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(57) Abstract: The invention relates to a method for installation of a power control module in a tower for a wind turbine. The meth -
od includes, providing a power control module (101) and providing a tower section (201). According to the invention the following
steps are included in the mentioned sequence. a) providing a temporary support device (301), b) placing the power control module
(101) on the temporary support device (301), ¢) placing the tower section (201) around the power control module (101), d) connect -
ing the power control module (101) to the tower section (201), and e) removing the connected power control module (101) and
tower section (201) from the temporary support device (301). The invention also relates to an aggregate component for a wind tur -
bine. The component includes a power control module (101) and a tower section (201). The power control module (101) is connec -
ted to and supported by the tower section (201) in a state as a pre-fabricated and mobile component. According to the invention the

power control module (101) hangs suspended in the tower section (201).
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A METHOD FOR INSTALLATION OF A POWER CONTROL MODULE IN A
WIND POWER UNIT TOWER AND AN AGGREGATE COMPONENT

Field of invention

The present invention in a first aspect relates to a method for installation of a
power control module (PCM) in a tower for a wind power unit, which method
includes providing a power control module and providing a tower section.

In a second aspect, the invention relates to an aggregate component for a wind
power unit, which component includes a power control module and a tower
section, which power control module is connected to and supported by the tower

section in a state as a pre-fabricated and mobile component.

Background of invention

A wind turbine with horizontal axis includes the main components turbine
blades, a nacelle on which the blades are mounted and in which the electric
generator is housed, a tower, at the top of which the nacelle is mounted and power
control module arranged at the bottom of the tower. Transportation of the
components and the assembling of these are circumstantial due to the high weight
and the large dimensions and represent a considerable part of the costs for
erecting a wind turbine. It is therefore important to arrange for the transportation
and installation to be as rational as possible. The general object of the present
invention is to attain improvements in this respect, in particular with regards to the
power control module and the tower and the relation between these components.

The power control module contains the equipment required for the control of
the turbine and for transferring the generated current to an appropriate electric
output for the grid. The PCM thus may include a transformer, a converter, internal
power supply and other mechanical and electrical accessories as well as a
structural framework including platforms. The PCM may be divided into
compartments arranged above each other, e.g. three compartments. Typically the
transformer may be located in the lowermost compartment, the converter in the
intermediate compartment and other equipment and sub-system in the uppermost
compartment.

Traditionally the PCM is mounted on a foundation at the erection site and then

the tower is mounted around it or a section of the tower is mounted on the
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foundation and the PCM is lowered into the tower section. This in many cases is a
troublesome and time-consuming procedure, in particular at off-shore applications
and at other windy places which for obvious reasons often is chosen.

EP 1788242 discloses an example of this technique, where a tower section is
attached to the foundation. The tower section has supports on which platforms are
lowered down to rest on the support, and the equipment is arranged on the
platforms. Another example is disclosed in EP 2280168. Further similar
arrangements are disclosed in EP 2108816, WO 2010103114, WO 2012130245
and DE 102010053360. EP2093417 discloses a preassembling of electronic

subsystems onto a tower section.

Summary of invention

In the light of the above, the object of the present invention is to rationalize the
transportation of the PCM and the tower as well as the assembly of these
components to each other and to overcome the drawbacks related to the prior art
in this respect.

This object is according to the first aspect of the invention achieved in that a
method of the kind specified in the preamble of claim 1 includes the specific
measures specified in the characterizing portion of claim 1.Thus a temporary
support device is provided, followed by placing the power control module on the
temporary support device, placing the tower section around the power control
module ,connecting the power control module to the tower section, and removing
the connected power control module and tower section from the temporary support
device.

Thereby the number of crane actions is reduced, the transportation of these
components is more effective and volume saving since they are transported in
assembled condition. Also the mounting at the erection site is simplified. This
contributes to a more cost effective transport and assembling. By using a
temporary support device when assembling the PCM and the tower section, the
connection of these components is simplified, provides greater flexibility regarding
how to connect the components to each other and is important with regards to

reducing crane time.
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It is to be understood that the assembly can be performed with a pre-mounted
complete PCM as well as sequentially assemble the compartments of the PCM
above each other.

According to a further preferred embodiment of the invented method, the
placing of the PCM on the temporary support device, the placing of the tower
section around the PCM and the removing of the connected PCM and tower
section from the support device are performed by vertically moving the respective
item.

This is the simplest and most effective way of performing these action and
which easily can be made by a crane.

According to a further preferred embodiment, the method includes the further
steps of moving the connected PCM and tower section to a vessel for
transportation to an off-shore erection site and placing the connected PCM and
tower section on an off-shore located foundation.

The advantages of the present invention are most pertinent for off-shore
applications because the assembled PCM and tower section normally has such a
size that the transportation advantages are related to transport on a vessel.

According to a further preferred embodiment, the connecting of the PCM to the
tower section includes hanging the PCM in the tower section.

This in many cases provides good stability and security for the connection.

According to a further preferred embodiment, the hanging of the PCM is
performed by at least three bars.

Using bars, i.e. rigid elements, for the hanging, results in good stability and
precision. Preferably the number of bars are at least four. Preferably the bars are
made of steel. Preferably they are connected to the platform of the uppermost
compartment.

According to a further preferred embodiment, the bars are attached to an
internal flange of the tower section.

This provides a secure and well defined support for the bars and is a
constructional easy solution. Preferably the ends of the bars are bolts extending
through holes in the flange. Preferably the flange is located at the top of the tower
section for obtaining maximal stability.
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According to an alternative preferred embodiment, an internal support means is
attached on the tower section, and the PCM is placed to rest standing on the
internal support.

Also this alternative results in a connection that is stable and secure. The
internal support means may be arranged to directly support only the platform of
the lowermost compartment of the PCM, whereby the other compartments are
supported via the lowermost compartment. The support means may consist of a
plurality of consoles attached to the inner wall of the tower section.

According to a further preferred embodiment, the PCM is attached to the
internal support means.

Thereby the PCM is fixed also laterally eliminating the risk for relative
movement between the PCM and the tower section.

According to a further preferred embodiment, elastic means are mounted
between the PCM and the tower section.

This arrangement prevents the PCM to knock against the tower section when
the tower section is moving either during transport or in operation when the tower
is moving/bending back and forth during different wind loadings. The elastic
means are preferably mounted on the PCM. The elastic means are primarily of
importance when the PCM is hanging, whereas when the PCM is resting on
support means this problem in most cases is of minor kind.

According to a further preferred embodiment the elastic means includes a
plurality of rubber elements.

This is an easy and reliable way of providing the elasticity.

According to a further preferred embodiment, at least some of the rubber
elements are vulcanised to steel brackets.

Thereby the elastic means may be tuned to have an adequate relation between
a certain rigidity and a certain elasticity. Preferably all the rubber elements are
vulcanised to steel brackets.

The above described preferred embodiments are specified in the claims
depending from claim 1.

According to the second aspect of the invention, the object is achieved in that
an aggregate component of the kind specified in claim 12 includes the specific
features specified in the characterizing portion of claim 12. Thus the PCM hangs
suspended in the tower section.
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According to preferred embodiments the aggregate component further includes
one or more of the devices included in the invented method, in particular according
to any of the preferred embodiments thereof.

The invented aggregate component and the preferred embodiments thereof
have advantages corresponding to those of the invented method and the preferred
embodiments thereof, and which advantages have been described above.

It is to be understood that further preferred embodiments of the invented
method and the invented aggregate component may be constituted by any
possible combination of the features in the preferred embodiments and with any
possible combination of these features with features described in relation to the

following presentation of examples.

Brief description of the drawings

Fig. 1 illustrates a first step of the invented method according to a first example.

Fig. 2 illustrates a second step according to the first example.

Fig. 3 illustrates a third step according to the first example.

Fig. 4 illustrates a fourth step according to the first example.

Fig. 5 illustrates a fifth step according to the first example.

Fig. 6 illustrates a sixth step according to the first example.

Fig. 7 illustrates a seventh step according to the first example.

Fig. 8 illustrates the sixth step more in detalil.

Fig. 9 illustrates the seventh step more in detail.

Fig. 10 illustrates a first step of the invented method according to a second
example.

Fig. 11 illustrates a second step according to the second example

Fig. 12 illustrates a third step according to the second example.

Fig. 13 in a perspective view illustrates a detail of the PCM according to an

example of the invention.

Description of examples

Fig. 1, like all the figures illustrating the first example of the invented method,
Is a perspective view of the assembling in a port environment. A temporary
support 301 is placed on the ground. The temporary support 301 is depicted as a
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simple stand having an upper square frame of steel beams with a leg in each
corner.

A pre-assembled PCM 101 is hanging in the wires of a crane above the
temporary support 301. The PCM consist of a first 111, a second 112 and a third
113 compartment. The first, lowermost compartment 111 has a bottom platform
114 and a framework of steel beams 115 extending upwards from the platform
114. Similarly the second, intermediate compartment 112 has a platform 116 at
the bottom and a framework of beams 117. The third, uppermost compartment
113 has a bottom platform 118 and a surrounding fence 119. The beams 115 of
the lowermost compartment 111 are attached to the platform 116 of the
intermediate compartment 112, and the beams 117 of the intermediate
compartment 112 are attached to the platform 118 of the uppermost compartment,
such that the entire PCM 101 can be lifted by wires attached to the uppermost
compartment 113.

The platform 114 of the lowermost compartment 111 supports a first group of
equipment, e.g. including a transformer 120. The platform 116 of the intermediate
compartment 112 supports a second group of equipment, including e.g. a
converter 121. And the platform 118 of the uppermost compartment 113 supports
a third group of equipment, including e.g. internal power supply system 122.

From the position illustrated in fig. 1 the PCM 101 is by the crane lowered down
to rest on the temporary support 301.

In fig. 2 the PCM 101 is shown resting on the temporary support 301. A tower
section 201 is hanging in the crane and is lowered down around the PCM 101until
the bottom flange 211 of the tower section 201 is located slightly below the frame
of the temporary support 301 or rests on the ground.

Fig, 3 illustrates connection of the PCM 101 to the tower section 201. This is
carried out by a number of suspension bars 401, in the illustrated example the
number is four (of which only two are visible in the figure since only half of the
tower section is shown). Each suspension bar 401 is attached at its upper end to
the top flange 212 of the tower section 201. The upper end of each suspension
beam 401 is threaded and attached to the flange 212 by means of nuts 402. The
lower end of each suspension bar 401 is in a similar way attached to a flange 123
rigidly secured to the platform 118 of the uppermost compartment 113. The
suspension bars are dimensioned to carry the weight of the entire PCM such that
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the PCM 101 can hung in the tower section by means of the suspension bars 401.
Alternatively wires or the like may be used as suspension elements.

When the connection illustrated in fig. 3 is completed, the tower section 201 with
the PCM 101 hanging therein is lifted by the crane and the temporary support is
removed. As illustrated in fig. 4 the aggregate component PCM 101 and tower
section 201 is moved laterally by the crane to a vessel.

Fig. 5 illustrates the aggregate component 101, 201 loaded on the vessel, by
which it is transported to an off-shore erection site of the wind turbine.

When the vessel has reached the tower foundation at the erection site, the
tower section 201 with the PCM 101 hanging therein is lifted from the vessel. The
tower section 201 with the PCM is positioned aligned with the transition piece top
flange 501 at the tower foundation and then lowered down to rest thereon as
illustrated in fig. 6.

Fig. 7 illustrates the tower section 201 secured to the foundation by bolting the
tower section bottom flange 211 to the transition piece top flange 501.

This is illustrated more in detail in figs. 8 and 9.

In the above described example the PCM is supported by the tower section by
hanging therein. An alternative example of the method is schematically illustrated
in figs. 10 to 12. In this example the PCM does not hung from the tower but is
resting on supports in the tower when assembled.

Fig. 10 illustrates the PCM 101 being lowered down to rest on the temporary
support 301, and in fig. 11 the tower section 201 is lowered down around the PCM
101. These steps thus are substantially similar to the corresponding steps in the
first example.

When the tower section 201 is positioned around the PCM 101 a number of
flange sections or consoles 213 are bolted to the inside wall of the tower section
201 at a level slightly below the underside of the bottom platform 114 of the
lowermost PCM compartment. Thereafter the tower section 201 is raised until the
consoles 213 abut the underside of the platform 114 as depicted in fig. 12 such
that the PCM 101 rests thereon.

Thereafter the lifting of the tower section 201 includes lifting of also the PCM
101 and the aggregate component can be loaded onto a vessel. The PCM may
simply be resting on the consoles 213 or may be secured to these. The further
steps are similar to those of the first example as described above.



10

15

WO 2015/144178 PCT/DK2015/050060

Fig. 13 in a perspective view illustrates one of the vertical beams 115 at the
corner of the lowermost compartment adjacent its platform 114. A rubber element
124 is vulcanised onto a steel bracket 125 attached to the beam 114. Such a
rubber element is mounted at each corner of the compartment. Also the
intermediate and the uppermost compartments may be provided with similar
rubber elements. The purpose of these is to avoid that the PCM knocks against
the inner wall of the tower section, in case the latter tend to deviate from its vertical
position.

Generally the overall cross-sectional shape of the PCM may occupy less than
the internal cross section shape of the tower section to provide passage on either
side of the PCM for personnel and/or equipment to pass there through, either by a
lift or on a ladder. Each platform may have an opening through which the

maximum size component can pass through.
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1. A method for installation of a power control module in a tower for a wind
turbine including
- providing a power control module (101),
- providing a tower section (201),
characterized by the steps of
a) providing a temporary support device (301),
b) placing the power control module (101) on the temporary
support device (301),
c) placing the tower section (201) around the power control module
(101),
d) connecting the power control module (101) to the tower section
(201), and
e) removing the connected power control module (101) and tower
section (201) from the temporary support device (301),
which steps are carried out in the mentioned sequence.

2. The method according to claim 1, characterized by performing the steps
b, ¢ and e by vertically moving the respective item.

3. The method according to claim 1 or 2, characterized by the further steps
of
f)  moving the connected power control module (101) and tower
section (201) to a vessel for transportation to an off-shore
erection site, and
g) placing the connected power control module (101) and tower
section (201) on an off-shore located foundation.

4. The method according to any one of claims 1-3, characterized in that
step d includes hanging the power control module (101) suspended in
the tower section (201).
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5. The method according to claim 4, characterized by hanging the power

control module (101) suspended in at least three bars (401).

6. The method according to claim 5, characterized by attaching the bars
(401) to an internal flange (212) of the tower section (201).

7. The method according to any one of claims 1-3, characterized in that
step d includes attaching an internal support means (213) on the tower
section (201), and placing the power control module (101) to stand

resting on the internal support means (213).

8. The method according to claim 7, characterized by attaching the power
control module (101) to the internal support means (213).

9. The method according to any of claims 1-8, characterized by the further
step of mounting elastic means between the power control module
(101) and the tower section 201).

10. The method according to claim 9, characterized in that the elastic means
includes a plurality of rubber elements (124).

11. The method according to claim 10, characterized in that at least some of
the rubber elements (124) are vulcanised to steel brackets (125).

12. An aggregate component for a wind turbine, which component includes a
power control module (101) and a tower section (201), which power
control module (101) is connected to and supported by the tower
section (201) in a state as a pre-fabricated and mobile component
characterized in that the power control module (101) hangs

suspended in the tower section (201).
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13. The aggregate component according to claim 12, characterized in that
the component further includes one or more of the devices specified

for carrying out the method of any one of claims 1-11.
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