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Methodology and Results

Introduction

Presented below is a flow-chart showcasing the main principles of the methodology used. The
This project focuses on the hydrodynamic loads on TSTs caused by the non-uniform inflow
loads on the turbine rotor were determined using a unsteady Blade Element Momentum Theory in
from the marine environment. The life of the main shaft bearing was studied to inform how dif- combination with a random sea model which resolved the stochastic inflow across the rotor. The
ferent inflow and operating conditions affected the turbine’s expected life and ultimate loading. loads on the shaft bearings were determined using a simplified FEM scheme and the bearing life
was finally determined through a post-processing exercise using the L10 method.
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The resulting loads on the rotor connecting-flange were given as rotor thrust,
torque and eccentric bending moment. The latter was caused by the nonuniform flow across the rotor and its vector distribution in the rotor-plane over
several time-steps is shown to the left.

Shaft Layout Inputs

Drivetrain Model

Drivetrain layout including bearing types were
given as input to the FEM
Wave-rider buoy data from the North Sea
was used to define the inflow sea-states. The
data was discretised into a 6x6 matrix and
the 8 most occurring sea-states were used.

The rotor loads were fed to a simplified drivetrain FEM
model where each bearing was represented by 3 longitudinal and 3 torsional springs.

The rotor loads were determined by the unsteady BEMT model using a JONSWAP spectrum to define the random inflow specified by
the sea-state matrix.

Bearing Loads

The turbine geometry and operating
mode was given as
input to the BEMT
model.
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L10 Bearing Life Model +
Miner’s Rule

The S-N curve was
determined from the
L10 method.
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The drivetrain FEM model gave the reaction loads in axial and radial directions for each of the three bearings. The axial
load pattern can be seen to mimic the rotor thrust although the radial loads follow a much more complex pattern. The radial loads for the bearings and their directions are shown in the left figure for several time-steps, showcasing that there is a
significant directional spread in this case which normal bearing-fatigue models fail to capture.

The axial and radial bearing loads were combined to a equivalent
load and the signal was discretised into several constant load cases. Miner’s rule for linear damage accumulation was then applied in
combination with the L10 bearing life method.

BEARING LIFE &
ULTIMATE LOADS
Finally, the bearing life and ultimate bearing
stresses were determined. By varying the seastate parameters one can determine the sensitivity of the turbine’s life towards these inputs.
The suitability of the L10 method for this type of
problem must be investigated further.

