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Description

[0001] The invention relates to a generator having a
stator and a rotor, with the rotor being rotatable around
a centre axis and relatively to the stator and the stator
comprising a number of stator windings extending in free-
ly exposed end windings.
[0002] Generators are well known and convert me-
chanical energy to electrical energy. They usually com-
prise a stator and a rotor, with the rotor being rotatable
around a centre axis and relatively to the stator and the
stator comprising a number of stator windings axially
and/or radially extending in freely exposed end windings.
[0003] A specific field of use for generators is repre-
sented by wind power plants, that is wind turbines which
transfer wind energy into electrical power. Modern direct
drive large scaled wind turbines comprise huge genera-
tors, whereby the dimensions of the generators allow a
worker to enter the inner range of the generator particu-
larly in terms of maintenance and repair for instance both
being necessary and ongoing activities in generators.
[0004] A particular problem during maintenance of a
generator arises from objects unintentionally slid by
maintenance personal working inside the generator.
Thereby, falling items like tools or the like may hit and
damage essential parts of the generator. Particular sen-
sitive areas in a generator comprise the end windings of
the stator windings since the sensitive end windings are
freely exposed and vulnerable to damage.
[0005] US 2002/0180305 A1 discloses an electrical
machine with a stator and a rotor. Thereby, the rotor wind-
ings are arranged in correspondingly formed slots of the
rotor, which rotor windings form a rotor end winding at
each end of the rotor.
[0006] The rotor end windings are enclosed by a rotor
end bell which serves to protect the rotor end windings
from damage. For assembly, the rotor end bells are ax-
ially shrink-fitted on the ends of the rotor body. This as-
sembly method is cumbersome and cost-intensive. Still,
the end windings of the stator may easily be damaged.
[0007] Further prior-art is EP 2 063 117 A1. It is an
object of the invention to provide a generator having a
protection against damage of the end windings of the
stator, particularly caused by falling items.
[0008] This is achieved by a generator according to
the invention as defined in the independent claim 1. Fur-
ther embodiments of the invention are defined in the de-
pendent claims 2 - 12. The invention provides a construc-
tively simple, yet secure and cost-effective way to protect
the sensitive end windings of the stator windings of the
stator of a generator without the need of complex con-
structive measures for protecting the end windings since
the inventive principle emanates from the idea to provide
barrier means building a mechanical barrier in order to
prevent any damage of any axially and/or radially extend-
ing end windings. This is obtained by at least partially
covering or shielding of the end windings by means of
the barrier means which are provided with the stator and

the rotor. Hence, a secure protection of the end windings
particularly against unintentionally falling items or the like
is given in such a manner that these items hit the barrier
means and not the end windings. The inventive barrier
means may be used for outer stator - inner rotor and inner
stator - outer rotor configurations of the generator, re-
spectively.
[0009] Thereby, each barrier means comprises at least
one baffle. The baffle is mechanical strong enough to
protect the end windings from falling items and to with-
stand all possible conditions which may occur during op-
eration of the generator particularly in view of tempera-
ture. The baffle may be made from a non-magnetic metal
like austenitic steel for instance. Of course other materi-
als are applicable as well. The stator and the rotor com-
prise separate barrier means axially extending towards
each other. In this case different embodiments are think-
able as set forth in the following.
[0010] Thereby, it is possible that barrier means are
disposed at radially different or similar positions. The ra-
dial position of a barrier means is substantially defined
by its distance to the centre axis of the generator. Hence,
radially different positions means that the barrier means
of the rotor has a different distance to the centre axis
than the barrier means of the stator. Accordingly, same
radial positions means that the respective barrier means
are equidistantly disposed with respect to the centre axis.
As a rule, every radial position is possible which is con-
structively feasible.
[0011] Further, it is possible that the barrier means dif-
fer in their length or have the same length. As a rule, the
length of the barrier means, i.e. its axial dimension is
predominantly limited by the axial gap between the rotor
and the stator. Further, the length of the barrier means
are determined so that there is no possibility of a contact
of the free endings of the barrier means in particular when
the barrier means are disposed at radially similar posi-
tions. The length of the barrier means, that is their axial
extension assure that falling items may not hit the end
windings, but fall on the barrier means where they are
kept.
[0012] Thus, it is thinkable that the barrier means are
disposed at radially similar positions, whereby a small
gap is built between the free endings of the barrier means.
Thereby, the gap may be built for barrier means having
the same or different lengths in equal measure. The gap
prevents the barrier means from contacting each other.
Aside, the dimension of the gap is in such a manner that
no item may pass the gap, that is fall or slide through the
gap which would possibly lead to a damaging of the end
windings of the stator.
[0013] It is of further advantage, when the barrier
means are overlapping. An overlap may be built when
the barrier means are disposed at radially different posi-
tions. In this embodiment the barrier means differ in their
lengths, whereby one barrier means axially extends over
the other thereby building an overlapping region assuring
that no item may hit the end windings. An overlap may
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also be built when the barrier means are disposed at
radially equal positions. In this embodiment the free end-
ings of the barrier means are shaped in such a manner
that on the one hand an overlap is built while on the other
hand a direct contact of the respective free ends is not
possible. Hence, the free ends of the barrier means may
comprise according step-like rebates, inclinations or bev-
ellings or the like. In this case, the lengths of the barrier
means may be equal or may differ.
[0014] The barrier means may project from a radially
extending end plate of the stator and/or the rotor. That
is, the barrier means are preferably detachably attached
to the respective end plates of the stator and/or the rotor
by appropriate connecting means such as screws, bolts
or the like for instance. A detachable connection is of
advantage in particular to allow an access to the end
windings or in terms of replacement of the barrier means.
Likewise, a non-detachable connection of the barrier
means and the respective end plates may be accom-
plished by welding or adhesive bonding for instance.
[0015] Thereby, the barrier means favourably axially
extends off the generator if it projects from an end plate
of the stator and the barrier means extends axially to-
wards the stator if it projects from an end plate of the
rotor. In such a manner, the barrier means disposed at
the end plate of the rotor projects towards the end wind-
ings and the barrier means disposed at the end plate of
the stator projects off the generator. In both cases the
barrier means sufficiently covers the end windings so as
to provide a proper protection against items falling down.
It is understood, that in the particular case of only one
barrier means projecting from the rotor end plate a small
gap must be given between the barrier means and the
stator end plate so as to avoid a direct contact of the
barrier means provided with the rotating end plate of the
rotor and the end plate of the stator.
[0016] The barrier means preferably has a hollow cy-
lindrical shape. The hollow cylindrical shape may be par-
ticularly a ring-shape or any other shape based on a body
of revolution when the barrier means is disposed with a
rotating part of the generator since in such a manner the
rotating behaviour is not negatively affected. Anyhow,
the barrier means may generally comprise other shapes
like rectangular, square or polygon shapes for instance
as long as they surround the end windings as well.
[0017] In a further embodiment of the invention, the
barrier means is segmented in at least two parts. A seg-
mentation of the barrier means is of advantage since it
contributes to an access to the end windings in terms of
inspection of the end windings for instance. Further,
transport and assembling of the barrier means is eased.
The number of segments may differ. A segmentation may
be provided in axial direction with respect to the centre
axis, that is the barrier means comprises a number of
separate axially disposed members being connectable
so as to build the barrier means and/or with respect to a
top view on the barrier means a segmentation is also
possible in circumferential direction of the stator.

[0018] Aside, the barrier means may have an aerody-
namic shape so as to conduct air through the generator.
In such a manner, the barrier means comprise an addi-
tional function contributing to a concertedly and guided
air stream through the generator which improves the
cooling behaviour of the generator as a whole. There
may be further cooling means like cooling channels, cool-
ing ribs or the like integrated in or provided with the barrier
means, which are connected to a cooling system of the
generator if need be.
[0019] The free end of the barrier means may comprise
a fold, flange or may be bent so as to keep falling items
securely disposed on the barrier means in such a manner
that personal inside the generator may collect items from
the baffle. In such a way, fallen items are more securely
disposed on the barrier means. Thus, the barrier means
may have a L-shaped longitudinal section, whereby the
long leg extends in axial and the short leg extends in
radial direction, that is extends towards the inside of the
generator.
[0020] The invention further relates to a wind turbine
comprising a generator as described above.
[0021] In the following the invention is described in de-
tail as reference is made to the figures, whereby

fig. 1 shows a schematic view of a wind turbine ac-
cording to an exemplary embodiment of the in-
vention;

fig. 2 shows a principle view of an inventive generator
according to an example useful for understand-
ing the invention;

fig. 3 shows an enlarged detail view of the lower part
of a generator according to a first embodiment
of the invention;

fig. 4 shows an enlarged detail view of the lower part
of the generator according to a second embod-
iment of the invention;

fig. 5 shows an enlarged detail view of the lower part
of a generator according to a third embodiment
of the invention;

fig. 6 shows an enlarged detail view of the lower part
of a generator according to a fourth embodiment
of the invention; and

fig. 7 shows a principle front view of the stator of a
generator according to an exemplary embodi-
ment of the invention.

[0022] Fig. 1 shows a schematic view of a wind turbine
1 according to an exemplary embodiment of the inven-
tion. The wind turbine 1 is a direct-drive wind turbine hav-
ing a reduced number of components as it particularly
does not comprise a gear box. Direct-drive wind turbines
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have a direct mechanical coupling between the wind rotor
hub 2 having a number of blades 3 attached to it and a
power generating unit in form of a generator 4, so that
the wind drives the blades 3 and the rotor within the gen-
erator 4 together as a unit. The wind turbine 1 comprises
a nacelle 5 being rotatably disposed on a tower 6. The
nacelle 5 essentially accommodates all components of
the wind turbine 1 which are relevant for the generation
of power, that is particularly the generator 4.
[0023] In the following figures 2 - 5 rotating parts are
hatched.
[0024] Fig. 2 shows a generator 4 according to an ex-
ample useful for understanding the invention, whereby
only essential parts are denoted. The generator 4 com-
prises a rotating shaft 7 which is mechanically coupled
to the rotor hub 2 (cf. fig. 1). The rotation of the shaft 7
is transmitted to a rotor 8. Hence, the rotor 8 may rotate
around the centre axis 9 and relatively to the stator 10.
The stator 10 comprises a number of stator windings 11
axially extending in end windings 12. Generator bearings
13, 14 are disposed between the rotating shaft 7 and the
stator 10 of the generator 4. The generator 4 further com-
prises a brake 15 in order to reduce or control the rota-
tional speed of the rotating shaft 7 and hence, the rota-
tional speed of the rotor 8.
[0025] The diameter of the inner area 16 (cf. fig. 3 - 6)
of the stator 10 is large enough to accommodate a work-
er, e. g. in terms of service and repair of the generator 4
or its components. As is discernable, the highly sensitive
end windings 12 are covered by barrier means in the
shape of axially extending steel baffles 17, 22 covering
the end windings 12 so that in the possible case of an
unintentionally falling or slid item such as a tool for ex-
ample, the end windings 12 are protected against dam-
age since the item will hit the baffle 17 and not the end
windings 12. Thereby, baffle 17 is detachably attached
to a radially extending stator end plate 18 by means of
appropriate connecting means like screws or the like (not
shown), whereas baffle 22 is welded to a radially extend-
ing rotor end plate 21.
[0026] The free ends of the baffles 17, 22 are bent to
flanges 20, 23 so that the baffles 17, 22 are L-shaped in
a longitudinal cut view. The flanges 20, 22 assure that
an item located on the baffles 17, 22 is securely posi-
tioned and kept on the baffles 17, 22. Aside, the baffles
17, 22 have an aerodynamic shape so that an air flow is
concertedly directed through the gap between the stator
end plate 18 and the rotor end plate 21.
[0027] Fig. 3 shows an enlarged detail view of the lower
part of a generator 4 according to a first embodiment of
the invention. The essential difference to the embodiment
according to fig. 2 is that both the stator 10 and the rotor
8 comprise separate baffles 17, 22, whereby baffle 17 is
provided with the stator end plate 18 and baffle 21 is
provided with the rotor end plate 21. Both baffles 17, 22
are provided with flanges 20, 23 at their respective free
ends. The baffles 17, 22 have the same axial length and
the same radial position with respect to the centre axis

9. A small gap 24 of only a few centimetres is built be-
tween the free ends of the baffles 17, 22, yet it is impos-
sible that falling items may pass the gap 24 and further
hit and damage the end windings 12. Thus, the end wind-
ings 12 are fully protected against falling items.
[0028] Figures 4, 5 show enlarged detail views of the
lower part of the generator 4 according to a second and
third embodiment of the invention. As is discernable, baf-
fles 17, 22 are disposed to respective end plates 18, 21
of the stator 10 and the rotor 8. Thereby, the radial posi-
tion with respect to the centre axis 9 of the baffles, 17,
22 is essentially the same.
[0029] According to fig. 4, an overlap of the baffles 17,
22 is achieved by a specific design of the free endings
of the baffles 17, 22, which comprise according step-like
rebates 25, 26. It is discernable, that the baffle 17 is slight-
ly longer than the baffle 22, so that the baffle 17 axially
extends off the stator end plate 18 over the end windings
12.
[0030] A similar design of the free endings of the baffles
17, 22 is shown in fig. 5, whereby the free endings of the
baffles 17, 22 comprise corresponding inclinations 28,
29. Thereby, the gap 30 between the free endings of the
baffles 22, 17 is small enough to avoid any falling item
passing the gap 30.
[0031] Hence, the embodiments according to figures
4, 5 assure a proper shielding of the vulnerable end wind-
ings 12 as well.
[0032] Fig. 6 shows an enlarged detail view of the lower
part of a generator 4 according to a fourth embodiment
of the invention. The essential difference to the preceding
embodiments is in the radial position and the axial length
of the baffles 17, 22. As is discernable, baffle 22 has a
radially inward and baffle 17 a radially outward position
with respect to the centre axis 9. The baffles 17, 22 are
overlapping so that no gap is appearing in the radial out-
ward projection of the generator 4 with respect to the
centre axis 9. Of course, an opposite arrangement of the
baffles 17, 22 would be feasible as well. Hence, the end
windings 12 are protected against falling items.
[0033] Fig. 7 shows a principle front view of the stator
10 of a generator 4 according to an exemplary embodi-
ment of the invention. As is discernable, the baffle 17
comprises a number of baffle segments 17’ circumferen-
tially disposed around the centre axis 9. Appropriate con-
necting means (not shown) provide a detachable con-
nection of the baffle segments 17’ so as to build a cir-
cumferentially closed essentially ring-shaped hollow cy-
lindrical baffle 17. This embodiment is of advantage in
terms of service and repair since an easy accessibility to
the end windings 12 is given as each baffle segment 17’
is easily removable. It is understood, that a segmentation
of the barrier means, that is the baffle 22 is also applicable
for the rotor 8.
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Claims

1. Generator (4) having a stator (10) and a rotor (8),
with the rotor (8) being rotatable around a centre axis
(9) and relatively to the stator (10) and the stator (10)
comprising a number of stator windings (11) extend-
ing in freely exposed end windings (12), wherein the
stator (10) and the rotor (8) is provided with barrier
means which axially extend to such a manner that
at least the end windings (12) of the stator (10) are
at least partially covered, characterised in that the
stator (10) and the rotor (8) comprise separate bar-
rier means axially extending towards each other,
whereby each barrier means comprises at least one
baffle (17,22) which is mechanically strong enough
to protect the end windings from falling items.

2. Generator according to claim 1, wherein the barrier
means are disposed at radially different or similar
positions.

3. Generator according to claim 1 or 2, wherein the bar-
rier means differ in their lengths or have the same
length.

4. Generator according to claim 2 or 3, wherein the bar-
rier means are disposed at radially similar positions,
whereby a small gap (24) is built between the free
endings of the barrier means.

5. Generator according to claim 2 or 3, wherein the bar-
rier means are overlapping.

6. Generator according to one of the preceding claims,
wherein the barrier means projects from a radially
extending end plate (18, 21) of the stator (10) and/or
the rotor (8).

7. Generator according to claim 6, wherein the barrier
means extends axially off the generator (4) if it
projects from an end plate (18) of the stator (10) and
the barrier means extends axially towards the stator
(10) if it projects from an end plate (21) of the rotor (8).

8. Generator according to one of the preceding claims,
wherein the barrier means has a hollow cylindrical
shape.

9. Generator according to one of the preceding claims,
wherein the barrier means is segmented in at least
two parts.

10. Generator according to one of the preceding claims,
wherein the barrier means has an aerodynamic
shape so as to conduct air through the generator (4).

11. Generator according to one of the preceding claims,
wherein the free end of the baffle (17) comprises a

fold, flange (20) or is bent.

12. Wind turbine (1) comprising a generator (4) accord-
ing to one of the preceding claims.

Patentansprüche

1. Generator (4) mit einem Stator (10) und einem Rotor
(8), wobei der Rotor (8) um eine Mittelachse (9) und
in Bezug auf den Stator (10) drehbar ist und der Sta-
tor (10) eine Anzahl Statorwicklungen (11) umfasst,
die in den freiliegenden Wickelkopf (12) verlaufen,
wobei der Stator (10) und der Rotor (8) mit Schutz-
mitteln versehen ist, die axial so verlaufen, dass zu-
mindest der Wickelkopf (12) des Stators (10) zumin-
dest teilweise bedeckt ist, dadurch gekennzeich-
net, dass der Stator (10) und der Rotor (8) separate
Schutzmittel umfassen, die axial aufeinander zu ver-
laufen, wodurch jedes Schutzmittel mindestens ein
Ablenkelement (17, 22) umfasst, das mechanisch
so robust ist, dass es den Wickelkopf vor herunter-
fallenden Gegenständen schützt.

2. Generator nach Anspruch 1, wobei die Schutzmittel
in radial unterschiedlichen oder ähnlichen Positio-
nen angeordnet sind.

3. Generator nach Anspruch 1 oder 2, wobei sich die
Schutzmittel in ihrer Länge unterscheiden oder die
gleiche Länge aufweisen.

4. Generator nach Anspruch 2 oder 3, wobei die
Schutzmittel in radial ähnlichen Positionen angeord-
net sind, wodurch ein kleiner Spalt (24) zwischen
den freien Enden der Schutzmittel entsteht.

5. Generator nach Anspruch 2 oder 3, wobei sich die
Schutzmittel überlappen.

6. Generator nach einem der vorhergehenden Ansprü-
che, wobei das Schutzmittel von einer radial verlau-
fenden Endplatte (18, 21) des Stators (10) und/oder
des Rotors (8) vorsteht.

7. Generator nach Anspruch 6, wobei das Schutzmittel
axial vom Generator (4) weg verläuft, wenn es von
einer Endplatte (18) des Stators (10) vorsteht, und
axial zum Stator (10) hin verläuft, wenn es von einer
Endplatte (21) des Rotors (8) vorsteht.

8. Generator nach einem der vorhergehenden Ansprü-
che, wobei das Schutzmittel eine Hohlzylinderform
aufweist.

9. Generator nach einem der vorhergehenden Ansprü-
che, wobei das Schutzmittel in mindestens zwei Tei-
le unterteilt ist.
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10. Generator nach einem der vorhergehenden Ansprü-
che, wobei das Schutzmittel eine aerodynamische
Form aufweist, so dass es Luft durch den Generator
(4) leitet.

11. Generator nach einem der vorhergehenden Ansprü-
che, wobei das freie Ende des Ablenkelements (17)
einen Falz oder einen Flansch (20) umfasst oder ge-
bogen ist.

12. Windenergieanlage (1) mit einem Generator (4)
nach einem der vorhergehenden Ansprüche.

Revendications

1. Génératrice (4) présentant un stator (10) et un rotor
(8), le rotor (8) étant rotatif autour d’un axe central
(9) et par rapport au stator (10) et le stator (10) com-
prenant un certain nombre d’enroulements statori-
ques (11) s’étendant sous la forme d’enroulements
terminaux (12) librement exposés, dans laquelle le
stator (10) et le rotor (8) sont munis de moyens for-
mant barrière qui s’étendent de manière axiale de
telle manière qu’au moins les enroulements termi-
naux (12) du stator (10) sont au moins partiellement
recouverts, caractérisée en ce que le stator (10) et
le rotor (8) comprennent des moyens formant bar-
rière séparés s’étendant de manière axiale en direc-
tion l’un de l’autre, grâce à quoi chaque moyen for-
mant barrière comprend au moins une chicane (17,
22) qui est suffisamment solide mécaniquement
pour protéger les enroulements terminaux contre les
chutes d’objet.

2. Génératrice selon la revendication 1, dans laquelle
les moyens formant barrière sont agencés au niveau
de positions radialement différentes ou similaires.

3. Génératrice selon la revendication 1 ou 2, dans la-
quelle les moyens formant barrière diffèrent par leurs
longueurs ou présentent la même longueur.

4. Génératrice selon la revendication 2 ou 3, dans la-
quelle les moyens formant barrière sont agencés au
niveau de positions radialement similaires, grâce à
quoi un petit espace (24) est constitué entre les ter-
minaisons libres des moyens formant barrière.

5. Génératrice selon la revendication 2 ou 3, dans la-
quelle les moyens formant barrière se chevauchent.

6. Génératrice selon l’une quelconque des revendica-
tions précédentes, dans laquelle le moyen formant
barrière fait saillie à partir d’une plaque d’extrémité
(18, 21), s’étendant de manière radiale, du stator
(10) et/ou du rotor (8).

7. Génératrice selon la revendication 6, dans laquelle
le moyen formant barrière s’étend de manière axiale
en s’éloignant de la génératrice (4) s’il fait saillie à
partir d’une plaque d’extrémité (18) du stator (10) et
le moyen formant barrière s’étend de manière axiale
en direction du stator (10) s’il fait saillie à partir d’une
plaque d’extrémité (21) du rotor (8).

8. Génératrice selon l’une quelconque des revendica-
tions précédentes, dans laquelle le moyen formant
barrière présente une forme cylindrique creuse.

9. Génératrice selon l’une quelconque des revendica-
tions précédentes, dans laquelle le moyen formant
barrière est segmenté pour fournir au moins deux
parties.

10. Génératrice selon l’une quelconque des revendica-
tions précédentes, dans laquelle le moyen formant
barrière présente une forme aérodynamique de ma-
nière à guider de l’air à travers la génératrice (4).

11. Génératrice selon l’une quelconque des revendica-
tions précédentes, dans laquelle l’extrémité libre de
la chicane (17) comprend une pliure, une bride (20)
ou est recourbée.

12. Eolienne (1) comprenant une génératrice (4) selon
l’une quelconque des revendications précédentes.
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