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Wind energy has attracted significant amount of investment during the last Crac'f COU'_d cause
decades. However, the complexity of wind turbine design and operation cause an micro pitting
exorbitant cost of maintenance. The bearings of wind turbine gearbox are one of
the most vulnerable parts to premature failures.

* Unsteady winds, grid faults, operational events = transient dynamic loading,
torque reversal , impact load;

* Machine elements operating under different speed and load but the same
lubricant is used;

* Misalignment and harsh operational environment;

~
 Different levels of contact pressure and lubricant film thickness
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Butterfly wings or White Etching Area (WEA) and
Subsurface initiated damage on the non-metallic inclusions Ak
*Premature bearing failure: one of the main bearing failures which occurs well

below the L,, bearing fatigue life is the White Structure Flaking (WSF) and the
White Etching Cracks (WECs)

One of the main bearing failures which occurs well below the L,, bearing fatigue life
is the white structure flaking (WSF).

s*Subsurface initiated WSF at up to 1 mm depth

The subsurface White Etching Areas (WEAs), changes in steel microstructures, are
starting points for WECs, which propagate to the surface causing WSF [1,2].
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Probable root causes are: >0

non-metallic inclusions [1,3];
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. . . * The dominant crack angle in 30
the amount of retained austenite [4]; . Niehs + Cracks shorter than inclusions
. . o | ; f tial di ti ) . are more common
the level of subsurface shear stress caused by high traction [1]; . crack angle is closer to « Cracks in circumferential
. . inclusion angle ; direction are more proportional
and the level of Hertzian stress [4] 2 « Crack angle in axial direction } to inclusion size than cracks in
- shows wider scattering than in %15 axial direction
<*Surface initiated WSF . circumferential direction £
Chemical factors such as oxygen, aging components of the lubricants and hydrogen, ) 5
combined with loading and environmental factors [2], have a major role in the 5 T ‘ ‘ ‘ | H M | || | ‘ | | || 11 |1 I 111 |
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the crack with the propagation factors [2]. s wecnes o The WEA does not
3° show a clear dominant : « The WEA is mostly
Probable root causes are: § relative angle to the } <horter than inclusions
] ] ] ] ] o . inclusion * It could exceed the
surface flaws; impact/ transient loading or vibration led conditions; and high * In general, the angle of . length of small inclusions
i 3 2 WEA is less than 3
Slippage [3]. g inclusion £ 10
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To develop a better understanding of the deterioration of wind turbine bearings P ensionange et e e L e e
during service an examination of a failed bearing is performed. This bearing was Different subsurface forms have been The depth of different damages could be
used in a planetary stage of wind turbine. It was in service for five years before observed ranked as:
. such as: 1. Separation from more than 1000 um to
failure. * Inclusions with separation only very close to the surface
* Inclusions with WEA only 2. Micro cracks from about 600 to 50 pum
* Inclusions with Separation and WEA 3. WEA from about 400 to 50 um
* Inclusions with Separation, WEA and

micro crack
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