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harsh, constantly varying loads throughout the
lifetime of the turbine. The drivetrain transmits rotor
torque to the generator, but in operation it is not just
steady-state torque that the drivetrain experiences.
In fact, it experiences a whole variety of events with
rapidly changing torque and off-axis (non-torsional)
loads, any of which can severely damage the machine,
potentially leading to failure and very costly repairs.

In order to design a reliable drivetrain, it is crucial
to first understand the damaging effect of transient
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loads such as emergency stops, start-ups, shut-downs,
or gusty wind conditions. Figure 1 shows what can
happen if this is not done correctly. Potential failure
modes such as surface-initiated bearing pitting, gear
tooth failures, and fretting fatigue on bearing rings
can all occur if transient loads are not accurately
considered at the design stage. In more severe cases,
the gearbox housing or mounts can fail, potentially
leading to catastrophic failure of the whole turbine.

For wind turbine or drivetrain design, input loads
are typically calculated using multi-body-dynamics
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simulation incorporating aeroelastic models and
a representation of the turbine controller. These
loads simulation software tools are available from
commercial and research organizations for the
turbine-level load calculation.

Designing a new drivetrain poses a chicken-
or-egg conundrum — how can rotor loads be
calculated without first having a concept for the
turbine and drivetrain? And, conversely, how can
a turbine concept be defined without first knowing
the loads? This is solved by defining loads in logical
stages. For example:

Figure 1:

» Concept loads — The turbine designer may
assume these based on previous experience on
turbines of similar type/power rating, or may be
scaled up from experience on smaller turbines.

+ Preliminary design loads — These loads are
calculated based on initial concepts for the
drivetrain, rotor, tower, electrical system,
controller, etc.
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+ Detailed design loads — These
loads are calculated using
finalised concepts for all
turbine components and are
used for type certification and
component certification.

Accurate turbine-level loads
aren’t the only thing required
for reliable drivetrain design.
The methods for analyzing and
considering these loads are
critical. Slowly varying fatigue
loads and static extreme loads
are analyzed wusing standard
methods (e.g. ISO 6336 for gear
rating, ISO 281 for bearing
rating, DIN 743 for shaft
rating, etc.) in accordance with
certification requirements.
For these rating methods, it
is essential to consider the
behavior of the whole drivetrain,
not just the gears and bearings
in isolation. Previous studies
have shown the importance of
including structural flexibility
and component-level deflections
in these calculations [1]. A
RomaxWIND simulation model
like that shown in Figure 2
allows the whole drivetrain to be
analyzed using a single model,
incorporating  detailed non-
linear bearing models, advanced
gear contact models, and flexible
representations of shafts and
housings. These methods have
recently been applied successfully
in the design and development of
Romax’s latest 6MW Butterfly
drivetrain platform, shown in
Figure 3.

Although most wind turbines
spend the majority of time
running at rated load or at idle, it
is widely recognised that damage
can occur during short duration
transient events such as start
ups, shut downs and emergency
stops. Figure 4 shows an example
of the drivetrain high-speed
shaft torque measured during
an emergency stop. For events
such as this, peak loads can be
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Figure 2:

Figure 3:
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Figure 4:

analysed using industry standard
methods for gear and bearing
rating but these only capture part
of the story. Standard methods
consider the effect of a static

extreme load but do not consider
in detail rapid changes in
acceleration or gear impacts that
occur during torque reversals.
To understand the potentially
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Figure 5:

damaging effect of these factors we must use more
advanced gear analysis methods.

The key property to consider in drivetrain time-
domain simulation and load calculation is the
rotational inertia of each drivetrain component.
This is a measure of the component’s resistance
to change in its state of motion. Components
with small moments of inertia can generally be
ignored from models used for load calculation but
components with large moments of inertia must be
considered.

A conventionally geared drivetrain is made up
from a number of rotating parts, from the rotor
through to the generator, as shown in Figure 5.
When drivetrain loads and behavior are calculated
during the design process, it is vital that the correct
inertias are considered and this is especially
important when considering gearbox loads during
transient events, such as the emergency stop event
shown in Figure 4.

Table 1 shows the contribution of each drivetrain
component to the total moment of inertia for a
2MW wind turbine drivetrain. The key conclusion
is that over 99% of the total drivetrain moment
of inertia is from the rotor, generator, brake, and
high-speed shaft coupling, with less than 1% of the
total inertia coming from all other components.
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Figure 6:

This means that it is reasonable to ignore the small
inertias in the gearbox components (e.g. gears
and planet carriers) when calculating turbine-
level loads and behavior. In fact, this assumption
is commonly made across the industry for turbine
load calculation.

It is a common misunderstanding that high
fidelity time-domain gearbox models are required
for accurate load calculation. This is not true
because the small inertias of components inside
the gearbox are swamped by the large inertias from
the rotor, generator, and high-speed shaft brake
and coupling.
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Although accurate time-domain
gearbox models are not required for
turbine-level load calculation, there
are special cases where time-domain
gearbox models give us vital insight
into stresses and failure modes inside
the gearbox. An example of one
such case is gear impacts that can
occur during transient events with
rapidly changing loads — such as an
emergency stop or a grid fault.

For this type of analysis, the
turbine-level loads are used as inputs
for a smaller subsystem model — this
could be a time-domain model of the
gearbox, constructed as shown in
Figure 6. This model is then used to
analyze instantaneous gear stresses
during transient events like the
generator grid fault shown in Figure 7.

A single gearbox failure on a multi-
megawatt turbine can cause costs
in excess of $500,000. If this is
multiplied over several wind farms,
the wind turbine OEM’s exposure
to risk during the warranty period is
very high.

In order to reduce the risk of
gearbox failures, it is essential that
suitable simulation and analysis
methods are used to understand
drivetrain loads and durability at
the design stage. The return on
investment is clear. If an OEM can
save just one gearbox failure by
investing in state-of-the-art drivetrain
analysis and simulation tools, then the
future benefits are significant.

+J. Coultate et. al, The Impact of
Gearbox Housing and Planet
Carrier Flexibility on Wind Turbine
Gearbox  Durability, European
Wind Energy Conference 2009
proceedings, March 2009
+E. Bossanyi et. al, The Effect of
Gearbox Flexibility on Wind
Turbine Dynamics, paper by
Romax Technology and Garrad
Hassan, European Wind Energy
Conference 2008 proceedings,
March 2008
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