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Getting to the root of wind turbine failure by

Multiphysics simulation
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Getting to the root of wind turbine failure by
Multiphysics simulation

Wind turbines are vital for renewable energy, but face significant maintenance challenges
that drive up costs. Premature failures in key components like pitch and main bearings,
gearboxes, and generators are some of the most common issues. Mechanical stress, rapid
acceleration, deceleration of gearbox shafts, and torque reversals can lead to high-impact
loads that disrupt lubrication and alter bearing kinematics, resulting in increased wear from
friction.

Another serious concern is electric discharges, especially in the gearboxes of wind
turbines. These discharges can lead to the formation of white etching cracks (WECs) in
rolling element bearings. This damage, which results from stray currents and certain
lubricant conditions, causes localised wear and structural changes in the bearings,
ultimately leading to premature failure.

Reqgular maintenance, real-time monitoring, and improved lubrication systems are
essential. By identifying and tackling the root causes of wear and failure, the wind turbine
industry can lower maintenance costs and extend the life of turbine components to further
improve the profitability and accelerate the global green energy transition. To address
these challenges, a miniature gear and bearing test rig is currently under development (See
Figure); therefore, results are not yet available. This demonstrator aims to measure stray
currents and understand their impact on various lubricating regimes at gear and bearing
contacts, as well as their role in causing premature failure of gears and bearings in wind
turbine gearboxes.

Figure 1- Small-scale bearing and gear test rig.
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iGears are essential components in a wide range of modern technologies, from automotive
and manufacturing to renewable energy systems.

Despite advancements in their design and construction, gear tooth profile failures (see
figure 2) continue to be a significant concern. In high-torque, low-speed applications such
as wind turbines, electrical discharges can introduce localised heat and potentially induce
microstructural changes within the bearing steel. In combination with other mechanical
loading effects at the gear mesh contacts, a conducive environment for premature failure
is created. To mitigate these issues, advanced lubrication systems and high-performance
materials, combined with regular maintenance, are crucial. However, it is not known under
which conditions electrical discharge occurs and if it may be accelerated by certain
lubricants and operating conditions at gear mesh and bearing contacts.

Following a comprehensive testing scheme, we will establish the exact empirical conditions
and methods that we will validate through simulations. Once verified, these methods can be
scaled up to real systems, ultimately aiding in finding solutions to reduce the risk of failure
due to electrical discharge in wind turbines.

Figure 2 - Gear tooth failures
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