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Description 

[0001]   The invention relates to a wind turbine and a method for replacing the main 
components of the machine housing of a wind turbine using on-board means. 

[0002]   To assemble a wind turbine, either very large cranes are required to lift the machine 
housing (also called nacelle) as a whole (weights of up to 100 t in today's nacelles), or the 
main components of the machine housing are lifted onto the tower individually. The main 
components are primarily the rotor, consisting of a rotor hub with at least one rotor blade, 
the main shaft with shaft bearings, the generator and the transmission connected between 
the shaft and the generator. These main components form the drive train of the wind 
turbine. As with assembly, a crane is required to replace any of these main components, as 
well as to assemble and replace the rotor. 

[0003]   This problem becomes more acute when the weight of the nacelle reaches the 
limits of the crane’s capacity or exceeds them, or when wind turbines are operated in less 
industrialized countries where, for example, mobile cranes are not so readily available. In 
this case, it is advisable to equip the wind turbine with an on-board crane system, as 
described in AT-PS 401674 is. However, it should be noted that these on-board crane 
systems are unsuitable for the currently widespread wind energy concepts or must be very 
stable and therefore heavy in order to be able to lower and lift the individual components 
with the crane projecting from the housing. 

[0004]   DE 196 47 515 A1 and DE 197 41 988 A1 describe methods for constructing a wind 
turbine in which a crane that can be raised along the tower by stacking individual tower 
segments on top of each other. This crane is then used to transport the machine housing 
and its main components to the top of the tower. Finally, DE 28 23 525 A1 discloses that the 
machine housing is lifted by means of ropes which are guided back down from a winch 
located at the bottom of the tower via deflection pulleys at the top of the tower. 

[0005]   A concept was presented to the public for the first time at the trade fair "Substain 
'99 - The World Sustainable Energy Fair "(25 to 27. May 1999) by the applicant Windenergie 
the public in which the generator is lowered out of the nacelle or lifted into it through an 
opening in the bottom wall of the machine housing by means of an on-board crane system 
that can only be extended vertically upwards. However, this concept still has the problem 
that in the event of transmission damage, the transmission still has to be lifted out of the 
machine housing using an external crane or lowered into the machine housing from above. 

[0006]   EP-A-1 101 936, which is a document pursuant to Article 54 (3) EPC, describes a 
wind turbine whose nacelle has a machine frame which is open at its lower end outside the 
tower. At the top of the machine frame, a longitudinally moveable winch is arranged in the 
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manner of a portal crane, with which the main components of the machine housing, such 
as the generator and transmission the lower end of the machine frame. 

[0007]   Furthermore, WO-A-96/10130 discloses a wind turbine with a load-lifting device in 
the machine housing. The load-lifting device is designed as a swivel crane and has two 
arms that are mounted so that they can swivel about a horizontal axis. The main 
components of the machine housing, such as the generator, can be moved into and out of 
the machine housing using the load-lifting device. These components must be moved 
sideways past the machine housing in order to be moved into and out of the machine 
housing. In addition, this known wind turbine has a hole in the floor of the machine housing 
that is aligned with the tower. This hole can be used to transport small parts with the aid of 
a crane with an arm that can be pivoted about a vertical axis. 

[0008]   The invention is based on the object of creating a wind turbine which, while 
maintaining a proven machine concept, is constructed in such a way that the individual on-
board components of the machine housing can be replaced or installed more easily using 
an on-board crane system. 

[0009]   To solve this problem, the invention proposes a wind turbine according to claim 1. 

[0010]   As is usual in wind turbines, a shaft with at least one shaft bearing, a transmission, 
a generator and a rotor are located in or on a machine housing arranged on a tower. These 
components (hereinafter also referred to as main components) form the drive train of the 
wind turbine and are arranged side by side along an axis of the machine housing and 
mechanically connected to each other. While the shaft projects radially from one side of 
the machine housing, the transmission is located inside the machine housing, essentially 
in line with the tower, while the generator is housed in a part of the machine housing that 
projects radially from the tower. The rotor is attached to the shaft with a hub from which at 
least one rotor blade projects radially. There is an opening in the bottom wall of the 
machine housing below the generator. Furthermore, the machine housing of the wind 
turbine according to the invention contains an on-board crane system, which is designed 
as a pivotable portal crane system according to the invention. 

[0011]   According to the invention, the opening in the bottom wall of the machine housing 
is dimensioned in such a way that both the generator and, if there is no generator, i.e., if the 
generator has not yet been installed or has already been removed or has been moved away 
from the opening, the transmission can be transported through this opening. For this 
purpose, the on-board crane can be maneuvered in such a way that, if necessary, after 
lowering or moving the generator, the transmission can be moved within the housing to 

LiftWerx Ex. 1018
LiftWerx USA Inc. v. Liftra IP ApS

IPR2026-00102
Page 18 of 32



EP_1101934_B1 (Weitkamp) 

4 
 

above the bottom wall opening and then lowered through the bottom wall opening. The 
reverse process then takes place when installing the transmission. 

[0012]   The invention therefore proposes using the opening in the bottom wall of the 
machine housing for the transmission, not only for the assembly, installation and removal 
of the generator, but also for the transmission. 

[0013]   In order to keep the volume of the machine housing relatively small despite the 
inclusion of an on-board crane system, an advantageous further development of the 
invention provides for an opening in the upper side of the machine housing , which can be 
closed and opened with one or more flaps. It is even more advantageous if allow the entire 
upper half of the machine housing can be opened by means of appropriate flaps or cover 
constructions. The on-board crane can then be raised from a parking position, in which it is 
folded down or otherwise has a low overall height, into a working position in which it 
projects from the top of the machine housing through the opening. However, the invention 
does not provide for the on-board crane to project sideways and/or rearward out of the 
machine housing as the generator and the transmission are lowered out of the machine 
housing via the bottom wall opening or raised into it. 

[0014]   The machine housing of the wind turbine according to the invention is also provided 
with a crane hatch, preferably located next to the generator, through which the crane frame 
or at least the rope can be moved outside the machine housing. This allows all auxiliary 
units of the machine housing, such as coolers, oil pumps, azimuth drives, etc. to be 
lowered downwards or raised upwards. In order to prevent components from hitting the 
tower due to wind turbulence during lowering, these components are suitably guided by 
appropriate devices, such as a tensioned steel cable or a guide rail mounted on the outside 
of the tower wall. 

[0015]   The drive of the pulling device element, which is specifically a rope, can be housed 
in the machine housing. However, in order to avoid  having to provide space for this in the 
machine housing, it is advisable to arrange  a rope winch or similar load-pulling device 
drive on the foundation or at the lower end of the tower, and then to guide the rope through 
the tower or past the outside of the tower to the top of the machine housing. The winch is 
then installed for the duration of the assembly work (cost savings). 

[0016]   The on-board crane of the wind turbine according to the invention, which can be 
pivoted over the entire length of the housing (viewed in the axial direction of the drive train), 
also makes it possible to use this on-board crane to lower the shaft and the main shaft 
bearing or to lift them into the machine housing. Both can be done either through the 
bottom wall opening or through the front of the machine housing (where the rotor is 
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located). The latter case requires that the on-board crane be movable or pivotable in such a 
way that it projects beyond the front of the housing. This also has the advantage that the 
on-board crane can now also be used for assembly and replacing the rotor. The rotor can 
now be assembled by first lifting the hub and attaching it to the shaft, then lifting at least 
one rotor blade or all rotor blades individually and attaching them to the hub. The same 
steps are performed in reverse order when removing the rotor. If no rotor is attached to the 
shaft, it can be lowered and lifted using a crane system that can be extended over the front, 
either after removing the main bearing or together with it. 

[0017]   Furthermore, it is advisable to use the crane with the rotor mounted to lift or lower 
the hub components (e.g., rotor blade adjustment system). 

[0018]   The following section uses a drawing to explain an embodiment of the invention is 
in more detail.  Figures 1 to 6 schematically illustrate the structure of the machine housing 
and the individual steps involved in replacing the main components of the machine 
housing and the rotor. It should be noted that the individual steps of the process are carried 
out in reverse order during assembly and installation of the main components or the rotor. 
Figures 7 to 9 show further alternatives of wind turbine designs and the assembly and 
disassembly of the rotor. 

[0019]   In Fig. 1, the basic structure of a wind turbine 10 according to a preferred 
embodiment is shown schematically. The tower 14 is located on a foundation 12, at the 
upper end of which a machine housing 18 is mounted so as to be rotatable about a vertical 
axis of rotation 20. The machine housing 18 has a longitudinal extension 22 directed 
transversely to the vertical axis 20 and projects radially from the tower 14 with its housing 
part 24. At the front end 26 of the machine housing 18 there is the main bearing 27 for 
the shaft 28 to which the rotor 29 is attached. The rotor 29 has a hub 30 with usually one 
two or three rotor blades 31. The shaft 28 is mechanically connected to  a transmission 32, 
which is connected to a generator 36 via a highspeed shaft 34 . Optionally, a transformer 38 
and various control cabinets 40 are located in the machine housing 18. 

[0020]   The generator 36 stands on feet 42, under which two cross members 44 are 
arranged transversely to the longitudinal extension 22. The cross members 44 are fastened 
from below to two longitudinal beams 46 of the machine housing 18, which run in 
the longitudinal extension 22 and are spaced apart from each other. Below the cross 
members 44 and the longitudinal beams 46, there is a bottom opening 50 in the bottom 
wall 48 of the machine housing 18, which is dimensioned such that the generator 36 can be 
moved through this opening into or out of the machine housing 18. 
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[0021]   As an alternative to the mounting of the generator on cross members, it can also be 
flanged directly to the transmission 32. 

[0022]   The generator 36 is transported out of and into the machine housing 18 by means of 
an on-board crane 52 designed as a swiveling portal crane, which has a frame 53 with two 
pivoting crane arms 54. Fig. 1 shows the on-board crane 52 in its parking position, in which 
it is completely housed in the machine housing 18. Fig. 1 shows hinge axes 56 for two cover 
flaps 58 of the machine housing, which are arranged symmetrically to the longitudinal 
extension 22. By opening these cover flaps 58, the machine housing 18 is opened upwards 
so that the swiveling portal crane 52 can now be raised (see Fig. 2). A rope winch 60 can be 
mounted at the bottom of the foundation 12 of the tower 14, from which a rope 62 runs 
inside the tower or outside of the tower 14 past into the machine housing 18, and from 
there via a deflection roller 64 to the upper end 66 of the crane arms 54. To lower 
the generator 36, the swiveling portal crane 52 is pivoted such that the upper ends 66 of 
its arms 54 are arranged above the generator 36. The generator 36 can now be lowered or 
raised through the bottom opening 50. 

[0023]   The assembly or replacement of the transmission 32 can be carried out when 
the generator 36 is not yet located in the machine housing 18 or when it has been moved to 
the side or to rearward away from the bottom opening 50 into an intermediate position or is 
in its operating position outside the bottom opening. The opening 50 in the bottom wall 48 
is dimensioned such that the transmission 32, which generally has larger dimensions 
transverse to the longitudinal extension 22 of the housing, can be transported through 
this opening 50. The transport of the transmission 32 within the machine housing 18 is 
carried out by pivoting the crane arms 54 appropriately. Depending on the design of the 
bearing of the shaft 28 (namely including the transmission as the second bearing point - 
so-called three-point bearing), it may be necessary to fix the shaft by means of a shaft 
hold-down device 70 before the transmission 32 can be dismantled. 

[0024]   Figures 2 and 3 show lashings 68, e.g., commercially available heavy-duty chain 
hoists, with which the swiveling portal crane 52 can be locked on one hand to the machine 
housing 18 and on the other hand to the hub 30 of the rotor 29. Instead of these lashings or 
in addition to these lashings, the swiveling portal crane 52 can be equipped with hydraulic 
ram/cylinder units with which the crane arms 54 can be swiveled. 

[0025]   By pivoting the crane arms 54 in the direction of the front end 26 of the housing 18 
until the ends 66 of the crane arms 54 project beyond the rotor 29, the swiveling portal 
crane 52 can also be used for assembling and disassembling the rotor 29. In the illustration 
according to Fig. 4, each individual rotor blade 31 is first removed, wherein the rotor 
blade 31 which is attached or is to be attached to the hub 30 pointing vertically downwards 
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is mounted or dismounted. After all rotor blades 31 have been removed in this way, the hub 
30 can be lowered (see Fig. 5). Once this has been done, the main shaft bearing 27, if 
necessary, with the main shaft 28, can now be lowered by means of the swiveling portal 
crane 52. Thus, the last main component of the machine housing 18 is also lowered or 
raised with the help of the swiveling portal crane 52. 

[0026]   In the wind turbine 10 according to the invention, all components located at height 
can be assembled or disassembled using on-board means. This represents a decisive 
advantage when installing the wind turbine at locations where external cranes are not 
readily available. The field of application of offshore installations should also be mentioned 
here, where ship cranes have been used up to now, which have to compensate for the 
movements of the ship’s hull in order to be able to assemble or disassemble the main 
components. 

[0027]   In Fig. 7 schematically shows an alternative design of a wind turbine 10’ with a two-
bladed rotor. Insofar as the parts of the wind turbine 10' shown in Fig. 7 are identical to or 
functionally equivalent to those of the wind turbine 10 shown in Figures 1 to 6, they are 
designated by the same reference numerals. 

[0028]   In Fig. 7, the structure of the machine housing 18 is designed so that the bottom 
opening 50 is either not covered at all or only partially covered by the generator 36 in its 
operating position. In the former case, the generator 36 can remain in its operating position 
outside the bottom opening 50 when the transmission 32 needs to be replaced. In the 
second case, it is necessary to move the generator 36 from its operating position, in which 
it partially covers the bottom opening 50, to an intermediate position inside the machine 
housing 18, so that the bottom opening 50 is then exposed in order to replace 
the transmission 32. 

[0029]   Fig. 7 shows a machine housing 18 with a crane system designed as a portal crane 
52', which has a trolley 55 that can be moved on the frame 53. In order to be able to work in 
front of the rotor 29 with such a portal crane system, the frame 53 has two swivel arms 54 
that are mounted on the frame 53 so they can swivel. Alternatively, the swivel arms 54 can 
also be designed as rails that can be extended from the frame 53, on which the trolley 55 
can then be moved over and in front of the rotor 29. 

[0030]   Depending on the weight and size of the rotor 29, it can be assembled or 
disassembled either as a unit in a horizontal position (see Fig. 8) or in individual parts in a 
vertical position (see Fig. 9). In the latter case, it is necessary for the portal crane 52' to be   
"forked" at its front end, which can be swiveled above and in front of the rotor 29, so that 
the two swivel arms 54 are positioned on both sides of the upright rotor blade 31. 
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Claims (5) 

  

1. Wind energy plant comprising 
a tower (14), 
an engine housing (18) adapted to be rotated about a vertical axis (20) on the tower 
(14) and receiving at least one shaft (28) with at least one shaft bearing (27), a 
transmission (32) and a generator (36) that are mechanically interconnected, the 
engine housing (18) having a housing part (24) projecting radially from the tower (14), 
a rotor (29) with a hub (30) connected to the shaft (28) and with at least one rotor 
blade (31) projecting therefrom, and 
an on-board crane (52, 52') arranged in the engine housing (18) and having a frame 
(53) and a load receiving element (62), said on-board crane (52, 52') being designed 
as a swiveling portal crane with arms (54) pivotable about a horizontal axis, 
characterized in that 
the frame (53) of the on-board crane (52, 52') may be pivoted at the engine housing 
(18) to hang both the generator (36) and the transmission (32) to the load receiving 
element (62), 
an opening (50) is formed in the bottom wall (48) of the engine housing part (24) 
projecting radially from the tower (14), and 
the opening (50) in the bottom wall (48) is dimensioned such that both the generator 
(36) and the transmission (32) may be moved therethrough using the on-board crane 
(52, 52'). 

2. Wind energy plant of claim 1, wherein the upper part of the engine housing (18) is at 
least partially removable and/or adapted to be tilted open or away. 

3. Wind energy plant of claim 1 or 2, wherein the frame (53) of the on-board crane (52, 
52') is arranged to be movable in the engine housing (18) such that both the at least 
one shaft bearing (27) and the shaft (28) may be hung to the load receiving element 
(62). 

4. Wind energy plant of one of claims 1 to 3, wherein the frame (53) of the on-board 
crane (52, 52') is arranged to be movable in the engine housing (18) such that both a 
rotor blade (31) and the hub (30 - with or without the at least one rotor blade (31) - 
may be hung to the load receiving element (62). 

5. Wind energy plant of one of claims 1 to 4, wherein a winch (60) is provided for lifting 
and lowering the load receiving element (62), said winch being attachable at the foot 
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of the tower (14), and wherein the load receiving element (62) extends from the 
winch (60) in or on the tower (14) into the engine housing (18). 
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