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Fig. 3a

ternal installation unit (20) displaced relative to the inside of said tower (10) to a
final mounting position inside said tower (10), said tower (10) having a first end
(3) and an opposite second end (5), said first end (3) defining an entry opening
for receiving said unit (20), said guide system comprising at least two parallel
stays (32) for said guiding being mounted to the inside of the wall (8) of said
tower (10) and extending from said first end (3) towards said second end (5), and
oA engagement elements (35) mounted externally on said unit (20), said engagement
elements (35) being configured for receiving a respective one of said stays (32).
-
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A WIND TURBINE TOWER GUIDE SYSTEM, AND A METHOD FOR INSTALLING AN
INSTALLATION UNIT

FIELD OF THE INVENTION

The present invention relates to the installation in a tower of an installation unit,
in particular of an electrical component carrying frame structure lowered into the

tower from above.

BACKGROUND OF THE INVENTION

Wind turbine plants typically include a tower and a rotor/turbine mounted on top
of the tower. The rotor may include one or more blades that rotate about a center
point when in the presence of wind. The rotor motion may then be converted to

electrical or other energy by known means.

Many wind turbine towers include electrical machinery/equipment within them,
such as for converting rotational energy from the rotor into electrical energy. The
electrical machinery may include, for example, converter electronics, voltage
switch gear and a transformer. In some cases these components or equipment are
supported by a separate installation unit, and mounted in the tower by lowering
the unit into the tower from the top thereof, to become surrounded by the tower.

Typically, as the installation unit is being lowered, technicians is located on inter-
nal tower levels to ensure that the unit does not contact and, thus, damage the
tower wall and also to correctly align the installation unit with supporting abut-
ments or projections deeper inside the tower. Because wind towers are typically
located in areas having frequent wind currents, it is common for wind gusts to
move the installation unit as it is being lowered. This could lead to injury of the
personnel if contacted by the installation unit.

OBJECT OF THE INVENTION

It is an object of the present invention to reduce the risk of personnel injury by
providing an alternative to the prior art. Damage to the aforementioned equip-
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ment, such as damage that may occur as the installation unit moves past inward

flanges on the tower, may also be prevented.

In particular, it may be seen as an object of the present invention to reduce this
risk in a highly simple manner which does not require significant structural modifi-

cations to existing towers.

SUMMARY OF THE INVENTION

Thus, the above described object and several other objects are intended to be ob-
tained in a first aspect of the invention by providing a wind turbine tower as such,
with a guide system useful for guiding an internal installation module displaced
relative to the inside of the tower to a final mounting position inside the tower,
the tower having a first end and an opposite second end, the first end defining an
entry opening for receiving the module, at least two parallel stays for the guiding
being in accordance with the invention mounted to the inside of the wall of the
tower and extending from the first end towards the second end.

A further independent claim is also directed a wind turbine tower with a guide sys-
tem for guiding an internal installation module displaced relative to the inside of
the tower structure to a final mounting position inside the tower structure, the
tower having a first end and an opposite second end, the first end defining an en-
try opening for receiving the module, the guide system comprising in accordance
with the invention a) at least two parallel stays for the guiding being mounted to
the inside of the wall of the tower and extending from the first end towards the
second end, and b) engagement elements mounted externally on the module, the
engagement elements being configured for receiving a respective one of the stays
as the installation module is being displaced in relation to the tower, such as by
being lowered into the tower by a crane. Sliding contact of the engagement ele-
ments with the stays arise when the engagement elements are in contact with the
stays; such contact may arise temporarily only when wind gust or other events
bring the installation unit out of proper alignment.

The invention also concerns a method for installing an installation unit in a tower

having the aforementioned stays mounted to the inside wall of the tower, and
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comprising the steps of a) providing an installation unit with the electrical equip-
ment, engagement elements being mounted externally on the installation unit, b)
advancing the installation unit towards a first end of the tower, ¢) bringing the
engagement elements into contact with the stays, and d) displacing the installa-
tion unit into the tower, with the engagement elements aligned with the stays.

The engagement elements may be configured for releasably receiving the stays,
such as by only partial enclosing the stays. Thus sideways movements of the in-
stallation unit may take place while rotation of the installation unit about a centre
line of the tower is still restricted by the partial enclosing. In addition, the stays
may be mounted so as to project from the end of the tower, whereby a guiding of
the installation unit will take place before it enters the tower; the end of the stays
may be configured to cooperate with a lead-in portion of the engagement ele-
ments, such as to bring about a rotation of the installation unit with respect to the

tower.

In one embodiment of the invention where the tower has a peripheral flange with
bolt-holes for connecting the tower with another part of a wind turbine plant, the
stays are connected to the flange, and extend at a distance from the flange.
Deeper inside the tower the stays may be anchored to abutments or support for
supporting the installation unit in its final position.

By using stays in the form of cables, preferably under some tension, the installa-
tion unit may bounce slightly off the stays if it moves sideways during the lower-
ing as a result of a wind gust, whereby the stays will absorb energy, providing a
further protection against damage to the tower or installation unit.

The term “tower” as used refers without limitation to a structure extending from
a foundation and having an end whereto a rotor is mounted, and also to a struc-
ture configured to have an installation module and to which a second structure is

mounted, following which the rotor is mounted to the second structure.
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BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described in more detail with regard to the accompany-
ing figures. The figures show one way of implementing the present invention and
is not to be construed as being limiting to other possible embodiments falling
within the scope of the attached claim set.

Figure 1 is a schematic view showing the upper part of a wind turbine tower with
a turbine, and a crane in the process of mounting a tower section onto another
tower section,

Figure 2 is a schematic view showing a crane in the process of lowering an instal-
lation module into the inside of a tower or tower section,

Figure 3a is a schematic partial cross-sectional view of a tower having an installa-
tion module mounted inside,

Figure 3b is a perspective schematic front view showing a guiding stay engaged
by an engagement element,

Figure 3¢ is a top view showing the engagement illustrated schematically in fig.
3b,

Fig. 3d is a schematic side view of an engagement element mounted to a floor
plate of the installation unit, and

Figure 4a and 4b is a schematic side and top view, respectively of an installation

module guiding device arranged at the tower top flange.

DETAILED DESCRIPTION OF AN EMBODIMENT

Fig. 1 shows a step in the making in-situ of a tubular tower T including multiple
segments 10, 10’, wherein an upper tower section 10 is lowered towards a lower
hollow tubular tower section 10 already in correct position. The two sections 10,
10" are then connected by bolts (not shown) passed through holes in abutting in-
wardly directed peripheral flanges 39 at the upper 3 and lower end, respectively,
of the two tower sections 10, 10’. After assembly of the tower sections 10, 10’ a
turbine is mounted to the top of the tower T, concluding the erection of a wind
energy plant 1.
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Mounted in the tower T, such as in a lowermost tower structure or section 10, is
an installation unit 20 carrying various components/equipment, such as electron-
ics components or machinery of the wind energy plant 1. Such an installation unit
20 is shown by way of example in fig. 2, at a step wherein the unit 20 is being
lowered by a crane C into the interior of the tower 10 through the upper or first
end 3, which is sized accordingly to define an installation unit entry-opening. After
this procedure another or second tower structure or section 10’ may be put in
place on top, as shown in fig. 1. The tower T will normally have an essentially cir-
cular cross-section; in some cases it may be preferred to form a tower section

with an increased internal diameter towards the lower or second end 5 thereof.

In some cases the installation unit may alternatively have been preinstalled on a
base following which the tower or a lower tower structure or section 10 is lowered
by the crane C to receive and surround the installation unit through the lower or
second end 5; the present invention will also be useful in such a case but will in
the following be described in the context of the assembly procedure shown in fig.
2.

The installation module 20 typically is a multi-level frame structure having vertical
supports 22, 22’, horizontal beams 21, and a floor plate 23 at each level, the floor
plates 23 carrying the various components referred to above. Often, the floor
plate 23 has an essentially circular outline, with a diameter less than the diameter
of the tower at the first end 3, possibly with cut-away portions for a vertically
running hoisting mechanism. The vertical supports 22, 22’ may run through the
floor plates 23 at a position which may be spaced slightly inwards from the pe-
riphery of the circular floor plate 23. Viewed from above the installation unit 20
has a foot print F, typically corresponding to the contour of the floor plate 23.

According to the present invention engagement elements 35 for slidingly engaging
internal vertical stays 32 to be discussed further below may be mounted to the
floor plate 23 and/or to the vertical support 22 and/or to the horizontal beams 21
so as to project outwardly from the installation unit 20, normally beyond the foot
print F. When the engagement elements 35 engages the aforementioned vertical
stays 32 the rotational orientation of the installation unit 20 in relation to the cen-

tre line CL;o of the tower or tower section 10 is maintained as the installation unit
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20 is being lowered, with the engagement allowing a sliding along the stays 32
whenever a movement of the installation unit 20 brings the engagements ele-
ments 35 in direct contact with the stays 32. In addition, if the installation unit 20
moves slightly sideways during the lowering procedure it will strike the stays 32
and not the inside surface of the wall 8 or, as the case may be, the flange 39, of
the tower 10, to which wall 8 the stays are mounted. Any distance between the
stays 32 and the wall 8 will allow for the stays to absorb such a sideways move-
ment by deformation towards the wall 8.

Reference will now be made to fig. 3a-3d, for a description of an embodiment of
the aforementioned stays 32. Shown in fig. 3a is the wall 8 of the tower 10, with
an installation unit 20 (shown in part only) received inside the tower T/10 and
formed as a frame structure as discussed above, with projecting engagement el-
ements or structures 35, preferably formed of metal, mounted thereto, preferably
a plurality of such engagement elements 35 mounted below each other at differ-

ent levels.

Mounted diametrically opposite each other on the tower wall 8, as shown in the
fig. 2 embodiment, are two parallel stays 32 of which one is shown in fig. 3a.
More than two stays 32 may be used, extending vertically and essentially parallel
to each other from the upper end 3 from desired locations along the periphery of
the tower 10 at the upper end 3, i.e. not necessarily at diametrically opposite lo-
cations. Preferably, the stays are at the upper end 33” anchored to the inwardly
directed peripheral flange 39 via a first arm 34 which may have a middle portion
extending through one of the bolt holes of the flange 39. The middle portion may
be connected to a second arm 34’ for adjusting the position of the first arm 34 in
relation to the wall 8, eg. such that the first arm 34 is oriented towards the centre
line CLyo of the tower 10. In this manner, the upper end 33” of the stays 32 may
be located at a certain space from the inner face of the flange 39, which may be
desired to even further facilitate lead-in of the stays 32, i.e. such that they are
received by the engagement elements 35.

It will be understood that series of vertically spaced engagements elements 35 are
preferably mounted to the installation unit 20 at locations along the periphery of
the foot print F corresponding to the location of the stays 32 such that a lower-
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most engagement element shown in fig. 3a by numeral 35’ of each series may
engage or receive a corresponding stay 32 after a rotation and subsequent lower-
ing of the installation unit 20 by crane C. In fig. 3a the lowermost engagement
element 35’ is shown as being mounted to a vertical support 22; fig. 3d shows an
alternative solution where the engagement elements 35, including the lowermost
engagement element 35’, are mounted to the peripheral edge of the floor
plate/grating 23, such as by welding or bolts/nuts.

Shown in fig. 3b is a general outline of the front side of one engagement element
35’, wherein a hollow 36 provides for a centering of the stay 32 and a receiving by
partial enclosing of a part of the length of the stay 32; two diverging leg portions
35" provide for the above mentioned lead-in for the stay 32 as the installation
unit 20 is lowered towards the upper end 33”, which may have a tapered head, of
the corresponding stay 32, thereby bringing about any slight rotation of the instal-
lation unit 20 that may be required to properly align the hollow 36 with the stay
32. Sliding movement of some or all of the engagement elements 35 along the
stays arise when the engagement elements 35 are in contact with the stays; by
design such contact may be selected to be permanent during the lowering or to
only arise temporarily when wind gust or other events bring about small move-

ments of the installation unit, out of proper alignment.

Preferably, as shown in broken lines in fig. 3a and as also shown in fig. 1, the up-
per end 33" of the stays 32 project slightly above the level of the flange 39 such
that the installation unit 20 is properly aligned and the stays 32 correctly received
by the engagement elements 35 already before the installation unit 20 enters the
tower 10. As the installation unit 20 is lowered further into the tower 10 succes-
sive ones of the engagement elements 35 along the height of the unit 20 will en-
gage or receive the corresponding stay 32 and move along the stay 32, in sliding-
ly whenever contact is made.

Located inside the tower 10, preferably at a distance corresponding at minimum
to the height of the installation unit 20 are inwardly directed abutment structures
9 configured for supporting the installation unit 20 when in its final position, at
which time the stays 32 may be removed from the inside of the tower 10 for use
in another tower 10. Preferably the stays 32 are anchored at their other end to
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the abutment structures 9 although stay anchors may be provided on the inside of
wall 8 at other locations along the height of the tower 10, such as in connection
with any additional flanges 39 located inside the tower 10 or at the tower founda-

tion.

The stays 32 may be flexible cables mounted under tension by providing tension-
ing devices at one or both ends 33", or plain rods or bars, also possibly under

some tension.

Shown in fig. 1 and 2 is also a pair of optional installation module guiding devices
100 mounted to the flange 39 and preferably projecting upwards therefrom. The
device 100 is configured for providing an initial alignment of installation module
20 with respect to the tower 10, before the stays 32 are received by the engage-
ment elements 35. For this purpose the device 100 is provided with a guiding face
which cooperates with the unit 20, such as with a pair of diametrically opposed
vertical supports 22’ thereof, to correctly align the unit 20 with the entry-opening
defined by the upper end 3 of the tower 10. Fig. 4a shows the device 100 as in-
cluding a pair of inclined plates 102, 104 mounted perpendicularly to each other
on a support plate 106 bolted to the flange 39 by bolts B extending through corre-
sponding holes H in the flange 39 and the support plate 106. On lowering the unit
20 the lower end of the supports 22’ or the unit 20 will strike the surface of the
inclined plates 102, 104 and slide downwards into proper alignment with the cen-
tre line axis CL;, of the tower 10.

Although the present invention has been described in connection with the speci-
fied embodiments, it should not be construed as being in any way limited to the
presented examples. The scope of the present invention is set out by the accom-
panying claim set. In the context of the claims, the terms “comprising” or “com-
prises” do not exclude other possible elements or steps. Also, the mentioning of
references such as “a” or “an” etc. should not be construed as excluding a plurali-
ty. The use of reference signs in the claims with respect to elements indicated in
the figures shall also not be construed as limiting the scope of the invention. Fur-
thermore, individual features mentioned in different claims, may possibly be ad-
vantageously combined, and the mentioning of these features in different claims
does not exclude that a combination of features is not possible and advantageous.
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CLAIMS

1.

3.

A wind turbine tower (10) with a guide system for guiding an internal in-
stallation unit (20) displaced relative to the inside of said tower (10) to a
final mounting position inside said tower (10), said tower (10) having a
first end (3) and an opposite second end (5), said first end (3) defining an
entry opening for receiving said unit (20), at least two parallel stays (32)
for said guiding being mounted to the inside of the wall (8) of said tower
(10) and extending from said first end (3) towards said second end (5).

. A wind turbine tower (10) with a guide system for guiding an internal in-

stallation unit (20) displaced relative to the inside of said tower (10) to a
final mounting position inside said tower (10), said tower (10) having a
first end (3) and an opposite second end (5), said first end (3) defining an
entry opening for receiving said unit (20), said guide system comprising at
least two parallel stays (32) for said guiding being mounted to the inside of
the wall (8) of said tower (10) and extending from said first end (3) to-
wards said second end (5), and engagement elements (35) mounted ex-
ternally on said unit (20), said engagement elements (35) being configured
for receiving a respective one of said stays (32).

The tower of claim 2, said unit (20) having a footprint (F), said engage-
ment elements (35) being mounted to extend outwardly from said footprint
(F), said engagement elements (35) being mounted to a platform structure
(23) of said unit (20), to a vertical frame structure (22) of said unit (20),
and/or to a horizontal frame (21) structure of said unit (20).

. The tower of claim 2 or 3, said engagement elements (35) being configured

for only partial enclosing of said stays (32) and having a lead-in portion
(35") for leading-in a respective stay (32).

. The tower according to any of the previous claims, a free end (33”) of said

stays (32) projecting beyond said first end (3).
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6. The tower according to any of the previous claims, said tower (10) having
an inwardly directed peripheral flange (39) at said first end (3), said stays
(32) extending from about the level of said flange (39), spaced from said
flange (39) inwardly towards a centre line CLy of said tower (10).

7. The tower according to the previous claim, said stays (32) being anchored
to said flange (39),

8. The tower according to any of the previous claims, said stays (32) extend-
ing along diametrically opposite parts of said tower (10).

9. The tower according to any of the previous claims, including inwardly ori-
ented abutments (9) configured for permanent support of said unit (20) in

said mounting position.

10.The tower according to the previous claim, said stays (32) being anchored
to said abutments (9).

11.The tower according to any of the previous claims, including tensioning de-
vices for tensioning at least one of said stays (32).

12.The tower according to any of the previous claims, at least one of said
stays (32) being a cable under tension.

13.The tower according to any of the previous claims, said first end (3) being
an upwardly directed end of said tower (10).

14.The tower according to any of the previous claims 1-11, said first end being
a downwardly directed end of said tower (10).

15.The tower according to any of the previous claims, being one section (10,
10") of a taller tower (T).

16.A method of mounting electrical equipment in a tower according to claim 1,
comprising the steps of a) providing an installation unit (20) with said elec-

10
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trical equipment, engagement elements (35) being mounted externally on
said installation unit (20), b) advancing said installation unit (20) towards
said first end (3), ¢) bringing said engagement elements (35) into contact
with said stays (32), and d) displacing said installation unit into said tower
(10), with said engagement elements (35) aligned with said stays (32).

17.The method according to the previous claim, said engagement elements
(35) being configured for receiving a respective one of said stays (32) and
receiving said stays (32) during said displacing.

18.The method according to claim 16 or 17, wherein in said step ¢) a free end

(33") of said stays (32) at said first end (3) is received by a respective en-
gagement element (35).

11
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