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(57) Abstract: Mast construction for an installation to be installed
floating on water. On part of the mast construction extends beneath
the water level and one part, provided with the installation, extends
above the water level. The part close to the surface of the water
(4) has a smaller effective circumference in order to limit the effect
of striking waves as much as possible. Tensioning cables (15) can
optionally be present at the location of the part having the smaller
effective circumference, so that the strength remains optimum.



w0 02/052150 A1 IO R0 0O O A

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report

ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 02/052150 PCT/NL01/00932

MASTCONSTRUCTIE ALSMEDE WERKWIJZE VOOR HET PLAATSEN DAARVAN VOOR OFFSHORE
INRICHTING

The present invention relates to a mast construction according to the
precharacterising clause of Claim 1.

A mast construction of this type is disclosed in US Patent 3092 852. The latter
publication discloses an observation station, constructed in the form of a pipe, for
earthquakes. This pipe is provided with ballast at the bottom and designed to be placed in
the sea such that it floats. With this arrangement the installaﬁon contains an observation
post.

It has been found that substantial forces act on the mast construction, in particular if
such an installation is used offshore. Mast constructions of this type are therefore of
relatively heavyweight construction.

The aim of the present invention is to be able to make such a mast construction of
lighter weight, it being guaranteed that there is adequate strength under all conditions, that
is to say that the device is always held in the correct position by that part of the mast
construction that is below the water surface.

Said aim is achieved with a device as described above by means of the characterising
measures of claim 1.

Any resulting loss of strength caused by the smaller diameter of the mast
construction can be compensated for in that tensioning members, such as cables, extend
between the adjacent parts, always at the outer periphery thereof. These tensioning
members have high strength and a small surface area on which waves and the like can act.
A stable construction can be obtained in this way. It is also possible to construct the
intermediate part with approximately the same periphery as the parts adjoining the latter,
but to provide large openings, as a result of which the surface area on which waves can act
is reduced. That is to say, the effective periphery is locally reduced. With this arrangement
it is possible to make the intermediate part of a material which has improved mechanical
properties, compared with the surrounding parts.

For transport by sea it can be desirable to provide stabilisers in order to pfevent
“rolling” of the mast construction. Such stabilisers can be weights, fins and the like and are
generally known per se in the state of the art.

Accord—ing to a further advantageous embodiment, the mast construction is provided

with connecting points for anchor cables or anchor chains. These are preferably arranged
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on platforms with which the mast construction is provided.

The mast construction can also be provided with movement compensators which in
the raised position are effective in heavy weather.

If such mast constructions have to be installed at sea, high installation costs and
maintenance costs are associated therewith.

In the prior art in general a platform is first provided that is anchored in some way or
other to the seabed. This can be effected by providing the platform with legs which bear on
the seabed (sinkable platform) or by using anchor constructions such as a spar construction
in order to fix the platform in position. The invention relates to the latter variant. With such
a construction the part that extends below sea level will in general be provided with a
weight in order to provide the necessary stability. After installation of the platform, for
example with the aid of a large ship’s crane or derrick, the previously produced mast
construction is then installed on the floating platform. The turbine blade, which may or
may not be provided with the generator, is fitted to the end of the mast construction at the
same time or later on.

The latter two operations require, on the one hand, the presence of an expensive crane
and, on the other hand, good weather because such cranes or derricks cannot be used in
stormy conditions. On the other hand, the intention is to install such wind turbines in more
windy regions, so that it will be understood that the weather conditions desired for normal
operation are particularly undesirable at the time of installation.

This means that the installation costs are high.

When carrying out maintenance on the windmills and other installations it is
necessary to climb into the mast construction, with all the associated risks. This means that
if the maintenance is somewhat more extensive it is likely that it will be decided to remove
the generator/blades from the mast with the aid of a ship’s crane and to carry out the
necessary operations thereon either on site or on shore. This activity is also expensive.

A further aim of the present invention is to provide a wind turbine which can be
installed in a less expensive and simpler manner, as a result of which the costs for
generating energy are lowered, and the maintenance or overhaul of which can also be
carried out more easily and less expensively.

This aim is realised with a mast construction as described above in that the weight is
fitted such that it is removable and in that said mast has buoyancy.

According to the present invention the mast construction is so constructed that it can
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be transported in the horizontal position, that is to say lying down, to the installation site.
The blades/generator are then-fitted on site. It is also possible to fit these beforehand. The
mast construction is then moved from the horizontal position into the desired vertical
position by means of fitting a weight. A large expensive crane is not needed for this
purpose.

It is pointed out that British Patent 2344 843 A discloses a foldable mast
construction for a windmill. With this construction the bottom part of the mast construction
is fixed to the seabed. |

According to an advantageous embodiment of the invention, the mast construction is
provided with liquid-tight compartrﬁents, that is to say the mast is itself able to float on the
surface of the sea. Consequently it is not necessary to transport the mast construction on a
specialist vessel. With this arrangement the shape of the mast can be optimised for towing
over water.

The invention also relates to a method for installing a windmill on water, comprising
transporting a mast construction to the installation site and anchoring said mast
construction at that site, transport comprising moving said mast construction in the
horizontal position floating in the water and bringing said mast construction into the
vertical position at the installation site.

Maintenance is also appreciably facilitated by means of the method and mast
construction described above. After all, for more extensive maintenance work it is possible
to perform the movement of the mast construction from the horizontal to the vertical
position in the reverse sequence, so that the mast construction is brought into the horizontal
position and is easily accessible.

In the horizontal position the generator is readily accessible. In this context it is, of
course, possible to allow the mast construction to assume an approximately horizontal
position, that is to say to allow the end where the generator is fitted to bear on a
maintenance vessel, so that this part is readily accessible from all sides.

The invention will be explained in more detail below with reference to an illustrative
embodiment shown in the drawing. In the drawing:

Fig. 1 shows, diagrammatically, the mast construction according to the invention
during transport to the installation site;

Fig. 2 shows the mast construction according to the invention during erection; and

Fig. 3 shows the mast construction according to the invention in the installed
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position.

In Fig. 1 the mast construetion according to the present-invention-is indicated in its
entirety by 1. This mast construction is floating on the surface 20 of the sea. The mast
construction 1 consists of a first end 2 and a second end 3. The first end 2 is provided with
a number of compartments 11, 12, 13 into which fluid, such as seawater, can be introduced
and from which this fluid can be removed again. Such compartments (not shown) are also
present in the second end 3.

An intermediate part 4 is arranged between the first end 2 and the second end 3. This
intermediate part is delimited by the platforms 5 and 6. The intermediate part 4 has an
appreciably smaller cross-section tilan the adjoining platforms 5 and 6. A series of
tensioning cables 7 extends between the adjoining platforms 5 and 6. The space delimited
by this means can be closed off by removable partitions for transport, in order to increase
the buoyancy.

A fixing for a blade/generator assembly is indicated by 8, whilst 19 is the fixing end
for a weight indicated diagrammatically by 14.

In the position shown in Fig. 1 a weight 9 is at the bottom of the mast construction
and serves to stabilise the latter on the surface of the sea, that is to say prevents rolling. A
centreboard 21 is present for the same purpose. A tug, by means of which the mast can be
transported, is indicated diagrammatically by 10. By way of example, a value of
approximately 125 metres is given for the length of such a mast construction, the first part
having a length of approximately 68 metres and the second part a length of approximately
40 metres and the intermediate part being approximately 17 metres long. The diameter of
the second part is approximately 6 metres.

It must be understood that these are examples only and the lengths and the length
relationships can vary depending on the requirements. In the illustrative embodiment
shown here, the platforms 5 and 6 have a diameter of between 8 and 10 metres and the
diameter of intermediate part 4 is approximately 2 metres.

When the mast construction 1 according to the invention has arrived at its
destination, the weight 14 is fitted. The generator 18 and the turbine blade 17 are also fitted
(Fig. 2). The mast construction is tilted at the same time or subsequently. The first stage of
tilting is shown in Fig. 2. The final stage is shown in Fig. 3. In the final stage the mast
construction_proj ects from the surface of the sea in the desired position.

It can also be seen from Fig. 3 that the intermediate part 4, which has an appreciably
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reduced surface area on which the waves can act, is located at the surface of the sea. The
stress at this location is consequently less. Furthermore, movement compensators can be
fitted.

Positioning of the mast construction 1 takes place with the aid of tensioning cables
15 which are fixed to platform 6. 16 indicates the power cable by means of which the
power generated is taken off.

If maintenance is desired, the mast construction is tilted back as shown in Fig. 2 and
Fig. 1, respectively. Of course, the end of the first part 2 Will then come to bear on a
platform or the like in order to facilitate maintenance work on, for example, the generator
18.

Although the invention has been described above with reference to a preferred
embodiment, it will be understood that numerous modifications can be made thereto
without going beyond the scope of the present application.

For instance, the weight 14 can be of a different construction and (partially)
implemented with the aid of ballast tanks and the like. It is also possible for the wind
turbine/generator assembly already to be fitted before transport by sea. These and further

modifications fall within the scope of the appended claims.
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Claims

1. Mast construction (1) for an installation to be installed floating on water, comprising
an end (2) for mounting the installation thereon above the surface of the water, the other
end (3) of said mast being designed to be below the surface of the water, characterised in
that said mast has an intermediate part (4) located between said ends, which intermediate
part is at the level of the surface of the water, the effective circumference of which
intermediate part is smaller than the circumference of the adj oiﬁing parts.

2. Mast construction according to Claim 1, wherein said intermediate part is delimited
by spaced platforms.

3. Mast construction according to Claim 2, wherein tensioning members (7) extending
between said platforms are fitted close to the periphery of said platforms.

4. Mast construction according to one of the preceding claims, wherein said mast is
provided on one side thereof with stabilisers (9) which counteract rotation about the
longitudinal axis thereof.

5. Mast construction according to one of the preceding claims, provided with
connecting points for anchor cables (7).

6.  Mast construction according to Claim 5, wherein said connecting points are arranged
on one of the platforms.

7. Mast construction according to one of the preceding claims, wherein said installation
is a windmill.

8.  Mast construction according to Claim 7, wherein a weight (14) is fitted, such that it is
removable/movable, on the other end (3) of said mast and wherein said mast has buoyancy.
9. Mast construction according to Claim 7 or 8, provided with liquid-tight
compartments (11-13).

10. Method for installing a windmill at sea, comprising transporting a mast construction4
to the installation site and anchoring said mast construction at this site, characterised in that
transport comprises moving said mast construction in the horizontal position floating in
water and bringing said mast construction into the vertical position at the installation site.
11. Method according to Claim 10, wherein one end of said mast construction is
provided with blades receiving wind energy at said installation site.

12. Method according to Claim 10 or 11, wherein another end of said mast is provided

with a weight at the installation site.
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13. Method for inspecting/maintaining a windmill installed at sea, comprising a mast
construction with a turbine/generator mounted on one end, characterised in that said mast

construction is brought from the vertical position into the horizontal position.
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