wo 2011/051369 A2 [ 0K 00 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization 2 ey
(19) Work Ttellctual Propety Organiation /2 | IV NUANN O U AN O
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
5 May 2011 (05.05.2011) PCT WO 2011/051369 A2
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
FO3D 11/00 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
A L. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR. HU. ID. IL. IN. IS. JP. KE. KG. KM. KN, KP
PCT/EP2010/066317 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
28 October 2010 (28.10.2010) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
. ) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(25) Filing Language: BEnglish TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
PA 2009 70176 28 October 2009 (28.10.2009) DK GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
61/255,684 28 October 2009 (28.10.2009) Us ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant (for all designated States except US): VES- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
TAS WIND SYSTEMS A/S [DK/DK]; Alsvej 21, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,
DK-8940 Randers SV (DK). SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
(72) Tnventor; and GW, ML, MR, NE, SN, TD, TG).
(75) Inventor/Applicant (for US only): LIINGAARD, An- Declarations under Rule 4.17:
gell:z’ I(—ISISSI nd [DK/DK]; Ravskarvej 36, DK-8382 Hin- as to applicant's entitlement to apply for and be granted
erup ' a patent (Rule 4.17(i1))
(74) Agents: HERTLING, Peter et al.; Inspicos A/S, P.O. __ of inventorship (Rule 4.17(iv))
Box 45, Kogle Allé 2, DK-2970 Hersholm (DK). ’
(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

[Continued on next page]

(54) Title: A WIND POWER INSTALLATION AND METHODS OF USING A MACHINE FRAME IN A WIND POWER IN-
STALLATION

1

(57) Abstract: The invention provides a
wind power installation comprising a
machine frame and a rotor shaft which
extends between a rotor bearing in a
front end of the machine frame and a
transmission in a rear end of the machine
frame. The rotor shatt is carried by a
base of the machine frame to provide in-
creased stitfhess and safety in operation,
the wind power installation further com-
prises a stiffening element which stiffens
the base and extends from the base over
the rotor shaft to at least partly cover an
upper portion of the rotor shaft.




WO 2011/051369 A2 I 0000 ) 00 A AR OO A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

WO 2011/051369 PCT/EP2010/066317

A WIND POWER INSTALLATION AND METHODS OF USING A MACHINE FRAME IN
A WIND POWER INSTALLATION

INTRODUCTION

The invention relates to a wind power installation comprising a machine frame
and a rotor shaft which can rotate around a rotation axis and which extends
between a rotor bearing in a front end of the machine frame and a transmission
in a rear end of the machine frame. The rotor shaft is carried by a base of the
machine frame. The invention further relates to methods of using the frame.

BACKGROUND OF THE INVENTION

Wind power installations often comprise a rotor shaft which connects a rotor to a
transmission. The rotor and transmission are normally carried by a machine
frame which forms part of the nacelle. The machine frame transfers the rotor
loads to the wind power installation and thus constitutes a core component in

the wind power installation.

In known wind power installations, the rotor shaft is typically suspended in three
points or in four points, c.f. *“Windkraftanlagen” by Erich Hau, Springer, ISBN
978-3-540-72150-5.

A four point suspended rotor shaft comprises two bearings external to the
transmission and typically two suspension points for the transmission itself. The
three point suspended rotor shafts are carried by a single bearing external to the

transmission and by the transmission itself.

In the four point suspended rotor shafts, the two external bearings are

sometimes combined in one large bearing housing. Such a bearing housing may
complicate assembly, maintenance, and disassembly processes since it conceals
a part of the rotor shaft. The tree point suspended rotor shafts are, on the other

hand, normally unconcealed since these rotor shafts are normally carried by a
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machine frame base which is dimensioned so strongly that it sustains not having
any stiffening structures extending above the rotor shaft. Such machine frames
are typically heavy and expensive to manufacture and handle in the assembly

process.

DESCRIPTION OF THE INVENTION

It is an object of the invention to provide a wind power installation with an
improved machine frame and various ways of using the machine frame for other

purposes than just supporting the rotor shaft and transmission.

According to a first aspect, the invention provides a wind power installation
which comprises a machine frame with a stiffening element extending over the
rotor shaft between two attachment points where it is attached to the base
without hindering rotation of the rotor shaft whereby the stiffening element can

stiffen the base during rotation of the rotor shaft.

Since the stiffening element does not hinder rotation, it may remain attached to

the wind turbine during operation as well as during maintenance.

During operation, it may serve to strengthen the base and it may serve to shield
the rotor shaft and thereby increase safety of operation, e.g. during
maintenance of other components than the drive shaft. On maintenance of the
drive shaft or replacement of drive train components such as the transmission,
the stiffening element may serve as a preliminary support for the drive shaft or

other components.

Accordingly, the machine frame may become less heavy compared with
traditional machine frames for wind power installations and the manufacturing

costs can be reduced due to a simpler or lighter base structure.

Particularly, the stiffening element may be a separate component by which
herein is meant that the stiffening element is an individual component which
does not form part of the base, the main bearing housing, the rotor shaft, or the

transmission. This facilitates an easier assembly process or separation process,



10

15

20

25

WO 2011/051369 PCT/EP2010/066317

e.g. enabling complete exposure of the rotor shaft by detaching of the stiffening

element from the base.

To allow operation of the wind turbine and thus rotation of the shaft with the
stiffening element attached to the base, contact between the stiffening element
and the rotor shaft may be avoided. Accordingly, the stiffening element may be
a certain minimum distance from the rotor shaft, e.g. a distance in the range of
1-25, or 1-15 or 1-10 centimetres from an inner surface of the stiffening
element to an outer surface of the rotor shaft.

In one embodiment, the distance between the rotor shaft and the stiffening
element may be constant, or at least be within a narrow tolerance, e.g. such
that the difference in distance from a location with a largest distance to a
location with a smallest distance is less than 5 centimetres or even less than 1
centimetres. In this regards, the term “distance” should be understood as the
dimension in radial direction from the outer surface of the rotor shaft to the

stiffening element.

The wind power installation in question may e.g. be a horizontal axis wind
turbine of the generally known kind commercially available in various sizes. The
rotor shaft may be of the so called three point suspended kind where the shaft is
carried only by a main bearing and by the transmission. This kind of wind power
installation is disclosed in further details e.g. in "Windkraftanlagen” by Erich
Hau, Springer, ISBN 978-3-540-72150-5.

The stiffening element could be formed as a cover which completely conceals an
upper portion of the rotor shaft, or the stiffening element could be formed as a
grid of bars or profiles which extends across an upper portion of the rotor shaft

and therefore partly covers that upper portion.

The stiffening element may stiffen the machine frame in different directions, in

particular such that the rigidity of the machine frame becomes increased.
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An increased stiffness is facilitated by a stiffening element which is attached to
the base and which has a stiffness which enables force to be transferred
between the base and the stiffening element.

As an example, the stiffening element and the base may form a lattice structure.

The stiffening element itself may form an open girder with welded or bolted
plate girders or bars forming a latticework.

The stiffening element may e.g. at most encircle 180 degrees around the rotor
shaft which enables it to be moved radially away from the rotor shaft.

The stiffening element may, in one embodiment, be detachably connected to the
base to allow uncovering of the covered portion of the rotor shaft. The
detachable connection could be established as a bolt connection, a rivet

connection or a glued but yet detachable connection.

In another embodiment, the stiffening element is hinged to the base. The hinged
connection may allow the stiffening element to be turned around a hinge point
or around a hinge axis to uncover the rotor shaft. In this case, the stiffening
element will stay attached to the machine frame at least at one hinge location
whereas the remaining portion of the stiffening element is detached from the

machine frame.

The stiffening element may have a height in vertical direction which is at most
30 percent of the dimension of the rotor shaft in vertical direction. In this
regards, the dimension of the rotor shaft in vertical direction is considered as the
height of a projection of the rotor shaft onto a vertical plane, where the height is

measured in a vertical direction.

The base may form a right ledge and a left ledge both extending along opposite
sides of the rotor shaft. At opposite ends of the ledges, the ledges may be joined
to form a machine frame with a ring shape when seen from above. In this
embodiment, the stiffening element may extend between the right and left

ledges above the rotor shaft such that the machine frame becomes stiffened by
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the stiffening element. In this embodiment, in the following referred to as a
ledge-embodiment, the stiffening element may stiffen the ledges and prevent
the ledges from being deformed, in particular in directions towards each other

and away from each other, respectively.

In the ledge-embodiment, the stiffening element may in general reduce
displacement of the ledges, also with respect to shear between the ledges.

The stiffening element could be arched, e.g. forming a semi-circular shape
extending upwards from one of the ledges and in a curved shape above the rotor
shaft to the other ledge. In this case, the arched shape may provide a rise of at
most 1/3 of the diameter of the rotor shaft at a location where the rotor shaft is
located below the stiffening element. If the rotor shaft has a diameter of say 60
centimetres at a location where it is covered by the stiffening element, the
arched shape of the stiffening element may e.g. provide a rise over the ledges of
not more than 20 centimetres. If the rotor shape has different diameters, the
rise may be 1/3 of the largest diameter of the rotor shaft.

The limited rise and thus the limited height of the stiffening element facilitate
improved stiffening of the ledges in a horizontal direction, i.e. in directions of the

ledges towards or away from each other.

Irrespective whether the stiffening element is arched, square or any other
shape, the stiffening element may comprises an upwards component, i.e. a
projection of the stiffening element onto a vertical plane, and a horizontal
component, i.e. a projection of the stiffening element onto a horizontal plane.
Again, with the purpose of improving stiffness of the horizontal plane, it may be
an advantage to limit the upwards component.

In one embodiment, the upwards component has a length being at most 50
percent of the length of the horizontal component, or alternatively at most 40,

30, 20 or even at most 10 percent.

To enable a reduction in the length of the upwards component, the base may

comprise elevations or upwards projections at the locations where the stiffening



10

15

20

25

WO 2011/051369 PCT/EP2010/066317

element is fixed to the base. Such elevations may e.g. constitute about 10-50

percent of the total height of the base in a vertical plane.

Since the required horizontal stiffness may vary along the length of the rotor
shaft from the front end to the rear end, one may define a ratio between the
length of the upwards component and the length of the horizontal component
which ratio varies between the rear end and the front end of the machine frame.

In one example, the ratio varies, from say 50 percent in the front end near the
main bearing to a ratio of say 10-20 percent in the opposite rear end near the

transmission.

To further improve stiffness and thus resistance against movement of the ledges
in directions towards and away from each other, the stiffening element may
extend in a plane between the right and left ledges so as to transfer forces along

straight or nearby straight lines between the right and left ledge.

The stiffening element could be detachably attached to the right ledge at a right
rotor side stiffening element mount and at a right transmission side stiffening
element mount. In a similar manner, the stiffening element could be detachably
attached to the left ledge at a left rotor side stiffening element mount and at a
left transmission side stiffening element mount. The mounts may e.g. include
threaded holes for receiving bolts for fixing the stiffening element to the base, or
it may include similar structures including holes or projections for attaching the

stiffening element by use of nails, rivets, clamps etc.

The right and left sided mounts could be located directly opposite each other on
the right and left ledges such that lines extending between two mounts are
perpendicular to the general direction of the rotor shaft from the front to the

rear end of the machine frame.

In one embodiment, the stiffening element forms two cross-bars, one extending
from the right rotor side stiffening element mount to the left transmission side
stiffening element mount, the other extending from the left rotor side stiffening

element mount to the right transmission side stiffening element mount.
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The cross-bars could be two separate elements, or they could be formed in one
part. As an example of a one part version, the cross-bars could be joined to
each other at an intersection located between the mounts, or the cross-bars
could comprise joint elements extending elsewhere between the two crossed

bars.

In one embodiment, such joint elements extend between the bars at locations
close to the mounts where the stiffening element is fixed to the base. In one
embodiment, a joint element extends between two cross bars in the vicinity of
the right rotor side stiffening element mount and right transmission side
stiffening element mount, and another joint element extends between two cross
bars in the vicinity of the left rotor side stiffening element mount and left

transmission side stiffening element mount.

By vicinity is herein meant that the distance between the mount and the
interface between the joint element and cross-bar in question is between 0 and
50 percent of the distance between the right or left rotor side stiffening element

mount and right or left transmission side stiffening element mount.

The two cross-bars could be made in one piece, e.g. in a moulding process. In
one embodiment, the stiffening element is made from cast iron moulded or

casted in a die or mould.

The transmission could be detachably attached to the right ledge at a right
transmission mount and detachably attached to the left ledge at a left
transmission mount. The attachment of the transmission could be formed in a

traditional manner by use of a transmission stay.

The transmission mounts could be located between the transmission side
stiffening element mounts and the rotor side stiffening element mounts in a
direction from the forward to the rear end of the machine frame. Alternatively,
the right transmission side stiffening element mount is merged with the right
transmission mount, and the left transmission side stiffening element mount is
merged with the left transmission mount. By merged is herein meant that the
mounts are located at the same place on the base. As an example, the mount
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comprises threaded holes for receiving bolts etc, and these threaded holes and
bots are provided such that the same bolt or bolts can hold both the

transmission and the stiffening element.

To improve the stiffness in the horizontal plane, the stiffening element may
comprise at least one transverse bar extending transverse, e.g. perpendicular to
the ledges. If the transverse bar is combined with the aforementioned cross-
bars, the transverse bar may possess stiffness against elongation being in the
range of 50 to 150 percent of that of each of the two cross-bars. By stiffness
against elongation is herein meant that force which is required to provide an
elongation of the bar.

The transverse bar may extend between the right rotor side stiffening element
mount and the left rotor side stiffening element mount.

The stiffening element may form a closed structure so that an upper portion of
the rotor shaft is covered completely. To improve safety in the nacelle during
operation of the wind turbine, the stiffening element may be made with a closed
surface having a surface area being in the range of 100-200 percent of the total
surface area of the rotor shaft.

To facilitate transport and maintenance of the wind power installation, the
stiffening element may comprise at least two separate elements assembled
along an assembly interface. The assembly interface may extend e.g. in a
direction between the rear end and the front end or in a direction perpendicular
to a direction between the rear end and the front end. In one embodiment, the
stiffening element comprises even more than two separate parts. In case of four
parts, the assembly interface may extend e.g. in a direction between the rear

end and the front end and in a direction perpendicular to that direction.

To enable breaking of the rotor shaft or fixation of the rotor shaft, e.g. in
connection with replacement of transmission etc. the machine frame may
comprise a fixture e.g. with clamping means adapted for releasable clamping of
the rotor shaft, or provided with other means for fixing the rotor shaft to the

machine frame.
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Particularly, such a fixture may include a clamping structure or a similar
structure which can be operated between a fixing state where the rotor shaft is
fixed and a released state where the rotor shaft is free to rotate without

necessitating removal of the stiffening element from the base.

Particularly, such a fixture may be included in the stiffening element or in the

base.

The fixture may e.g. comprise a U-shaped yoke which is movable relative to the
stiffening element such that the rotor shaft can be fixed be squeezing of the

yoke towards the stiffening element.

The fixing means may include height adjustment means enabling adjustment of
the height of the rotor shaft relative to the machine frame. This will enable the

rotor shaft to be raised or lowered with regards to a vertical axis.

The machine frame may include power driven means for carrying out the height
adjustment e.g. by hydraulic or electric power. The machine frame may further
comprise levelling means, e.g. including a laser, a level, e.g. a bubble level etc.

The stiffening element could be movable in a direction being transverse to the
rotation axis for uncovering the covered part of the rotor shaft while the rotor
shaft is carried by the base. For this purpose, the stiffening element may only
partly cover the rotor shaft, e.g. such that it encircles the rotor shaft less than
180 degrees. In this way, assembly and repair work is enabled in a very
advantageous manner by the ability of the stiffening element to be moved
transverse to the rotation axis for uncovering the rotor shaft. This enables
uncovering of the rotor shaft while the rotor shaft is carried by the base and
costly work related to removal of the rotor shaft for releasing the stiffening

element from the base can be avoided.

In a second aspect, the invention provides a method of changing a transmission

of a wind power installation of the already mentioned kind.
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According to this method, the stiffening element is used as a support for holding
the rotor shaft and/or for moving the rotor shaft relative to the machine frame
during change of the transmission.

To enable removal of the transmission with the stiffening element in place, it
may be advantageous to have the mounts of the stiffening element onto the
base and the mounts of the transmission onto the base at separate locations and
such that the transmission can be removed from the base unhindered by the
presence of the stiffening element.

The removal of the transmission may include the step of removing the entire
machine frame from the nacelle of the wind power installation. In this case, the
method may comprise the steps of attaching a hoisting structure to the machine
frame at the right and left rotor side stiffening element mounts and optionally at

the right and left transmission side stiffening element mounts.

To facilitate a vertically straight upwards lifting in the mounts, the method may
further comprise the step of attaching a hoisting spreader to the hoisting
structure, the hoisting spreader forming an H-shape with the free ends being
arranged vertically above the right and left rotor side stiffening element mounts

and the right and left transmission side stiffening element mounts.

DETAILED DESCRIPTION

In the following, embodiments of the invention will be described in further

details with reference to the drawing in which:

Figs. 1 -3 illustrate a wind power installation according to the invention;

Fig. 4 illustrates a side view of the wind power installation;

Figs. 5-8 illustrate a stiffening element for a wind power installation according to

the invention; and
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Fig. 9 illustrates an alternatively shaped stiffening element according to the

invention.

As illustrated in Figs. 1-3 a wind power installation 1 according to the invention
comprises a machine frame and a rotor shaft which extends between a rotor
bearing in a front end of the machine frame and a transmission 2 in a rear end

of the machine frame. The rotor shaft 3 is rotational around rotation axis 4.

The rotor bearing is not illustrated in Fig.1, but the base 5 forms a seat for the
main bearing housing 6. The rotor shaft is carried by the base 5 which is again
typically fixed to the yawing system for the wind power installation or which

forms part of a wind power installation.

The machine frame further comprises a stiffening element 7 which stiffens the
base 5. The stiffening element extends from the base 5 over the rotor shaft to at
least partly cover an upper portion of the rotor shaft such that direct access to
the rotor shaft is at least partly prevented. This increases safety of operation
and enables the use of the stiffening element for fixing the rotor shaft, e.g.

during replacement of the transmission 2.

The base forms two ledges 8, 9 on which the stiffening element 7 and the

transmission 2 are carried.

The installation in Fig. 1 is illustrated in Fig. 2 and 3 without the rotor shaft 3
and without the stiffening element 7, in Fig. 3 further without the main bearing

housing 6.

The stiffening element is detachably connected to the ledges via four mounts 10,
11, 12, 13 two of which being located on the left sided ledge 8 and two being
located on the right sided ledge 9.

Since the transmission side mounts 10, 12 are located under the corresponding
mounts on the stiffening element, the transmission side mounts 10, 12 are only

visible on the ledges 8, 9 in Fig. 2 and three. Since the rotor side mounts 11, 13
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are located under the main bearing housing 6, rotor side mounts 11, 13 are only

visible on the ledges 8, 9 in Fig. 3 where the bearing housing is removed.

The right and left ledges are symmetrical about a vertical centre plane through

the rotation axis 4.

At least one of the mounts could have been replaced with a hinge element (not
shown) such that the stiffening element 7 becomes pivotal about a hinge point

or axis.

In the illustrated embodiment, the transmission 2 is fixed in suspensions on
each ledge of the base 5. For this purpose, the transmission comprises on each
side, a transmission stay 14, 15. Each of the stays comprises a bushing in which
a rod is arranged such that the rod coextends the bushing both in a forward and
a rearward direction and therefore forms a forward projection 16, 17 and a

rearward projection, which is covered by the suspension clamps 18, 19.

As described below, the right transmission side stiffening element mount is
merged with the right transmission mount, and the left transmission side

stiffening element mount is merged with the left transmission mount.

Each projection is held in place by a corresponding clamp, i.e. in total 4 clamps

of which only the rear ones 18, 19 are shown.

The clamps are bolted onto the corresponding mounts on the ledges of the base.
The forward projections 16, 17 rest on transmission saddle mounts 20, 21 (cf.
Figs. 5, 6 and 8) formed in a rear end of the stiffening element 7 and the clamps
15, 17 are clamped on top of the forward projections and therefore hold both
the rear end of the stiffening element and the forward projections of the
transmission stay in place. In this regards, this is considered as a merge of the
transmission mounts and the transmission side mounts of the stiffening element,
and in this embodiment, the stiffening element forms part of the suspension for

the transmission.
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In the forward end of the machine frame, the main bearing housing 6 could be
arranged above or below a forward end of the stiffening element so that both
the bearing cover 6 and the stiffening element 7 becomes fixed to the base 5 by
use of the same set of bolts. In the illustrated embodiments, the forward mounts
22, 23 of the stiffening element (c.f. Fig. 5, 6, 8) are arranged on top of the
bearing mounts 24, 25 of the main bearing housing 6 (c.f. Fig. 2). In this
regards, this is considered as a merge of the rotor bearing mounts and the rotor
side mounts of the stiffening element. The merged mounts of the stiffening
element and the main bearing housing is fixed to the rotor side mounts 11, 13
on the ledges 8, 9 (c.f. Fig. 2).

Whereas the stiffening element illustrated in Figs. 1-4 has a stiffening element
formed with cross-bars 26, 27 (cf. Fig. 5, 6 and 8) which are joined to each
other at an intersection 28 located between the mounts 20, 23 and 21, 22, the
stiffening element may alternatively be formed as a completely closed cover
which conceals the rotor shaft completely.

Figs. 5-8 illustrate the stiffening element without the base. The transmission
saddle mounts 20, 21 formed in a rear end and the attachment points 22, 23 in

the front end of the stiffening element 7 are clearly illustrated.

In addition to the cross-bars 26, 27 which are joined to each other at the
intersection 28, the illustrated stiffening element 7 comprises a transverse bar
30 extending transverse to the ledges of the base when attached thereto. The
transverse bar extends between the attachment points 22, 23 in the front end of
the stiffening element 7, and when the stiffening element 7 is fixed to the base,
the transverse bar therefore extends between the right rotor side stiffening

element mount and the left rotor side stiffening element mount.

The stiffening element, irrespective whether it has an arched shape, a square
shape or any other shape comprises an upwards component defining the
“height” of a projection of the stiffening element onto a vertical plane. I.e. the
upwards component extends from the ledges in a vertical upwards direction. The
stiffening element also comprises a horizontal component representing a “width”

of a projection of the stiffening element down to a horizontal plane, the width
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being the dimension of the projection in a direction perpendicular to the rotation

axis 4. The horizontal component extends between the ledges.

In Figs 5-8, the stiffening element has an arched shape, and in Fig. 7, the
upwards component is illustrated by the arrow 31 and the horizontal component

is illustrated by the arrow 32.

The rise of the arch which corresponds to the upwards component indicated by
the arrow 31 is considerably smaller than the horizontal component indicated by
the arrow 32.

In Fig 7, it is clearly indicated that the ratio between the length of the upwards
component and the length of the horizontal component varies between the rear
end and the front end of the machine frame. In the rear end, horizontal
component is larger than the horizontal component in the front end, and
oppositely, the upwards component is larger in the front end than in the rear
end. Accordingly, the ratio of the upwards divided with the horizontal component
is decreased along the length of the stiffening element from the front end to the

rear end.

The stiffening element is formed in one part and includes in addition to the
cross-bars 26, 27 and transverse bar 30, two joints 33, 34 extending between
the cross-bars, or as illustrated herein, between the mounts 20, 22 and 21, 23.
where the stiffening element is fixed to the base. In one embodiment, a joint
element extends between two cross bars in the vicinity of the right rotor side
stiffening element mount and right transmission side stiffening element mount,
and another joint element extends between two cross bars in the vicinity of the
left rotor side stiffening element mount and left transmission side stiffening

element mount.

The illustrated stiffening element further comprises a rear-joint 35 extending
between the cross-bars 26, 27 at a location between the intersection 28 and the
saddle mounts 20, 21.
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Fig. 9 illustrates a stiffening element which is made in two separate parts 36,
37. The stiffening elements are attached individually between a mount 38, 39 on
the base and a mount 40, 41 on a parking tool 42. The parking tool 42 is
attached to the base on the mounts 43, 44.

The parking tool 42 can be used to park the rotor if the rotor shaft is removed

for maintenance or repair work on the drive train.

The working platform 45 is attachable to the base and can be used as a platform

for the worker during maintenance or repair work on the drive train.
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CLAIMS

1. A wind power installation (1) comprising a machine frame and a rotor shaft
(3) adapted for rotation around a rotation axis (4) and extending between a
rotor bearing housing (6) in a front end of the machine frame and a
transmission (2) in a rear end of the machine frame, the machine frame
comprising a base (5) carrying the rotor shaft (3), and a stiffening element (7)
extending over the rotor shaft (3) between two attachment points where it is
attached to the base (5) without hindering rotation of the rotor shaft whereby
the stiffening element (7) can stiffen the base during rotation of the rotor shaft

(3).

2. A wind turbine according to any of the preceding claims, wherein the

stiffening element (7) at least partly covers a part of the rotor shaft (3).

3. A wind power installation according to claim 1 or 2, wherein the stiffening
element (7) is detachably attached to the base (5).

4. A wind power installation according to any of the preceding claims, wherein
the stiffening element (7) has a height (31) in vertical direction which is at most

30 percent of the dimension of the rotor shaft in vertical direction.

5. A wind power installation according to any of the preceding claims, where the
base (5) forms a right ledge (9) and a left ledge (8) both extending along
opposite sides of the rotor shaft (3), and where the stiffening element (7)

extends between the right and left ledges (8, 9) above the rotor shaft (3).

6. A wind power installation according to claim 5, wherein the stiffening element
is adapted to transfer force between the right and left ledges.

7. A wind power installation according to claim 5, wherein the stiffening element
(7) is arched.
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8. A wind power installation according to claim 7, wherein the arched stiffening
element (7) forms a rise of at most 1/3 of the diameter of the rotor shaft at a
location where the rotor shaft is located below the stiffening element (7).

9. A wind power installation according to claim 5, wherein the stiffening element
(7) comprises an upwards component (31) extending from the ledges in a
vertical upwards direction and a horizontal component (32) extending
horizontally between the ledges, wherein the upwards component has a length
being at most 50 percent of the length of the horizontal component.

10. A wind power installation according to claim 9, wherein a ratio between the
length of the upwards component (31) and the length of the horizontal
component (32) varies between the rear end and the front end of the machine

frame.

11. A wind power installation according to any of the preceding claims, wherein
the base (5) forms an upper surface with elevations extending in a vertical
direction upwards from the upper surface, where the elevations form mounts for

fixing of the stiffening element to the base.

12. A wind power installation according to claim 5, wherein the stiffening
element (7) extends essentially in a plane between the right and left ledges (8,
9).

13. A wind power installation according to claim 5, wherein the stiffening
element (7) is detachably attached to the right ledge (9) at a right rotor side
stiffening element mount (13) and at a right transmission side stiffening element
mount (12), and wherein the stiffening element is detachably attached to the
left ledge at a left rotor side stiffening element mount (11) and at a left

transmission side stiffening element mount (10).

14. A wind power installation according to claim 13, wherein right and left sided
mounts (10, 12, and 11, 13) are located two by two directly opposite each other
on the right and left ledges (8, 9) such that lines extending between two mounts

become essentially perpendicular a rotational axis (4) of the rotor shaft (3).
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15. A wind power installation according to claim 13, wherein the stiffening
element forms two cross-bars (26, 27), one extending from the right rotor side
stiffening element mount (13) to the left transmission side stiffening element
mount (10), the other extending from the left rotor side stiffening element

mount (11) to the right transmission side stiffening element mount (12).

16. A wind power installation according to claim 15, wherein the cross-bars (26,
27) are joined to each other at an intersection (28) located between the mounts
(10, 11, 12, 13).

17. A wind power installation according to claim 15, wherein the two cross-bars

(26, 27) are made in one piece.

18. A wind power installation according to claim 5, where the transmission (2) is
detachably attached to the right ledge (9) at a right transmission mount (12)
and detachably attached to the left ledge (8) at a left transmission mount (10).

19. A wind power installation according to claim 18, wherein the transmission
mounts are located between the transmission side stiffening element mounts
and the rotor side stiffening element mounts in a direction from the forward to

the rear end of the machine frame.

20 A wind power installation according to claim 11, wherein stiffening element

forms part of a suspension for the transmission (2).

21. A wind power installation according to claim 5, wherein the stiffening
element (7) comprises at least one transverse bar (30) extending transverse to
the ledges (8, 9).

22. A wind power installation according to claim 21, wherein the transverse bar
(30) extends essentially perpendicular to the ledges (8, 9).

23. A wind power installation according to claims 12 and 22, wherein the
transverse bar (30) extends between the right rotor side stiffening element

mount (23) and the left rotor side stiffening element mount (22).
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24. A wind power installation according to any of the preceding claims, wherein

the stiffening element (7) covers an upper portion of the rotor shaft (3).

25. A wind power installation according to any of the preceding claims, wherein
the stiffening element (7) comprises at least two separate elements assembled
along an assembly interface which extends in a direction between the rear end
and the front end.

26. A wind power installation according to any of the preceding claims, wherein
the stiffening element (7) comprises at least two separate elements assembled
along an assembly interface which extends in a direction perpendicular to a
direction between the rear end and the front end.

27. A wind power installation according to any of the preceding claims, further
comprising a fixture being movable between a fixing state where the rotor shaft

is fixed and a released state where the rotor shaft is free to rotate.

28. A wind power installation according to claim 27, wherein the fixture is
movable between the fixing state and the released state without removal of the
stiffening element from the base.

29. A wind power installation according to claim 27 or 28, wherein the fixture is

included in the stiffening element or in the base.

30. A wind power installation according to any of claims 27-29, wherein the
fixing means comprises height adjustment means enabling adjustment of the
height of the rotor shaft relative to the machine frame.

31. A wind power installation according to any of claims 27-30,where the fixture
and stiffening element (7) are arranged on opposite sides of the rotor shaft (3)
such that the rotor shaft (3) can be fixed be squeezing of the fixture element
towards the stiffening element (7).

32. A wind power installation according to any of the preceding claims, wherein

the stiffening element (7) is movable in a direction being transverse to the
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rotation axis (4) for uncovering the covered part of the rotor shaft (3) while the
rotor shaft (3) is carried by the base (5).

33. A method of changing a transmission of a wind power installation according
to any of claims 1-32, wherein the detachable stiffening element is used as a

support for holding the rotor shaft during change of the transmission.

34. A method according to claim 33, comprising the steps of attaching a hoisting
structure to the machine frame at the right and left rotor side stiffening element
mounts and optionally at the right and left transmission side stiffening element

mounts.

35. A method according to claim 33 or 34, comprising the step of attaching a
hoisting spreader to the hoisting structure, the hoisting spreader forming an H-
shape with the free ends being arranged vertically above the right and left rotor
side stiffening element mounts and the right and left transmission side stiffening

element mounts.
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