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DESCRIPTION

[0001] The invention describes a generator suspension arrangement; a wind turbine; and a
method of reducing vibrations of a generator assembly.

[0002] A number of basic types of wind turbine can be used to generate electrical power. One
basic type comprises a rotor with an arrangement of rotor blades for turning a low-speed shaft.
The low-speed shaft is connected to a gearbox, which can convert the relatively slow rotation
of the rotor and low-speed shaft into a higher rotational velocity suitable for driving a generator.
A high-speed shaft extends from the gearbox to a generator. This type of generator is sensitive
to alignment of the various components and to coupling of vibrations or oscillations between
the various components. Any vibration in the low-speed shaft, for example, can be transferred
to the gearbox. Any vibration of the gearbox can be transferred in turn to the high-speed shaft
and to the generator. Since the rotating component of the generator has a relatively high
rotational velocity, such vibrations can present a serious problem. However, structural
properties, manufacturing tolerances as well as the usual wear and tear on the relevant
components of the wind turbine mean that vibrations and oscillations cannot realistically be
eliminated entirely. For example, tower vibrations cannot be completely damped; generator
cogging torque can be reduced but not entirely eliminated; etc. Therefore, much effort is
invested in attempting to reduce the effects of oscillation and vibration in this type of wind
turbine. For example, stationary components such as the gearbox and generator can be
mounted on dampers such as rubber mounting feet in an attempt to at least partially absorb
the vibration. In such an approach, for example, the generator can rest on a number of rubber
mounting feet arranged on a floor or base of the wind turbine's nacelle, underneath the
generator. However, since the generator is basically a cylindrical structure "lying on its side",
the placement of any such mounting feet is limited to a narrow region underneath the body of
the generator. The ability of such mounting feet to absorb the forces resulting from vibration of
the generator during operation is limited since they are only effective at absorbing forces that
are transferred directly from the generator body to the mounting feet themselves. Any force
with a direction that does not pass through the mounting feet will not be absorbed, so that the
generator may experience mild to severe vibration during operation.

[0003] If the vibrations reach a level which might lead to damage of the generator or other
wind turbine components, it may be necessary to reduce the output power of the generator.
Clearly, such a reduction in output power is associated with a loss in revenue and is highly
undesirable. In any case, vibrations ultimately result in fatigue damage to various components
and parts of the generator and are therefore very problematic. Various approaches to reducing
vibration in wind turbine generators are known. For example, US 6,232,673 B1 teaches
screwing the generator onto a stationary planetary support to form a drive-train module, and
connecting the drive train module to the bedframe of the wind turbine. However, this
arrangement involves complex installation procedures and would therefore add significantly to
the cost of a wind turbine. WO 02/33254 A1 describes a different wind turbine design, in which
bearing housings carry the turbine shaft, which in turn carries the complete generator.
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However, this arrangement is inapplicable to the type of generator described above.
US2013/0088016 discloses a generator enclosed by a gear housing which has a cardanic
suspension for connecting to a bedframe of the wind turbine. The cardanic suspension is
arranged at one end of the generator unit only, and comprises a ring support circumferentially
enclosing the gear housing. US2013/0088016 describes a generator suspension arrangement
according to the preamble of claim 1. It is therefore an object of the invention to provide an
improved way of reducing the vibrations of a generator of such a wind turbine.

[0004] This object is achieved by the generator suspension arrangement of claim 1; by the
wind turbine of claim 13; and by the method of claim 15 of reducing vibrations of a generator
assembly.

[0005] An advantage of the generator suspension arrangement is that the generator is very
stably supported by the suspension assembly, even if there are vibrations of the high-speed
shaft during operation. The suspension points can be located favourably close to the body of
the generator, and by arranging the suspension points of the suspension assembly outside the
body of the generator unit, i.e. to hold the generator assembly in a suspended and "low-slung"
fashion, vibrations that arise during operation of the wind turbine can be very favourably
transferred to and absorbed by the generator suspension arrangement. Essentially all loading
forces arising from vibrations will be transferred via the suspension points into the suspension
assembly, so that, in contrast to the conventional mounting solutions, vibrations of the high-
speed shaft will not result in vibration of the generator. The distance between the generator
body and the suspension points preferably comprises a distance in the range of 0.0 - 300 mm.
The suspension points can be arranged close to the body of the generator.

[0006] The wind turbine comprises a generator unit, which generator unit comprises a
generator for generating electric power, and such a generator suspension arrangement
arranged to support the generator unit.

[0007] An advantage of the wind turbine is that fatigue damage to components of the wind
turbine can be reduced. For example, since the vibrations of the high-speed shaft can be very
effectively transferred to the generator suspension arrangement as described above, damage
that would otherwise arise from those vibrations can be reduced or even eliminated. The
generator suspension arrangement can therefore contribute to a lifetime extension of the wind
turbine.

[0008] The method of reducing vibrations of a generator unit of a wind turbine comprises the
steps of arranging a suspension assembly of a generator suspension arrangement according
to any of claims 1 to 12 on a bedframe of the wind turbine; and connecting a generator unit to
the suspension points of the suspension assembly to transfer the weight of the generator unit
to the suspension assembly.

[0009] An advantage of the method lies in the simple approach to provide stable support of
the generator unit. The generator suspension arrangement can be realised without any
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significant increase in cost, and without any significant alteration or adaptation of structural
components such as the bedframe, as will be explained below. Therefore, the method provides
a cost-effective and efficient way of reducing the impact of vibrations in a wind turbine
generator.

[0010] Particularly advantageous embodiments and features of the invention are given by the
dependent claims, as revealed in the following description. Features of different claim
categories may be combined as appropriate to give further embodiments not described herein.

[0011] In the following, it may be assumed that the wind turbine comprises an arrangement of
rotor blades for turning a low-speed shaft, a gearbox, and a high-speed shaft connected to a
generator. Since the windings of an electric generator become hot during operation of the
generator, particularly at power output levels close to rated power output, a wind turbine
generator is usually cooled by some kind of cooling arrangement mounted in close proximity to
the generator. Therefore, in the following but without restricting the invention in any way, it may
be assumed that the "generator unit" comprises not only the generator but also any number of
additional components mounted onto the body of the generator, for example a cooling or
ventilation module mounted on top of the generator body. Of course, the generator unit may
just comprise the generator itself.

[0012] The generator suspension arrangement can be realised to connect to the generator in
any suitable manner. For example, suspension points can be arranged in any combination
along the front end and along the rear end of the generator unit, and may also be arranged
along the sides of the generator unit. According to the invention, the suspension assembly
comprises a front suspension assembly realised to suspend a front end of the generator unit
and a rear suspension assembly realised to suspend a rear end of the generator unit. In this
way, the front of the generator can be suspended by one or more suspension points, while the
rear of the generator can be suspended by one or more suspension points. The placement of
suspension points at the front and rear ends of the generator is particularly effective for the
absorption of vibrations, since the high-speed shaft of the wind turbine enters the generator
unit at the front and extends to the rear. Therefore, vibrations of the high-speed shaft can be
uniformly passed to the arrangement of suspension points.

[0013] The suspension points can be arranged favourably close to the body of the generator.
Usually, the generator is arranged within a portion of a bedframe supporting structure or
framework, and may be lowered into the bedframe (already mounted on top of the wind turbine
tower) by a crane during an assembly procedure. Depending on the physical realisation of the
bedframe and the generator, some clearance may be required. Therefore, in a particularly
preferred embodiment, the distance between the generator body and the suspension points
comprises a distance in the range of 0.0 - 300 mm. In this way, a favourable close fitting
installation is made possible.

[0014] The generator can be connected to the generator suspension arrangement in any
suitable manner. However, in a particularly preferred embodiment, the generator suspension
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arrangement comprises an interface structure realised for connecting the generator unit to the
suspension assembly. For example, an interface structure could be realised as an end plate for
mounting to the front end of the generator, with a number of brackets extending outward from
the end plate, so that a bracket extends towards a suspension point. One such end plate could
be realised for mounting to the front end of the generator, while another such end plate could
be realised for mounting to the rear end of the generator.

[0015] As indicated above, vibrations or oscillations are transferred to the generator by the
high-speed shaft. Therefore, in a preferred embodiment, the interface structure comprises at
least one suspension plate realised to extend from the interface structure to the suspension
assembly. Such a suspension plate can be held between a suspension point and a bracket of
the interface end plate, for example. Preferably, a suspension plate extends from the interface
structure in a plane essentially parallel to the axis of rotation of the generator. In this way, any
loading forces ensuing from vibrations of the rotating high-speed shaft will be optimally
transferred from the generator unit to the generator suspension arrangement. Such a
suspension plate can be realised as a thick steel plate connected in some suitable way to a
suspension point. In a preferred embodiment, the suspension assembly comprises a number
of clamps, whereby a clamp is realised to clamp about such a suspension plate. In a
particularly preferred embodiment, such a clamp is also arranged in a plane essentially parallel
to the axis of rotation of the generator, so that loading forces arising from the vibrations are
transferred very effectively from the generator unit and into the generator suspension
arrangement.

[0016] As indicated above, the suspension points are located at a distance outward from the
body of the generator, i.e. outside a "footprint" of the generator, wherein the generator footprint
is to be understood as the outline of the generator when viewed from above. The usual
cylindrical shape of a generator, for example, will have an essentially rectangular "footprint". As
explained above, the suspension points are arranged outside a footprint of the generator unit,
whereby the footprint may be understood to be taken in a mounting plane defined by the
suspension points. Preferably, the suspension points are arranged about a favourably "large"
footprint. The favourable reduction in loading forces at the suspension points is achieved in the
generator suspension arrangement by arranging the suspension points widely apart. In a
preferred embodiment, a pair of suspension points (at the front or rear end of the generator) is
separated by a distance comprising at least 100%, more preferably at least 115%, most
preferably at least 130% of the diameter of the generator. For example, a pair of suspension
points can be separated by a distance comprising 133% of the generator diameter in a "low-
slung" supporting arrangement.

[0017] Another parameter used to quantify a realisation of the generator suspension
arrangement can be the projected distance between a suspension point and the base of the
generator. For example, a suspension point at the front of the generator is offset from the base
of the generator by a first distance, and a suspension point at the rear of the generator is offset
from the base of the generator by a second distance. A very favourably stable suspension can
be achieved when the sum of these distances is about half of the generator diameter.
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Therefore, in a preferred embodiment, the sum of these distances preferably comprises 40% -
60% of the generator diameter. The suspension points at the front of the generator can be
higher than, or at the same level as, the suspension points at the rear of the generator.
Equally, the suspension points at the front of the generator can be lower than the suspension
points at the rear of the generator.

[0018] In a further preferred embodiment, the generator suspension arrangement comprises
a vertical offset structure arranged underneath the suspension points of the suspension
assembly. In a preferred embodiment, the vertical offset structure comprises an I-beam. For
example, one I-beam can be arranged underneath the suspension points at the front of the
generator, and a second I-beam can be arranged underneath the suspension points at the
rear end of the generator. An I-beam can be arranged in a transverse manner relative to
longitudinal I-beams of the bedframe, and can be secured to the longitudinal beams in any
suitable manner, for example by means of a bolted connection, a welded connection, etc. In
this way, the suspension points can be realised on a stable and structurally strong basis, since
the bedframe is usually constructed using sturdy |-beams or joists of structural steel.
Preferably, the vertical offset structure and the suspension assembly are realised such that no
additional height is added to the generator arrangement, i.e. so that the generator does not
need to be mounted at a higher level relative to the bedframe. In this way, existing generator
designs can be mounted using the generator suspension arrangement without any additional
design effort.

[0019] To suppress propagation of vibration from the generator and into the supporting
structures such as the vertical offset structures and the bedframe, in a preferred embodiment
the generator suspension arrangement comprises a damper between each suspension point
and its vertical offset structure. A damper can comprise a rubber mat, for example, or any
other suitable shock-absorbing element. Preferably, the damper comprises a vertical stiffness
in the range 13.0 - 14.0 KN/mm.

[0020] Usually, the drive shaft of a wind turbine is arranged to tilt upward from the horizontal
by a few degrees, for example by about 6°, so that the rotor blades do not collide with the
tower. The generator is therefore also arranged at such a tilt angle, so that the front end of the
generator is slightly higher than the rear end. In one preferred embodiment, the mounting
plane defined by the suspension points comprises an essentially horizontal plane. This means
that any interface structure between the generator unit and the generator suspension
arrangement preferably takes into account this angle of tilt. For example, a suspension
assembly can be realised to meet a corresponding suspension plate at this angle of tilt, while
at the same time being mounted to a vertical support structure.

[0021] The front end plate, bracket and suspension plate arrangement and the rear end plate,
bracket and suspension plate arrangement are preferably realised such that the suspension
points are in the same horizontal plane, even if the vertical support structures at the front end
and rear end of the generator unit are of equal height. This can be achieved by arranging the
brackets and suspension plates of the rear end plate at a higher level than those of the front
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end plate. This will become clear from the drawings.

[0022] In an alternative embodiment, a mounting plane defined by the suspension points
comprises an inclined plane, which inclined plane is essentially parallel to an axis of rotation of
the generator unit. In such a realisation, the front end plate, bracket and suspension plate
arrangement and the rear end plate, bracket and suspension plate arrangement are preferably
realised such that the suspension plates lie in the same inclined plane as the suspension
points. This can be achieved by arranging a higher vertical support structure at the front end of
the generator unit, and a lower vertical support structure at the rear end of the generator unit.

[0023] For any embodiment of the generator suspension arrangement, the suspension points
of the suspension assembly are preferably arranged such that the centre of mass of the
generator unit lies in the mounting plane or at a distance above the mounting plane, which
distance comprises at most 20% of a diameter of the generator unit. For example, if the
generator unit comprises basically just the generator, its centre of mass will lie essentially half-
way along the axis of rotation of the generator. However, if a heavy module such as a cooling
arrangement is mounted on top of the generator such that the mass of the generator unit
comprises the mass of the generator as well as the mass of the cooling arrangement, the
centre of mass of this generator unit will be at a distance removed from the axis of rotation of
the generator, i.e. the centre of mass is displaced in the direction of the cooling arrangement.

[0024] The generator suspension arrangement can comprise any number of suspension
points. In a particularly preferred embodiment, the suspension assembly comprises an
essentially rectangular arrangement of four suspension points, wherein two front suspension
points are arranged to support the front end of the generator unit and two rear suspension
points are arranged to support the rear end of the generator unit.

[0025] Other objects and features of the present invention will become apparent from the
following detailed descriptions considered in conjunction with the accompanying drawings. It is
to be understood, however, that the drawings are designed solely for the purposes of
illustration and not as a definition of the limits of the invention.

Fig. 1 shows a schematic side view of a first embodiment of a generator suspension
arrangement;

Fig. 2 shows a perspective view of the generator suspension arrangement of Fig. 1;

Fig. 3 shows a detail of a suspension assembly of the generator suspension arrangement of
Fig. 2;

Fig. 4 shows a schematic plan view of a second embodiment of a generator suspension
arrangement;

Fig. 5 shows a schematic representation of the forces acting on a generator unit in an
embodiment of a generator suspension arrangement;
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Fig. 6 shows a graph of reaction force against mounting angle;

Fig. 7 shows a schematic representation of the forces acting on a generator unit in generator
mounting arrangement;

Fig. 8 shows a simplified side view of a generator held in a generator suspension assembly;

Fig. 9 shows a schematic representation of an embodiment of a wind turbine.

[0026] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0027] Fig. 1 shows a schematic side view of a first embodiment of a generator suspension
arrangement 1. The diagram shows a generator unit 2 of a wind turbine resting on suspension
points 10. The generator unit 2 comprises a generator 20, and a cooling arrangement 21
mounted on top of the generator 20. The centre of mass Cyq of the generator 20 would usually
lie on at a point on the axis of rotation R of the generator 20. However, since the cooling
arrangement also has a significant weight and is mounted on top of the generator 20, the
centre of mass C, of the generator unit 2 therefore lies above the axis of rotation R of the

generator 20. For example, for a generator 20 with a mass of 8 tons and a cooling
arrangement with a mass of 2 tons, the combined centre of mass C, will be at above the axis

of rotation R by a distance do4 of about 20% of the generator diameter Dyg.

[0028] The diagram also shows interface assemblies 30F, 30R to facilitate connection of the
generator unit 2 to the generator suspension arrangement 1. The interface assemblies 30F,
30R are mounted to the front and rear ends 20F, 20R of the generator 20, and are realised to
fit about a set of suspension plates 31. The diagram shows two such suspension plates 31 on
one side of the generator 20, and a further two suspension plates 31 may be visualized on the
other (hidden) side of the generator 20. Each suspension plate 31 is held by a clamp 11 of a
suspension assembly 10, 11, 12, such that the weight of the generator unit 2 is transferred to
the suspension assembly 10, 11, 12 via a suspension point 10. In this exemplary embodiment,
each suspension point 10 is located centrally over a damper 12 and a vertical offset structure
13 which in turn is mounted to a bedframe structure (partially indicated in the diagram by
horizontal broken lines) of the wind turbine. The four suspension points 10, when connected by
virtual lines, define a horizontal mounting plane Py as indicated in the diagram by the dashed

line.

[0029] Fig. 2 shows a perspective view of the generator suspension arrangement 1 of Fig. 1,
holding a generator unit 2. A bedframe 41 comprises two longitudinal I-beams 41 of a support
framework that is generally mounted to the top of the wind turbine tower. A nacelle or canopy
is generally secured to that support framework. The diagram only shows parts that are relevant
to the generator suspension arrangement, and clearly shows the upwardly tilted position of the
generator 20 relative to a horizontal bedframe of the wind turbine. The angle of tilt may be
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about 6°. The diagram also shows the interface structures 30F, 30R with brackets 32 for
mating with suspension plates 31, and the clamps 11 for clamping about the suspension plates
31. The dampers 12 for the suspension points are arranged over two vertical support
structures 13, which provide a vertical offset from the "floor" of the nacelle in which the
bedframe 41 is mounted.

[0030] Fig. 3 shows a detail of a suspension assembly 10, 11, 12 of the generator suspension
arrangement 1 of Fig. 2. This larger view shows clearly how a clamp 11 fits about a suspension
plate 31, which in turn is held by a bracket 32 of a front plate 30F of the interface structure.
The suspension plate 31 in the clamp 11 acts to transfer the weight of the generator effectively
through one point - the suspension point 10 - to the vertical offset structure 13 and then to the
bedframe 41 to which the vertical offset structure 13 is mounted. The diagram also shows a
damper 12 between the clamp 11 and a base 14. The damper 12 is shown as a rubber cup-
like element that acts as a shock absorber to dampen any vibrations during operation of the
generator 20. The height v43F of the vertical offset structure 13, along with any relevant height

of the other components 10, 11, 12, 14 of the suspension assembly define the height of a
corner of the mounting plane P shown in Fig. 1.

[0031] Fig. 4 shows schematic views of a second embodiment of a generator suspension
arrangement 1. On the left-hand side of the diagram, a plan view indicates the generator 20,
the front and rear ends 30F, 30R of an interface structure 3, four suspension plates 31, and
four suspension points 10 (indicated by "x" in each case). Here, it can be seen that the
suspension points 10 are arranged at a distance laterally outward from the generator 20, so
the distance dqg between the suspension points 10 exceeds the generator diameter Dyg.

[0032] On the right-hand side of the diagram, a simplified perspective view shows the
generator 20 and the four suspension points 10 relative to the front end 20F and the rear end
20R of the generator 20. In this embodiment, the suspension points 10 at the front end 20F of
the generator 20 are at a height vq3r which is higher than the height v43r of the suspension

points 10 at the rear end 20R of the generator 20, so that the mounting plane Pj,. is inclined.

The points at the body of the generator 20 that effectively correspond to the suspension points
10 define a slice through the generator body. When projected onto a horizontal plane, as
indicated in the diagram, a corresponding "footprint" F may be visualized. The diagram
indicates that the suspension points 10 lie outside this footprint F.

[0033] Fig. 5 shows a schematic representation of the relationship between generator
mounting means and the centre of mass Co of a generator unit 2. The generator 20 is

indicated here, looking at the front end 20F. The diagram shows a mounting arrangement, in
which the generator 20 is suspended from suspension points 10 of a generator suspension
arrangement. Regarding the two suspension points 10 as outer corners of an isosceles
triangle, the centre of mass C, of the generator unit 2 is the apex of this triangle, which may be
regarded as a "stability triangle", since a suspension arrangement may be considered stable if
the points defining this triangle satisfy certain properties as will become clear in the following.
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Any forces acting on the generator 20 - resulting from a vibrating rotor shaft, tower oscillations,
cogging torque, etc. - can be regarded as a collective force Fcom acting at the centre of mass

C, of the generator unit 2. Owing to the rotating behaviour of the generator 20 and the various
sources of loading forces, the force Fcowm is neither static nor constant, and can act on the
centre of mass C» from any direction. This force Fcop will be countered by a reaction force F g

at the generator's suspension points. For the generator suspension assembly, the suspension
points 10 are relatively widely spaced. For example, the distance d4g between the suspension

points 10 can comprise 133% of the generator diameter Dyg. The effect of this arrangement is
that the relative reaction force F4g at the suspension points 10 is small. This is shown in Fig. 6,

which shows a graph 60 of relative reaction in units of force [N] at the suspension points 10 of
a generator unit 2, against angle B [°]. For an angle B of about 45°, the relative reaction is only
about 0.5, i.e. the magnitude of the reaction force F g is only about half that of the force Fcom

and acts in the same direction or in the opposite direction as the force Fgopm. The generator
unit 2 will therefore not vibrate significantly in response to a force Fy acting on its centre of

mass Co.

[0034] Fig. 7 shows a mounting arrangement in which the generator 20 of a generator unit 2
rests on one or more mounting feet 8 arranged underneath the generator 20. A triangle
defined by the outer corners 80 of the mounting foot 8 and the centre of mass C, of the

generator unit 2 is again an isosceles triangle, in this case with an angle in excess of 75° at
each outer corner 80 of the mounting foot 8. In this realisation, the forces Fcop acting on the

centre of mass C, of the generator unit 2 will again be countered by a reaction force Fgp at the
generator's mounting points, but the reaction force Fgg will be significantly larger. This is also
indicated in Fig. 6, which shows that the relative reaction reaches values of about 4.0 for an
angle 3 of about 75° at the outer corners 80 of the mounting foot 8, i.e. the magnitude of the
reaction force Fgg is four times as large as the force Fcom acting on the centre of mass C, of
the generator unit 2. This mounting arrangement is therefore associated with considerable
vibration or instability during operation of the generator 20.

[0035] Fig. 8 shows another simplified side view of a generator 20 held in a generator
suspension assembly. The diagram indicates the distance v1or between a suspension point 10

at the front of the generator 20 and the base of the generator 20; and the distance vigr
between a suspension point 10 at the rear of the generator 20 and the base of the generator
20. The sum of these distances (vioF + vigr) is between 40% and 60% of the generator
diameter Dog. When the suspension points 10 are arranged in this manner, a very favourable
suppression or reduction in vibrations can be achieved, so that the generator 20 and other
components are effectively protected from the detrimental effects of material fatigue and
stress.

[0036] Fig. 9 shows a simplified schematic representation of an embodiment of a wind turbine
4. The wind turbine 4 comprises a nacelle 40 mounted on top of a tower 42, and has a rotor
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with a number of blades 43 to turn a low-speed shaft 44. This enters a gearbox 45, which
converts the lower rotational speed into a higher rotation speed of a high-speed shaft 46. The
high-speed shaft 46 in turn drives the generator 20. Manufacturing tolerances, wear and tear,
and various other alignment factors mean that any vibration or offset in the low-speed shaft 44
and/or gearbox 45 may be transferred to the high-speed shaft 46 and may possibly also be
amplified. The generator 20 itself may also have a tendency to vibrate for various reasons. The
generator suspension arrangement 1 ensures that any vibration experienced by the generator
20 is transferred to the suspension assemblies 10, 11, 12, where such vibrations are effectively
absorbed, while the weight of the generator 20 is ultimately carried by the bedframe I-beam
arrangement 41 (indicated by the broken lines). Another embodiment (not shown) of the wind
turbine 4 of figure 9 comprises a direct drive generator without a gearbox. In this embodiment,
the rotor's low speed shaft 44 is directly connected to the generator 20.

[0037] Although the present invention has been disclosed in the form of preferred
embodiments and variations thereon, it will be understood that numerous additional
modifications and variations could be made thereto without departing from the scope of the
invention.

[0038] For the sake of clarity, it is to be understood that the use of "a" or "an" throughout this
application does not exclude a plurality, and "comprising" does not exclude other steps or
elements. The mention of a "unit" or a "module" does not preclude the use of more than one
unit or module.
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Patentkrav

1. Generatorophaengningsanordning (1) til ophaengning af en generatorenhed
(2) af en vindmglle (4), hvilken generatorophaengningsanordning (1) omfatter
en ophangningssamling (10, 11, 12), der er tilpasset til blive monteret pa en
fundamentramme (41) af vindmgllen (4), for den forbindes med generatoren-
heden, hvilken ophaengningssamling (10, 11, 12), nar den farst er monteret pa
fundamentrammen, omfatter en flerhed af ophaengningspunkter (10), der er
anbragt i en afstand (D12) udad fra generatorenhedens legeme, hvilke op-
haengningspunkter er anbragt uden for generatorenhedens profil set oppefra,
kendetegnet ved, at ophaengningspunkterne (10) er anbragt séledes, at de
understatter den forreste ende (20F) af generatorenheden (2) og den bageste
ende (20R) af generatorenheden (2), og er udformet til at overfgre veegten af
generatorenheden (2) til ophaengningsamlingen (10, 11, 12).

2. Generatorophaengningsanordning ifalge krav 1, hvor opheaengningssamlin-
gen (10, 11, 12) omfatter en forreste ophaengningssamling (10, 11, 12), som
er udformet til ophaengning af en forreste ende (20F) af generatorenheden (2),
0g en bageste ophaengningssamling (10, 11, 12), der er udformet til ophaeng-
ning af en bageste ende (20R) af generatorenheden (2).

3. Generatorophaengningsanordning ifelge krav 1 eller krav 2, omfattende en
greensefladestruktur (30F, 30R, 31), som er udformet til at forbinde generato-
renheden (2) med ophangningssamlingen (10, 11, 12).

4. Generatorophangningsanordning ifelge krav 3, hvor greensefladestruktu-
ren (30F, 30R, 31) omfatter en enderamme (30F, 30R) til anbringelse ved en
ende (20F, 20R) af generatorenheden (2) og mindst en ophasngningsplade
(31), som er udformet til at strackke sig fra en enderamme (30F, 30R) til en
ophangningssamling (10, 11, 12).

5. Generatorophasngningsanordning ifelge krav 4, hvor en ophaengningsplade
(31) streekker sig til opheengningssamlingen (10, 11, 12) i et plan i det veesent-
lige parallelt med en rotationsakse (R) af en generator (20) af generatorenhe-
den (2).
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6. Generatorophaengningsanordning ifelge krav 4 eller krav 5, hvor ophaeng-
ningssamlingen (10, 11, 12) omfatter et antal af klemmer (11), hvor en klemme
(11) er udformet til at klemme om en ophaengningsplade (31).

7. Generatorophangningsanordning ifelge et af de foregdende krav, omfat-
tende en vertikal offset-struktur (13) mellem fundamentrammen (41) af vind-
mollen (4) og en ophaengningssamling (10, 11, 12).

8. Generatorophaengningsanordning ifglge krav 7, hvor ophaengningssamlin-
gen (10, 11, 12) omfatter en deemper (12) mellem et ophaengningspunkt (10)
0g en vertikal offset-struktur (13).

9. Generatorophaengningsanordning ifalge et af de foregadende krav, hvor et
monteringsplan (Pnor), som er defineret af ophaengningspunkterne (10), omfat-
ter et i det vaesentlige horisontalt plan (Pnor).

10. Generatorophaengningsanordning ifglge et af de foregdende krav, hvor et
monteringsplan (Pinc), som er defineret af ophaengningspunkterne (10), omfat-
ter et skrat plan (Pinc), hvor det skra plan (Pinc) er i det vaesentlige parallelt med
rotationsaksen (R) af generatoren (20).

11. Generatorophaengningsanordning ifalge et af de foregadende krav, hvor op-
haengningspunkterne (10) af ophaengningssamlingen (10, 11, 12) er anbragt
pa en sddan made, at tyngdepunktet (Cz) af generatorenheden (2) ligger i
monteringsplanet (Pnor, Pinc) €ller i en afstand (d21) over monteringsplanet (Phor,
Pinc), hvilken afstand (d21) omfatter hajst 30 %, fortrinsvis hgjst 25 %, mest
fortrinsvis hgjst 20 % af en diameter (D20) af generatorenheden (2).

12. Generatorophaengningsanordning ifalge et af de foregadende krav, hvor op-
haengningssamlingen (10, 11, 12) omfatter et rektanguleert arrangement af fire
ophaengningspunkter (10), hvor to forreste ophaengningspunkter (10) er an-
bragt séledes, at de understotter den forreste ende (20F) af generatorenheden
(2), og to bageste ophaengningspunkter (10) er anbragt saledes, at de under-
stotter den bageste ende (20R) af generatorenheden (2).

13. Vindmglle (4), der omfatter
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- en generatorenhed (2), hvilken generatorenhed (2) omfatter mindst en gene-
rator (20) til frembringelse af elektrisk effekt; og

- en generatorophaengningsanordning (1) ifelge et af kravene 1 til 12, som er
anbragt saledes, at den opheaenger generatorenheden (2) over en fundament-
ramme (41) af vindmgllen (4).

14. Vindmglle ifglge krav 13, hvor generatorenheden (2) omfatter en kolean-
ordning (21), som er monteret gverst pa generatoren (20).

15. Fremgangsmade til reduktion af vibrationer fra en generatorenhed (2) pa
en vindmglle (4), hvilken fremgangsmade omfatter trinnene med at

- montere en ophaengningssamling (10, 11, 12) af en generatorophaengnings-
anordning (1) ifelge et af kravene 1 til 12 pa en fundamentramme (41) af vind-
mollen (4); og

- at forbinde en generatorenhed (2) med opheengningspunkterne (10) af op-
haengningssamlingen (10, 11, 12) for at overfare veegten af generatorenheden
(2) til opheengningssamlingen (10, 11, 12).
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DRAWINGS
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