PhD in failure models and tools for wind turbine transmissions
Investigation into bearing failure modes and their effect on lifetimes of gearbox bearings
For a typical wind turbine, 20% of the downtime is due to gearbox failures, the majority of which initiate from
bearings [1]. Most bearings fail within 10 % of their lifetimes predicted by current standards [2]. This PhD will
investigate the causes of these failures and develop bearing failure models.
Importance to industry
 Identifying failure modes will lead to understanding of why
bearings are failing prematurely.
 Bearings can be redesigned or used differently to increase their
lifetime and ultimately the reliability of wind turbines.
 Improved reliability will lead to additional investment in the
industry and wind energy will come at a lower cost.
Critical Failure Modes to be investigated
1. Overload impact leading to premature spalling
Premature failure by spalling has been observed well within
expected bearing lifetimes. It is hypothesised that impact torque
loads are the cause of this [3]. Overload impact occurs over a short
time period, leading to localised subsurface heating, altering the
steel microstructure. Stress fields build up around these areas and
fatigue damage occurs at a lower threshold and over a less time [4].

Figure 3: PhD outline plan

Figure 4: Skidding process in roller bearings [1]

2. White structure flaking
It is thought that overload impact may lead to WSF and it is possible
that the two should be considered a single failure mode. Areas of
altered microstructure could lead to brittle white structure
development called a white etching area (WEA). If this WEA
propagates to near the material surface, it may be weakened
sufficiently to initiate spalling failure [2].
3. Slipping and skidding leading to smearing
When a bearing is lightly loaded and rotating at high speed, the
friction between the roller elements and the raceways may be less
than the resistance force caused by friction and lubricant drag. In
this case, the rolling element and raceway surfaces will be moving at
different speeds, causing the roller to “skid” along the raceway
surface [5]. In a high-speed bearing, the rolling elements are
additionally loaded against the outer raceway by a centrifugal force,
leading to metal-to-metal contact. If the rollers are not rotating as
intended, smearing is likely to occur on the outer raceway in high
speed bearings [6].
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