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Method for determining the inclination of a tower

The present invention relates to a method for determining the inclination of a tower, in particular
of a wind turbine, in relation to the gravitational field, by evaluating the output signal from an
acceleration sensor configured to pick up static acceleration in the direction of a sensor meas-

urement axis.

The problem of shifting foundations arises specifically in offshore wind turbine constructions.
The distinctive vibrating ability of the elongate wind turbines further intensifies the problem of
the shifting of the wind turbines. To determine undesirable shifts of this type which, in the case
of wind turbines, could have all kinds of undesirable effects, such as uneven stresses on bear-
ings, there is therefore a need for generic methods which determine the inclination.

The measurement is difficult, since the wind turbine can often be vibrating while the measure-
ment is being carried out, which is associated with accelerations which influence the measuring
signal of an acceleration sensor with an amplitude which significantly exceeds that of the meas-
uring signal produced by the mounting.

EP 2 133 563 A1 discloses a method of this type in which the acceleration, speed, position and
inclination of the nacelle are determined as a result of a signal evaluation which comprises a
plurality of steps and is based on measured values from an acceleration sensor in the nacelle of

the wind turbine.

Another method, used in practice, for determining the inclination of wind turbines is based on
the bubbles of a spirit level being read out via a video camera. This method is unsatisfactory in
terms of measurement in every respect. A further problem is that the inclination to be measured
can be so small that tilts in relation to the tower vertical axis of the acceleration sensor used for

the measurement could falsify the measurement result beyond recognition.

D1 discloses a spectral method for calibrating acceleration sensors, in which method the accel-
eration sensor is mounted on a turntable mechanism, the turntable being inclined relative to the

local gravitational axis.

It is therefore the object of the present invention to provide a method for determining the inclina-
tion of a tower of the type mentioned at the outset, which is simple to use and can be imple-
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mented on any wind turbines, for example by measurement personnel using a mobile measur-

ing device, for example within the framework of routine tests.

This object is achieved according to the invention by a method for determining the inclination of
a tower of the type mentioned at the outset, in which method the acceleration sensor is attached
to a component, preferably to a main frame, which can be rotated about the longitudinal axis of
the tower within an azimuth angular range of at least 180 °, preferably of 360 °, such that the
sensor measurement axis is oriented substantially parallel to the plane of rotation of the compo-
nent, the output signals being measured and recorded successively in the case of different azi-
muth angles, in which the component is rotated between measurements, the inclination being
determined by evaluation of the series of measurements obtained thus. According to the inven-
tion, an acceleration sensor for example can be used, which is already present for other rea-
sons, usually for measuring the vibration of the wind turbine. Compared to known methods for
measuring inclination using acceleration sensors, recording the output signal in the case of dif-
ferent azimuth angles of the nacelle has the advantage that a large number of data points func-
tionally connected to the required measured value can be obtained, which allow a good statisti-
cal averaging of the measured values. This is very advantageous on account of the initially
mentioned vibrations under which the measurement object will usually stand. Acceleration sen-
sors which are suitable within the context of the invention include all known acceleration sen-
sors which can also measure constant accelerations in order to be able to detect the gravita-
tional acceleration and the direction thereof. For example, devices with a movable test mass
can be used in the simplest case. However, systems based on flexible quartz rods or magneti-
cally stabilised masses are also possible. Finally, microelectromechanical systems (MIMS) are
measured for the inclination. In any case, it is important that the devices only output the accel-
eration along one measurement axis. In particular, the acceleration sensor in the context of the
invention can be fitted around the tower axis of a rotatable machine house. The series of meas-
urements is ideally carried out for different azimuth values in the region of 360 ° corresponding
to a full rotation of the component. This has the particular advantage that on reaching a position
of 180 ° relative to the azimuth angle, the measuring signal can be doubled. If a full 360 ° rota-
tion can be carried out, for reasons of symmetry a redundant series of measurements is ob-
tained for the measurement at an angular range of 0 ° to 180 °, which leads to a further statisti-

cal improvement in the measured values.
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The component can be rotated in uniform azimuth angle steps, to simplify the evaluation of the
series of measurements for the purpose of determining the inclination. For example, it is possi-
ble for measurements to be made in 10 ° steps relative to the azimuth angle, in order to obtain a

series of measurements comprising 36 values.

The statistical elimination of measurement errors caused by vibrations of the tower is furthered
when at any given azimuth angle a series of output signals is successively measured and rec-
orded and then an averaged value is determined and recorded from the series of output signals
and is used as a basis for the series of measurements. For example, in every given azimuth
angle position in which a measurement is to be made, measuring can be carried out over three
minutes at a high sampling rate. During averaging, time-dependent portions of the acceleration
measured values for the most part then stand out.

In a development of the invention, in the method the evaluation can include the determination of
a maximum value and of a minimum value from the series of measurements as well as the de-
termination of the difference between the maximum and the minimum. In this respect, a maxi-
mum value of the acceleration signal will be expected when an acceleration sensor is aligned by
the measurement axis thereof such that a maximum direction component is aligned vertically.
The associated minimum value will conform with the corresponding measured value of the se-
ries for an azimuth angle shifted by 180 °.

In particular, the inclination can be calculated according to the invention using the following for-

mula:

lag, —aq,
o = arcesinf —————————————
2 g

a denoting the inclination angle, g denoting the gravitational acceleration, an.x denoting the
maximum value of the series of measurements and an,» denoting the minimum value of the se-
ries of measurements. Geometric considerations, which are explained in detail further below in
connection with the figures, show that the required inclination angle of the tower relative to the
plumb line direction can be determined using this formula when values are evaluated at maxi-

mum and a minimum acceleration for a series of measurements which [....] for measuring points
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which belong to a full rotation of the rotatable component about an azimuth angle range of 0 ° to
360 °. In this respect, the maximum value corresponds to an azimuth position of the rotatable
component, in which the vertical component of the sensor measurement axis is aligned down-
wards parallel to the vertical. In contrast thereto, the minimum value corresponds to an azimuth
angle value of the component, for which the vertical component of the sensor measurement axis
is aligned vertically upwards, i.e. is directed counter to the force of gravity.

The method is substantially improved when the inclination is calculated using the following for-
mula:

| lag, —aq
o = arcsin| ——=% o
{2 g-cos(ﬂ)}

B denoting the tilting of the sensor measurement axis relative to the plane of rotation. Consider-
ation of a possible tilting of the sensor measurement axis relative to the plane of rotation of the

component is considered by means of this functional correlation, like geometric considerations

which are explained in connection with the description of the figures. Thus, according to the in-

vention, if the tilting angle B is known, the influence thereof can be exactly calculated in the

evaluation of the series of measurements in order to calculate the inclination angle a.

In a preferred configuration of the method according to the invention, the tilting of the sensor
measurement axis relative to the plane of rotation is determined from the series of measure-
ments, preferably by determining the offset of a variable portion of the series of measurements,
and will be considered in the determination of the inclination. Geometric considerations, which
are explained in detail further below in connection with the figures, show that the result of tilting
the sensor measurement axis relative to the plane of rotation of the component is that a part,
varying with the azimuth angle in the case of the non-vanishing tilting B of the sensor measure-
ment axis relative to the plane of rotation, is shifted in the form of an offset relative to the zero
point. The determination of the offset from the series of measurements is quite possible with
conventional signal processing using customary methods, well-known per se, for curve sketch-
ing.
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In particular, according to the invention, the offset can be determined by forming the sum of the
maximum value and of the minimum value and dividing the product by two. In the event of si-
nusoidal variation of the measuring signal, to be expected for geometric reasons during rotation,
as a function of the azimuth angle, the portion, variable with the azimuth angle, with the vanish-
ing tilting angle B is symmetrical about the horizontal axis, so that the sum of maximum value

and minimum angle is zero.

In a preferred configuration of the method according to the invention, calculates for the tilting
from the offset using the following formula:

B = arcsin{a—o}
g

B denoting the tilting, g denoting the gravitational acceleration and aop denoting the offset of the
variable portion of the series of measurements. The offset can for geometric considerations re-
garding the measurement method according to the invention, which are described in further de-
tail further below with reference to the figures, the offset value of the measured acceleration can
be identified by the value which is obtained when the azimuth angle is adjusted such that the
sensor measurement axis is aligned so that there would not be any inclination in the vertical

direction of the sensor measurement axis for a vanishing tilting.

To increase the confidence interval of the measuring method according to the invention, a sec-
ond acceleration sensor can be attached to the component such that the sensor measurement
axis is oriented substantially parallel to the plane of rotation of the component and at a right an-
gle to the sensor measurement axis of the first acceleration sensor, the output signal of the sec-
ond acceleration sensor being measured and recorded in addition to the output signal of the first
acceleration sensor, the inclination additionally being determined by a configuration of the sec-
ond series of measurements obtained thus. Geometric considerations regarding the measure-
ment method show that the series of measurements, which corresponds to the second accel-
eration sensor of the first series of measurements, shifted by 90 ° in respect of the azimuth an-
gle. The evaluation of the series of measurements of the second acceleration sensor, which
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according to the invention is crossed relative to the first acceleration sensor, thereby provides a
redundancy which can advantageously be used for the statistical averaging of the inclination
values which have been obtained. Furthermore, many wind turbines are already provided with
crossed acceleration sensors or integrated biaxial acceleration sensors. Therefore, the method
according to the invention can advantageously be implemented in wind turbines of this type in
that, during the rotation of the machine house, the output signals from these two acceleration
sensors are to be evaluated. With regard to the considerations regarding the tilting of the sec-
ond acceleration sensor relative to the plane of rotation, the analogous considerations and
methods according to the invention for the determination thereof from the series of measure-

ments apply, like the above-stated considerations on the first acceleration sensor.

A further improvement of the method according to the invention is obtained when a further ac-
celeration sensor is attached to the component such that the sensor measurement axis is ori-
ented substantially vertically to the plane of rotation of the component, the output signal of the
further acceleration sensor being measured and recorded in addition to the output signal of the
first acceleration sensor, the inclination additionally being determined [by] an evaluation of the
further series of measurements obtained thus. According to the invention, this further accelera-
tion sensor is aligned vertically to the first acceleration sensor and also vertically to a second
acceleration sensor which may be used. The output signal from this further acceleration sensor
may be theoretically invariant compared to a variation of the azimuth angle, out of mixed con-
siderations, and therefore may be used as a reference for the series of measurements of the
other acceleration sensors. In particular, the vertical acceleration sensor can be used to in-
crease accuracy if there is a high level of cross-sensitivity of the sensors, in order to reduce the
influence of the cross-sensitivity. 'Cross-sensitivity' is understood as meaning that an accelera-
tion sensor is also sensitive to accelerations which occur at a right angle to the sensor meas-

urement axis.

Finally, in an advantageous configuration of the method according to the invention, the azimuth
angle can be determined for the output signal and the series of measurements, the second se-
ries of measurements and/or the further series of measurements can be supplemented by re-
cording the azimuth angle associated with each output signal, to produce a function graph con-
sisting of ordered pairs, to calculate a direction of the inclination. Whereas it is thus not neces-
sary for the basic principle of the method according to the invention to record absolute values of
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the azimuth angle, since only maximum and minimum values as well as offsets are used for the
evaluation, a determination of the azimuth angle can be used absolutely for characterising the
alignment of the sensor measurement axis. Inter alia, this allows an inclination direction to be
established.

Finally, the object of this invention is achieved by a device for implementing the method of the
invention according to any one of claims 1 to 12, which have the features of claim 13. The de-
vice comprises an evaluation unit as well as means for reading out output signals from the ac-
celeration sensors which are either already components of the wind turbine to be measured or
which, as components of the device according to the invention, are to be connected to the wind
turbine to be measured. The evaluation unit is configured to carry out the evaluations described
in the method claims.

The invention is described by way of example in a preferred embodiment with reference to
drawings, and further advantageous details can be seen in the figures of the drawings.

Functionally identical parts have been provided with the same reference numerals.
The figures of the drawings show in detail:

Fig.1: is a schematic side view of an inclined wind turbine, in which the machine

house is oriented in an azimuth angle position of 0 °;

Fig. 2 is a view like that of Fig. 1, but the machine house has been rotated in an azi-
muth angle position of 180 °;

Fig. 3 is a view like that of Fig.1 and 2, but with an azimuth angle position of 90 ° of the

machine house;
Fig. 4 is a view like that of Fig. 1, 2 and 3, but with an azimuth angle of 270 °;

Fig. 5 is an exemplary illustration of the graph of a series of measurements for an ac-
celeration sensor without tilting relative to the vertical axis of the azimuth bearing.

Fig. 1 is a side view of a wind turbine 1 with a tower 2 and a machine house 4 rotatable at the
upper end of the tower 2 about the longitudinal axis 3 of the tower 2 [...] different azimuth angles
y. For orientation purposes, a rotor 5 is schematically indicated on the machine house 4. The
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tower 2 is oriented inclined at an angle a by its longitudinal axis 3 in relation to the vertical 6 and
thereby in relation to the direction in which gravity acts. Fitted to the machine house 4 is an ac-
celeration sensor 7, the measurement axis 8 of which is indicated by an arrow. The measure-
ment axis 8 is arranged inclined by a tilt angle B relative to the plane of rotation of the machine
house 4, said plane of rotation being indicated by the upper edge of the machine house 4.

Fig. 2 shows the wind turbine [...] the same illustration conventions as Fig.1. However, unlike
the situation shown in Fig. 1, the machine house 4 has been rotated by 180 ° about the longitu-
dinal axis 3 of the tower 2 compared to the position shown in Fig. 1. This can be recognised by
the fact that in the side view, the rotor 5 is shown on the right-hand side on the machine house 4.
It can be seen that the acceleration sensor 7 and the measurement axis 8 thereof assume a
different angle with respect to the vertical 6, compared to the position shown in Fig. 1. In this
embodiment, it is assumed, as is usual in the case of wind turbines, that the machine house 4 is
rotatable about the longitudinal axis 3 of the tower 2 so that the plane of rotation stands vertical-
ly on the longitudinal axis 3 of the tower 2. However, with appropriate adjustments made to the
signal evaluation, the method according to the invention can also be used for cases in which the
axis of rotation of the machine house 4 does not coincide with the longitudinal axis 3 of the tow-
er 2. Finally, in Fig. 3 the wind turbine 1 according to Fig. 1 and 2 is shown with the same illus-
tration conventions as in Fig. 1 and 2. In this respect, unlike Fig, 1 and 2, the machine house 4
is rotated by 90 ° about the longitudinal axis 3 of the tower 2 compared to Fig. 1. This can be
recognised by the fact that the rotor 5 is schematically shown below the plane of the drawing. In
this position, the measurement axis 8 of the acceleration sensor 7 is oriented at a right angle
into the plane of the drawing, as indicated by a cross. In the azimuth angle position of § =90 °
shown in Fig.3, the acceleration sensor measurement axis 8 does not have a component paral-

lel to the plane of the drawing.

Finally, in Fig. 4, the wind turbine 1 according to Fig. 1, 2 and 3 is shown in an azimuth angle
position of 280 °. This azimuth angle position is schematically illustrated by the fact that the rotor
5 now stands above the machine house 4 with respect to the plane of the drawing. Accordingly,
in this position the measurement axis 8 of the acceleration sensor 7 is directed out of the plane
of the drawing, as indicated by a dot.

To implement the method according to the invention, the machine house 4, and thereby the ac-

celeration sensor 7 attached thereto, is rotated in uniform increments from the azimuth angle
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position y = 0 ° according to Fig. 1 via the azimuth angle positions of 90 ° according to Fig. 3, of
180 ° according to Fig. 2 and 270 ° according to Fig. 4 back into the starting position according
to Fig. 1. The output signal from the acceleration sensor 7 is recorded in every position of the
azimuth angle y. In order to eliminate as effectively as possible time-variable components of the
output signal, the measurement is made for a time interval of for example 3 minutes at a rela-
tively high sampling rate. An average value is then determined from the time series and is
picked up as a measured value, associated with the respective azimuth angle, of a series of

measurements.

Fig. 5 is an idealised illustration of a graph of two series of measurements obtained by the de-
scribed method according to the invention. In this respect, the vertical axis indicates the calcu-
lated, time-averaged acceleration values a in units of the gravitational acceleration g. By con-
trast the horizontal axis indicates the angle values of the azimuth angle v, i.e. the angle of rota-
tion of the machine house 4 about the longitudinal axis 3 of the tower 2 of the wind turbine 1. In
this respect, in principle it is not absolutely necessary, in the method for angle values, for y to be
plotted on the horizontal axis. Instead, it is sufficient if it is ensured that the series of measure-

ments are plotted in uniform increments of the azimuth angle y.

The lower series of measurements of Fig. 5 identified by diamonds shows a curve of idealised
series of measurements which would be obtained if the angle B of the tilt of the acceleration
sensor measurement axis 8 relative to the plane of rotation of the machine house 4 is zero, so
that there is no tilt. In this case it is seen that a course of the function graph is produced, which

is symmetrical about the zero line. To evaluate the series of measurements, it is now possible
according to the invention to determine a maximum value 9 and a minimum value 10. Thereafter,
the difference 11 between the maximum value 9 and the minimum value 10 can be determined.
The required inclination angle a can be determined from this difference using the formula:

: 1 amax - amjn
o =arcesm | ———————
2 g

If the upper series of measurements in Fig. 5 [...], which is characterised by squares and which
[...] an idealised series of measurements for an acceleration sensor, the axis of which is orient-

ed in a non-vanishing angle B to the plane of rotation, the following is produced. During the
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evaluation, a maximum value 12 and a minimum value 13 is again calculated. In addition, how-
ever, an offset 14 of the series of measurements relative to the zero line is calculated. The off-
set indicates the shift of the portion, variable with y, of the measuring signal relative to the zero
line. To evaluate the upper series of measurements according to Fig. 5, the required inclination
angle a is then determined using the formula:

| lag, —am
o = arcsin | ——=—=%
{2 g'COS(B)}

In this respect, the angle B, which is in the previously mentioned formula, is determined before-
hand, using the offset value 14 and the following formula:

B = arcsin {a_o}
g

The background to this is that geometric considerations, based on the principle geometric fac-
tors according to Fig. 1 to 4, show that the measured acceleration values in the following func-
tional connection with the inclination angle a and the tilt of the measurement sensor have indi-

cating angle B a =g -sin(ff +a cosy -a) . It can be seen using the formula and on the basis

of Fig. 1 to 4 that the maximum values 9 and 12 where y =0 and y = 360 ° are obtained, as
shown in Fig. 1, for which the tilt B of the sensor 7 produces an excessive increase in the meas-
ured acceleration value. Equally, the minimum values 10 and 13 are associated with the azi-
muth position of 180 ° illustrated in Fig. 2. For purposes of understanding, it must always be
ensured that the acceleration sensor 7 only ever measures the component of the acceleration,
which is oriented in the direction of the acceleration sensor measurement axis 8. The determi-
nation and significance of the offset 14 can be illustrated with reference to Fig. 3 and 4. In the
azimuth positions of 90 ° and 270 °, the inclination angle a does not contribute an acceleration
component in the direction of the acceleration sensor measurement axis 8. Accordingly, in these
positions of the azimuth angle, an acceleration sensor value different from zero is only caused

by a tilt by the angle .
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In this respect, the evaluation of the series of measurements, as illustrated with reference to Fig.
5, is not based on a precise knowledge of the absolute value of the azimuth angle y, since only
maximum values 9, 12 and minimum values 10, 13 have to be evaluated, irrespective of their
position on the horizontal axis. In the simplest case, the offset 14 [...] be determined by subtract-
ing the minimum value 13 from the maximum value 12 and then by subtracting half of this dif-

ference from the maximum value 12.

It is understood that the description provided here sets out from idealised conditions. In practice,
a suitable signal smoothing by methods well-known to a person skilled in the art will initially be
required.

Not shown in Fig. 5, but quite obvious with reference to this figure, the addition of a second ac-
celeration sensor, which is also substantially in the plane of rotation of the machine house 4 but
is rotated by 90 ° relative to the acceleration sensor 7, would produce corresponding curves
which, however, would be shifted horizontally by 90 °. A second acceleration sensor of this type
could be evaluated analogously and a tilt angle, possibly different from the tilt of the first accel-
eration sensor, would have to be considered analogously. To examine effects caused by possi-
ble cross-sensitivities of the acceleration sensors, it is possible to use a further acceleration
sensor which is mounted in the direction of the longitudinal axis 3 of the machine house 4 and
thereby vertically to the plane of rotation.

Thus, the invention provides a method for measuring the inclination of a tower, in particular of a
wind turbine, relative to the gravitational field, by evaluating the output signal from an accelera-
tion sensor configured for picking up static acceleration in the direction of a sensor measure-
ment axis, which method is easy to use, since no particular precision is required for attaching
the acceleration sensors. The rotation of the machine house 4 about the longitudinal axis 3 of
the tower 2 is provided in all conventional wind turbines 1, to allow optimum orientation to the
wind. Thus, the measuring method according to the invention can advantageously be carried
out without modifications being made to the wind turbine. Since, as already mentioned at the
beginning, most wind turbines are already provided anyway with an acceleration sensor 7, pos-
sibly even with a plurality of acceleration sensors, it is possible in many cases to even dispense
with the installation of an acceleration sensor, to implement the method. Instead, all that is nec-
essary is for the signal from the on-board acceleration sensors to be picked up.
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List of reference numerals
1 wind turbine
2 tower
3 longitudinal axis
4 machine house
5 rotor
6 vertical
7 acceleration sensor
8 acceleration sensor measurement axis
9 maximum value, no tilt
10 minimum value, no tilt
11 difference, no tilt
12 maximum value, tilt
13 minimum value, tilt

14 offset
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PATENTKRAV

1. Fremgangsmade til bestemmelse af haeldningen af et tarn (2), isaer et vindenergi-
anleeg (1), i forhold til gravitationsfeltet ved evaluering af udgangssignalet fra en acce-
lerationssensor (7), der er udformet til optagelse af en statisk acceleration i retning af
en sensormaleakse, kendetegnet ved, at accelerationssensoren (7) er fastgjort til en
komponent (4), fortrinsvis en hovedramme, som er drejelig omkring lzengdeaksen (3) af
tarnet (2) i et azimutvinkelomrade pa mindst 180°, fortrinsvis pa 360°, pa en sadan ma-
de, at sensormaleaksen (8) er orienteret i det vaesentligt parallelt med rotationsplanet
af komponenten (4), idet udgangssignalet males og registreres efter hinanden ved for-
skellige azimutvinkler, idet komponenten (4) drejes mellem malinger, hvorved haeldnin-

gen bestemmes ved evaluering af den saledes opnaede maleraekke.

2. Fremgangsmade ifglge krav 1, kendetegnet ved, at komponenten (4) drejes i regel-

maessige azimutvinkeltrin.

3. Fremgangsmade ifglge krav 1 eller 2, kendetegnet ved, at der til hver given azimut-
vinkel efter hinanden males og registreres en reekke udgangssignaler, og der derefter
ud fra raekken af udgangssignaler bestemmes og registreres en gennemsnitlig veerdi,

som laegges til grund for maleraekken.

4. Fremgangsmade ifalge et hvilket som helst af de foregdende krav, kendetegnet ved,
at evalueringen omfatter bestemmelse af en maksimumveerdi (9, 12) og en minimum-
veerdi (10, 13) for méleraekken samt bestemmelse af differencen (11) mellem maksi-

mumveerdien (9, 12) og minimumveerdien (10, 13).

5. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, kendetegnet ved,

at haeldningen beregnes ved hjeelp af falgende formel:

|lla_.. —a.
a= arcsm{—u}
2 g

hvor a betegner haeldningsvinklen, g betegner tyngdsaccelerationen, anax betegner
maksimumveerdien (9, 12) af maleraskken, og ami» betegner minimumvaerdien (10, 13)

af maleraskken.
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6. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, kendetegnet ved,

at haeldningen beregnes ved hjeelp af fglgende formel:

H 1 amax - amin
a = aresinf ———————
|:2 g-cos(ﬂ)]

hvor B betegner haeldningen af sensormaleaksen (8) i forhold til rotationsplanet.

7. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, kendetegnet ved,
at en haeldning af sensormaleaksen (8) i forhold til rotationsplanet bestemmes ud fra
malereekken, fortrinsvis idet der bestemmes en offsetveerdi (14) af en variabel andel af

maleraekken, og der ved bestemmelsen tages hensyn til haeldningen.

8. Fremgangsmade ifglge krav 8, kendetegnet ved, at offsetvaerdien (14) bestemmes
ved, at summen dannes ud fra maksimumveerdien (9, 12) og minimumveerdien (10, 13)

og deles med to, og resultatet treckkes fra maksimumvaerdien (9, 12).

9. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, kendetegnet ved,
at haeldningen beregnes ud fra offsetveerdien (14) ved hjeelp af felgende formel:

L= arcsin[a—oj!
g
hvor 3 betegner haeldningen, g betegner tyngdeacceierationen, og ag betegner offset-

veerdien (14) af den variable andel af maleraekken.

10. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, kendetegnet
ved, at en anden accelerationssensor er fastgjort til komponenten (4) pa en sadan ma-
de, at sensormaleaksen er orienteret i det veesentlige parallelt med rotationsplanet af
komponenten (4) og retvinklet i forhold til sensormaleaksen af den farste accelera-
tionssensor (7), idet udgangssignalet fra den anden accelerationssensor males og re-
gistreres ud over udgangssignalet fra den faorste accelerationssensor (7), idet heeldnin-

gen desuden bestemmes ved evaluering af den saledes opnaede anden maleraekke.

11. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, kendetegnet
ved, at en yderligere accelerationssensor er fastgjort til komponenten (4) pa en sadan
made, at sensormaleaksen er orienteret i det veesentlige lodret i forhold til rotationspla-

net af komponenten (4), idet udgangssignalet fra den yderligere accelerationssensor
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males og registreres ud over udgangssignalet fra den farste accelerationssensor (7),
idet haeldningen desuden bestemmes ved evaluering af den saledes opnaede yderlige-

re maleraekke.

12. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, kendetegnet
ved, at azimutvinklen bestemmes til hvert udgangssignal, og méleraekken, den anden
maleraekke og/eller den yderligere maleraekke udvides ved registrering af den azimut-
vinkel, der er tildelt hvert udgangssignal, til en funktionsgraf, som bestar af ordnede

par, for at bestemme en retning af heeldningen.

13. Indretning til udferelse af fremgangsmaden ifglge et hvilket som helst af kravene 1
til 12, omfattende en evalueringsenhed samt midler til udlaesning af udgangssignaler
fra accelerationssensorer (7), idet evalueringsenheden er udformet til registrering af
udgangssignalet fra en accelerationssensor (7), der er udformet til optagelse af en sta-
tisk acceleration i retning af en sensormaleakse, og til bestemmelse af haeldningen ved

evaluering af den saledes opndede maleraekke.

14. Indretning ifglge krav 13, kendetegnet ved, at evalueringsenheden er udformet til

udfgrelse af evalueringerne ifglge et hvilket som helst af kravene 1 til 12.

15. Indretning ifglge krav 13 eller 14, kendetegnet ved, at den omfatter en accelera-

tionssensor (7).
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