTE: « Tempering time - % hour

- Q - Quenched in liquid nitrogen
(B) Mounted in bakelite, and therefore subjected
to about 300°F for around 2 minutes,

H
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DISCUSSION

Chemical analyses of the parts revealed them to be within the
chemical limiﬁs of SAE 3310 steel, except for the slightly high nickel
content of cone No, 1, This high nickel content is of nc significance
regarding the reason for failure,

The general appearance of the corrosion product on the outside
diameter of the cup was similar to that found when fretting occurs,
X-ray identification showed the corrosion product to be a typical
fretting product, The outside diameter appeared to have been roughened
considerably at the aréas showing the corrosion product,

No microstructural damage was associated with numerous smooth~
bottomed indentations seeQ‘in the raceways, The formation of fragments,
rather than seizing, is characteristic of the failure of hard materials
in such.applications, The writer concurs with Dr, Smith's opinion that
the indentations are due to the debris travelling in the raceways,

The metallographic exsmination and hardness surveys for both
cone samples and the representative roller sample revealed normal
carburized - quenched structures, The spalling and cracking was not
related to the microstructures of these parts,

The examination of the one cup sample available showed it to
have an abnormal microstructure, The presence of excess carbides at the
corners of the part (Figure 15), and the absence of this conditioﬁwin
the cone samples, indicated that the cup may have been carburized to a
higher.surface carbon content, The presence of a layer, of varying depth,
of retained austenite (Figures 17, 18) was the major microstructural
difference, Examination of Figure 18 reveals some light etching, untempered

martensite, as well as the dark etching needles, The light etching
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maftensite probably formed by deéomposition of some of the retained
austenite some time after the final fabrication, probably in service,
Such an effect would be ‘responsible for considerable distortion, Under
this circumstance spallipg and cracking can be definitely related to the
microstructure of the case, The spalls tend to penetrate 'in depth, to
lthe junctibn éf the retained austeniteée zone with the afea.having a
normal microstructure, Figures 25 and 26 illustrate that the cracks
related to the spalling in general follow the above Junction,

Negative results in magnaflux.testg made on the cup indicate
that the fetained austenite ‘was present in the original part and not
caused by faulty grinding or overheating in service,

The hardness surveys showed the cup sample to have the <oftest
case, This softer case was shown to result from the presencé of the
soft austenite phase, Hardnéés surveyé after tempering,and temper -
liquid niﬁrogen quench treatments,demonstrated a hardness increase due
to the quench even after tempering for % hour at LOO°F, Up io this
tempering teﬁperature there was no change in the core:-hardness, Tﬂus,
temperihg the part at 300 or LOO°F would have made the structure much

-more stable with no séérifice in hardness, The incfease in hardness
caused by tempering at 2é0°F for % hour, or even the temperiné due to
mounting ﬁhe sample in bakelite, show that the part was probably put
into service in the és-quenched condition withAlittle or no stress
relief,

CONCLUSIONS

The resuits of the investigation indicaté that the primary
cause'of the spalling, at least in the case of bearing No, 1, was the
presence of retained austenite in-the'microstructure. This retained

austenite started to transform to martensite subsequent to manufacture

! ¢
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of the bearing and caused sufficient distortion of the cup so that,
fretting on the outside diameter, ané spalling of the raceways occurred,
The spalled fragments then travelled in the raceways and caused the
numerous small indentations,

The reason for the presence of retained austenite is not clear
from the results of this investigation, No details of the processing
of the part were available, It is probably due to a difference in the
carburizing or quenching treatment applied, It would appear that
tempering the part at 4OO°F would have stabilized the structure cone
siderably with no sacrifice.in hardness,

The presence of rétained austenite in carburized components
for this service should be avoided, or minimized by adequate stress

relief subsequent to hardening of the case,

RFK:1h



