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Abstract Premature bearing failures can be attributed to

several factors such as improper selection of bearing, rise

in temperature, corrosive media, dirt, abusive handling,

improper installation, and servicing practices. In the pre-

sent study, damage analysis made on the prematurely failed

differential pinion tapered roller bearing is discussed. A

detailed metallurgical analysis is carried out on the failed

bearing and the probable root cause was traced to higher

preload on the bearing resulting in temperature rise and

degradation of lubrication. Excessive preload caused rub-

bing of rollers against the cone rib leading to temperature

rise. This in turn degraded the lubricant and caused even-

tual seizure. The steep rise in temperature was confirmed

by the presence of untempered martensitic structure in the

raceway load zone of the cone.

Keywords Tapered roller bearing � Premature failure �
Untempered martensite � Preload �
Differential pinion bearing

Introduction

Bearing life is dependent on rolling contact fatigue material

properties, heat treatment, lubrication, and operating con-

ditions. However, premature failure of the bearing may

also be caused due to improper design, selection, handling

of bearing, and installation procedures [1, 2].

Tapered roller bearings are commonly used in automo-

tive differentials to support the pinion gears. In these

bearings, roller head is in sliding contact with cone large

end flange (rib) and this rib portion prevents the roller from

squeezing out from the bearing during normal operation as

shown in Fig. 1.

Bearings used for pinion application are generally pre-

loaded at the installation stage. The contact stress between

the roller and rib depends on the geometry of the rib, roller

head profile, and extent of preload [3, 4]. Adequate lubri-

cation is necessary to avoid direct metal-to-metal contact

between the contacting surfaces and consequent frictional

heat. Excessive preload and/or insufficient lubrication has

the potential to cause undue rise in temperature due to the

increased contact stress between the rib and the roller. In

extreme cases, even seizure of bearing can be expected. In

the current work, a prematurely failed tail end pinion

bearing was investigated. A schematic view of the bearing

installation is shown in Fig. 2.

Experimental Details

A detailed study of the failed bearing was conducted

including visual examination, chemical composition, per-

centage of retained austenite, micro-hardness, and

microstructure. The chemical composition of the failed

components was carried out using spark emission spec-

trometry. Bakelite mounted and polished cut sections were

used for metallographic observation and micro-hardness

measurements. Micro-hardness measurements were carried

out using Vickers hardness tester with 0.5 kg load. The

microstructure was studied after etching with 3% nital.

Retained austenite measurements were made using X-ray

diffractometer.
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Results

Material

The chemical composition of cone, cup, and roller material

conforms to SAE52100 and listed in Table 1.

Macroscopic Examination

Discoloration was observed on cone, cup, and roller com-

ponents. Wedge-shaped protrusion on rib and considerable

reduction in thickness of rib were observed on large

diameter side of the cone as shown in Fig. 3. Severe plastic

flow of material which covered the groove portion was

found on the raceway.

Severe rubbing marks were observed on roller surface;

plastic deformation was observed on roller head where

roller establishes contact with rib surface as shown in

Fig. 4. In the cup, plastic flow was observed on the load

zone.

Fig. 1 Schematic sketch of tapered roller bearing

Fig. 2 Schematic diagram of

tractor power transmission

system and the location of

pinion

Table 1 Chemical composition (wt.%) of SAE52100 material

Components C Mn Si Cr S P

Cone 0.98 0.36 0.24 1.46 0.006 0.014

Cup 1.00 0.36 0.24 1.41 0.003 0.008

Roller 1.00 0.26 0.23 1.44 0.005 0.015

Fig. 3 Cone component in as-received condition; wedge-shaped

protrusion on rib portion is shown by white arrows; black arrow

points to the plastic flow in the groove portion
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Hardness

Hardness profiles were made on cone, cup, and roller cut

sections as shown in Fig. 5a, b, and c, respectively.

In the cone, hardness profile was taken at section A–A;

the hardness of 820 HV near the raceway surface dropped

abruptly toward the bore to about 390 HV. The hardness

beyond this minimum hardness zone gradually increased to

500–560 HV. The hardness traverse is shown in Fig. 6.

In the cup, two hardness profiles were taken on the cut

section as shown in Fig. 5b. Hardness profile taken at

section C–C revealed that the hardness was about 850 HV

near the surface, followed by a steep drop in hardness

beneath in the range of 400–450 HV as observed in cone

section. Further, moving toward the outside diameter of the

cup, a gradual increase in hardness was observed in the

range of 750–780 HV. On the other hand, profile taken at

section B–B on the same cup, showed that throughout the

section hardness was in the range of 750–785 HV. Figure 7

shows the hardness traverse graphically.

In roller, at section D–D as shown in Fig. 5c, a similar

trend in hardness variation as that of cup section C–C was

observed as shown in Fig. 8. Contrarily at section E–E of

roller, hardness was in the range of 450–575 HV

throughout the section. This shows that the entire section of

the roller was subjected to tempering effect.

Microscopic Examination

The cut sections of roller, cup, and cone were polished and

etched with nital solution. The section A–A of Fig. 5

showed three distinct microstructures from surface.

The layer just beneath the raceway has white-etching

(zone-I) untempered martensite as shown in Fig. 9b. This

martensitic layer was confined to near raceway. In the layer

below zone-I, a highly tempered microstructure was

observed (zone-II), Fig. 9c. In zone-III, the tempering

effect was less, indicating that the peak temperature

reached at this zone is relatively less. This zone extended

up to rib portion where wedge-shaped protrusion was

observed. Beyond zone-III, tempering effect was dimin-

ishing toward the bore as shown in Fig. 9d.

Sections C–C of Fig. 5b and D–D of Fig. 5c showed

similar microstructural features from surface to the interior

in cup and roller, respectively.Fig. 4 Material flow observed on roller head (shown by arrow)

Fig. 5 (a) Cut section of the cone showing protruding rib; (b) cut section of the cup; (c) longitudinal cut section of roller
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Discussion

Cone Rib: Roller Head Interaction

Contact between rib and roller can be expected under

normal operating conditions. However, if the initial

preloading is high, rubbing of roller head against the rib

portion will also be high and this would have initially

caused a rise in temperature. This increased temperature

would have led to degradation of the lubricant allowing a

condition of boundary lubrication. The resultant frictional

heat, in turn, causes thermal softening of the material near

the rib portion. Localized yielding at the rib-roller head

results in increased interference, and further rise in tem-

perature and perceptible material flow as shown in Fig. 10.

Continued running under such adverse conditions had

caused even the rib thickness to get reduced showing

wedge-shaped protrusion. As these tail pinion bearings are

splash lubricated, at the initial stage of running if lubrica-

tion is not sufficient enough for the loading conditions,

excessive preloading would have more pronounced effect

in causing the seizure. The excess preload increases the

chances of severe rubbing and thus leading to premature

failure of the bearing by thermal softening.

Fig. 6 Hardness profile of cone

taken on the section A–A as

shown in Fig. 5a

Fig. 7 Hardness profiles of cup

taken on the section B–B and

section C–C, respectively, as

shown in Fig. 5b
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Cone Raceway: Roller Surface Interaction

The lubricant degradation has also been found to affect

adversely the interaction between the cone raceway and the

roller as well. The temperature rise due to boundary

lubrication is so high as to cause re-austenization near the

surface. The self-quenching effect by the conductive heat

of the bulk of the bearing causes martensitic transformation

of this local region with no opportunity to get tempered and

hardness was about 820–800 HV to a depth of 0.8 mm

beneath the raceway surface. The zones beneath the

untempered martensite region would have reached tem-

peratures only below the A1 temperature, and therefore get

only tempered to different degrees depending on the ther-

mal cycle experienced in such zones, as shown in Fig. 11.

The region (zone-2) just beneath the untempered marten-

site region would have suffered relatively high-temperature

tempering (Just below A1 line) resulting in abrupt drop in

hardness of about 390–420 HV with highly tempered

microstructure as shown in Fig. 9c. Retained austenite

(RA) measured on the cone cut section was reduced to

0.64% from the initial level of 10–12% RA and presumably

this reduction in RA may be due to tempering effect [5].

Similar microstructural features and hardness variation

from surface to the interior was observed in roller at section

D–D. Interestingly at section E–E, hardness was about

450–575 HV in the core when compared to the original

hardness of about 750 HV. It showed that the rollers were

highly tempered throughout the section.

This revealed that the temperature was very high near

the roller-raceway interface and led to thermal softening on

the core sections of the roller and cone.

Roller Surface: Cup Interaction

In cup also on section C–C, features similar to cone (sec-

tion A–A) was observed, and on the other hand, in section

B-B, microstructure and hardness were intact as shown in

Fig. 6 and were in the range of 750–775 HV. Retained

austenite measured on the cone cut section was about 7.2%.

Owing to geometry of the roller, sliding contact of roller

head with cone rib and relatively more of number of rev-

olutions made by the roller than cone and cup resulted in

more thermal softening on the roller. When compared to

roller and cone, cup was not affected severely as other

section of cup retained the hardness and with relatively

higher retained austenite on the core.

This indicates that the damage was initiated by roller-

cone interaction and caused subsequent damage to the

cup.

Conclusion

The sequence of events leading to the premature failure

appears to be as follows:

(a) Initial excessive preload

(b) Squeezing of lubricant as a result of extreme

pressure causing boundary lubrication

(c) Metal-to-metal contact causing frictional heat

(d) Thermal softening

(e) Material flow further increasing friction

(f) Local re-hardening due to self-quenching effect

(g) Failure by seizure.

Fig. 8 Hardness profiles of

roller taken on the section D–D

and section E–E, respectively,

as shown in Fig. 5b
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Fig. 10 Etched cut section of the cone showing material flow on the

groove near the rib portion

Fig. 11 Schematic representation of temperature prevailed in the

zones as shown in Fig. 9

Fig. 9 (a) Nital-etched cone section showing different microstructure zones. (b) Zone-1 at higher magnification showing the presence of

untempered martensite. (c) Zone-2 at higher magnification showing highly tempered microstructure. (d) Zone-3 at higher magnification showing

relatively lower tempering effect
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