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A METHOD AND A DEVICE FOR DETERMINING TORSIONAL DEFORMATION IN A
DRIVETRAIN

INTRODUCTION

The invention relates to a method and a device for determining torsional
deformation in a drivetrain of the kind which includes a first shaft and a second
shaft. The first shaft and second shaft is connected by a gearbox which provides
fixed ratio between the rotational speed of the first shaft, herein the first
rotational speed, and the rotational speed of second shaft, herein the second
rotational speed. Particularly, the invention relates to deformation in drivetrains

of wind turbines.

BACKGROUND

A transmission with overload protection is known, e.g. in the form of torque
measuring systems having a torque transducer including a measuring rod with a

strain gauge.

Sometimes, strain gauge measurements involve the use of a slip ring assembly
for fixing a transmission part to a rotating shaft. The use of slip rings for
transmission of measured values is associated with high costs. In addition, the
slip rings are subject to wear.

Other kinds of mechanical transducers for torque measurement on transmission
components are known, e.g. measuring gears which measure the torsion of the

drive shaft based on a small torsion angle or angle of rotation.

Generally, many different mounting sensors are available for measuring torque
in the main shaft of a drivetrain. Typically, the known sensors are complex,
fragile, and expensive
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SUMMARY

It is an object of the invention to provide a simple and cost effective solution for
determining torque, and to provide a solution which mainly utilizes the
equipment which often is mounted already in connection with a drivetrain in a

wind turbine or in drivetrains for other purposes.

According to a first aspect, the invention provides a method of determining
torsional deformation in a drivetrain e.g. of a wind turbine where a first signal
representing the first rotational speed and a second signal representing the
second rotational speed are generated and torsional deformation is determined
based on the first and second signals, e.g. based on a ratio between the first

and second signals.

The ratio between the first shaft and the second shaft is generally fixed by the
engaging teeth in the gearbox. This is normally referred to as a gearbox ratio.
The first shaft could e.g. be a high speed shaft, and the second shaft could be a

low speed shaft on opposite sides of the gearbox.

Any variation in the ratio can therefore only be the result of deformation within
the drivetrain, e.g. within the gearbox. Such deformation of the drivetrain is

proportional with the torque.

The solution according to the invention only requires sensor signals for speed
sensing. Often such signals already exist, and the invention therefore provides a
simple and reliable solution which can typically be implemented in a cost

efficient manner.

The method may comprise the step of generating a third signal based on the
first and second signals, and comparing the third signal with a reference signal.
Particularly, the third signal may constitute a mixing of the first and second
signals.
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Generally, the first, second and third signals may each represent a frequency, i.e.
a frequency related to the first shaft, a frequency related to second shaft and a
frequency related to the combined, third, signal.

The terms first and second shafts may be understood broadly to simply
distinguish one point in the drivetrain from another point in the drivetrain.

The third signal may be obtained by ex-or on the first and second signals or by

similar methods of signal combination.

The third signal will represent a frequency which is essentially constant relative
to the first shaft and second shaft frequency as long the relation between the
first shaft and the second shaft rotational speed is fixed.

If the second shaft rotational speed appears to be increasing (or decreasing)
relative to the first shaft rotational speed, this can only be the result of

deformation of the drivetrain, which must be the result of change of the torque.

If the relation between first shaft and second shaft rotational speed changes, the
mixed frequency will change, even if it is only for a short moment. Thus changes

in the mixed frequency will indicate changes in the torque in the drivetrain.

Accordingly, the method may comprise the step of detecting a change in a

frequency which is represented by the third signal.

The change in frequency only exists while the torque is changing. Once the
torque is constant the frequency is fixed again, but not the phase of the mixed
signal - the phase has moved. This change in phase indicates the amount of

torque, while the change frequency indicates the changing of the torque.

Accordingly, the method may comprise the step of detecting a phase shift in the

third signal.

The method may further comprise the step of comparing the third signal with a
reference signal, and the reference signal may particularly be based on at least
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one of the first and the second signals. When the frequency represented in the
third signal is evaluated relative to either the first shaft frequency or the second
shaft frequency, any general changes in the speed of the drivetrain speed will

not affect the evaluation, and the evaluation can become more exact.

An additional advantage of comparing the third signal with one of the first and
second signals is that instead of measuring directly on many short pulses which
may vary in width and timing, measuring is based on a filtered sine-like curve,
which still gives accurate and reliable information of the forces in the drive train,
e.g. inside the gearbox.

The relation could for example be 123.4567 first signal pulses for each full
period (cycle) of the third signal. It can thereby be measured if the third signal
period lasted a different number of cycles.

The comparing of the third signal with a reference value could be carried out
continuously, and at least one of the first and second signals could be

determined as an average of a plurality of measurements.

At least one of the first, second, and third signal could be further filtered, e.g. by
use of a low-pass filter or a band-pass filter.

In one embodiment, the method comprises a first step of determining, at a first
point in time, a first ratio of the first shaft rotational speed to the second shaft
rotational speed. The method may further comprise a second step of
determining, at a second point in time, a second ratio of the first rotational
speed to the second rotational speed. In a third step a value representing a
difference between the first ratio and the second ratio is provided, and in a

fourth step, the value is compared with a reference value.

The first to the fourth step could be repeated continuously.

The first and second signals could particularly be generated by use of any device
that produces pulses, e.g. a pole-band on the first and second shafts. The pole-

band could be in communication with a processor or controller which provides
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the above mentioned signal processing and evaluation of the torque. The pole-
band may generate a signal on a sensor, e.g. a signal being in the area of 100-
300 times higher than the rotational speed of second shaft.

A pole-band or taco on the first shaft may, likewise, generate a signal which
may be in the area of 10 - 100 times higher than the first shaft rotational speed.
This signal may need to be modified, e.g. by division, so it has almost the same
frequency as the signal from the second shaft. The resulting two signals thereby
have almost - but not exactly - the same frequency.

As an alternative to a pole-band sensor, the method may use any other device
which can produce pulses, e.g. a taco.

At least one of the first, second, and third signal may be determined during
power production by the wind turbine, and the signals may be used for
controlling the input or output torque, for instance by pitching the blades or
changing the counter torque from the generator, e.g. for changing the power
production, e.g. for de-rating or stopping the wind turbine. Alternatively or
additionally, the signals may be combined with signals elsewhere in the wind
turbine or with signals from other wind turbines, e.g. for monitoring yield or for
rating a wind turbine location relative to other locations. The signals may also be
used for predictive maintenance, i.e. to predict wear and provide suitable

inspection intervals for a wind turbine.

In a second aspect, the invention provides a wind turbine comprising a drivetrain
with a high speed shaft (HS) and a low speed shaft (LS), the first shaft (e.g. HS)
and second shaft (e.g. LS) being connected by a transmission providing a
nominal ratio between a first shaft rotational speed of first shaft and a second
shaft rotational speed of the second shaft. The wind turbine according to the
second aspect further comprises a controller configured to operate in accordance
with the method of the first aspect of the invention.

In further aspects, the invention relates to a controller for a wind turbine
configured to operate in accordance with the method of the first aspect of the

invention, and to a controller for a wind turbine configured to control input or
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output torque for instance by pitching the blades or changing the counter torque
from the generator of the wind turbine, e.g. to shut down the wind turbine,
based on the determined torsional deformation or based on variations in the

torsional deformation.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a wind turbine with a controller embedded in the nacelle;

Fig. 2 illustrates a drivetrain in the wind turbine;

Fig. 3 illustrates the first and second signals obtained from pole bands;

Fig. 4 illustrates the third signal constituting a mix of the first and second signal;

Fig. 5 illustrates the third signal after smoothening; and

Fig. 6 illustrates the process of mixing the first and the second signals.

DETAILED DESCRIPTION

Further scope of applicability of the present invention will become apparent from
the following detailed description and specific examples. However, it should be
understood that the detailed description and specific examples, while indicating
preferred embodiments of the invention, are given by way of illustration only,
since various changes and modifications within the scope of the invention will

become apparent to those skilled in the art from this detailed description.

Fig. 1 illustrates a wind turbine 1 with a tower 2, a nacelle 3, and blades 4. The
blades are attached to the hub 5 which forms part of the drivetrain 6 located
inside the nacelle.

Fig. 2 illustrates the drivetrain 6 without the hub 5. The drivetrain comprises a
flange 7 for attaching the hub, a shaft 8 connecting the gearbox 9 to the flange
7 and an output 10 for driving e.g. an electrical generator.
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The gearbox 9 converts a low speed to high speed such that the generator is
driven by the output 10 at a speed which is high relative to the rotational speed
of the shaft 8 and hub.

The conversion from the low speed to the high speed is at a fixed ratio which
means that in an ideal situation without any deformation in the drivetrain, the
ratio between the rotational speed of the shaft 8 and the rotational speed of the
shaft 10 would be constant. Herein, the shaft 8 is referred to as second shaft
and the shaft 10 is referred to as HS.

Two pole bands 11, 12 are attached to the drivetrain on opposite sides of the
gearbox. This allows determination of torsional deformation in the gearbox.

The pole bands communicate with the controller 13, e.g. by wireless. The
controller could be housed locally in the nacelle, or it could be constituted by a

central computer system communicating with a plurality of wind turbines.

The controller is configured to detect torque and to detect a change in torque
applied by the hub to the drivetrain. For this purpose, the controller is
configured to combine signals from the two pole bands 11, 12 and to compare
the resulting, third signal, with the signal from one of the pole bands. The
resulting signal is evaluated and a phase shift and/or a change in frequency is
determined.

The controller may further be configured for additional control purpose. The
controller may e.g. be configured for changing the power production, e.g. by de-
rating the power production or for stopping the wind turbine based on the
determined torque or based on variations in the torque. The controller may e.g.

be configured for controlling blade pitching.

EXAMPLE

The following example illustrates a situation where the second shaft has 200
pulses per revolution and a phase shift of 0.1 degrees occurs on the second

shaft compared the first shaft due to angular deformation.
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The pulses from the second shaft will then be shifted 200*0.1°= 20° relative to
the pulses from the first shaft which will also lead to a phase shift of the mixed,
third, signal of 20°. This can be detected either as a phase shift or as a
temporary shift in frequency. Thus a small change in the shafts relations, results
in a larger change in the third signal.

Fig. 3 illustrates two signals. The signal marked 14 is the pulses from the pole
band 11 on the hub side of the gearbox, and the signal marked 15 is the pulses
from the pole band 12 on the other side of the gearbox.

Fig. 4 illustrates the mixed, third, signal. In the disclosed embodiment, the
signal is mixed by ex-or. This is a simple way to mix two digital signals, but
many other ways may apply.

Fig. 5 illustrates the mixed, third, signal after being smoothed.

Fig. 6 illustrates the process of mixing the first and second signals. In the
illustrated example, HS denotes a High speed shaft signal, e.g. the first signal,
and LS denotes a low speed shaft signal, e.g. the second signal. In the process
called phase and frequency compare, deviations in the phase or frequency is
detected to evaluate a change in torque.

Both digital and analogue method can be used for the data and signal processing.

A change in the sine-shape indicates a change in torque, and a phase shift of a

static sine-shape indicates a level of a constant torque.
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CLAIMS

1. A method of determining torsional deformation in a drivetrain in a wind
turbine which includes a first shaft and a second shaft connected by a gearbox
providing a difference between a first rotational speed of the first shaft and a
second rotational speed of the second shaft, the method comprising generating
a first signal representing the first rotational speed, generating a second signal
representing the second rotational speed, and determining torsional deformation
based on the first and second signals.

2. A method according to claim 1, where the torsional deformation is based on a
ratio between the first and second signals.

3. A method according to claim 1 or 2, comprising the step of generating a third
signal which includes the first and second signals.

4. A method according to claim 3, comprising the step of detecting a change in a
frequency which is represented by the third signal.

5. A method according to claim 3 or 4, comprising the step of detecting a phase
shift in the third signal.

6. A method according to any of the claims 3-5, comprising the step of

comparing the third signal with a reference signal.

7. A method according to claim 6, where the reference signal is based on at

least one of the first and the second signals.

8. A method according to any of claims 6-7, where the comparing of the third

signal with a reference value is carried out continuously.

9. A method according to any of the preceding claims, where at least one of the
first and second signals is determined as an average of a plurality of

measurements.
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10. A method according to any of the preceding claims, where at least one of the

first, second, and third signal is filtered.

11. A method according to any of the preceding claims, comprising a first step of
determining, at a first point in time, a first ratio of the first shaft rotational

speed to the second shaft rotational speed, a second step of determining, at a
second point in time, a second ratio of the first rotational speed to the second
rotational speed, a third step of providing a value representing a difference
between the first ratio and the second ratio, and a fourth step of comparing the

value with a reference value.

12. A method according to claim 11, where the first to fourth step is repeated

continuously.

13. A method according to any of the preceding claims, where at least one of the
first shaft rotational speed and the second shaft rotational speed is determined

by an instrument that generates pulses related to shaft rotations.

14. A method according to any of the preceding claims, where at least one of the
first, second, and third signal is determined during power production by the wind

turbine.

15. A wind turbine comprising a drivetrain with a high speed shaft (HS) and a
low speed shaft (LS), the first shaft and second shaft being connected by a
transmission providing a nominal ratio between a first shaft rotational speed of
first shaft and a second shaft rotational speed of second shaft, the wind turbine
further comprising a controller configured to operate in accordance with the

method according to any of claims 1-13.

16. A wind turbine according to claim 15, comprising a controller configured to
change the input or output torque based on torque or variations in torque
determined according to the method of any of claims 1-14.
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