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Premature failures in rolling bearings do not occur very often. In a wide range of applications including wind
turbine gearboxes, however, premature bearing failures due to subsurface cracks have become increasingly reported,
leading to high costs due to unscheduled downtime and unplanned maintenance efforts. The phenomenon of
subsurface cracks in the microstructure of the bearing steel is often referred to as white etching cracks. ‘White
etching’ refers to the white appearance of the altered microstructure when a microsection is polished and etched.

cracks develop, which under the influence of various external stresses propagate to the surface. This, as a result, can
eventually lead to premature failure of
the bearing.

Figure 1. White etching crack detected on a washer
tested using mineral A
White etching cracks (WECs) occur
most frequently in gearbox bearings
of wind turbines. The growth of wind
turbines to multimegawatt power plants
leads to ever higher pressures and forces,
which can have an adverse effect on the
components. If WECs occur in addition,

On the basis of current knowledge, the
damage mechanism is not yet fully
understood and the causes for the emergence of WECs are not yet fully comprehensible. This is the reason why it is difficult to take specific countermeasures.
Several drivers that potentially cause
WEC formation have been reported.
These include but are not limited to
non-metallic inclusions in the bearing
material, mounting, load conditions,
electrical current, water, hydrogen and
lubricant additives.
Literature on the tribology of rolling
bearings and/or lubricants used in rolling bearings, and their damage mech-

Figure 2. Tribolayer signal of TOF-SIMS depth profiles performed on washer surfaces
after testing with the oils stated in the legend
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anisms (e.g. wear, micropitting, false
brinelling) are abundant. Much less has
been reported about WECs and their
underlying mechanism. Most previous
studies tended to focus on the effect of
one of the drivers on WEC formation.
There is much to suggest that lubricant
additives play an important role in
preventing WECs. In light of this, this
article examines the influence of lubricants on WEC formation by studying
different model and fully formulated
gear oils under identical test conditions
on an axial cylindrical roller bearing test
rig using a method designed specifically
for this purpose by Klüber Lubrication

Experimental
Different model and fully formulated
gear oils have been investigated in this
study and their details are listed in
Table 1. Three different additive combinations, namely A, B and C, in mineral
and synthetic base oils and two fully formulated oils were studied. Fully formulated oil 1 is a semi-synthetic market oil
and fully formulated oil 2 is a low viscosity version of the high performance
wind turbine gear oil Klübersynth GEM
4-320 N. These tests are designed to
evaluate the performance of additives
against WEC formation; hence, low viscosity grade oils are used to ensure
the required boundary/mixed lubrication condition. All lubricants underwent the special axial cylindrical roller
bearing test. In case of typical signs of
pitting formation during testing, the
test was stopped before achieving the
planned number of load cycles. After
testing, all bearings were investigated
for the possible presence of WECs by
performing extensive metallographic
sectioning. All samples were ground

Feature

Lubricants

ISO Viscosity
Grade

Test results

Metallographic findings

Mineral A*

100

Aborted due to pitting formation

WEC

Synthetic A

100

Aborted due to pitting formation

WEC

Mineral B

100

Passed†

No WEC

Synthetic B

100

Passed

No WEC

Mineral C

100

Passed

WEC

Fully formulated oil 1
(Semi-synthetic market)

68

Aborted due to pitting formation

WEC

Fully formulated oil 2

68

Passed

No WEC

Table 1. Lubricants investigated, with test results A, B and C corresponding to different additive combinations
(* A, B and C correspond to different additive combinations, † planned number of load cycles reached, WEC = white etching crack
and polished parallel or perpendicular
to rolling direction before etching with
3% Nital solution (ethanol-based solution with 3% HNO3). Wear tracks from
selected bearing washers were examined
using time-of-flight secondary ion mass
spectrometry (TOF-SIMS), an extremely
surface-sensitive analytical technique.

Results and Discussion
The results from tribological testing and
metallographic investigation are summarised in Table 1. Both mineral A
and synthetic A that contained the
same additive combination A showed
formation of WECs, which is shown in
Figure 1. Replacing additive combination A by B but retaining the same base
oils did not lead to WEC formation.
These results suggest that WEC formation can be influenced, regardless of the
base oil type, by additive combinations
and/or the nature of tribofilms formed
by them.
Testing mineral C did not show any
bearing failure (e.g. surface pitting)

Figure 3. White etching cracks occur
most frequently in gearbox bearings of
wind turbines

within the planned number of load
cycles. However, WECs were found
by metallographic investigation. The
results emphasise that bearings with
no surface damage may still possibly
encounter WECs.
Tests with fully formulated oils show
WEC formation with fully formulated
oil 1 but not with fully formulated oil 2.
In addition, at the end of the tests, tribolayers formed on the bearing washers
were examined using TOF-SIMS depth
profiling. Figure 2 shows the signal
intensity of selected secondary ions,
which can be considered as a measure
of the tribolayers. It is evident from
Figure 2 that additive combination A
formed a thicker tribolayer followed, in
order, by B, C and fully formulated oil 2.
Comparing tribolayer thickness as
shown by TOF-SIMS to the findings
of metallographic analysis after WEC
testing shows that the washers with
the thickest tribolayers always failed by
WECs in this study. If, as is true for additive combinations B and C, only a tribolayer with medium thickness formed,
WEC formed only in one of three cases.
Since the corresponding bearings did
not fail due to pitting formation within
the test duration, the failure or crack
propagation was not that advanced yet.
It is suggested that a high reaction rate
for boundary layer regeneration can be
detrimental against WEC.
Still, surface passivation and antiwear
protection, as usually achieved by reaction layers, appears to be necessary. This
is not only because resulting competing
failures due to, for example, wear are not
acceptable in the field, but also because
wear induced nascent free metal surfaces
would rather drive hydrogen generation

and thereby WEC as well. Since fully formulated oil 2 not only shows excellent
antiwear and anti-scuffing properties
as verified by FAG FE8 rolling bearing
test results (DIN 51819-3; ≤ 2mg wear
of rolling element, ≤ 1mg wear of cage)
and FZG scuffing test results (DIN ISO
14635-1; LS ≥ 14 for A/8.3/90, LS ≥ 12
for A/16.6/90), but also needs the lowest tribofilm thickness in this study,
its good anti-WEC performance may
be related to reducing both aforementioned problematic mechanisms.

Conclusion
In the present study, different model
and fully formulated gear oils have been
investigated for their ability to prevent
WEC formation. The following conclusions can be drawn from this study:
•
While base oils do not have much
influence, critical additive combinations can apparently lead to
WEC formation.
•
That a surface has no pitting does
not necessarily mean that it does
not contain subsurface WEC.
•
TOF-SIMS results indicate that a
correlation between tribofilm
thickness and occurrence of WEC
appears to exist.
•
Additives used in fully formulated
oil 2 and the high performance
wind turbine gear oil Klübersynth
GEM 4-320 N form a superior tribofilm and provide excellent protection against WEC.

Affiliation
Klüber Lubrication München
Geisenhausenerstrasse 7
81379 München, Germany
fabio.zanella@klueber.com
www.klueber.com

Copyright Windtech International | Dr C Hofstede de Grootkade 28, 9718KB, Groningen, The Netherlands | www.windtech-international.com

